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ReCall Home Menu

User presses 1 User presses 2 User presses 3

Check accuracy and

. Learn about rewards
earnings

Complete a task

Figure 4.4: High-level call flow of the ReCall app.

guage of audio tasks. Another key difference between Respeak and BSpeak is how users accessed
the output transcript generated by the ASR system. While Respeak users could read the transcript

displayed on the screen, TalkBack read it aloud for BSpeak users.

g 0iooiiod boonoooooo

The ReCall IVR app is designed for rural residents without access to smartphones. Functionally, it is
similar to the Respeak smartphone app, and uses the same underlying engine for segmentation, dis-
tribution, and merging processes. To transcribe segments, users call the phone number associated
with the ReCall IVR app. Figure 4.4 illustrates the high-level call flow. Once the call is connected,

users select one of the three options by pressing the relevant key on their phone keypad.

« JO0OD00000 0 D000 A prompt announces the task reward, and requests users to listen to an
audio segment carefully and re-speak it into the app in a quiet environment. Once users re-
speak the content, the ReCall app submits the re-spoken audio file to an off-the-shelf ASR
engine and sends the ASR-generated transcript to a text-to-speech (TTS) engine. The audio
transcript generated by the TTS engine is played back to the users. If the audio transcript
is similar to the audio segment, the users presses 1 to submit the transcript for the current
segment and receives a new task. The transcript is expected to have some errors since users
may not fully understand the segment or TTS output, may make a mistake while re-speaking

content, or the ASR engine could incorrectly recognize some words.
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Phone type Any phone | Smartphone
Application type | IVRapp | Android app
Channel used Voice Data
Audio quality 8kHz 44kHz
Review mode Listening Reading
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Table 4.2: Key differences between ReCall and Respeak

« [JO000 00000000 OO D000I00OC A prompt announces the average accuracy with which the

caller has completed prior tasks and the total amount they earned.

o 0000 00000 00000000 A prompt explains how ReCall calculates users” earnings when they

complete tasks.

We followed best practices outlined in the literature [69, 73, 131, 161] to make the ReCall app usable
for low-income rural residents. For example, prompts were recorded in the local language and
accent, and had clear pronunciation, colloquial diction, and proper explanations. Similarly, all key

presses were single digit inputs and invalid key presses yielded informative error messages.

Although ReCall and Respeak apps use the same underlying engine, Table 4.2 outlines how ReCall
and Respeak differ fundamentally in several ways. For example, Respeak users need a smartphone
to complete crowd work, whereas ReCall is an IVR app accessible via ordinary phone calls from any
phone. While the Respeak smartphone app download tasks on a data channel preserving the 44kHz
sampling frequency of the segments, the ReCall app uses the voice channel that degrades the quality
of tasks and re-spoken audio segments to 8kHz sampling frequency, making them harder for users
to listen carefully and ASR engine to recognize. Similarly, Respeak users review ASR-generated
transcripts by reading them. In contrast, ReCall users review tasks by listening to transcripts in

a synthetic voice of TTS system, making it difficult for them to catch errors. The two systems also
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differ in demographic of their target users. While ReCall is designed for low-income rural residents,

Respeak was deployed to low-income students living in a metropolis.

In the following section, we discuss the cognitive experiments we conducted to understand key

questions that affect the user interface design of Respeak system.

(10 000000000 dhoitiCbood 0oo 0O0oooood bootioo

We considered several issues when designing the Respeak interface. One key issue pertains to the
process of partitioning large audio file into small segments that are easier to retain and re-speak. A
simple algorithm could segment a file based on the occurrence of natural pauses in speech. Because
such pauses are natural transition points, the segments so obtained might be easier to remember.
However, these segments could be long, making them difficult to retain for re-speaking. More-
over, detecting natural pauses in audio files with high ambient noise or music is difficult. Another
segmentation approach could split the file into short, fixed-length segments. Though shorter seg-
ments would be easier to retain, their abrupt beginnings and endings could impose a high cognitive
load for retention. Another main design issue involves identifying how segment length and order of
micro-task presentation affects retention. Finally, evaluating the benefits and limitations of produc-
ing transcripts by re-speaking versus typing significantly affects design choices. Thus, we conducted

three cognitive experiments to evaluate:

1. How audio segment length affects content retention and cognitive load experienced by users?

2. How segment presentation order (sequential vs. random) affects content retention and cog-

nitive load?

3. Whether speaking is indeed more efficient and usable output medium for transcription than

typing?
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We conducted a within-subjects design study to evaluate the first experiment. We randomly selected
14 audio segments from a televised English news broadcast in India. Two segments each were se-
lected with a length of 1-7 seconds. The average speaking rate in the segments was 160 WPM.
Participants performed 14 tasks; in each task, they played a randomly selected segment multiple

times on a laptop and re-spoke the content once they memorized it.

We conducted a between-subjects design study to evaluate the second experiment. We randomly
selected a one-minute segment from a televised Indian English news broadcast with a speaking rate
of 137 WPM. We used a fixed-length segmentation scheme to obtain 15 segments, each of which
was four-second long. Participants were randomly partitioned into two groups. The first group
listened to the segments in a random order, while the second listened to the segments sequentially.
Participants performed 15 tasks, one for each segment. They played the selected segment multiple

times and then re-spoke the content once they memorized it.

We conducted a within-subjects study to evaluate the third experiment. We randomly selected a
100-word English news article from a newspaper in India. Participants had to do three tasks: type
the article on their computer, type the article on their phone, and read the article out loud. We chose
a written article than recorded material since we believed that listening and then typing/re-speaking
would also test retention skills in addition to typing/speaking skills. We randomized and balanced

the order in which participants completed the tasks.

We recorded and manually transcribed the content re-spoken by participants for each task in all
experiments. We measured the WER of re-spoken content and the task completion time. For the
first and second experiment, we also measured the number of times participants listened to the
segment. We conducted semi-structured interviews after participants finished tasks in all three
experiments. The interviews were recorded, transcribed, and analyzed using open coding. These

evaluations were approved by our institution’s IRB.
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Table 4.3: Self-assessment of participants’ language skills.

[0 000000 oot idol Doooiitooi Liooboooiong

We used a campus-wide email list from a university in India (IIT Bombay) to invite participation
and randomly selected 24 respondents. Seventeen participants were male, and seven were female.
The average age of participants was 24.4 years. Eight participants were summer interns at the uni-
versity; five were hired as project staff; four were pursuing a bachelor’s, four a master’s, and three
a Ph.D. degree. Twenty participants were from the engineering disciplines and four were from the
humanities. All but one participants owned a smartphone with Internet access. The average daily
phone and computer usage was reported to be around 5.5 hours and 10 hours, respectively. Nine
participants knew about crowdsourcing platforms, but only two had used them previously. As Table

4.3 shows, the majority of participants assessed their Hindi typing skills as being very bad.

[I0I0 Ui0oo0oo oo Jodoiioo bobooiyodag

While WER predicts the performance of content retention, task completion time and number of

listens predict the cognitive load experienced by participants.

00000I0000 o tdool 0o bitUooo booood 0o toioookd

Figure 4.5 compares the WER, time taken to retain and re-speak segments, and number of times

segments were listened in the first experiment. A repeated measures ANOVA with a Greenhouse-
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Figure 4.5: Comparison of varying length segments on several parameters.

Geisser correction determined a statistically significant difference (at [<.001) in the three parame-
ters for the segments that were 1-7 seconds long. Table 4.4 highlights the parameters that signifi-
cantly differ (at U<.05) on a pairwise comparison of the segments of different lengths. The WER and
time taken were much higher for segments exceeding five seconds. Our interviews also revealed that
several participants could not retain such segments because of complicated sentence constructions
and the excessive number of concepts to remember. Thus, using such segments in Respeak could
result in a poor accuracy speech transcription and put significant cognitive load on users. Eleven
participants used synonyms or missed articles while re-speaking content. Three participants found
it difficult to retain segments containing an incoherent word. Another three participants found it
challenging to retain unfamiliar proper nouns. Four participants found content retention to depend

on their familiarity with subject matter rather than on duration. One of them stated:
[0 D00 D000oCo 00RO000D 00 boooo0o 00 O 0o0ocoo 00000000000 00 O 00000 0oOb0o0o 000

00U0000 f000uoooooo oo Dod [tod 0 0o Odo I oo oo boooow Do 0o bdgidioo toooodo
(00000 00 Loi00o jootooboooo booo 00 Doo botboooo o

Twelve participants found it difficult to retain segments containing partial sentences. Abrupt cuts
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WTL | WIL | WTL | WTL | WTL - -

I | WIL | WTL | WTL | WTL | WTL - -

Table 4.4: Significant difference in WER (W), completion time (T) and number of listens (L) on
pairwise comparison of varied length segments.

resulting in an incomplete or incoherent word made it substantially more difficult to retain the seg-

ment. A participant stated:

(10 00000000 0000 iooooo 0o Doooo foo L froboo tooo 0000 0ooo Oodooooroor 4o oo
(00 00000 0O 000 0I00o0 Oeooo oo [0 idoo00ooo foo Lo 0o (oo0o Doo 0o0oodo

Nine participants suggested using natural pauses rather than abrupt cuts to split a long sentence in
multiple segments. Eleven participants found a 3-4 second length optimal for content retention.
These findings prompted us to design a segmentation scheme that splits an audio file based on the
occurrence of natural pauses. If the individual segments so obtained exceeded a predefined length,

the segments were recursively divided into smaller chunks of the desired length.

000000000 o 0 dood 00 ibOodo Aooododt Uy Lodbbooo

We conducted independent samples t-test to analyze the effect of segment ordering on content re-
tention. We found a significant difference in the WER when segments were played sequentially ([

=16.59, Ul = 3.85) rather than randomly ([ = 32.27, U] = 13.18); [(22) = 3.96, U=.001. We did not
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CT PT S CT |PT| S

0 | 211.7 | 3703 | 37.8 | 45|50 3.1

oh | 44.8 | 285.9 5.5 44 146 | 4.1

Table 4.5: Mean (M) and standard deviation (SD) for computer typing (CT), phone typing (PT) and
speaking (S) tasks.

find a difference in task completion time or the number of times participants listened to segments.
These results suggest that content retention is much higher when segments are presented sequen-
tially. In the interviews, five participants specifically mentioned that sequential ordering increased
their understanding of context, making it easier to estimate incoherent and clipped words. One of

them stated:

(1000 [ D000 000 000000 0oo0ooo booo 000 Dooo 0 00 Doe 0o 000oooo 0o 000 booo Doooood
000 00 f0t Doool Lo000oo booO00o00 to bo0oo0ooo toodl (0000 boodooo tooo bood

0000000000 O 0000B000 0Uotoo tooita

Table 4.5 shows descriptive statistics for the tasks in the third experiment. The average speed of com-
puter typing, phone typing, and speaking was 29.5, 19.3, and 161 WPM, respectively. A repeated
measures ANOVA with a Greenhouse-Geisser correction determined a statistically significant dif-
ference in task completion time, J(1.03, 23.74) = 25.41, 0<.001. Post hoc tests using the Bonferroni
correction also revealed a significant difference (U<.05) in task completion time, even for pairwise
comparisons of all three tasks. Though the average WER for speaking was lower than for typing, we

did not find any statistical evidence to substantiate this.

We also requested participants to rate the three tasks on a ten-point scale for NASA TLX parame-

ters to assess subjective workload. As seen in Figure 4.6, participants found that speaking caused
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the least mental demand, physical demand, effort, and frustration. Moreover, they perceived their
performance for the speaking task to be higher than for the typing tasks. A participant explained

the ease of speaking vs. typing content:

00000000 00 0O0ooo 00 00 00000 DOn0o0o o 000 0o Dooo ©Oo foboooo oo 0ooodolr booodo o
(00000000 Dootoo0T

A repeated measures ANOVA with a Greenhouse-Geisser correction determined a statistically sig-
nificant difference in mental demand ([<.001), physical demand (U<.001), performance (0=.001),
effort (U<.001) and frustration (U<.001) for the three tasks. A pairwise comparison of the three tasks
revealed a statistically significant difference ([<.05) in all five parameters for computer typing vs.
phone typing, and phone typing vs. speaking. We also found a statistically significant difference
(0<.05) in mental and physical demand for computer typing vs. speaking. These results suggest
that speaking is a more efficient and easier output medium than phone or computer typing. We be-
lieve these results would be more significant and extreme if the participants were non-engineering

students.

In summary, our cognitive experiments revealed that audio files should be partitioned by detecting
natural pauses to yield segments of less than six seconds in length. These segments should be pre-
sented sequentially to ensure higher retention and less cognitive load on users. The users should

complete micro-transcription tasks by speaking rather than typing.

In the following section, we examine how adaptations of Respeak to design and build ReCall affect
crowd workers’ performance on key activities they perform to complete a speech transcription task.
We also conduct a usability study comparing ReCall and Respeak to examine the cumulative effect

of these adaptations on usability perceptions, user experience, and transcription performance.
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Figure 4.6: Evaluation of output modes on NASA TLX parameters.

(10 00000IOD00O00D bod Doodiit booioodrody

We conducted three controlled experiments with low-income rural residents to examine how key
differences between ReCall and Respeak affect their performance on three key activities required to
complete a task: listening to an audio segment, re-speaking the segment into an ASR engine, and

verifying the correctness of the ASR-generated transcript. We evaluated:

1. How phone types and channel types affect accuracy, time taken, and trials taken to listen to

segments.

2. How phone types and channel types affect speech recognition accuracy when users re-speak

segments.

3. How the modes to review transcripts affect accuracy, time taken, and trials taken to review

transcripts.

In addition to investigating the isolated effect of phone types, channel types, and the modes to re-

view transcripts, we also conducted a usability evaluation comparing ReCall and Respeak to exam-
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ine the cumulative effect of these factors on usability, user experience, and task performance. The

experimental and usability evaluations were approved by our institution’s IRB.

[0 Jodiiioboooo ooty bod 4otooo

O00COCO00C I To examine how phone types affect listening performance, we conducted a within-
subjects design experiment in which participants completed four listening tasks using a USD 600
smartphone (Pixel 2) and another four tasks using a USD 10 basic phone (Lava Captain N1). In each
task, participants listened to a short segment stored in the phone’s storage, read a text transcript, and
verified the correctness of the transcript. Both conditions had two tasks with correct transcripts
and two with erroneous transcripts. We kept the quality of segments (44kHz sampling rate) and the

mode to review transcripts (reading) the same in both conditions.

To examine how channel types affect listening performance, we used the same experimental setup.
Participants completed four listening tasks by calling an IVR app that uses the voice channel and
another four tasks by using a smartphone app that uses the data channel. The quality of audio files
varied based on the channel type used by the apps to play segments (8kHz in the IVR app vs. 44kHz
in the smartphone app). We kept the phone type (Pixel 2) and the review mode (reading) the same
in both conditions. We randomized and balanced the order in which participants completed tasks,

and measured task completion time, trials, and accuracy.

00000000 @I To examine how phone types and channel types affect re-speaking performance,
we used desk stands to set up the basic phone (Lava), the high-end smartphone (Pixel 2) as well
as an an entry-level smartphone (USD 90 Panasonic P100) next to each other (see Figure 4.7). We
asked participants to speak five short Hindi segments into three phones. All phones used an IVR
app, and the two smartphones also used an Android app for recording the segments simultaneously
to avoid variations in the speaker’s speech, tone, and diction. We submitted these segments to an

off-the-shelf ASR engine and computed ASR accuracy for phone types and channel types.
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Figure 4.7: A participant speaking sentences simultaneously in Pixel 2, Panasonic P100, and Lava
Captain N1.

0000000O0C O To examine how the modes to review transcripts affect users’ performance, we con-
ducted a within-subjects design experiment with two conditions. In the first condition, participants
completed four reviewing tasks by listening to an audio segment and then reading a text transcript.
In the second condition, participants completed another four reviewing tasks by listening to an au-
dio segment and then listening to an audio version of the transcript using a Hindi TTS system. For
each task, we asked participants to verify if the transcript matched the content in the audio seg-
ment. Both conditions had two tasks with correct transcripts and two with erroneous transcripts.
The type of phone (Pixel 2) and the quality of audio files (44kHz sampling rate) were kept the same
in both conditions. We randomized and balanced the order in which participants completed tasks,

and then measured task completion time, trials, and review accuracy.

(00000000 DOCI000OOT We provided a brief description about the ReCall and Respeak apps to par-
ticipants. While we did not offer any demonstration of the apps upfront, we did provide verbal
assistance when participants requested it. For each system, we requested that participants complete

two randomly selected speech transcription tasks. To complete a task, participants had to listen to
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a short audio segment, re-speak it into the app, and verify the correctness of ASR-generated tran-
script. Participants used the same phone to access the Respeak smartphone app and the ReCall IVR
app. We randomized the order in which participants used the two apps, and measured task com-
pletion time, trials, and accuracy. We also requested participants to score both apps on usability

parameters such as mental demand, performance, effort, and frustration.

At the end of each experiment, we asked open-ended questions to gather qualitative insights. We

recorded and transcribed these responses, and subjected them to thematic analysis [65].

[I0I0  000oooi0odl boo Obdoditooo Loooio

We partnered with NYST, a grassroots organization that has active projects on community health
and education in rural India. Leveraging their employees’ network, we used snowball sampling to

recruit 28 low-income rural residents.

Our sample had 18 female and 10 male participants. On average, participants were 22 years old.
The majority (68%) had completed or were pursuing a bachelor’s degree, three participants had
completed a master’s degree, three had completed high school, and those remaining had dropped
out after middle school. About 93% of participants were unemployed and the remaining (N=2) were
engaged in a temporary part-time employment. The median monthly family income for a family
size of five people was USD 182, meaning that half of the participants were surviving on USD 1.21
per day. Fifteen participants (53%) came from families engaged in blue-collar work (e.g., farmers,
laborers) while the remaining were from families of white-collar workers (e.g., shop owners, private
jobs, teachers). All participants were native speakers of a dialect of Hindi and most of them had

limited understanding of English.

Fifteen participants had a smartphone, eight had a basic phone, three had a feature phone, and two
borrowed a basic phone from their family members. Most participants were new users of mobile

phones; the median phone ownership time was 1.5 years. Twelve participants used special tariff
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vouchers (STVs) offered by MNOs to access unlimited voice calls and capped data bundles. They
often borrowed phones from family members to use the Internet. Twenty-one participants used
WhatsApp and 15 participants used Facebook. Only two participants had previously used IVR

systems.

(1010 0000000 0o 0boooiboooot 0oo Dobodno Oooioodnodn

O0000IOOOCD I The majority of participants (75%) found it harder to listen to segments on the
basic phone due to 01000 07 DI0JNO0 and 0O0C0C0C D0OOOC because of clipping. As a result, partici-
pants listened to segments significantly more times on the basic phone (M=5.5, SD=1.1) than on
the smartphone (M=4.5, SD=0.7), t(23)=4.44, 0<.001). They also took significantly more time to
complete listening tasks on the basic phone (M=_81s, SD=13s) than on the smartphone (M=74s,
SD=11s), t(23)=2.48, [=.02. Since participants could perform a task multiple times until they were
satisfied with their performance, we did not find any significant difference in listening accuracy on

the basic phone and the smartphone.

Many participants took more time to complete tasks on the IVR app because of JI0000 00000 000
1000 DIOOT0ED of segments and prompts. Our analysis revealed a significant difference between the
task completion time on the IVR app (M=83s, SD=12s) and the smartphone app (M=76s, SD=10s),
t(23)=2.24,0=.03. Although many participants took more trials to listen to segments and completed
listening tasks with lower accuracy on the IVR app, we did not find significant differences between
the listening trials on the IVR app (M=7.5, SD=2.8) and the smartphone app (M=6.3, SD=2.7), as
well as between listening accuracy on the IVR app (M=58%, SD=24%) and the smartphone app
(M=66%, SD=24%).

00000000 [T A two-way repeated measures ANOVA (phone types  channel types) revealed a
significant main effect of channel types, F(1,85)=14.38, [<.001, and no effect of phone types on
ASR accuracy. Figure 4.8 shows the distribution of ASR word error rates (WER) for different com-

binations of phone types and channel types. ASR WERs were lowest (M=5%, SD=5%) for seg-



74

o
o _ —_—
~ .
o _ : :
™ .
o ! !
I . -
= Q : ;
8 | |
o — 1
‘_' ! : T
| | 5 | —
|—, ! 1 —_—
o —]
Pixel2 Panasonic Pixel2 Panasonic Lava
Smart app Smart app IVR app IVR app IVR app

Figure 4.8: Distribution of WERs for different combinations of phone types and channel types.

ments recorded on the smartphone app on Pixel 2. The WERs increased significantly for segments
recorded on the IVR app on the same phone (M=16%, SD=10%), t(17)=4.99, [<.001, due to down-
sampling of the segments by the voice channel. For the same reason, we also found a significant
difference between the WERs for segments recorded on the smartphone app (M=11%, SD=11%)
and the IVR app (M=17%, SD=13%) on Panasonic P100, t(17)=2.60, 0=.01. These results indicate
that the segments spoken by ReCall users may yield higher WERs than the Respeak users.

We found a significant difference in the WERs between Pixel 2 and Panasonic P100 when partici-
pants spoke segments into the smartphone app, t(17)=2.62, [=.01, perhaps due to differences in the
number of microphones in these devices and their positioning; Pixel 2 has two microphones (one
at the top and other at the bottom) compared to one microphone in the Panasonic (at the bottom).
However, when the segments were recorded on the IVR app, we did not find a significant difference
between any combinations of the three types of phones. These results indicate that phone types may
affect ASR accuracy for users of the Respeak smartphone app. However, phone types should not

significantly affect ASR accuracy for users of the ReCall IVR app.

000000000 O The majority of participants (66%) found it easier and faster to read text transcripts
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rather than listen to audio version of the text transcripts. Participants shared several reasons for their
preference for reading transcripts. Many participants found it difficult to remember the content in
audio transcripts because of the [0III0 OI0OOM and DOJDOOOOMNO! OOTO00OD of TTS system. Some
participants experienced a high cognitive load in remembering the audio segment as well as the
audio transcript. A few participants noted that they could review text transcripts at their own pace
and spot errors easily in them. Our statistical analysis supported these observations. We found a
significant difference between the review accuracy for text transcripts (M=80%, SD=20%) and audio
transcripts (M=48%, SD=21%), t(23)=5.46, U<.001. Several participants were worried that listening
to transcripts may require more time and more trials, especially in noisy environments. Although
we found no difference between the trials taken to complete review tasks, we found a significant
difference between the time taken by participants to read transcripts (M=93s, SD=18s) and listen to
transcripts (M=106s, SD=21s), t(23)=2.23, I=.03. These results indicate that ReCall users may take

more time to review transcripts and may make more reviewing mistakes than Respeak users.

Q0000000 U00I000I0ED Participants successfully completed all tasks and took comparable number
of listening and re-speaking trials on both ReCall and Respeak. However, participants took more
time to complete tasks on ReCall than on Respeak and produced transcripts with higher WER.
We found significant differences in the task completion time on Respeak (M=173s, SD=108s) and
ReCall (M=230s, SD=90s), t(21)=2.48, U=.02, as well as in the transcription WERs on Respeak
(M=18%, SD=16%) and ReCall (M=25%, SD=24%), t(21)=1.99, 0=.05. These results indicate that
ReCall users may produce transcripts in 33% more time and with 8% lower accuracy than Respeak

users.

Participants experienced higher mental demand, effort, and frustration, and lower performance on
ReCall than on Respeak. Table 4.6 shows the median scores for the two systems on four usabil-
ity parameters. A Wilcoxon signed-rank test indicated significant differences between ReCall and
Respeak on mental demand (W=14, Z=3.28, <.001), performance (W=65, Z=2.26, [=.02), and
frustration (W=0, Z=2.80, <.01).
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Mental Demand | Performance | Effort | Frustration

ReCall 5 7 3.5 1

Respeak 2 8 2.5 1

Table 4.6: Median scores of different usability parameters on a ten-point scale (1-low, 10-high) for
ReCall and Respeak.

Five participants expressed difficulties in listening to segments on ReCall because of downsampling
by the voice channel. Three participants found ReCall more mentally demanding than Respeak
because of additional attention they paid to listen to audio prompts. Two participants found Re-
Call slower, perhaps due to additional time ReCall took to convert ASR-generated text transcripts
into TTS-generated audio transcripts. Several participants also struggled while using Respeak. For
example, six participants were confused when to repeat audio segments despite a beep sound that
served as a cue to start speaking. Four participants were unsure about how to interact with the
touch interface and two participants found it overwhelming to operate a smartphone. Participants
with prior smartphone experience (N=14) preferred Respeak while many new smartphone users
and non-smartphone users (N=8) preferred ReCall. Participants mentioned ease of listening to
audio files and reviewing crowd work by reading transcripts as reasons for their preference for Re-
speak. On the other hand, participants preferred ReCall for its inclusive and accessible design. A

participant stated:

(100000 00 Do0tokotoo 0o oo eooodoo Oooboo 00U Lo oo 000 booo 0o Dooe 0ooooo to
Q0

The usability evaluation also helped us discover and address usability barriers in ReCall. For ex-
ample, participants were prompted to press pound key after re-speaking segments to signal the end
of recording to the app. Since five participants forgot to press the key after recording segments, we

implemented a feature that sends the signal automatically after detecting silence for two seconds.
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To summarize, the experimental evaluations investigated how adaptations of Respeak to ReCall af-
fect users’ performance on three key activities they do to complete transcription tasks. The usability
evaluation improved the usability of ReCall, examined the cumulative effect of different factors on
transcription performance, validated the findings of the experimental evaluations, and provided

enriching insights about participants’ preferences and perceptions.

In the coming sections, we describe the field deployments of Respeak, BSpeak, and ReCall in India,

which happened sequentially.

(100 D000000 0oood Looiotoooo

To examine the feasibility, acceptability, and usability of transcribing audio files vocally, we first
deployed Respeak smartphone app to low-income student. We hoped that the deployment learn-
ing will be a stepping stone to ReCall deployment (i.e., our eventual goal of creating a voice-based
marketplace accessible via ordinary phone calls). Since many university students have smartphones
connected to the Internet and also have financial constraints that might motivate them to earn mo-
bile airtime, we sent an email inviting IIT Bombay students and interns to participate in our con-
trolled deployment. We randomly selected 25 respondents as users and conducted a face-to-face
orientation session with them to install the Respeak app on their personal smartphones, show them

how to use the app, and collect demographic information.

g ooodo

We submitted thirteen Hindi and eight English audio files to the Respeak engine for transcription.
To stress test Respeak, we selected audio files that had ambient noise and heavily localized Hindi or
English accents. The files contained varied content, including public speeches, telephone conversa-
tions, news, television advertisements, songs, interviews, YouTube content, and online lectures. The
total duration of the Hindi and English files was 43 minutes and 12 minutes, respectively. The Re-

speak engine partitioned Hindi files into 499 segments and English files into 257 segments to yield
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Table 4.7: Number of tasks for each category of transcribed content by language.

756 unique micro-transcription tasks (see Table 4.7). The threshold length for the segmentation
scheme was based on the speaking rate in the audio file: the length for public speeches and songs
was 5-6 seconds, news and YouTube videos was 4 seconds, and interviews and phone calls was 3
seconds. The collective download size of all tasks was 85 MB and the cost of downloading them was
roughly |20 (USD 0.30) on a 3G connection. Each task could be performed by a maximum of ten
users who could see a high-level overview of their transcription accuracy, amount earned, payment

processed, and completed tasks.

L1010 000000 Dooio 000 toonooo

The Respeak reward structure was designed to keep the cost of transcription below USD 1 per
minute. Each transcription task was assigned a reward equal to | 0.2 multiplied by segment length in
seconds. We hypothesized that for each segment, if we aligned the transcripts generated by five users
and if all of them performed the task with a high accuracy, the maximum transcription cost would
still be USD 0.92 per minute. Each time a user submitted a transcript for a segment, we compared
their output with the pre-computed ground truth. If the transcript’s accuracy was ~ 80%, we added
the entire task reward to the user’ earning. If the accuracy was  50%, we added a proportionate
percentage of the task reward to the user’ earning. A user received no reward if the accuracy was
< 50%. This reward structure gave users the incentives to produce speech transcription with more
than 80% accuracy, gave proportionate returns to average performers, and penalized poor perform-
ers. Once the cumulative earnings of a user reached |10, we processed a mobile airtime credit of

the same value to them. The maximum amount a Respeak user could earn by doing Hindi tasks was
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|514 (USD 7.80) and by doing English tasks was | 152 (USD 2.30). The reward structure could also

be designed differently to satisfy other optimization goals.

Ideally, the transcripts submitted by Respeak users should be evaluated by comparing them to the
best estimation transcript generated in first-stage merging. However, at the time of deployment we
were unsure about how and when people would use the app, forcing us to use the pre-computed
ground truth for comparison. We ran the comparison module every 15 minutes to balance the
desire of users to receive immediate feedback and the need to simulate a delay that would occur

awaiting transcripts generated by others for MSA and majority voting process.

[0 Joioooootoo oo Looioooo booioobaao

We conducted quantitative analyses of transcription performance, cost, and turnaround time to
evaluate Respeak. We also conducted in-depth, semi-structured, face-to-face interviews with 20
Respeak users at the end of deployment. Each interview lasted around 40 minutes and covered
several themes, including information on the general technology use, user experience and usability,
conception of Respeak, and benefits and limitations of the Respeak app. We recorded, transcribed,

and analyzed the interview using open coding.

N o

Fifteen Respeak users were male and ten were female. Fourteen were students, six were contractual
staff, and five were summer interns. Twenty users were from varied engineering departments, and
five from the humanities. Eighteen users had or were pursuing a bachelor’s degree, six had or were
pursuing a master’s degree, and one was pursuing a Ph.D. Fifteen users did not have any scholarship,
stipend, or salary and were supported by their families. The average monthly income of employed

users was USD 293, and their average monthly family income was USD 1557.

All users owned an Android smartphone, had cellular Internet access, and used their phones for an
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average of 5 hours a day. Despite heavy and ubiquitous phone usage, 17 participants had a shoestring
budget for mobile airtime and data, and relied on the free WiFi provided by the university. Like
participants in the cognitive experiments, all users rated their English language skills and Hindi
speaking skills highly. However, 22 users reported their Hindi typing skills to be bad. Sixteen of

them did not even know how to type in Hindi.

[0 dibooooo

The Respeak app was deployed for a month with 25 users. Figure 4.9 depicts the time series analysis
of the number of tasks completed by active Respeak users. The low activity between August 10-20
corresponded to an intermittent campus-wide Internet outage at the university where we deployed
Respeak. Though the deployment ended on August 31, some users continued using the app for
another 20 days. 756 audio segments were presented as 5464 micro-tasks to the users, who tran-
scribed the segments successfully with an individual average WER of 23.7%. On average, Respeak
users listened to segments 2.7 times and re-spoke them 2.1 times before moving on to the next task.
The median time for task completion was 36 seconds, and the cost of transcription was USD 0.83
per minute. Collectively, Respeak users spent 39.8 hours using the system and earned |3036 (USD
46). The expected payout for an hour of their time was |76 (USD 1.16), one-fourth of the average
daily wage rate in India [14]. The Respeak engine combined the transcripts generated by five users

for each segment, reducing the average WER to 10.6%. The best alignment yielded a WER of 6.8%.

00000000 00 000000 tobbouoioood

The average WER of the transcripts generated by ASR engine for individual Respeak users was
23.7%. We performed a series of experiments to measure the improvement in transcription us-
ing MSA and majority voting. For each segment, we conducted ten runs of experiments. In each
run, the transcripts generated by three randomly selected Respeak users were used for MSA and

majority voting in first-stage merging. The WERs obtained in each of the ten runs were averaged
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Figure 4.9: Time series analysis of active users and tasks completed.

for evaluation. By aligning the transcripts generated by 3 speakers, the WER dropped to 15.1% (an
improvement of 36.3%). We used the same setup to align transcripts generated for each segment
by 5 randomly selected Respeak users, and the WER dropped further to 13.2% (an improvement of
44.3%).

A closer inspection of users’ transcripts and the ground truth revealed interesting cases that were
registered as errors by the comparison module but were semantically correct. The app’s Google ASR
engine transcribed several words in English and Hindi differently for different speakers. In English,
the words were often contracted or abbreviated (e.g., it is vs. it’s; Doctor vs. Dr.), and the numbers
were transcribed either in numeric or textual format (e.g., 3 vs. three) for different speakers. In
Hindi, multiple spellings with minor variations were output for the same word based on the stress,

intonation and nasality used by speakers (see Figure 4.8).

The manual correction of such corner cases in Respeak user transcripts lowered the average WER
for individual users from 23.7% to 21.9%. We recomputed the set of experiments where transcripts
generated by multiple users were aligned, and the WER dropped to 12.5% and 10.6% when tran-

scripts generated by 3 and 5 randomly selected users were aligned, respectively. Thus, the alignment
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Table 4.8: Different spellings generated by Google ASR engine for words in Hindi. Equivalent
spelling in Latin script is in brackets.

of transcripts generated by five randomly selected users reduced the average WER by 55.3%. In fu-

ture deployments, we resolved these corner cases automatically in the comparison module.

To evaluate the effect on WER and cost as more transcripts are used for alignment and majority
voting, we randomly selected 50% of 391 tasks that were each completed by ten Respeak users. We
conducted ten runs of experiments; in each run, we used the transcripts generated by K randomly
selected Respeak users. We varied the value of K from 1-9 and averaged the WER obtained for each
value of K over ten runs of experiments. The cost of transcription was calculated using the rate of
|0.2 per second of transcription per user, an overestimate that assumed that users would receive the
entire reward amount promised for each task. As depicted in Figure 4.10, the WER decreased as K

increased, and the cost of speech transcription linearly increased with K.

To compare Respeak with a state-of-the-art speech recognition engine, we submitted the original
audio files to the Google Cloud Speech API [41] after noise reduction. The API yielded transcription
with the overall WER of 50%, 4.72 times higher than the WER obtained by Respeak. The WER
for Hindi audio files was 54%, 6.3 times higher than the WER obtained by Respeak. These results
suggest that Respeak capitalized on the benefits of re-speaking and crowdsourcing to outperform

transcription generated by the state-of-the-art speech recognition engine alone.

Tables 4.9 and 4.10 report the WER of transcription obtained for different languages and content
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Figure 4.10: Effect of number of users on WER and cost.

Q100 000 Q100 000
0uo0noot | 0ooooo 0oooooooo | 0000 000000000
K=1| K=3 | K=5 | K=1 | K=3 | K=5

ooomog | 269 | 19.8 | 16.7 | 26.2 | 18.1 | 15.2

Qoooo 199 | 13 | 11.7 | 17.1 | 10 8.6

good 23.7 | 151 | 13.2 | 21.9 | 12.5 | 10.6

Table 4.9: WER obtained by Respeak for English and Hindi languages.

types by aligning transcripts generated by K users during first-stage merging. Our interviews in-
dicated that six users found it easier to do Hindi tasks, and four found it easier to do English tasks.
The language preference existed either because of better language skills or faster recognition from

the ASR engine in their preferred language.

Seven users found it easiest to re-speak song segments while others found interviews (N=3),
speeches (N=2), news (N=1), lectures (N=1) and poems (N=1) the easiest. Six users found it very
difficult to understand the segments containing an interview of a former president of India, three

found it hardest to retain the advertisement segments because of the audio’s unclear accent, and the
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Q100 0o 100 040
[000000 4ood | 000000 0000000000 | D000 0000000000
K=1 | K=3 | K=5 | K=1 | K=3 | K=5

0uaooooeg 27.8 | 212 | 18 | 272|191 | 164

uooo 229 | 1321103 | 20.2 | 109 | 7.8
un og 312 | 26 | 243 29.1 | 23.8 | 19.7
good 232 | 14 | 9.8 | 206 | 10.7 | 83

gooiofooooo 201 | 132 ) 12 | 174 | 103 | 8.8

uoogy oo 259 | 18.8 | 17.4 | 22.8 | 15.2 | 12.8
Loooooo 0oood | 169 | 11.2 | 102 | 149 | 89 | 7.8
goiibo oooiood | 174 | 13.2 1 10.7 | 165 | 11.3 | 9.8

Table 4.10: WER obtained by Respeak for different content categories.

other three found it difficult to re-speak Bollywood song segments because of the [IOODID lyrics.
The remaining users found no difference in the difficulty level of tasks based on content type. Three
users sang the segments containing songs rather than merely re-speaking them. A user explained

how he had to remain aware of his surroundings while re-speaking song segments:

(000000 00000 0o Lit00w fo b Do oo boood toodoo oo oo 040 0odoo o booioo o0 Lo
(0 0000000 Cooiooton b hofidoooito [om Doo foooo 0o itJoo boo oo foidooo odr Oood
(0 00000 0000 b 000 booooo I jodooodo

Five users found it useful that the segments of an audio file were presented in a sequential order
as tasks. However, three users found it monotonous to do tasks continuously for the same audio
file. They suggested an alternate scheme where small blocks from different files could be randomly
presented, where each block could have segments from the same audio file presented sequentially.

Four users found it challenging to do tasks with clipped words either at the beginning or end; they
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Figure 4.11: WER for segments of varying word length.

were unsure whether to re-speak or ignore such words.

Figure 4.11 plots the average WER for segments of varying word lengths. Surprisingly, the WER for
individual users did not vary significantly as the number of words in segments increased. However,
the improvement in WER by aligning transcripts from 5 users rather than 3 users decreased as
the number of words in a segment increased. Though the randomness in errors increased with
the increase in number of words in a segment, the errors were sparsely distributed reducing the

performance improvement gained by MSA and majority vote.

W{R(a{ini

We processed mobile airtime of | 3040 (USD 46) to 24 users. The top 3 users earned 44% of the total
payments, while the top 20% and 50% users earned 60% and 87%, respectively (see Table 4.11). Ten
users earned more than their monthly phone expense. Several users reported that using the app
for ten minutes daily was sufficient to subsidize their phone expenses. Respeak became a portal to

transfer mobile airtime to their phones. A user reported:

[ 00000000 OO0 00000 00oioo Oomo booooo Lo b dooooon 0 bio boo 000t Loooo 0o 0o0m
010 00000 DODOQ0 0 DOooo Ot 000D 0oooo 0o Loitooo Oooo oo Cboor botoiooo O itoood
000 1000 00700 ootan
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OO0000 00oooo 0)o Q000uod 4ooog
100 15
200 5
300 1
400 0
500 3

Table 4.11: Amount earned by Respeak users.

All but one user were happy to receive the amount earned as mobile airtime. Some users suggested
payments in the form of food coupons (N=6), Amazon gift coupons (N=5), and top-ups of higher
value that results in the equivalent mobile airtime ! (N=3). Two users emphasized the need to pro-

cess a | 10 mobile airtime for immediate gratification. A user stated:

(1000 00 Do 000 000 000 000 |00 o o000 bitoo ot Do0me 0rmoon ot booooo
0000 DOODE00 00 d0boodoto fo Dinbod 0000 Dooolo 00 odo 0oog foo Loor booo Doodto
(000 DoCOo fono oo

Eight users found that their efforts using Respeak were commensurate with the amount they earned.

Six users found that the money they earned exceeded their efforts, while six others felt otherwise.

jUoio0Dodoar bodgdaoo

Seven Respeak users reported receiving instrumental benefits from the app use. Three found that
Respeak improved their language and oral skills. While re-speaking audio segments, they focused

on pronouncing the words correctly for faster recognition by the ASR engine. Often, they searched

'A top-up of | 10 gave |7.8 in airtime. The lowest top-up that gave full mobile airtime is around | 100 for different
providers.
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online for the meaning and pronunciation of unfamiliar words, thereby expanding their vocabulary.
Respeak provided them with the opportunity to speak English aloud DOII000C 00000 (00000 00 0000000
One user reported a new-found interest in the content he transcribed, viz., an old Bollywood song
on YouTube. Another found Respeak to be a challenging yet fun exercise that improved his cognitive
abilities. Two users reported acquiring new knowledge while doing the tasks and found some of the

speeches inspiring. One of them stated:

{o00ototo O Q0o dofdoouo Ut Jodor 4bOooo (diodooo to (itdoodl bod [oioooio49n tog
0000000 00 000000t bodOinootr Lo i ooo0oon foo 0ot (000000t Lo toobooooroo o
0 000 10000000 b0 000ROoo0o00 Doooo 0odooo 0o 0o0o 0ooo Ooo botoooooooo

00000000 00 Ooooooo

Figure 4.12 presents average user ratings for NASA TLX parameters on a ten-point scale. Users en-
joyed Respeak for a wide variety of reasons, including earning mobile airtime (N=8), excitement to
see their speech recognized (N=6), ability to track their accuracy (N=4), easy-to-use interface (N=4),
listening to interesting content (N=1), the opportunity to practice speaking English out loud (N=1),
and the chance to compare their accuracy to others (N=1). Even before our interviews, we received

user emails describing their enthusiasm for Respeak. One such enthusiastic user wrote:000I0000 [

00010 OO0 O oo bo0mooo Ooo foo fotooo [ 0000 foooiooto

Nine users found Internet usage to be a barrier to using the app. Seven users found it difficult to
get their speech recognized and four faced challenges in getting ASR engine to recognize people’s
names. Though users voluntarily signed-up to participate in the deployment, four reported time
constraints that limited their app use. Eight users suggested gamification to make the app more
entertaining. Five wanted functionality to skip tasks for unclear or difficult-to-retain segments.
Two suggested including a feature that let users type to edit the transcript generated by the ASR

engine after multiple unsuccessful re-speaking trials. Three users wanted the ability to filter tasks
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Figure 4.12: Average ratings by Respeak users for several parameters.

by language. One each suggested incorporating graphs to track improvement in user accuracy, a

leaderboard, and a feature to regulate playback speed.

The users considered the ideal Respeak demographic to include: students (N=15), unemployed peo-
ple (N=4), home makers (N=2), people spending long hours commuting (N=2), and those inter-
ested in learning oral skills (N=1). After the deployment, eleven participants expressed an interest
in using the app daily, primarily to earn mobile airtime and improve their language skills; six stated
that they would use it sparingly when they need mobile airtime; three stated that the lack of time

would inhibit their app use in the future.

In the next section, we describe the details of the field deployment of BSpeak app—an accessible

version of the Respeak app—with low-income people with visual impairments.

[0 000000 0itit dooibdoooo

Through the network of blind trainees, staff, and alumni of Enable India, we used snowball sampling
to recruit 24 low-income blind Android users to participate in a two-week deployment of BSpeak.

During a face-to-face orientation session, we installed the app on users’ phones, gave them a brief
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demonstration of BSpeak, and collected demographic information. To set the right expectations,
we informed all participants that BSpeak is a research prototype and our goal is to investigate its
accessibility and feasibility, and that there are no immediate plans to release the app widely. At the
end of the deployment, we conducted a web survey to evaluate their user experience. The survey
had 13 subjective questions that spanned several themes including benefits and limitations of the

BSpeak app and its potential to supplement their income.

[0 00000D 0oiot dododooooo

Eighteen users were totally blind and six were partially blind. Users were 27 years old, on average.
Nineteen users were male and five were female. Seventeen users had completed a bachelor’s degree,
four had completed high school, two had finished middle school, and one had earned a master’s
degree. Employed users (N=13) had an average monthly income of USD 313. Unemployed users
(N=11) were dependent on their family with average monthly income of USD 169 for a family of size
four, and thus were living below the poverty line of USD 1.90 per day [25]. Even though all users
resided in Bangalore at the time of the study, most of them moved to Bangalore in the last three
years from rural and peri-urban regions of nine Indian states. Half of them had family members in
rural regions who were either dependent on them (N=3), or were working as farmers and laborers

(N=9).

All users had access to mobile Internet, and used TalkBack as the primary screen reader on their
phone. Their average monthly phone expense was | 300 (USD 4.5). None of the users had prior ex-
perience with speech transcription and crowdsourcing marketplaces. Users were native speakers of
Kannada (N=13), Hindi (N=4), Telugu (N=3), Marathi (N=1), Konkani (N=1), Malayalam (N=1),
and Assamese (N=1). Several of them had poor Hindi and English language skills. While the self-
reported scores, on a ten-point scale, for local language listening and speaking skills averaged to
9.8, the average scores for English listening, English speaking, Hindi listening, and Hindi speaking

skills were 7.2, 7, 6, and 5.9, respectively. During the orientation session, many users made frequent
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grammatical errors while speaking English and Hindi.

[I0I0J 000000 Oobooioitoibo Ododo

We selected 27 audio files in Indian English and Hindi for transcription by BSpeak users. Out of
these, 21 audio files were the same as those used in Respeak’s deployment because we aimed to
compare the accuracy of crowdwork by blind users to sighted users. Since a majority of the BSpeak
deployment participants expressed discomfort with Hindi, we selected more transcription tasks in
English than in Hindi. Although the participants were more comfortable in other local languages
like Kannada and Telugu, we could not provide tasks in these languages since they are not yet sup-
ported by Android’s built-in ASR engine. The combined duration of the audio files was 2.75 hours,
and it comprised of a wide variety of content including interviews, lectures, news, phone calls, pub-
lic speeches, songs, TED talks, TV advertisements, and YouTube programs. The engine segmented
these files to yield 2,560 segments (i.e., micro transcription tasks) that varied from three to six sec-
onds in length. We outline the number of audio files, tasks, and total duration for different content

types in Table 4.12 and languages in Table 4.13.

[I0I0J 0d0O0oo Dot 000 toooooo

To ensure that the earning potential of BSpeak users equaled that of Respeak users, we employed
the same reward structure used in Respeak’s deployment. The maximum amount a user could earn
by completing all Hindi and English tasks was | 514 (USD 7.8) and | 1,470 (USD 22.3), respectively.
Users could access the reward structure, amount earned, accuracy, list of all completed tasks, and

date of last transfer on the BSpeak app.
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0000000 0000 00000 0000 | 0ot | Oooconeo
Interview 3 275 13.1
Lecture 1 9 0.4
News 2 27 1.4
Phone call 3 37 1.8
Public speech 8 1102 88.7
Song 3 77 7.2
TED talk 3 931 46.5
TV ad 1 10 0.7
YouTube program 3 89 5.4

Table 4.12: Number of audio files, tasks, and total duration (in minutes) for each content type.

00doooot | Uooio 0t | 0oooe | boodmod

English 14 2060 | 123 mins
Hindi 13 500 43 mins

Table 4.13: Number of audio files, tasks, and total duration for each language.

[0 OJofioooootoo oo booiotoo bioioobado

We used a mixed-methods approach spanning quantitative analysis of word error rate, cost, and
performance, as well as a qualitative analysis of surveys to evaluate BSpeak. All but one users com-
pleted the survey at the end of the deployment. We subjected their responses to thematic analysis as
outlined in [65]. We also compared BSpeak’s use by blind people to Respeak’s use by sighted people

on tasks completed, WER, performance, and transcription cost.
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BSpeak users used the app for over 208 hours and completed 16,000 tasks, repeating 2,560 segments
with an average accuracy of 61.6% to earn |7,310 (USD 110). Twelve users completed Hindi tasks
3,133 times, and 24 users completed English tasks 12,872 times. On average, users listened to a
segment three times and repeated the content into the ASR system 1.7 times. The median task
completion time was 49 seconds. The expected payout per hour of the app use was |36, which is
comparable to the average hourly wage rate in India [14]. The engine combined the transcripts
generated by eleven users to yield a transcription with 87.1% accuracy and USD 1.20 per minute of

transcription cost.

Figure 4.13 shows the time series analysis of tasks completed and unique active users. Though the
deployment ended after two weeks, some users continued using the app for a month. BSpeak became
very popular among the social network of our users; we received over 20 requests from blind friends
of users to access the app. The popularity of BSpeak prompted Enable India’s management to request

a disclaimer from us:

(10 0000000000 1000 0o 00000t 0oo 0o booodio o booor 0o 0oooo 0oo fudoootoo 0oo tioad
(1000 0000n 0o booo boooo [ooo o boo 0o 0ooo Qoo LDOoioo O oo oo DO0oo Doooooo
(00 D000 o 0oboooo 0oo [0 booo o0 b fooiitiboo 1ooo 000 0oooo 0ooooo 0o 0000 Do oo
000000000 00000 U0 U000 foiooooor boo booo 0o 000000 LLooo booooob o boo tooto oo
(0000 DO0mdr oo fobo Joo dobootOooo Doo loodo 0o fotoombo o tooo

000000 OJ000000o0io0 0otoobo 000 Oood

The average WER for transcripts generated by individual BSpeak users was 38.4%. We ran a series
of experiments to reduce the WER by aligning transcripts generated by multiple users. For each

segment, we conducted ten runs of the experiment. In each run of the experiment, we randomly se-
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Figure 4.13: Time series analysis of active users and tasks completed.

Uo0000 00000l is not as  rosy
OO0UooooE M 00 not [0 rosy
(Oo0000ooo @ is not as  [OOO
oooooooo @ is O as rosy

CJO0O00CC 000000 is not  as rosy

Table 4.14: Alignment of transcripts obtained from three speakers. Missing words are marked as —
and incorrect are [OIICO00.

lected transcripts generated by K users and aligned them using MSA and a majority voting process.
We averaged the WER of the best estimation transcript generated in each run. Table 4.14 shows

how WER of an English segment was reduced by aligning transcripts generated by three users.

We used the experimental setup to align transcripts generated by three, five, seven, nine, and eleven
users by varying the value of K. Table 4.15 shows the number of tasks done by K or more users,
WER obtained, and transcription cost. To compute the cost, we multiplied transcription rate (i.e.,
]0.2 per second per user) with expected payout (i.e., 61.6% of the transcription rate). Our analysis
indicated that the overall WER decreased as the value of K increased. The cost linearly varied based

on the number of transcripts used in the alignment process.
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00000 oodd Qoo oo uoi
. 00 000000 | Jooooo | booloo | Oodoo | iobootoo
1 2,560 38.4 40.7 30.1 0.1
3 2,509 30.7 33.0 22.6 0.3
5 1,904 26.8 29.9 19.0 0.6
7 833 19.9 20.9 12.1 0.8
9 708 17.6 17.9 11.3 1.0
11 89 12.9 13.0 8.3 1.2

Table 4.15: WERs and transcription cost obtained after aligning transcripts generated by K users.

Table 4.15 also shows the WER obtained for English and Hindi tasks after aligning transcripts gen-
erated by K users. The average WER for English tasks was higher than Hindi tasks because all users
were non-native English speakers and had no choice but to complete tasks in English. In contrast,
only those users who were confident in Hindi opted to complete Hindi tasks. In our survey, several
users reported struggling with English tasks because of I0UIDOIINION D0000DIO00CD 00000 DOCCOD or OOCCC
(00000000 00 000 bO0o0n

Figure 4.14 plots the WER obtained after aligning the transcripts generated by K users for differ-
ent content types. The WER for content created for mass consumption like news, lectures, songs,
and YouTube programs were low. The WER for public speeches and telephone calls was high be-
cause users struggled with ambient noise. The WER for interviews was high due to the prevalence
of heavy accents and the overlapping of speakers. Although TED talks and TV advertisements are
also created for public consumption, several users struggled with unfamiliar accents and techni-
cal terminologies, and yielded poor performance compared to other content types. The analysis
of survey responses also indicated that users found speeches (N=11), songs (N=6), and YouTube
programs (N=3) easy to remember and re-speak, and faced difficulties in transcribing interviews

(N=4), telephone calls (N=4), and TED talks (N=4).
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Figure 4.14: WER obtained after alignment of transcripts generated by K users for different content
types. A missing bar indicate that less than K speakers completed tasks.

To examine the benefit of requesting blind users to re-speak content into the ASR engine instead of
inputting audio files directly to it, we submitted the segments to the Google Cloud Speech API [41].
The average WER of the transcripts thus obtained was 52% (35% more than the average WER ob-
tained by BSpeak users). Since blind users repeated audio content into a high-quality microphone
of their device in a quiet environment, BSpeak’s WER was lower than the WER yielded by the ASR

engine on original audio segments.

00000000l bod thoiobLddoor bodgdoo

BSpeak users collectively earned | 7,310. The average amount earned by users was |304 (USD 4.60)
and the maximum amount earned was | 1,050 (USD 16). Nine users earned more than their monthly
phone expense in just two weeks. Table 4.16 shows the distribution of the amount earned by BSpeak
users. All users agreed that BSpeak has a strong potential to supplement their earnings. They valued
it as a tool to JONNNIO0 JOOOD 0000 0000 [0 DO00000 OOODOD Several users earned money for the first time

in their life. One such user stated:
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While 19 users found the amount earned commensurate to the time spent in completing tasks, five

users suggested increasing the reward amount to at least | 1 per task. One of them asserted:

0uQ0ita00 O iooo Joo toooot dddood Io 0o bod (oo Dooo [0 o0doooo boo boouod do coda
(0000 |Cooo o 0o OOo0oooomo 0o 0 000totdo booooon o oiet 0000 It 00000010 foiioood
(0 000 000 0oal

While some participants perceived Internet costs to be significant, the total download size of BSpeak
tasks was 189 MB and the cost was under | 50; less than 2.5% of the total amount BSpeak users could
earn by doing tasks. Several users self-reported receiving instrumental benefits such as improved
listening skills (N=13), pronunciation (N=11), and concentration (N=3). They found BSpeak a [0
100 000000 [O0000ME and appreciated its ability to introduce them to new accents. Two users reported
improvements in their vocabulary by finding the meaning of unfamiliar words they encountered.
Another two users indicated that BSpeak had increased their knowledge about [ON0OOC 0OOMI OO0
000 JO0IOCIED Some users stumbled on topics they never explored earlier such as technology and
rural inventions, and prison reform movements. Three users appreciated that they could listen to

useful content in their free time while earning money. One of them stated:

(10 000 10J000000 [ioot0ooo booion bohO0r0oo0mo0 000 000B00oitmoo 0o bitoon Dooom o
100000 00 0ot [Oooooiotd L Doodto boottODuoooo Moo (oot Lot 4o bob Ooiodi for Lo
0 000 D000I0U 00000 O foindoo ool
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000000 0ooood ¢ Qodood 0oooo
300 16
600 2
900 4
1200 2

Table 4.16: Distribution of the amount earned by BSpeak users.

Q000 0o0ddoon 0oo bodibdoooo

Sixteen users preferred to use the BSpeak app at home, four during their commute, and two during
office breaks. Most users were active during the evening and at night. Similarly, the usage was much
higher on weekends. We also asked users to report constraints that impeded their app use. Five
users struggled with the availability of the Internet, five others had unexpected responsibilities at

work, two had to travel, and one had to attend a family wedding.

All users commended the accessibility features of BSpeak, and found it easy to use and navigate.
Eighteen users reported the ability to transcribe files through speech as BSpeak’s key strength since
this feature was easy to use, saved time, and yielded transcripts without spelling errors. Seven users
liked that the tasks were not timed and that they could listen to audio files more than once. Five
users appreciated the ability to use the app whenever they had time. Five other users found BSpeak

entertaining to use. One of them exclaimed:

0 JUIU 000 0 000 0loooo © boool OO0 fdotood 0o [oooo o boo foooo Oomite too booda
110 00 0000000000 0000 000000 0o 0o0iodo 0oooo o idiodo oddodo it Uomodno oo
(0 0000000 D000 jodeoo

Some users faced challenges in using BSpeak. Six users found it difficult to get their speech rec-

ognized on multiple occasions, especially with homophones. For example, a user stated that even
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after five attempts, ‘phase’ was transcribed as ‘face’ Eight users found it difficult to remember long

sentences that began with a clipped word or contained unfamiliar words.

Users had several recommendations to improve BSpeak. Eight users suggested providing a function
to edit a transcript through typing after a predefined number of unsuccessful speaking trials. Users
also suggested providing a detailed review of the mistakes they had made during previous tasks.
They recommended introducing new playback features such as rewind, forward, and manipulate
playback speed to improve segment retention. They proposed to include the ability to select tasks
based on content type. Some audio segments were blank, had excess noise, or had people clapping.
Users were unsure what to re-speak in such scenarios. For example, users recorded [000I00L [I00D
(00000000 DOOMED and DOOCOIDOD for a segment containing applause. Users recommended adding a

feature to report such task anomalies.

0000000000 00 DiiDL 0O0 Dobooot Doooo

The BSpeak app is an accessible version of the Respeak app with the same underlying system compo-
nents and ASR engine. Since a subset of BSpeak tasks were the ones used in Respeak’s deployment,
we compared the performance of blind users on the tasks that were completed by sighted users in

Respeak’s deployment.

Table 4.17 compares BSpeak’s and Respeak’s deployments. Although the duration of BSpeak’s de-
ployment was half that of Respeak’s deployment, blind users completed over three times more tasks,
spent over five times more time on the app, and earned 2.5 times more money than the Respeak
users. Though blind users were more enthusiastic in doing crowdwork, sighted users generated
transcripts with a lower WER than blind users. As a result, the expected payout per hour for blind

users was almost half that of the payout for sighted users.

To compare the improvements yielded from MSA and a majority voting process, we used the same

experimental setup to align transcripts generated by K users for segments common to both deploy-
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Qoooooo | oooocd
Qooooiog 1 month | 15 days

{0000 0oooo 25 24
0oi000 foooo 756 2,560
Uoooo oooo 5,464 16,005
Qag 23.7% 31.2%

O0O0000 000000 | ]3,036 |7,310
0id0 to0oo 40 hours | 207 hours

Table 4.17: Comparison of Respeak and BSpeak on different deployment parameters.

ments. Table 4.18 shows that for all values of K, the transcripts generated by sighted users in both
Hindi and Indian English yielded a lower WER than the blind users. The differences in WERs of
sighted and blind users drastically reduced when transcripts by more users were aligned. The WERs
obtained after alignment of transcripts generated by 11 BSpeak users were comparable to the WERs
obtained after alignment of transcripts generated by five and seven Respeak users for Hindi and
Indian English, respectively. We also analyzed performance of blind and sighted users on different
content types. Both sighted and blind users performed poorly in transcribing interviews and TV
advertisements. However, blind users had higher success in transcribing news, lectures, and phone
calls. In contrast, Respeak users found songs and YouTube programs easiest. In both deployments,

the performance of users on speeches was average.

Disparity in education, socioeconomic status, and language skills contributed to differences in the
WER vyielded by blind and sighted users. The analysis of demographic information of blind and
sighted users revealed that the average education level of sighted users (15.7 years) was higher than
the blind users (14.2 years). A Mann-Whitney U test indicated a significant difference in education
level of sighted and blind users (U=173.5, Z=-3.023, [=.002). While only one blind user had a

master’s degree, six sighted users had a master’s degree and one was pursuing a Ph.D. Moreover, 20
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. Q0000 | DOooooo | Qotor | 000000 | doomod | toooo
1 31.2 33.7 30.1 21.9 26.2 18.1
3 23.7 26.3 22.6 12.5 18.1 10

5 20.4 23.7 19 10.6 15.2 8.6
7 18.7 21 12.1 10.3 12.3 7.4
9 16.4 17.1 11.3 9.9 11.8 7
11 12.9 13 8.3 9.6 114 6.9

Table 4.18: Comparison of BSpeak’s and Respeak’s WERs obtained after alignment of transcripts
generated by K users.

sighted users had a professional degree compared to only five blind users. Almost half of the blind
users were from rural backgrounds while all sighted users were from peri-urban or urban regions.
The average monthly family income of blind users was only one-fourth of that of the sighted users.
Moreover, while sighted users rated their English and Hindi speaking skills highly, a majority of
blind users reported struggling with both English and Hindi.

In the next section, we describe the details of the field deployment of the ReCall app—an IVR version

of the Respeak smartphone app—with low-income rural residents in India.

(10 Q0000 dinit 0odiooboon

We conducted a two-week field deployment with 24 low-income rural residents to examine three

key questions regarding ReCall’s feasibility and acceptability:

1. Would ReCall users produce Hindi transcripts with a decent accuracy and lesser cost than the

market rate?
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2. Would users gain financial benefits by using ReCall?

3. Would ReCall generate enough profits to provide free airtime to users on another voice forum?

[0 OJofioooootoo oo booiotoo Lioioobogo

Out of the 28 rural residents who participated in experimental and usability evaluations compar-
ing ReCall and Respeak, 24 (14 female and 10 male) expressed their interest in using ReCall for
two weeks in their free time. We informed them that our goal is to investigate the feasibility of
ReCall in providing additional earning opportunities to people in rural areas, and that we do not
have any immediate plans to scale the service. During an hour-long group orientation session, we
demonstrated the ReCall app to users and answered their queries. At the end of the deployment, we
conducted semi-structured interviews to examine the benefits ReCall users received and challenges

they encountered in transcribing audio files vocally.

We also conducted a usability study with ten randomly selected ReCall users (six female and four
male). We requested them to use Sangeet Swara, a social media voice forum described in Chapter 3,
for 15 minutes. On calling Sangeet Swara, participants could record audio messages and listen to
messages recorded by others. We gave participants a five-minute airtime credit to use the service.
When participants consumed their allotted airtime, they were served ReCall tasks and could use
Sangeet Swara only after completing the tasks. We asked participants questions on how integration

of ReCall and Sangeet Swara affected their usability and user experience on Sangeet Swara.

We quantitatively analyzed transcription accuracy, users’ earnings, transcription cost, and prospects
to financially sustain voice forums. This analysis was complemented with qualitative analysis of
interviews that we conducted after the deployment and usability study. Participants’ responses were
subjected to thematic analysis as outlined in [65]. The field deployment and usability study was

approved by our institution’s IRB.
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We selected 21 Hindi files, containing nearly three hours of audio content, for the deployment. Out
of these, 13 audio files were the same as those used in Respeak’s deployment because we wanted
to compare crowd work performance of rural ReCall users to urban Respeak users. We selected
only Hindi audio files for transcription since most ReCall users had poor English language skills.
The engine segmented 21 files to produce 2,063 audio micro tasks. These tasks represented a wide

variety of content including news, poems, songs, speeches, telephone calls, and television programs.

To ensure that the earning potential of ReCall users equaled that of Respeak users, we used Respeak’s
reward structure. The maximum amount a ReCall user could earn was | 2078 (USD 31.50). Since the
majority of ReCall users (80%) did not use mobile wallets, we offered to pay their earnings via mobile

airtime. However, most users preferred to receive a cash transfer at the end of the deployment.

[0 dibooooo

Low-income rural residents enthusiastically used ReCall to vocally transcribe Hindi segments. Dur-
ing the two-week deployment, 24 users placed 5,879 phone calls to complete 2,063 tasks nearly
29,000 times with an average accuracy of 73.3%, and earned |20,500 (USD 310) by transcribing
segments. The average duration of phone calls was 9.5 minutes (SD=13.7 minutes). The median
task completion time was 75 seconds. The engine combined the transcripts generated by five users
to yield a transcription with 82% accuracy and by eleven users to yield a transcription with 85%

accuracy.

Figure 4.15 shows that users enthusiastically used the ReCall app until we turned off the service at
noon of day 17. The majority of users (80%) regularly used ReCall. For example, 16 users completed
more than 1000 tasks, 2 users completed more than 500 tasks, and the rest completed less than 30
tasks. With respect to the call flow shown in Figure 4.4, participants spent 2.2% of the total time on

the home menu, 82.7% on the task menu, 1.3% on checking accuracy and earnings, and 0.04% in
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Figure 4.15: The number of tasks completed and active ReCall users for the deployment duration.

Deployment | Total | Unique Tasks Accuracyon | Amount | Median Earning

length users | tasks | completed | common tasks | earned | tasktime | potential
ReCall 15 days 24 2063 28,885 71.4% 120,500 75s |36 per hour
Respeak 1 month 25 756 5,464 76.3% |3,036 36s |76 per hour

Table 4.19: Comparison of ReCall’s use by low-income rural residents and Respeak’s use by low-
income metropolitan residents.

learning about reward calculations. The remaining time was spent in other activities like navigating

between the pages and fetching segments from a remote server.

Table 4.19 compares the use of ReCall by low-income rural residents to the use of Respeak by low-
income metropolitan residents. Compared to Respeak users, ReCall users completed five times
more tasks and earned about seven times more money in just half of the deployment duration.
However, ReCall users produced transcripts in double the time and with 7% lower accuracy than
Respeak users. As a result, the expected payout per hour for ReCall users was almost half of the

payout for Respeak users.

Although ReCall and Respeak users were comparable in age, they had several demographic dif-

ferences. For example, ReCall users were poorer and lesser educated than Respeak users. While



104

all Respeak users owned a smartphone, the smartphone penetration among ReCall users was 54%.
ReCall users were living in remote rural areas, whereas Respeak users were metropolitan residents.
Despite these demographic differences, when we compared the two systems, we found that people
in rural areas enthusiastically used ReCall even when they scored it lower on task performance and
found it less usable than Respeak. These results indicate a strong appetite for crowd work and addi-
tional earning opportunities in rural areas. We now address the three questions outlined previously

to examine ReCall’s feasibility and acceptability to financially sustain voice forums.

000000 botoootitoon tooooboo

ReCall users produced transcripts with an average individual WER of 26.7%. To reduce random
speech recognition errors in transcripts, the engine used multiple string alignment (MSA) and a
majority voting process to merge transcripts produced by multiple users. We ran a series of ex-
periments to examine how using more transcripts (K) in the merging process affect transcription
WERs. For each value of K, we conducted five runs of the experiment. In an experimental run,
for each segment, we randomly selected K transcripts and merged them to obtain a best estimation
transcript. We computed the WER of the best estimation transcript by comparing it to the ground
truth. We averaged the WERs obtained in five runs of the experiment for each segment. We then
computed a weighted WER for a value of K by using the averaged WER for each segment. We used

this experimental setup to align transcripts generated by 3, 5,7, 9, and 11 users.

The engine aligned transcripts generated by 11 users to produce transcripts with an accuracy of 85%,
indicating large improvements in accuracy via crowdsourcing (see Table 4.20). Although transcrip-
tion accuracy increased with an increase in the value of K, the comparative improvements in the ac-
curacy were more significant for smaller values of K. Similar to Respeak and BSpeak deployments,
we found that the average accuracy of transcripts obtained by submitting raw segments directly to
the Google Cloud Speech API [41] was 53%, compared to 73.6% accuracy when users re-spoke these

segments into the ASR engine.
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News 17 2 159 | 11.0 | 89 | 74 | 6.3 6.9
TV programs 54 12 28.1 | 204 | 17.2 | 157 | 155 13
Phone calls 38 4 2551193 | 16.1 | 159 | 154 | 135

Speeches 1,738 148 258 | 19.5 | 17.5 | 16.2 | 147 | 13.7
Songs 77 1 32.8 | 234 | 18.6 | 18.6 | 17.7 | 16.9
Poems 139 7 352 | 28.1 | 25.4 | 19.5 | 18.6 17
Qoooon I o | o) oId)| Mo | 14| o) g

Table 4.20: WERs obtained after aligning transcripts generated by K users for each content type.

ReCall users found news segments easiest to transcribe since these segments had a clear diction and
pronunciation. Users’ performance on TV programs, speeches, and phone calls was relatively lower
than news due to background noises in speeches, multiple speakers in TV programs, and unfamil-
iar accent in some phone calls. Several users faced difficulties in transcribing songs. The engine
segmented songs in five-second chunks because of the challenges in detecting natural pauses due
to the presence of background notes. As a result, some song segments started or ended abruptly,
confusing users whether to repeat cut-off words or ignore them. We also noticed that some partici-
pants sang these segments instead of repeating the content, leading to poor detection from the ASR
engine. Similarly, many users transcribed poems poorly because of the challenges in understanding

formal words and diction in these segments.

00000000 000 tiboooo iiod tobdo oo

ReCall users collectively earned |20,500 (USD 310) by transcribing audio segments. Five users
earned more than |1,500 and ten users earned more than |1,000. The maximum amount a user
earned was | 1,700 (USD 26). The expected payout per hour of using ReCall—calculated based on

the expected number of tasks users could do in an hour (48 tasks) and the expected payout for each
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task (]0.74)—was |36, comparable to the average hourly wage rate in India [14]. This indicates that
even if low-income rural people use ReCall for just an hour a day, they would earn more than 75%
of rural residents in India who live on less than |33 per day [159]. In fact, during our deployment,

ReCall users earned an average of |57 per day by performing crowd work in their free time.

Several participants appreciated the prospects of ReCall to supplement their income. Most of them
did not see ReCall as a substitute for a full-time employment, instead they perceived it as a useful
app for [000I0ICID OJOOOD which they can use a few hours a day to pay for their daily expenses 0100
000000 o000d: C000D 0o 000 10000 000 0o00io0iol Many users found it rewarding that their
older family members could also use ReCall and potentially supplement the family income without
(000000 [0 000 DOI0CD Several users also reported improving their pronunciation and gaining access
to new information by using ReCall. A user shared how ReCall could benefit rural residents engaged

in manual labor:

00000000 DE0O0D 00 oo 0otot Dooo 0o 0oooo 0 000 00 000t jbcoodiooe oot ool
(1000 (0000000 00O ditoodbo Dooooo foo [o0doooo hOdod Juoooo 0o Dioo Lodom oo 0 Dot
OO0 00 00000 0000 0000 0ot Doooo! Cobon 000 bocoioo looO [oie0boioon Dooooooo
(00000000000 DO0 toobonooio

Our findings indicate that ReCall offered sufficient financial and instrumental benefits to low-

income rural residents to keep them engaged in crowd work.

{i00oo0otoion 0000t 0do Dioboodool oootdibooiio

ReCall has two main cost components: the monetary rewards disbursed to users for completing

tasks, and the airtime costs incurred by ReCall users for completing tasks.

000000 00000 The earnings disbursed to users for transcribing a minute of audio content is based on

the expected number of tasks (i.e., segments) in one minute of audio content, the expected amount
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PWFSIBMGBNJMMIJPO QFPQMFBDSPTTUIFHMPCF< > TFWFSFB
QMBUGPSNTCZCMJOE QFPQMF < > 0OVS XPSLPO #4QFBL EFNPC
VTFPGWPIJDFJOQVU BOEVOUJNFEUBTLTDPVME NBLFBDSPXET
MPX JODPNFCMJOEQFPQMFJO MPX SFTPVSDF FOWJSPONFOUT
WJEFBEEJUJPOBM FBSOJOHPQQPSUVOJUIJFTUPQFPQMF XJUIPYV
JUTDVSSFOUGPSN 3F$BMMEJTCVSTFBQPSUJPOPGJUTQSP UT
GSFFBJSUIJNFDSFEJUTUPUIFN *G3F$BMMJTVTFEPOMZUPTVQ
EJTCVSTFEUPUIFNBUB SBUFUISFFUJIJNFTIJHIFSUIBOUIFBWES

"MUIPVHIPVS XPSLJTBQSPNJTJOH STUTUFQUPEFNPOTUSBUF U
PG DSPXETPVSDJOH NBSLFUQMBDFT EFTIJIHOFE GPS QFPQMF JO N
OFFEFEUPFYBNJOF XIFUIFSUIFTF NBSLFUQMBDFT QSPWJEFT B (
SJFODFUPJUTVTFST 'PSFYBNQMF DBO 3F$BMM NBUDIUIFTUBC
XPVME XBOUPVSDIJMESFOUP QBSUJDJQBUF< > $BOJUFOBCM
SJHIUT JODSFBTFUIFJS XBHFT PSJIJNQSPWF UIFJS XPSLJOH DPC
UP DPMMBCPSBUF SBUIFS UIBO DPNQFUF $BO VTFST SFKFDU UB
QFOBMJ[FE 'VUVSF XPSLTIPVMEJOWFTUJHBUFUIFTFRVFTUJPO
UIFDSJUFSJBTVHHFTUFECZUIF'BJSXPSL'PVOEBUJPO UP DSFBL

"UUIFWFSZMFBTU GVUVSF XPSLDPVME FYQMPSF XBZTUP JODS
QSPNJTJOH EJSFDUJPOT TVDIBTCZJIJNQSPWJOH UIFBDDVSBDZ
DSFBTJOHUIFUIJNFUBLFOCZUIFNUPDPNQMFUFUBTLT BOECZS
UBTLT SPJINQSPWFUIFBDDVSBDZ GVUVSF XPSLDPVME JODPSC
B FSNVMUIQMF VOTVDDFTTGVM TQFBLJOH BUUFNQUT 'VUVSFJ
MpPDBM MBOHVBHFT TVDI BT ,BOOBEB BOE .BSBUIJ CZJOUFHSB
"1*T MJLF< >GPSJINQSPWFEQFSGPSNBODF 5P NJOJNJ[FFSSPS
BQQDPVME FJUIFSBVUPNBUJDBMMZ SFEVDFUIFQMBZCBDL TQFF



PSIJHITQFBLJOH SBUF 5P EFDSFBTFUIFUBTLDPNQMFUJPO UJN
TLIQUBTLTB FSBQSF EF OFEOVNCFS PG VOTVDDFTTGVM TQFB
UP FYQFSU VTFST DPVME JNQSPWF BDDVSBDZ BOE SFEVDF UBTL
BHF JOEVTUSZUSBOTDSJQUJPO DPTU GPS BVEJP MFT JO MPDBNM
NJOVUF < > UIFSFJTBTDPQFUP RVBESVQMF UIF QBZPVU >
CFMPXUIFJOEVTUSZTUBOEBSE PVHIUIJTDBMDVMBUJPOEPFT
QFSTPOOFMDPTUT JUDPVME JAIOFSSFIPVS WG FBZPYRBLBOE #4Q F |
BEEJUJPO FYQFSJIJNFOUJOH XJUI| "43 XPSE MBUUJDFT UP SFEVDI
NPSFVTFSTPOMZ XIFOUIFUSBOTDSJQUTHFOFSBUFECZUIFJOJI
TIJHOJ DBOU SFEVDUJPOTJOUSBOTDSJQUJPODPTU ZJFMEJOHT

‘'VUVSF XPSLDPVMEBMTP FYQMPSFUIFPQQPSUVOJUJFTUP GVSU
UBTLDPNQMFUJPO UJNFIBEBO JOWFSTFJIJNQBDU PO UIF SFXBSE
DPTUT 4JODF3F$BMMVTFSTTQFOUBCPVU PGUIFIJSUJNFMJT
NFBOJOHGVM QSPNQUT GPS FYQFSJFODFE 3F$BMM VTFST DPVMI
DBOUMZ 'PSFYBNQMF XIIJIMFWFSJGZJOHUIFDPSSFDUOFTT PG L
FYQFSIJFODFE 3F$BMM VTFST DPVMERCFVUVCENIUFOIFREBX LU QB RBP N
UBTL BHBJOJQBEBFBEWEF BVEJP USBOTDSJQU TINJMBS UP UIF DP
ZFT UP TVCNJU UIF UBTL QSFTT *G ORINPVEBRSVMIF BBYFB NBM B/ITTF

IPVSTPGBJSUIJNFJODIFDLIOHUIFJSBDDVSBDZBOEFBSOJOF
MPXFS QSJDFEUIBOWPJDFDBMMT JO *OEJB TFOEJOHUIF JOGPS
BTBUFYUNFTTBHFUP MJUFSBUF 3F$BMMVTFSTDPVME SFEVDF B
SF TQPLFBCPVU TFHNFOUTNPSFUIBOPODFCFDBVTFUIFZ XFS
USBOTDSJQUTJO UIFJSJOJUJBM BUUFNQUT *OUFSFTUJOHMZ J
UIFUSBOTDSJQU HFOFSBUFE JO UIF QFOVMUJNBUF BUUFNQU BO
TFWFSBM VTFST TUSVHHMFE UP VOEFSTUBOE DFSUBJO XPSET T
EJDUJPO BOE NFDIBOJDBM WPJDF 'VUVSF XPSLDPVME GPDVT P(
GPS *OEJD MBOHVBHFT BT XFMM BT FWBMVBUJOH UIFF FDU PG E



BDDVSBDZBOEDPNQMFUJPO UJNF

BFTQFBL #4QFBL BOE3F$BMMVTFST XFSFQSIJNBSIMZESJWFO U
A4PNFVTFST GPVOEUIFTFBQQTUPCF NPOPUPOPVTBOE MFTT FOlI
NFOU 5P NBLFJU NPSF JOUFSFTUJOH NBOZ VTFST DSFBUFE JO
FBDIPUIFSPOBDDVSBDZPGTQFFDIUSBOTDSJQUJPOBOEUIF OV
EVDUFEUIFTFEJTDVTTIJPOT PWFS GBDF UP GBDFJOUFSBDUJPO"
DPVMEVTFHBNJ DBUJPO UP JODSFBTFVTFS SFUFOUJPO BOE FO!
SFDFIWJOH JOTUSVNFOUBM CFOF UT TVDIBTJNQSPWFE WPDBC
OFXJOGPSNBUJPO BOE LOPXMFEHF BOE B OFX GPVOE JOUFSFT
BOZ RVBOUJUBUJWF NFBTVSF PG UIFTF JOEJDBUPST GVUVSF XF
SF EFTIHOBOEFWBMVBUFUIFTF TZTUFENT

OVS XPSLIBT TPNF MIJNJUBUJPOT BT XFMM 'PS FYBNQMF UIF FO
USBOTDSJQUJPO GPS BVEJP MFT XJUI NVMUJQMF TQFBLFST 'V
TFHNFOUBUJPO TDIFNF UIBUJT DPHOJ[BOU PG TQFBLFST JO BO I
'VSUIFS UIFUSBOTDSJQUJPOHFOFSBUFECZ"43FOHJOFMBDLFE
NBSLTDPVMECFBEEFEBVUPNBUJDBMMZCBTFEPOUIFJEFOUJ DI
BMHPSJUINJT OFFEFE XIFOJU XPVMECFEJ DVMUUP EFUFDU OB
QPTTICMFTPMVUJPODPVMECFUPTFOEBOBVEJPTFHNFOUBOE |
FOHJOFUPVTFST XIPBSFUIFOBTLFEUPJEFOUJGZTQFBLFSTBC

4JODF TFWFSBM ./0T QSPWJEF 457T UIBU QSPWJEF GSFF WPJDF |
TVCTJEJ[FQBSUJDJQBUJPODPTUTPGWPJIJDFGPSVNT )BMG PG P
PGUIFTF457T BOEOFBSMZ UXP UIJSETEJEOPUVTFUIFEN 0VSJO
TFWFSBM SFBTPOT GPS UIF MINJUFEVTF PG 4577 JO SVSBM BSFB
DJSDMFT BOE UP TFMFDUFE DPOTVNFST BOEP FOUIF QMBO EFL
JOSVSBMBSFBT IBWFUPWJTJUMPDBM NPCIMF QIPOFTIPQTUPL
TIPQPXOFSTIBWFUP NBLFNVMUJQMFDBMMT UP WFSJGZ XIFUIFS



OVNCFS JOEJDBUJOH WBSJBUJPOTJO457TCBTFE PO 4*. DBSET
UIFTF457T BSFVTFECZNBMF GBNIJMZ NFNCFST JOEJDBUJOH UIE
UIFTF 457T 8F BSHVF UIBU 3F$BMMIBT WBMVF CPUI GPS 457 OPO
3F$BMM DPVME QSPWJEF JODPNFBT XFMMBT TVCTJEJ[FEBJSUJI
DFIWFUIFGVMM QPSUJPOPGUIFJSQSP UTPO3F$BMMBTFBSOJ
UIFOFOBCMF 457\ VTFEPEPBEBBSODUISFFUJIJNFTUIFBWFSBHFIPVSM
UIFQSPDFTTUPEJTDPWFS BWBIJMBCMF 457T CFDPNFTFBTJFS JO
HIWFVTFST457T TP UIBUUIFZDBO GSFFMZBDDFTT BOZWPJDF G
FOUJSFMZUPTVQQMFNFOUUIFIJSFBSOJOHT

OVSQSFMJNJOBSZVTBCIJMJUZ TUVEZJOEJDBUFE XJMMJOHOFTT
$BMMUBTLTGPSFBSOJOHGSFFBJSUJNFUPVTFBOPUIFSWPJDF ¢
DPOUFYU TXJUDIUP CFNBOBHFBCMF XIFO TXJUDIJOHCFUXFFO 3
DPVMEFYBNJOFIPX3F$BMMDPVMECFJOUFHSBUFETFBNMFTTM?Z
3F$BMMVTFSTTIPVMEDPNQMFUFJO POFHPUPTVCTJEJ[FUIFJS
JOUIFDBMM PXTIPVMEUBTLTCFQSFTFOUFEUPNJOJNJ[FVTFST
VTFSFYQFSJFODF 3F$BMMBMTPIBTB QPUFOUJBM UP OBODJBM
DPVOUSJFTMJLF #BOHMBEFTIUIBUIBWF B PSEBEB NWPJDF BB M I
BOETUSVDUVSBM MJNJUBUJPOT TJNJMBS UP *OEJB
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*OQSFWIPVTDIBQUFST XFEFTDSJCFEIPXDIBMMFOHFT MJLF NB
IJHIDPTUPG WPIJDFDBMMT NBLFTJUEJ DVMUUP SVOWPJDF GPS
JNQFEFIPXWPJIJDFGPSVNTTDBMFBOETVTUBJO CVIMEJOHUIFTF
NBOZOPO QSP UTBOEOPO HPWFSONFOUBMPSHBOJ[BUJPOT /(O
POQNFOUTLIMMTBOEFYQFSUJTF "TBSFTVMU JUJTWFSZIBSEG
UIFNJOOFXDPOUFYUT

*OBEEJUJPO NPTU WPJDF GPSVNT PQFSBUF JO TIMPT GPS FYBT
JOPOF DPVOUZ CVU OPU JO PUIFST JU NBZ GBDJMJUBUF JOUSB
DPNNVOJUZEJBMPHVFT JUNBZJODMVEFPOFTUBLFIPMEFS F H
JOHPUIFST FH BHSJDVMUVSBMFYQFSUT XJUI*OUFSOFU BDDF
JOGPTUFSJOHDPNNVOJDBUJPO XJUIJOBDPNNVOJUZ VOMILF N
BSFTUIMM GBS BXBZGSPNHIJWJOHBHMPCBM SFBDIUP MPDBM W

JT DIBQUFS QSFTFOUT *73 +VODUJPO B GSFFBOE PQFO TPVSD
CVIMEBOE SFQMJDBUF WPJDF GPSVNT < > *73+VODUJPOIBTU
UPPMLIJUT% MJLF"TUFSJTL 'SFFEPN'POF 'SFF4XJUDI%VTFE GPS

t &« BTZUPCVIME BGBBEVEPWYQPO NBLFTJUFBTJFSGPSPSHBOJ[B
DBMTLIMMTUPCVJME TFUVQ BOENBJOUBJO WPJDF GPSVN"-
DPNQVUFS MJUFSBDZ DBO VTF UFNQMBUFT BOE DPO HVSF TJ



GPSVNBTBOPSEJOBSZQSPHSBNPOBS8JOEPX CBTFEDPNNPE

t % JTUSJCVUFE BSYBIUVUYEGDUYBEGE FOBCMFTEJTUSJCVUFEBDDFTT
NVMUIJQMFHFPHSBQIJDBMMZEJTUSJCVUFEDPNNVOJUJFT WJ
SPCVTUOFTTUP SFHIJPOBM QPXFS PVUBHFTPSDSBDLEPXOTC

t( MPCBMS3SFBBYODUJPOJOUFHSBUFTWPJDFGPSVNTXJUIGSFF
EJBQMBUGPSNT SFDPSEJOHTDPOUSJCVUFEPWFSUIFQIPOF
BOE 'BDFCPPL BOEQPTUT NBEFPOUIF*OUFSOFUDBOBMTPC
*73+VODUJPOFOBCMFTBOZPOF XJUIBCBTIJDNPCIJMF QIPOF L
MPX JODPNF QPQVMBUJPOT DBO SFDPSE BOE MJTUFO UP QPT
DPNNVOJUZDBOBDDFTTBOEDPOUSJCVUF SFDPSEJOHT WJB |
NPUFDPNNVOJUJFTUPDSFBUFUIFIJISPXOSFQPTJUPSIJFTPG I
TIBSJOHUIFN XJUIBVEJFODFT XPSMEXJEF

*OUIJTDIBQUFS PVS QSINBSZDPOUSJCVUJIPOJT UIF EFTIJHO B(
UIFGPMMPXJOH TFDUJPOT XFEFTDSJCFUIFBSDIJUFDUVSF PG *
NFOUBMBHFODJFT TPDJBM FOUFSQSJTFT BOEHSBTTSPPUT FOI
MPX SFTPVSDF TFUUJOHTJO 4PVUI"TIJBBOE"GSJDB

*73+VODUJPO T"SDIJUFDUVSFBOE 'FBUVSFT

$POUSBSZ UP FYJTUJOHP FSJOHT UIBU SFMZ PO "TUFSJTL PS 'SF
HVSFPOBOP UIF TIFMG8JOEPXTNBDIJOF *UJTBMTP TDBMBC!
DISPOJ[FEWJBUIFDMPVEUPFOBCMFJOUFSOBUJPOBM QBSUJDJ
UIFPWFSBMM BSDIJUFDUVSF PG UIFTZTUFN 5P IPTU B WPJDF GI
POMZUISFFQJFDFTPGIBSEXBSF BMBQUPQ PSEFTLUPQ DPNQ\
(4.4*. DBSE PSMBOEMJOFDPOOFDUJPO JTIBSEXBSFDPOTUJU
TFSWIDFTQIPOFDBMMTGSPNVTFST *OBEEJUJPOUPUIFQIZTJD



BDDPVOUT XJUIGSFFDMPVE CBTFETFSWIDFT%MJLF :PV5VCF P!
'‘BDFCPPL PSS5XJUUFS %JOPSEFSUP QSPWJEFTUPSBHF BOE NPE
BHFTBSFOFFEFEPOMZIJGUIFTFSWIDF QSPWJEFS XBOUT UP JOU
‘:PV5VCFPS4PVOESMPVEJTVTFEBTGSFFDPOUFOUIPTUJOH QMB!
%SPQCPY PS4LZ%SIWFJT VTFEBT GSFFDMPVE TUPSBHF QPSUB
NFEJBPVUMFUT PG UIFWPJDFGPSVN PVHIPUIFSUPPMT MJLF 'S
GBDIJMJUBUFTDSFBUJPO PG WPJDF GPSVNT UIFZBSF RVJUF DPN
UIFZBSFCBTFE PO -JOVY PQFSBUJOHTZTUFNBOE SFRVIJSFFYQF
NBOZOPO QSP UTBOE/(OT "MTP UIFZSFRVIJSFTFSWJDF QSPWJ
IPTU TUPSF BOENBOBHFBVEJP NFTTBHFT

4PNF /(OT IBWF HFPHSBQIJDBMMZ EJTUSJCVUFE CSBODIFT "MUII
PHSBQIJDBM VOJUT JUNBZCF EFTJSBCMF UIBU CSBODIFT TIBSF
GBSNFST JOCPUI SFHIPOTTQFBL TBNFMPDBM MBOHVBHF TIBS
JDBM GFBUVSFT BOE IBWF DPNQBSBCMF TUBOEBSET PG MJWJO
UP BVEJP SFQPTJUPSJFT PG CPUICSBODIFT "TUIFCSBODIFT BS
QIPOF OVNCFS GPS CPUI CSBODIFT XJMM SFRVIJSF VTEST JO POF
JFODF UIPVHIUIFJOGPSNBUJPOJTBDDFTTIJCMFUPVTFST UIFM
GSPNVTJOHUIFTFSWJDF *O *73 +VODUJPO UIF/(0OTCSBODIFT
TZODISPOJ[BUJPOPGUIFJSBVEJP SFQPTJUPSJFTUP GBDJMJUBL

FPWFSBMMGVODUJPOBMJUZPGUIFTZTUFNDBOCFCFTUVOEFS®
GPSVN JO XIJDI DBMMFST DBO SFDPSE BVEJP RVFTUJPOT BT XF
IBWF QPTUFE " VTFS JOUFSBDUT XJUIUIF TZTUFN CZ DBMMJOH
3BKBTUIBO TFF'JHVSF FDBMMJT QSPDFTTFE MPDBMMZ WJ
MPDBM BVEJP SFQPTJUPSZ UIBU XBT QSFWJPVTMZ TZODISPOJ[F
UIFTFSWFS VQMPBET UIFOFX SFDPSEJOH B OFX RVFTUJPO UP |
QPJOU UIFRVFTUIJPO BXBJUT BQQSPWBM CZ UIF NPEFSBUPS XIF
RVFTUJPO DBUFHPSJ[FTJU BOE QFSIBQT TVNNBSJ[FJO UFYUVE



'JHVSF *73+VODUJPO TTZTUFNBSDIJUFDUVSF

VTFST 'PMMPXJOHBQQSPWBM CZ UIF NPEFSBUPS UIF RVFTUJF
BDDFTTIJCMFUP *OUFSOFUVTFSTBSPVOEUIFXPSME "MTP BU UI
CFDPNFTWJTJCMFUP J F BQQFBSTJOUIFMPDBMBVEJP SFQPT

'‘PSFYBNQMF UIFTFSWFSJO %FMIJ XPVME EFUFDUUIBUB OFX RV
UuJPOJOUPJUTMPDBMDBDIF BOEQMBZUIBURVFTUJPO XIFO SFR)
%FMIJSFTQPOETUPUIFRVFTUJPO UIFSFTQPOTFJTMBUFS TZOL
NPEFSBUPS TBQQSPWBM CFDPNFTWJTIJCMFUP*OUFSOFUVTFS"
JOBM RVFTUJPOFS XIPJTJO +BJQVS #Z MFWFSBHJOH UIF EJTUS.,
CFVTFEUPDPOOFDUQFPQMFJO NVMUJQMF DPVOUSJFT TPNFUI
FYFDVUF DVSSFOUMZ 'PSFYBNQMF JOPSEFS UPDPOOFDU QFP
WPIJDFGPSVN QSPWJEFSOFFETUPTFUVQPOF*73+VODUJPO OPE
JOPOFDPVOUSZ TBZ*OEJB DPVMENBLFB MPDBMQIPOFDBMM U
TBHFTSFDPSEFECZVTFSTJOBMMUISFFDPVOUSJFT JTGVODUJ
UPPMLJU



*O EFWFMPQJOH SFHJPOT NBOZ/(OTIBWFP DFTBOEPQFSBUJPC
NJUUFOU BWBJMBCJIJMJUZ PG FMFDUSJDJUZ BOE *OUFSOFU DPOC
FMFDUSJDBM PVUMFU UIF SFNBJOEFS PG *73 +VODUJPOJT UPMF
BHFT *73 +VODUJPOJTEFTIJHOFEUP SVOPOBMPX FOEMBQUPQ
JUUPMFSBOU UP JOUFSNJUUFOU QPXFS PVUBHFT XIJMF UIF MP?>
UIFMBQUPQ FOBCMFT OPO FYQFSUJOEJWJEVBMT UP TFU VQ WP.
MPX QPXFSFEBOEDBO XPSLXJUIBOFYUFSOBMCBUUFSZPSTPMI
UIFTZTUFN EPFT OPU SFRVJSFDPOUJOVPVT *OUFSOFUDPOOFDU
QFSJPEJDBMMZ TZODISPOJ[FE XJUIUIFDMPVEJOBO PQQPSUVO
DPOOFDUJWJIUZ

FBDDFTT QPJOUT PG *73 +VODUJPO DBOCF FBTIJMZ TDBMFE VQ I
NPEFNT DBO CF BEEFE JODSFNFOUBMMZ XJUI DBMMT GPSXBSEF
GFBUVSF LOPXO BT ibDBMM PS MJOF IVOUJOHwW JT DPNNPOMZ BW
IBSEXBSFDPNQPOFOUT SFRVIJSFEUP SVO *73 +VODUJPO TFSWEFS
FYUFSOBMCBUUFSZ%DBOFBTIJMZ UJOUPBCBDLQBDL JTQSPW
MPDBUJPOBOETFUJUVQBHBJOJODBTFPGUISFBUPGOBUVSBM I
SFHINF

*73+VODUJIJPO %FQMPZNFOUT

*OUIFMBTUGFX ZFBST *73+VODUJPOIBTCFFOVTFECZNBOZPS
SFTPVSDF FOWJSPONFOUTBOE QSPWJEFUIFNBDDFTTUPJOGPS
QMF JO4PNBMJIJMBOE *73+VODUJPO XBTVTFEUPCVIJMEBWPJDF
DBUJPODIBOOFM CFUXFFO UIFSVSBMUSJCBM QPQVMBUJPO BOE
BOEUSVTUJO UIFQPMJUJDBM QSPDFTTFT 4PNBMJMBOE%BO B\
QPMJUIJDBMJIOTUJUVUIPOT GSBHNFOUFEBOE QPMBSJ[FE NFEJE
JOUIFDBQJUBM DJUZ XFSFVOBCMFUPDPOWFZUIFIJS QPMJDJFT



TUJUVFOUTMIJWIJOHJO SFNPUF SVSBM EJTDPOOFDUFESFHJPOT
TPMVUIJPO UPUIJTJIJOUSBDUBCMF QSPCMFNBQQFBSFETIJNQMF |
DPNNVOJUJFT )PXFWFS 'BDFCPPLBOES5XJUUFS XFSFJOGFBTJC
*OUFSOFU QFOFUSBUJPO BOE BEVMU MJUFSBDZ SBUF 5P PW
XBTVTFEUPCVIJME *MB %IBHFZTP BWPJDFGPSVNUIBUFOBCMFE
BQIPOFOVNCFS BOESFDPSEBOEMJTUFOUPBTZODISPOPVT BVE
NBU *MB %IBHFZTPBMTP BVUPNBUJDBMMZ QPTUFE UIFTFBVEJP
XJUI4PNBMJIJMBOE TEJBTQPSB FWPJIJDFGPSVNXBTTVQQPSUFE
UIF1SFTJEFOUBOE S5SFMFTPN MBSHFTUUFMFDPNNVOJDBUJPO DF
BTBUPMM GSFFMJOFTPUIBUQFPQMF MIJWJOH JO QPWFSUZDPV
EFQMPZNFOUSFDFIJWFEBOFOUIVTIBTUJD SFTQPOTFCPUIGSPN'
SFDPSEFE PWFS BVEJPNFTTBHFTJOKVTU WFNPOUIT < >

*O XBS UPSO .BMJ UIF #SPBEDBTUJOH #PBSE PG (PWFSOPST BOE
UP QSPWJEF PO EFNBOE SFMJBCMF BOE VQ UP EBUF OFXTJO U
UIFTFSWJDFUPMJTUFOUPUISFF NJOVUF OFXT CSPBEDBTU CZ 7
CSFBLIOHOFXTBOEIFBMUIJOGPSNBUJPOBT XFMMBTTIBSJOH U

*O*OEJB *73 +VODUJPO XBTVTFE CZ XPNFO T SJHIUTBDUJWJTU]T
IFX%FMIJUIBUTQBSLFEJOUFSOBUJPOBM PVUSBHF FZCVJMU B
GSPNBMMFDPOPNJDCBDLHSPVOETBOE WBSJFEMJUFSBDZ MFW
FNQPXFSNFOU FDPOUSJCVUJPOT XIJDITQBOOFE GSPNTVQQP
UJ[JOHMPDBMDPNNVOJUJFT XFSFBWBJMBCMFOPUPOMZPOUIF
BOE 'BDFCPPL QBHF
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*OUIF QSFWJPVT DIBQUFS XFEFNPOTUSBUFE WIJBEFQMPZNFOU
BEESFTTJOGPSNBUJPOBOEJOTUSVNFOUBMOFFETPGNBSHJOBN
NFOUT BWPJDFGPSVNJO4PNBMIJMBOEJOWPMWFEJOEJHFOPVT
WPIJDFGPSVNJO .BMJFOBCMFE 7TPJIDFPG"NFSJDBUPPCUBJO SFB
BWPIJDFGPSVNJO*OEJBFOBCMFEQFPQMF GSPNBMM XBMLT PG I

4P GBS UIJTUIFTIJT PVUMIOFEBQQSPBDIFTUP TDBMF TVTUBJO
UBOUJTUPFYBNJOFIPXUIFTFTFSWIDFTBSFVTFECZQFPQMFJO
X1Z EP NBSHJOBMJ[FEDPNNVOJUJFTHSBWJUBUF UPXBSET WPJD
UIFTFTFSWIJDFTP FSUPUIFN "SFUIFTFTFSWJIJDFTBMXBZT FNQF

JT DIBQUFS BIJNT UP JOWFTUJHBUF UIFTF RVFTUJPOT BOE DPOU
CFOF UTBOEQJUGBMMTPGTPDJBMDPNQVUJOH 8FEPTPCZFYB
NFEJB WPJDF GPSVN EFTDSJCFE JO $IBQUFS 4BOHFFU 4XBSB F
MJTUFO UP WPUF PO BOETIBSF WPJDF NFTTBHFT JO MPDBM MB(
SVSBM *OEJB 4BOHFFU 4XBSB SFDFIWFE PWFS DBMMT BOE
QFPQMF FVTFSBOBMZTJT PG 4BOHFFU 4XBSB GPVOE UXP V
BEPQUIJPOCZCMJOEQFPQMFBOE MPXBEPQUJPO CZ XPNFO

PVHI XFEJEOPUQSPNPUF4BOHFFU4XBSBPOBOZPGUIFDIBOOF
SFDFIWFEJNQBTTJPOFEVTBHFCZMPX JODPNFCMJOE QFPQMF
XFSFCMJOE "MTP UIPVHI XFEFTJHOFE 4BOHFFU 4XBSB UP CF E



FOWJSPONFOUT JUSFDFIJWFEWFSZMJUUMF QBSUJDJQBUJPO G-
SFDPSEFECZ GFNBMFVTFST *OUIJTDIBQUFS XFJOWFTUJHBUF
UIFTFUXPVTFSHSPVQT *OQBSUJDVMBS XFFYBNJOF

812 QBSUJDJQBUJPOPG MPX JODPNFCMJOE QFPQMF XBT TP I.

81Z2QBSUJDJQBUJPOPG MPX JODPNF XPNFO XBTBMNPTU OPO

"OBMZ[JOHIPX MPX JODPNFCMJOE QFPQMFBOE MPX JODPNF XPI
BNJOFCPUIJUTTUSFOHUITBT XFMMBTXFBLOFTTFT .PSFJINQPS|
UIFTBNFTFSWJDFDBOJNQBDUUXPVTFSHSPVQTEJ FSFOUMZ

*OUIJTDIBQUFS XFNBLFUIFGPMMPXJOHDPOUSJCVUJPOT

t SB(FDPOEVDUUIF STUBOBMZTJTPGIPXMPX JODPNFCMJOE QF
EFUBIMFEBOBMZTJTPGUIFDPOUFOUHFOFSBUFECZCMJOE -
BEPQUIJPOPGUIFTFSWIDF TUSFOHUITBOE XFBLOFTTFT PG
GVUVSFTZTUFNT < >

t SBF DPOEVDUUIF STUBOBMZTJT PGIPXNFO BOE XPNFO JOUFS
GPSVN *OQBSUJDVMBS XFBOBMZ[F XIBUDPOUFOUUIFZQPT
GBDUPSTDPOUSJCVUFEUP MPX QBSUJDJQBUJPO PG XPNFO <

t*O EPJOH TP XF BMTP QSFTFOU FWJEFODF UIBU WPJDF GP
UFDIOPMPHJFT%NBZ XJEFO FYJTUJOH TPDJPFDPOPNJD JOFR
HSPVQTJO MPX SFTPVSDF FOWJSPONFOUT XIJMF NBSHJOBM.

OVSNJYFE NFUIPETBQQSPBDITQBOOJOHRVBOUJUBUJWFBOERYV
EFFQMZWBMVFEUIFIJSJOUFSBDUJPOT XJUIPUIFSVTFSTPOUIFT



VTFST GPVOE UIBUBMUIPVHI UIFZ NBEF VQ KVTU PG BMMVTEF:

PGBMMQMBZCBDL FWFOUT PG BMMDBMMT BOE PG BMM
QIPOFTVSWFZTJOEJDBUFEUIBUCMJOEVTFST SFDFIWFETFWES|
DPOUFOU BOECVIJMUTPDJBMDBQJUBMCZVTJOH4BOHFFU 4XBS

SFBMTP GPVOE UIBU XPNFO PO 4BOHFFU 4XBSBGBDFETZTUFNJD
GPSNPGBCVTIJWF UISFBUFOJOH BOE JSUZQPTUTEJSFDUFE BU
BUFEVFUPEFFQ SPPUFEQBUSJBSDIBMWBMVFTBOENPTUNFO X|
UIPTFNFOBOE XPNFO XIPDSJUJDJ[FEUIFJSCFIBWJPS .PTUNBMI
NFOBOEEJTBQQSPWFEPGBCVTIJWF JSUZ BOEUISFBUFOJOH Q
GBDUPSTEJTTVBEFE XPNFOGSPNVTJOH4BOHFFU 4XBSB

*OUIFGPMMPXJOHTFDUJPOT XFEFTDSJCFUIFFYQFSJFODF PG (
JONPSFEFUBIJM 8FUIFOEJTDVTTUIFCFOF UTBOE QJUGBMMT P
)$*MFOT < >UPFYBNJOFNBSHJOBMJUJFT XJUIJONBSHJOBM.
VTJOHBGFNJOJTU )$*MFOT < > XFEJTDVTTIPXWPJIJDF GPSVN
FRVJUBCMFBOEJODMVTIJWF QMBUGPSN UP XPNFO

6TFPG4BOHFFU4XBSBCZ-PX JODPNF#MJOE 1FF

"CPVU PG UIF XPSME T NIMMJIPO QFPQMF XJUI WIJTVBM JNC
UJOHT < > *OEJB IBTUIF MBSHFTU CMJOE QPQVMBUJPO XJUI N
JNQBJSNFOUT < > F NBKPSJUZ PG UIFN FYQFSJFODF B XJEF B
*OUFSOFU DPOOFDUFE TNBSUQIPOFT EJ DVMUJFT JO VOEFSTULI
TP XBSFJO &OHMJTI JOBDDFTTJCMF GFBUVSFT PG FYJTUJOHTP
EJHIJUBM TLIMMT % UIBU JNQFEF UIFIJS QBSUJDJQBUJPO JO NBJO"
JTIJHIMJHIUT UIF OFFE UP DSFBUF OFX TPDJBM DPNQVUJOH UF|
TPDJPFDPOPNJDBOEJOGSBTUSVDUVSBM SFBMJUJFT PG MPX JO



FEFTIJHO FMFNFOUT PG WPJDF GPSVNT%F H SFMJBODF PO UP
DBM MBOHVBHF%NBLF UIFTF TFSWJDFT WFSZ BQQFBMJOH UP QF
PG 4BOHFFU 4XBSB VTFST XFSF WJTVBMMZ JNQBJSFE < > OFBS
EJBWPJIJDFGPSVNEFQMPZFE JO 1BLJTUBO < >%XFSFCMJOE QF
QMPZNFOUT PG MBSHF TDBMF WPJDF GPSVNT UIBUBSF FTQFDJBI
/IBNNB 7BBOJTFSWJDFJO *OEJB< > 8FDPOUSJCVUFUPUIJTHSF
EFUBIJIMFEBDDPVOUPGIPXMPX JODPNFCMJOE QFPQMF JO SVSB
*OQBSUJDVMBS XFFYBNJOF

t 83IBUDPOUFOUCMIJOEVTFSTQSPEVDFE DPOTVNFE BOETIBS

t ) PXXBTUIFJSVTBCIJMJUZBOEBDDFTTJCIMJUZFYQFSJFODF

t ) PXEJE4BOHFFU 4XBSBJNQBDUUIFIJS MIWFT

*OUIFGPMMPXJOHTVCTFDUJPOT XFCSJF ZEFTDSJCFPVS NFUIF
EJTDVTTIPXMPX JODPNFCMJOE QFPQMF VTFE 4BOHFFU 4XBSB
UIFCFOF UTBOE QJUGBMMT PG 4BOHFFU 4XBSB

.FUIPEPMPHZ

8F VTFEB NJYFE NFUIPET BQQSPBDI UP BOBMZ[F UIF VTBHF PG C
UVSFE QIPOFTVSWFZUIBUBTLFEPOF QSF SFDPSEFERVFTUJPO
4XBSB FTVSWFZDPOTJTUFEPG TVCKFDUJWFRVFTUJPOT SFD
QBSUJDJQBOUT UP TIBSF EFNPHSBQIJD EBUB CBDLHSPVOE JOG
SJFODF BOECFOF UT BOE MJNJUBUJPOT PG 4BOHFFU 4XBSB " U
PVUPG XI1JDI WPMVOUBSJIJMZJEFOUJ FEUIFNTFMWFT BT CM
DIBQUFS XFPOMZDPOTJEFSEBUBDPOUSJCVUFECZUIFTF SFT



'‘PSVTFS BOBMZTJT XF TUVEJFE TVSWFZ SFTQPOTFT DPOUSJCV
USBOTDSJCFEUIFJS SFTQPOTFTJO &OHMJTIBOEBOBMZ[FE UIFN
UIFSFTQPOTF XBT XPSET 8FBMTPTUVEJFEUIFIJSDBMMMPHT L

'PS DPOUFOU BOBMZTJT XF SBOEPNMZ TBNQMFE QPTUT UIBU
TQFDUFE UIFN PO TFWFSBM DSJUFSJB MJLF HFOEFS DPOUFOU U
SFDPSEJOH 8FBMTPDPOEVDUFE TFNJ TUSVDUVSFE RVBMJUB
UJHBUF VTFS FOHBHFNFOU BT XFMM BT TUSFOHUIT BOE XFBLOFT
BOBMZ[FE EBUB JNNFEJBUFMZB FS DPOEVDUJOH FBDI JOUFSWJ
BOBMZTJT BEEFE NPSF RVFTUJPOT GPS UIF OFYU JOUFSWJFX f
TDSJCFEJO &OHMJTI BOE XFSFBOBMZ[FEVTJOHPQFODPEJOH

"OBMZTJT PG $BMM -PHT

8F XFSF TVSQSJTFEUP TFFIPXBDUIJWFMZ UIFCMJOE TVSWFZ SF°
UIFTF QBSUJDJQBOUT XFSF POMZ PG BMMVTFST PG UIF TFSW
OFBSMZ PGBMMDPOUSJCVUJPOT FNFEJBOOVNCFSPGQPTU
QPTUT 4FWFO PG UIFN SFDPSEFENPSFUIBO ZQPTUTFBDI F.
uPuUBM DBMMT DBTU VOQWPUFT PGBMMVQWPUFT BOE
TIBSFE QPTUT PGBMMTIBSFEFWFOUT BOE MJTUFOFE UP Q
FWFOUT

8IJIMFUFO QBSUJDJQBOUT BOTXFSFEUIFTVSWFZ QBSUJBMMZ U
RVFTUJPOT 8FBMTPPCTFSWFEUIBUBMUIPVHIB GFX CMJOE QB¢
XFSFIFBWZMJTUFOFSTPG4BOHFFU 4XBSB 'PSFYBNQMF UXP TV
UIJNFT BOE UJNFT SFTQFDUIJWFMZ FTFMJTUFOFSTBMTP SF
BWFSBHF SFTQPOTF MFOHUI XPSET UPUIFRVFTUJPOTBTLFE

OWFSBMM UIFOVNCFSPGDBMMT QPTUT QMBZCBDL FWFOUT B«



QBUJPOJOUIFTVSWFZEFNPOTUSBUFTUIBUUIFZEFFQMZ WBMVF

6TFS"OBMZTJT

#MJOE QBSUJDJQBOUTJOPVSTBNQMF XFSFGSPNUIJSUFFO TUBI
SVSBM SFHJPOT "CPVU PG UIFN XFSFNBMF BOE XFSF GFNBNM

PME NJO ZFBST NBY ZFBST 4 % ZFBST FZDBNF GSPN
CBDLHSPVOET IFMEPS XFSFQVSTVJOHBNBTUFS TEFHSFF
EFHSFF XFSFJOIJHITDIPPM XFSFJONJEEMF TDIPPM PC

XFSFVOFEVDBUFE BOE SFDFIWFEGPSNBMFEVDBUJPO JO N
EJEOPUTIBSFJOGPSNBUJPOPOUIFIJSFEVDBUJPOBMCBDLHSPV

IFBSMZ PG CMJOE QBSUJDJQBOUT XFSFFNQMPZFE BOE FBSOF

NJO 64% NBY 64% 4 % 64% "CPVU PGUIFN XFSFT
UFBDIFST XFSFVOFNQMPZFE XPSLFEFIJUIFSBTBUFMFQIPC
IBWFFNQMPZNFOUJOGPSNBUJPO GPS PGUIFQBSUJDJQBOUT

"MM CMJOE QBSUJDJQBOUT PXOFEBNPCJMF QIPOF /FBSMZ P(
QBSUJDJQBOUIBEBOFNBJMBDDPVOUBOEUISFFQBSUJDJQBOUT
IBEOFWFS FWFO IFBSE PG 'BD F CRBFLEPCHER FEONSHFB (BIDGFEEFPEP L BDD P
IBWFBOBDDPVOU JOHBBELTP@IBBFEWIF XPSE ABDDPVOU XJUI CE
UIBO *OUFSOFUTFSWJDFT

$POUFOU"OBMZTJT

"MM QPTUT XFSFSFDPSEFECZNBMFVTFST *O QPTUTVTFST S
TIBSFEUIFIJSOBNFBOEJO OQPTUTUIFZTIBSFEUIFIS QIPOF OV N(
UIFMPDBUJPOUIFZSFQPSUFE VTFST XFSFGSPNOJOFTUBUFT JC
SFDPSEJOHT FBWFSBHFMFOHUIPGQPTUTXBT TFDPOET NJO



TFDPOET

IFBSMZ PG UIFQPTUT XFSF TINJMBS UP XIBU QFPQMF HFOFSBI
QMBUGPSNT MJLF 'BDFCPPL 8IBUT"QQ BOE 5XJUUFS JT DBUFF
USFOEJOHJOUIFTFSWJDF HFOFSJD JOGPSNBUJWF QPTUT QPT!
JDT PG OBUJPOBM BOE SFHIPOBM JOUFSFTU QPTUT SFRVFTUJOI
SFRVFTUJOHPSTIBSJOHQIPOFOVNCFS 8FGPVOETFWFO JSUBU
TQFDIJBMBUUFOUJPOBOEBEVMBUJPOUPGFNBMFDPOUSJCVUPS
JOHUIPTF XIP XFSF JSUJOH XJUI XPNFO QBSUJDJQBOUT 8FBMT|
TQPLFBCPVUWJTVBMJINQBJSNFOU

"CPVU PGUIFQPTUT XFSF QPFNT .PTUPGUIFN XFSF XSJUUFO
SBUJPO NPUIFSIPPE WJTVBMJIJNQBJSNFOU FOWJSPONFOU XPN
UFODF 5XFOUZ POFQPTUT XFSFTPOHT JODMVEJOH GPML TPOH
FWFO SFDPSEJOHT GSPNB QMBZCBDL EFWJDF / SPPVSTVSQ
TIBSFEHFOFSBM LOPXMFEHF JOGPSNBUJPO XJUI FBDI PUIFS CZ
UP UIFRVFTUJPOTBTLFE QSFWJPVTMZ OOF FYBNQINFEORG BIFVFT!
8PSME &OWJSPONFOU %BZDFMFCSBUFE w

5XP QPTUT XFSF KPLFT 8FBMTP GPVOE UXP QPTUT DPOUBJOJOH
BQBSUJDJQBOU SFDPSEFETFYVBMMZ FYQMJDJU DPOUFOU 8F IR
MFDUFE QPTUT SFDPSEFETOZ ICMIOM [+ BRSH/BUB HK2/B pQB+27Q r
b2ibf> M/QKKk8

#FOF UTBOE -JNJUBUJPOT

4BOHFFU 4XBSB SFDFIWFEJNQBTTJPOFEVTBHF GSPNCMJOE QFF
PG PVS VTFST "MUIPVHI PG UIFTVSWFZ SFTQPOEFOUT TFMCG
CFMIJFWF UIJT OVNCFSJTBDPOTFSWBUJWF FTUJNBUF PG UIF BLC






