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ReCall Home Menu

User presses 2User presses 1 User presses 3

Complete a task Check accuracy and 
earnings Learn about rewards

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.

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.

• 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.



61

Phone type Any phone Smartphone

Application type IVR app Android app

Channel used Voice Data

Audio quality 8kHz 44kHz

Review mode Listening Reading

Table 4.2: Key differences between ReCall and Respeak

• A prompt announces the average accuracy with which the

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

• A prompt explains how ReCall calculates users’ earnings when they

complete tasks.

We followed best practices outlined in the literature [69, 73, 131, 161] tomake 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.

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 awithin-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 recordedmaterial 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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4 14 6 0 0

4 13 7 0 0

4 11 9 0 0

0 0 5 3 16

Table 4.3: Self-assessment of participants’ language skills.

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.

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

listens predict the cognitive load experienced by participants.

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 <.05) on a pairwise comparison of the segments of different lengths. The WER and

time takenweremuch 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:

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

T - TL WTL WTL WTL WTL

TL TL - WT WTL WTL WTL

WTL WTL WT - T WTL WTL

WTL WTL WTL T - WTL WTL

WTL WTL WTL WTL WTL - -

WTL 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:

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.

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, = 3.85) rather than randomly ( = 32.27, = 13.18); (22) = 3.96, =.001. We did not
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CT PT S CT PT S

211.7 370.3 37.8 4.5 5.0 3.1

44.8 285.9 5.5 4.4 4.6 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:

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, (1.03, 23.74) = 25.41, <.001. Post hoc tests using the Bonferroni

correction also revealed a significant difference ( <.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:

A repeated measures ANOVA with a Greenhouse-Geisser correction determined a statistically sig-

nificant difference in mental demand ( <.001), physical demand ( <.001), performance ( =.001),

effort ( <.001) and frustration ( <.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

( <.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.

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.

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 aUSD 10 basic phone (Lava CaptainN1). 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.

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.

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.

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].

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 aftermiddle 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.

The majority of participants (75%) found it harder to listen to segments on the

basic phone due to and 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, <.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

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, =.03. Althoughmany participants tookmore 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%).

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-
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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, =.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.

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 and 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, <.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, =.03. These results indicate that ReCall users may take

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

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, =.02, as well as in the transcription WERs on Respeak

(M=18%, SD=16%) and ReCall (M=25%, SD=24%), t(21)=1.99, =.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:

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.

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.

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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177 - 10 10 15 - 35 9

- 77 - 17 313 37 54 -

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.

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 |0.2multiplied 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.

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.

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 amaster’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.

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%.

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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उęहȋने
(unhone)

उęहȋने
(unhone)

उęहोने
(un-hone)

उंęहोने
(unnahone)

उęęहȋने
(unnhonne)

भाईयȋ
(bhaeeyon)

भाईयȋ
(bhaeeyon)

भाईयोँ
(bhaeeyoun)

भाइयो
(bhaiyo)

भाइयȋ
(bhaiyon)

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 theWER 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 theGoogle Cloud SpeechAPI [41] after noise reduction. TheAPI 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.

K=1 K=3 K=5 K=1 K=3 K=5

26.9 19.8 16.7 26.2 18.1 15.2

19.9 13 11.7 17.1 10 8.6

23.7 15.1 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



84

K=1 K=3 K=5 K=1 K=3 K=5

27.8 21.2 18 27.2 19.1 16.4

22.9 13.2 10.3 20.2 10.9 7.8

31.2 26 24.3 29.1 23.8 19.7

23.2 14 9.8 20.6 10.7 8.3

20.1 13.2 12 17.4 10.3 8.8

25.9 18.8 17.4 22.8 15.2 12.8

16.9 11.2 10.2 14.9 8.9 7.8

17.4 13.2 10.7 16.5 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 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:

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.

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:
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| �

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 1 (N=3). Two users emphasized the need to pro-

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

|

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.

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

1A 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 themeaning and pronunciation of unfamiliar words, thereby expanding their vocabulary.

Respeak provided themwith the opportunity to speak English aloud

One user reported a new-found interest in the content he transcribed, viz., an old Bollywood song

onYouTube. Another foundRespeak 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:

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:

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.

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.

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 averagemonthly income ofUSD 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.

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.

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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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.

English 14 2060 123 mins

Hindi 13 500 43 mins

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

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 twoweeks, someusers continued using the app for amonth. 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’smanagement to request

a disclaimer from us:

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.

is not as rosy

not rosy

is not as

is as rosy

is not as rosy

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

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 overallWER 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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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 or

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.

BSpeak users collectively earned |7,310. The average amount earned by users was |304 (USD 4.60)

and themaximumamount earnedwas |1,050 (USD16). Nine users earnedmore than theirmonthly

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 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:

|

While some participants perceived Internet costs to be significant, the total download size of BSpeak

tasks was 189MB 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

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

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:
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300 16

600 2

900 4

1200 2

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

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:

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



98

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.

Userswere unsurewhat to re-speak in such scenarios. For example, users recorded

and for a segment containing applause. Users recommended adding a

feature to report such task anomalies.

TheBSpeak app is an accessible version of the Respeak appwith 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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1 month 15 days

25 24

756 2,560

5,464 16,005

23.7% 31.2%

|3,036 |7,310

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 bymore users were aligned. TheWERs

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 yielded 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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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 11.4 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 theReCall app—an IVRversion

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

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. WouldReCall generate enoughprofits to provide free airtime to users on another voice forum?

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. Themaximumamount a ReCall user could earnwas |2078 (USD31.50). Since the

majority of ReCall users (80%) did not usemobile wallets, we offered to pay their earnings viamobile

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

Low-income rural residents enthusiastically used ReCall to vocally transcribeHindi 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. Themajority 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

length

Total

users

Unique

tasks

Tasks

completed

Accuracy on

common tasks

Amount

earned

Median

task time

Earning

potential

ReCall 15 days 24 2063 28,885 71.4% |20,500 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
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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.

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

theGoogle Cloud SpeechAPI [41] was 53%, compared to 73.6% accuracywhen users re-spoke these

segments into the ASR engine.
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News 17 2 15.9 11.0 8.9 7.4 6.3 6.9

TV programs 54 12 28.1 20.4 17.2 15.7 15.5 13

Phone calls 38 4 25.5 19.3 16.1 15.9 15.4 13.5

Speeches 1,738 148 25.8 19.5 17.5 16.2 14.7 13.7

Songs 77 1 32.8 23.4 18.6 18.6 17.7 16.9

Poems 139 7 35.2 28.1 25.4 19.5 18.6 17

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.

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 which they can use a few hours a day to pay for their daily expenses

Many users found it rewarding that their

older family members could also use ReCall and potentially supplement the family income without

Several users also reported improving their pronunciation and gaining access

to new information by using ReCall. A user shared howReCall could benefit rural residents engaged

in manual labor:

|

|

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

income rural residents to keep them engaged in crowd work.

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.

The earnings disbursed to users for transcribing aminute 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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�.�B�S�L�F�U �$�P�T�U �P�G �)�J�O�E�J �5�S�B�O�T�D�S�J�Q�U�J�P�O���5�P �H�B�J�O �B�O �V�O�E�F�S�T�U�B�O�E�J�O�H �P�G �U�I�F �F�Y�J�T�U�J�O�H �N�B�S�L�F�U �S�B�U�F�T �G�P�S

�)�J�O�E�J �B�V�E�J�P �U�S�B�O�T�D�S�J�Q�U�J�P�O�
 �X�F �D�P�O�E�V�D�U�F�E �B �T�V�S�W�F�Z �P�G ���� �P�S�H�B�O�J�[�B�U�J�P�O�T �U�I�B�U �X�F �G�P�V�O�E �W�J�B �X�F�C �T�F�B�S�D�I

�R�V�F�S�J�F�T�
 �T�V�D�I �B�T �A�)�J�O�E�J �U�S�B�O�T�D�S�J�Q�U�J�P�O �T�F�S�W�J�D�F�T���
 �A�)�J�O�E�J �U�S�B�O�T�D�S�J�Q�U�J�P�O �*�O�E�J�B���
 �B�O�E �A�*�O�E�J�B�O �M�B�O�H�V�B�H�F �U�S�B�O��

�T�D�S�J�Q�U�J�P�O���
 �B�N�P�O�H �P�U�I�F�S�T�� �0�V�U �P�G �U�I�F�T�F ���� �P�S�H�B�O�J�[�B�U�J�P�O�T�
 �F�J�H�I�U �T�F�O�U �V�T �B �R�V�P�U�F�
 �X�I�J�D�I �X�F�S�F �	�J�O �6�4�%

�Q�F�S �N�J�O�V�U�F�
 ���
 ���������
 ���������
 ���������
 ���
 ���
 ���������
 ���������
 �B�O�E ���������� ���F �U�X�P �M�P�X�F�T�U �R�V�P�U�F�T �X�F�S�F �G�S�P�N �P�S��

�H�B�O�J�[�B�U�J�P�O�T �U�I�B�U �Q�S�P�W�J�E�F�E �B�O �J�O�U�F�S�B�D�U�J�W�F �F�E�J�U�P�S �T�P �U�I�B�U �S�F�R�V�F�T�U�F�S�T �D�B�O �S�F�N�P�W�F �F�S�S�P�S�T �U�I�F�N�T�F�M�W�F�T �J�O

�U�S�B�O�T�D�S�J�Q�U�T �P�C�U�B�J�O�F�E �C�Z �T�V�C�N�J�U�U�J�O�H �S�B�X �B�V�E�J�P ���M�F�T �E�J�S�F�D�U�M�Z �J�O�U�P �U�I�F �"�4�3 �F�O�H�J�O�F�� �4�J�O�D�F �U�I�F�T�F �P�S�H�B��

�O�J�[�B�U�J�P�O�T �S�F�M�J�F�E �P�O �S�F�R�V�F�T�U�F�S�T �U�P �S�F�N�P�W�F �B �N�B�K�P�S�J�U�Z �P�G �U�S�B�O�T�D�S�J�Q�U�J�P�O �F�S�S�P�S�T�
 �X�F �F�Y�D�M�V�E�F�E �U�I�F�N �G�S�P�N

�P�V�S �B�O�B�M�Z�T�J�T�
 �Z�J�F�M�E�J�O�H �U�I�F �B�W�F�S�B�H�F �N�B�S�L�F�U �D�P�T�U �P�G �)�J�O�E�J �B�V�E�J�P �U�S�B�O�T�D�S�J�Q�U�J�P�O �B�T �6�4�% �������� �Q�F�S �N�J�O�V�U�F��

�'�J�O�B�O�D�J�B�M �4�V�T�U�B�J�O�B�C�J�M�J�U�Z���'�P�S �3�F�$�B�M�M �U�P �C�F ���O�B�O�D�J�B�M�M�Z �T�V�T�U�B�J�O�B�C�M�F�
 �U�I�F �S�F�X�B�S�E �D�P�T�U�T �B�O�E �B�J�S�U�J�N�F �D�P�T�U�T

�N�V�T�U �C�F �M�F�T�T �U�I�B�O �U�I�F �N�B�S�L�F�U �D�P�T�U�� �#�B�T�F�E �P�O �U�I�F �B�W�F�S�B�H�F �D�B�M�M �S�B�U�F �J�O �*�O�E�J�B�
 �3�F�$�B�M�M���T �Q�F�S �N�J�O�V�U�F �D�P�T�U

�P�G �)�J�O�E�J �U�S�B�O�T�D�S�J�Q�U�J�P�O �X�B�T �6�4�% �������� �Q�F�S �N�J�O�V�U�F�� �4�J�O�D�F �U�I�F �B�W�F�S�B�H�F �N�B�S�L�F�U �D�P�T�U �P�G �)�J�O�E�J �U�S�B�O�T�D�S�J�Q��

�U�J�P�O �J�T �6�4�% �������� �Q�F�S �N�J�O�V�U�F�
 �3�F�$�B�M�M �F�B�S�O�F�E �Q�S�P���U�T �B�U �U�I�F �S�B�U�F �P�G �6�4�% �������� �Q�F�S �N�J�O�V�U�F �P�G �T�Q�F�F�D�I

�U�S�B�O�T�D�S�J�Q�U�J�P�O�� ���F�T�F �Q�S�P���U�T �X�I�F�O �F�R�V�B�M�M�Z �E�J�T�U�S�J�C�V�U�F�E �C�F�U�X�F�F�O ���� �V�T�F�S�T �Q�S�P�W�J�E�F �F�B�D�I �P�G �U�I�F�N �X�J�U�I

�O�F�B�S�M�Z| ���� �	�F�R�V�J�W�B�M�F�O�U �U�P ������ �B�J�S�U�J�N�F �N�J�O�V�U�F�T�
 �G�P�S �U�S�B�O�T�D�S�J�C�J�O�H �P�O�F �N�J�O�V�U�F �P�G �B�V�E�J�P �D�P�O�U�F�O�U�� �4�J�O�D�F

�3�F�$�B�M�M �V�T�F�S�T �P�O �B�W�F�S�B�H�F �U�S�B�O�T�D�S�J�C�F�E �B �N�J�O�V�U�F �P�G �B�V�E�J�P �D�P�O�U�F�O�U �J�O ���� �N�J�O�V�U�F�T �	Nmins � 60
len �
�
 �F�B�D�I

�N�J�O�V�U�F �P�G �D�S�P�X�E �X�P�S�L �P�O �3�F�$�B�M�M �H�J�W�F�T �U�I�F�N ������ �N�J�O�V�U�F�T �P�G �G�S�F�F �B�J�S�U�J�N�F �P�O �B�O�P�U�I�F�S �W�P�J�D�F �G�P�S�V�N�� �*�O



������

K
costrewards

�	�6�4�% �Q�F�S �N�J�O�


costairtime �	�6�4�% �Q�F�S �N�J�O�
 �5�P�U�B�M �$�P�T�U ��costrewards �� costairtime

�"�J�S�U�J�N�F �S�F�D�F�J�W�F�E �P�O �B�O�P�U�I�F�S �W�P�J�D�F �G�P�S�V�N

�C�Z �� �N�J�O�V�U�F �P�G �D�S�P�X�E �X�P�S�L �P�O �3�F�$�B�M�M

costcall ���������� costcall �� �������� costcall �� �������� costcall ���������� costcall �� �������� costcall �� �������� costcall ���������� costcall �� �������� costcall �� ��������

�� �������� �������� �������� �������� �������� �������� �������� ���������� ���������� ��������

�� �������� �������� �������� �������� �������� �������� �������� ���������� �������� ��������

�� �������� �������� �������� �������� �������� �������� �������� ���������� �������� ������

�� �������� �������� �������� �������� �������� �������� �������� ���� �������� ������

�� �������� �������� �������� �������� �������� �������� �������� �������� �������� ������

���� �������� �������� �������� �������� �������� �������� �������� ���� ������ ������

�5�B�C�M�F ���������� �3�F�$�B�M�M���T �D�P�T�U �P�G �U�S�B�O�T�D�S�J�Q�U�J�P�O �	�J�O �6�4�% �Q�F�S �N�J�O�V�U�F�
 �G�P�S �E�J���F�S�F�O�U �W�B�M�V�F�T �P�GK �B�O�E �W�P�J�D�F
�D�B�M�M �S�B�U�F�T �	callcost �J�O| �Q�F�S �N�J�O�V�U�F�
��

�U�I�F ���S�T�U �N�P�E�F�M �X�I�F�O �V�T�F�S�T �Q�B�Z �B �S�F�H�V�M�B�S �D�B�M�M �S�B�U�F �P�G| �������� �Q�F�S �N�J�O�V�U�F �U�P �V�T�F �3�F�$�B�M�M�
 �F�B�D�I �N�J�O�V�U�F �P�G

�D�S�P�X�E �X�P�S�L �P�O �3�F�$�B�M�M �H�J�W�F�T �U�I�F�N ������ �N�J�O�V�U�F�T �P�G �G�S�F�F �B�J�S�U�J�N�F �D�S�F�E�J�U�T�� �*�O �U�I�F �T�F�D�P�O�E �N�P�E�F�M �X�I�F�O

�3�F�$�B�M�M �V�T�F�S�T �I�B�W�F �4�5�7�T�
 �F�B�D�I �N�J�O�V�U�F �P�G �D�S�P�X�E �X�P�S�L �P�O �3�F�$�B�M�M �H�J�W�F�T �U�I�F�N ���� �N�J�O�V�U�F�T �P�G �G�S�F�F �B�J�S�U�J�N�F

�D�S�F�E�J�U�T�� �5�B�C�M�F �������� �T�I�P�X�T �U�I�F �U�S�B�O�T�D�S�J�Q�U�J�P�O �D�P�T�U �P�G �3�F�$�B�M�M �G�P�S �E�J���F�S�F�O�U �W�B�M�V�F�T �P�G �D�B�M�M �S�B�U�F�T �B�O�E �U�I�F

�O�V�N�C�F�S �P�G �U�S�B�O�T�D�S�J�Q�U�T �V�T�F�E �J�O �U�I�F �N�F�S�H�J�O�H �Q�S�P�D�F�T�T �	K �
��

�0�V�S �V�T�B�C�J�M�J�U�Z �F�W�B�M�V�B�U�J�P�O�T �X�J�U�I �U�F�O �Q�B�S�U�J�D�J�Q�B�O�U�T �X�I�P �D�P�N�Q�M�F�U�F�E �U�B�T�L�T �P�O �3�F�$�B�M�M �U�P �T�V�C�T�J�E�J�[�F �U�I�F�J�S

�Q�B�S�U�J�D�J�Q�B�U�J�P�O �D�P�T�U�T �P�O �4�B�O�H�F�F�U �4�X�B�S�B �S�F�W�F�B�M�F�E �Q�S�P�N�J�T�J�O�H �S�F�T�V�M�U�T�� �"�M�M �V�T�F�S�T �D�P�N�Q�M�F�U�F�E �B�U �M�F�B�T�U �U�X�P

�U�B�T�L�T �P�O �3�F�$�B�M�M �U�P �V�T�F �4�B�O�H�F�F�U �4�X�B�S�B �B���F�S �U�I�F�J�S �G�S�F�F �D�S�F�E�J�U�T �F�Y�Q�J�S�F�E�� �8�I�J�M�F �B �G�F�X �Q�B�S�U�J�D�J�Q�B�O�U�T �D�P�N��

�Q�M�B�J�O�F�E �B�C�P�V�U �U�I�F �D�P�O�U�F�Y�U �T�X�J�U�D�I �C�F�U�X�F�F�O �4�B�O�H�F�F�U �4�X�B�S�B �B�O�E �3�F�$�B�M�M�
 �U�I�F �N�B�K�P�S�J�U�Z �	�/�����
 �X�F�S�F �D�P�N��

�G�P�S�U�B�C�M�F �J�O �T�X�J�U�D�I�J�O�H �C�F�U�X�F�F�O �U�I�F �U�X�P �T�F�S�W�J�D�F�T �U�P �F�B�S�O �G�S�F�F �B�J�S�U�J�N�F �G�P�S �V�T�J�O�H �4�B�O�H�F�F�U �4�X�B�S�B�� �0�V�S

�Q�B�S�U�J�D�J�Q�B�O�U�T �B�M�T�P �Q�S�P�W�J�E�F�E �V�T�F�G�V�M �J�O�T�J�H�I�U�T �B�C�P�V�U �I�P�X �3�F�$�B�M�M �D�P�V�M�E �C�F �J�O�U�F�H�S�B�U�F�E �X�J�U�I �P�U�I�F�S �W�P�J�D�F

�G�P�S�V�N�T�� �'�J�W�F �Q�B�S�U�J�D�J�Q�B�O�U�T �T�V�H�H�F�T�U�F�E �U�I�B�U �V�T�F�S�T �T�I�P�V�M�E �C�F �B�M�M�P�X�F�E �U�P �E�P �N�P�S�F �U�B�T�L�T �J�O �P�O�F �H�P �U�P �N�J�O��

�J�N�J�[�F �U�I�F �D�P�O�U�F�Y�U �T�X�J�U�D�I�� �4�J�N�J�M�B�S�M�Z�
 �U�I�S�F�F �Q�B�S�U�J�D�J�Q�B�O�U�T �T�V�H�H�F�T�U�F�E �U�I�B�U �3�F�$�B�M�M �T�I�P�V�M�E �B�O�O�P�V�O�D�F �U�I�F

�B�N�P�V�O�U �P�G �G�S�F�F �B�J�S�U�J�N�F �B �V�T�F�S �I�B�T �F�B�S�O�F�E �P�O �4�B�O�H�F�F�U �4�X�B�S�B �C�Z �D�P�N�Q�M�F�U�J�O�H �U�B�T�L�T �P�O �3�F�$�B�M�M�� �5�X�P

�Q�B�S�U�J�D�J�Q�B�O�U�T �T�V�H�H�F�T�U�F�E �U�I�B�U �V�T�F�S�T �T�I�P�V�M�E �E�F�D�J�E�F �I�P�X �N�V�D�I �N�P�O�F�Z �U�I�F�Z �X�J�M�M �S�F�D�F�J�W�F �B�T �F�B�S�O�J�O�H�T �B�O�E

�I�P�X �N�V�D�I �X�P�V�M�E �C�F �V�T�F�E �U�P �Q�S�P�W�J�E�F �U�I�F�N �G�S�F�F �B�J�S�U�J�N�F �D�S�F�E�J�U�T��



������

������ �%�J�T�D�V�T�T�J�P�O �B�O�E �$�P�O�D�M�V�T�J�P�O

�*�O �U�I�J�T �D�I�B�Q�U�F�S�
 �X�F �F�Y�B�N�J�O�F�E �J�G �Q�S�P���U�T �H�F�O�F�S�B�U�F�E �G�S�P�N �D�S�P�X�E �X�P�S�L �C�Z �S�V�S�B�M �S�F�T�J�E�F�O�U�T �D�B�O �C�F �V�T�F�E

�U�P ���O�B�O�D�J�B�M�M�Z �T�V�T�U�B�J�O �W�P�J�D�F �G�P�S�V�N�T�� �8�F �F�N�Q�M�P�Z�F�E �B�T�T�F�U�T���C�B�T�F�E �B�Q�Q�S�P�B�D�I �<�������> �U�P �E�F�T�J�H�O �B �D�S�P�X�E��

�T�P�V�S�D�J�O�H �N�B�S�L�F�U�Q�M�B�D�F �G�P�S �Q�F�P�Q�M�F �J�O �M�P�X���S�F�T�P�V�S�D�F �F�O�W�J�S�P�O�N�F�O�U�T �C�Z �M�F�W�F�S�B�H�J�O�H �U�I�F�J�S �T�L�J�M�M�T �B�O�E �U�I�F

�S�F�T�P�V�S�D�F�T �B�W�B�J�M�B�C�M�F �U�P �U�I�F�N�� �*�O �E�P�J�O�H �T�P�
 �X�F �P�W�F�S�D�B�N�F �U�I�S�F�F �T�J�H�O�J���D�B�O�U �C�B�S�S�J�F�S�T �U�P �E�F�N�P�D�S�B�U�J�[�J�O�H

�D�S�P�X�E �X�P�S�L �U�P �W�P�J�D�F �G�P�S�V�N�T �V�T�F�S�T �X�I�P �F�Y�Q�F�S�J�F�O�D�F �M�J�U�F�S�B�D�Z�
 �M�B�O�H�V�B�H�F�
 �T�P�D�J�P�F�D�P�O�P�N�J�D�
 �B�O�E �D�P�O�O�F�D��

�U�J�W�J�U�Z �C�B�S�S�J�F�S�T�� �	���
 �T�J�O�D�F �N�P�T�U �V�T�F�S�T �E�P �O�P�U �I�B�W�F �B�D�D�F�T�T �U�P �T�N�B�S�U�Q�I�P�O�F�T�
 �X�F �M�F�W�F�S�B�H�F�E �U�I�F �V�C�J�R�V�J�U�Z �P�G

�C�B�T�J�D �Q�I�P�O�F�T�
 �	���
 �T�J�O�D�F �N�P�T�U �V�T�F�S�T �E�P �O�P�U �I�B�W�F �B�D�D�F�T�T �U�P �U�I�F �*�O�U�F�S�O�F�U�
 �X�F �M�F�W�F�S�B�H�F�E �U�I�F �B�W�B�J�M�B�C�J�M�J�U�Z
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