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The data around us evolves rapidly. Continuous human effort is the life support that maintains its quality. A new

type of public system, combining crowdsourcing and peer production, can enable like-minded users to engage with and

maintain evolving data.

I developed two public data systems deployed longitudinally in the wild: Drafty and Sketchy. Drafty is a tabular

dataset of Computer Science professors that has evolved annually for eight years. During four-minute tasks, Sketchy’s

users simultaneously contribute sketches and view their peers’ contributions to maintain inspirational stimuli.

This dissertation shows that unpaid everyday visitors make higher quality contributions when they have more

domain-specific knowledge, especially compared to paid crowdworkers. Drafty automatically extracts user interest

from their passive interactions to prompt and elicit accurate contributions. However, more is needed to increase the

likelihood that someone contributes. Sketchy shows that providing users autonomy over their interactions to access

randomized examples from its evolving dataset motivates higher-quality contributions. Integrating these lessons, Drafty

is re-developed to give users similar freedom and functionality. Drafty generates dynamically generated insights

(Databaits) from its evolving data. A naturalistic study shows that, unlike users in traditional recommendation systems,

Drafty’s users prefer randomized insights. Like Sketchy, when Drafty’s users interact with these insights from its source

data, they make more accurate contributions.

What motivates paid and unpaid users to contribute to public data systems? This dissertation develops a theoretical

framework that explores the trade-offs people make when selecting different crowd contribution tasks. While money is

the strongest motivator for paid crowdworkers, unpaid everyday users are intrinsically motivated by their perception of

tasks (i.e., their interest and if their contribution might help others). All users prefer shorter, easier tasks where they

contribute their specialized knowledge. Evidence shows that unpaid everyday users make trade-offs, preferring longer

tasks that pay less if those tasks are interesting and their contributions can help others. Highly accurate users make

these same trade-offs. Together these public data systems demonstrate longitudinal evidence of engaging anonymous

users in the wild to view and maintain quality evolving data.
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Chapter 1

Introduction

What is a Public Data System

This dissertation establishes and explores the idea of a crowd powered public data system. A public data system is

an anonymous collaborative environment where anyone can freely interact and contribute information. The systems

pre-define how to organize and display information. It combines aspects of crowdsourcing and peer production. As in

crowdsourcing, the interactions and ways to contribute are pre-specified and controlled by the system. However, like

peer production, users possess diverse motivations and can freely choose to visit, explore, engage with, and contribute

information within the pre-specifications of the system.

Thesis Statement

Most public data systems require continual data maintenance to keep the information up to date and relevant. Creating

and maintaining an accurate public dataset can attract everyday users with the interest and domain-specific knowledge

required to make accurate contributions. These everyday unpaid users make more accurate contributions than paid users.

In a public data system, everyday users prefer to see insights and examples generated from the data. Providing users the

right incentives to engage with meaningful insights from accurate data motivates them to continuously interact with and

contribute data to create a cycle of perpetual upkeep. A theoretical framework describes user motivation and data decay

to explore how incentives and temporal factors affect the potential correctness of evolving information over time.

This dissertation establishes these claims by describing the continued development of two example public data

systems, Drafty and Sketchy, and several associated studies observing the real-world behavior of their users over eight

years.

1



1.1 Motivation

The data around us is dying; it starts to lose its relevance almost the moment it is created. Some data evolves over time

due to temporal and external factors. For example, university closures and mask requirements during the COVID-19

pandemic changed rapidly, whereas the course a university offered in Fall 2019 will not change [3]. While researchers

have studied how to quickly and cheaply collect accurate data [173], the life cycle of this data relies on maintenance

to ensure its accuracy over time. Many human-powered crowdsourcing and peer production efforts to collect data,

such as Wikis, Forums, free and open-source software, and Knowledge Graphs. Evolving data can have life cycles

where it is collected, matures, eventually dies, and becomes obsolete [96]. The maturation process is defined by a

continual effort to improve the overall correctness and quality of the dataset. If data decays (i.e., changes) too fast, this

can shorten the length of the maturation phase. To delay a dataset’s death, people need the motivation to make enough

edits to overcome the rate data decays and evolves. Hence, if an evolving dataset’s decay rate is high, it will require

many accurate contributions. A public dataset allows anyone with enough motivation to contribute to the data and

provides transparent ownership of these contributions. A core issue with any public dataset is attracting and maintaining

a community of users to contribute to and maintain data over time.

Examples of data decay and the potential death of specific datasets are documented on popular platforms like

Wikipedia [59, 156]. For example, Wikipedia’s policies to manage its rapidly growing community have made it difficult

to recruit enough new editors to replace the previous editors who are leaving [88]. There is even a Wikipedia project1

dedicated to recording editors with more than 1000 edits who left. To make matters worse, the Wikipedia editors leaving

can possess the domain-specific knowledge that paid crowdworkers lack [59]. Wikipedia editors leave because of strict

policies or toxic behaviors, while other reasons are challenging to uncover [59]. Wikipedia and WikiData regularly rely

on a few users making most edits per article or topic area [181]. Thus, when these users stop contributing, this can

cause the data to decay quickly. When evolving data becomes inaccurate, this decreases its benefit to society and can

lead to dire consequences [172]. Thus, to maintain the accuracy of its evolving information, a public data system must

engage interested users over time.

Two alternative methods to update evolving data that would fail to scale over time are automation and paying

crowdworkers. Automated methods, such as web scraping, could scrape and monitor public information on the web.

However, this is difficult to scale because the design of web pages is too inconsistent and changes over time [42]. It

can be simpler to rely on the efforts of a community of users to update the data. The functionality of web scraping

programs would have to be perpetually updated to scrape accurate data. Another alternative is paying crowdworkers,

which presents a simple extrinsic motivator to update data quickly. However, it can be challenging to find crowdworkers

with the required domain-specific knowledge for some datasets [86]. Also, while paying crowdworkers can improve the

1https://en.wikipedia.org/wiki/Wikipedia:Missing Wikipedians
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accuracy of data during the short term, this becomes impractical over time due to the financial constraints of constantly

reviewing and updating evolving data [152]. Previous longitudinal research, such as precision crowdsourcing, has

focused on the numbers of contributions compared to their accuracy [242]. This dissertation explores how a public

data system can rely on motivating a community of users with a mutual interest in the contributed data to provide

domain-specific knowledge and accurate contributions over time, see Figure 1.1.

Figure 1.1: The accuracy per edit from the studies in Chapters 4, 6, and 8. Over time, as Drafty integrates new features and methods
to motivate contributions, the accuracy per edit increases. The accuracy from Chapter 4 includes everyday users making edits and
Drafty asking everyday users to fix data matching and not matching their interests. Whereas, in Chapter 6 Drafty never asks people
to fix data not matching their interests.

1.2 A Theoretical Framework to Describe Maintaining Evolving Information

This section covers three important aspects of this dissertation that inform why information evolves and how users’

contributions can maintain evolving information. 1) Tabular data is the most common data structure studied in this

dissertation. 2) Why does information evolve, and how does evolving information differ from static information? 3) A

theoretical framework describing how user motivation and data decay contribute to the overall correctness of evolving

information over time.

1.2.1 Structure of Tabular Datasets

The majority of the dissertation studies people editing tabular data presented in spreadsheets. In spreadsheets, tabular

datasets are organized in tables with horizontal rows and vertical columns [143, 221]. Each row can represent a unique
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entity with the same number of cells. Each cell corresponds to the intersection of a specific row and column. Columns

correspond to a particular property characterizing data per row. Tabular datasets exist in various formats (e.g., comma

separated values or tab separated values) and can be edited using dedicated spreadsheet programs like Microsoft

Excel or Google Sheets. This structure means that sucha table constitutes one or more “relations” between the data in

each column. Most often, the first column is an index variable for these relations (i.e,. appears only once per table).

The majority of the chapters in this dissertation focus on enabling groups of people to collaboratively contribute to

high-quality relational data, also known as “relational tables” [239]. For example, chapters 3, 5, 7, and 8 focus on

the maturity phase of a tabular dataset and extend prior work on tabular data from Wikipedia and Wikidata [26, 72].

The tabular dataset used in these chapters focuses on a semantically cohesive concept, Computer Science professors

(Figure 1.2), and spans thousands of rows and, at times, more than ten columns.

Figure 1.2: A partial and unordered view of Drafty’s initial spreadsheet interface used in chapters 3 and 5. Different profiles of
computer science faculty and their professional development can be seen.

1.2.2 How and Why do Public Data Systems’ Information Evolve?

Extending the life of data, i.e., the time during which it remains valid, requires perpetual human attention. External

temporal factors cause data to decay, thus, destroying its utility. Drafty is a public data system developed throughout

this dissertation that hosts a publicly editable tabular dataset with thousands of academic profiles of Computer Science

faculty from the United States and Canada. Each academic profile is a row in a spreadsheet. The columns correspond to

a professor’s affiliated university, the year they joined as faculty, subfield area of expertise, and where they received

their Bachelor’s and Doctorate degrees. This data evolves, or decays, annually based on new faculty hires and annual

conferences and publications that indicate a professor is shifting their research area.

There is some information in a Computer Science professor’s academic profile that is not static: their full name,

the university that employs them, the year they joined their current university, and their subfield area of expertise (i.e.,

primary research area). The external factors that cause the data to change include a professor moving universities, a new

hire at a university, a professor retiring, a professor leaving to go to an industry position, or changing their subfield area

of expertise. Thus, these external factors cause the data to change annually due to tenure appointments or hiring season

or slower if a professor changes their primary research area. On the contrary, other data types are considered static. For
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example, it is unlikely that a tenure-track faculty would receive a new Bachelors’s or Doctorate related to Computer

Science.

In contrast, chapter 6 explores a form of rapidly evolving information, sketches created during 4-minute sketching

tasks within the public data system Sketchy. Sketchy automatically records and synchronizes each sketch as a series of

XY points and colors per stroke. Users can view each rapidly evolving sketch in virtual rooms using Sketchy’s Peek

feature. The quick creation process propels users to rapidly create and seek related sketches to complete the sketching

task. This rapid co-creation of evolving sketches enables groups of people to contribute to evolving information.

This action overcomes the static limitations of prior research, where people would have to collect numerous static

sketching examples before running a sketching activity. Even static sketches will decay in their usefulness over time.

For example, sketches from decades ago might only be limited to desktops, not mobile devices. Or the subjectivity of

static images might change. For instance, how icons map to different functionalities will gradually shift for different

age groups [4]. Sketchy provides a mechanism to quickly collect and share evolving sketches as inspirational stimuli to

users in real-time to overcome these temporal factors.

While this dissertation mainly focuses on Drafty’s evolving data, which changes annually, evolving data can change

at different rates, like with Sketchy. A real-world example of evolving data outside this dissertation is a COVID-19

dataset of University policies [3] that changed almost weekly as schools responded to federal policies and outbreaks.

This data decays rapidly. Thus, the community contributing to the data requires enough motivation to overcome this

decay. The pandemic provided the motivation stimulus for the community to collect and share this evolving data. This

dissertation focuses mainly on Computer Science faculty profiles because it provides enough time to develop analysis

and new features within a public data system to continually motivate its users to contribute.

1.2.3 Describing the Theoretical Framework to Maintain Evolving Information

When building and maintaining evolving data, there is the current dataset users modify and the ideal ground truth

version of it that changes over time. If the current dataset and the ground truth are the same, then the current dataset is

100% correct. While creating a 100% correct dataset is attainable if the data is static, correctness will change over time

as data evolves. The data is evolving because the ground truth is changing over time. Over the period data evolves,

users can modify the current dataset to maintain its correctness. The current dataset is D, and the ground truth is G. See

Figure 1.3 for an example.
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Figure 1.3: The current dataset is D. Users can freely modify it. The ground truth version of the current dataset is G. The ground
truth is ephemeral; it evolves due to real-world events and requires continuous maintenance to ensure it is included in the current
dataset.

This theoretical framework describes how user contributions and natural changes to the ground truth affect the

correctness of an evolving dataset over time. It defines how different user contributions to the current dataset affect

correctness. It also describes the coefficients and units that affect user motivations to make contributions and their

accuracy. This framework lays the groundwork to understand what types of systems, tasks, and features someone could

develop to motivate users to overcome how the ground truth’s data evolves and decays over time.

Figure 1.4: Incorrect data (I), accurate data (A), and missing data (M) are derived from the dataset (D) and the ground truth (G).

The first concept to describe is how data points within an evolving dataset and its ground truth overlap to determine

incorrect, accurate, and missing data. See Figure 1.4 for a visual explanation. Inaccurate data (I) is in the current dataset

but not the ground truth; see Equation 1.1. Inaccurate data is the difference between D and G. Inaccurate data must be

removed from the current dataset to improve correctness by deleting or correcting it.

I = D−G. (1.1)

Accurate data (A) is in the current dataset and the ground truth; see Equation 1.2. Accurate data (A) is the

intersection of D and G.
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A = D∩G (1.2)

Missing data (M) is not in the current dataset but is in the ground truth; see Equation 1.3. Missing data is the

difference between G and D. Missing data needs to be added to the current dataset to improve correctness. Missing

data from the ground truth can be difficult to predict, especially for evolving data, as it is ephemeral.

M = G−D (1.3)

A dataset’s correctness (C) is the number of accurate data points divided by the number of inaccurate, accurate, and

missing data points; see Equation 1.4. If there is no inaccurate or missing data, the dataset is 100% correct. It contains

no incorrect data and is not missing anything. Predicting the correctness of an evolving dataset is complex because the

amount of missing data can change without anyone knowing.

C =
A

I+A+M
(1.4)

To improve a dataset’s correctness (C), removing incorrect data has the same effect on correctness as adding missing

data to the current dataset. However, there are multiple ways users modify a dataset and how data points will change

over time. A key concept is how users and real-world events modify incorrect data (I), accurate data (A), and missing

data (M) over time in different ways. See Table 1.1 for an overview of how data changes and how user contributions to

the current dataset and real-world events evolve the ground truth to affect correctness.

Predicting or assessing what data is missing (M) can be time consuming and is an open research question across

different types of data [146,246]. Comparing the incorrect and accurate data from the current dataset is more feasible to

assess the quality or accuracy of an evolving dataset. In this framework, accuracy (α) builds on the idea of the precision

metric from the information retrieval community; see Equation 1.5.

α = Accuracy =
A

I+A
(1.5)

To simplify things, let us suppose that the set A contains n items and look at what can happen when α starts at 0.5.

In this situation, we must have the denominator, I+n, be twice the numerator, so I must be n as well, and we have

Equation 1.6.

αinit =
n

n+n
. (1.6)

Now suppose that users contribute k more items, and half of these are accurate. Then both A and I increase by k/2,
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How does the contribution modify the size of data (↑↓)
and affect correctness (color)?

User Contribution Is it Correct? Incorrect Data Accurate Data Missing Data

Add New Data Yes ↑ ↓
Add New Data No ↑

Delete Existing Data Yes ↓
Delete Existing Data No ↓ ↑

Modify Existing Data Yes ↓ ↑ ↓
Modify Existing Data No ↑ ↓ ↑

How does data evolving modify the size of data (↑↓)
and affect correctness (color)?

Data Evolves In Current Dataset? Incorrect Data Accurate Data Missing Data

Add New Ground Truth Data No ↑
Add New Ground Truth Data Yes ↓ ↑

Remove Ground Truth Data No ↓
Remove Ground Truth Data Yes ↑ ↓

Table 1.1: The top half of this table shows how different types of user contributions affect incorrect data (I), accurate data (A), and
missing data (M). “Is it Correct” refers to the data point the user contributed. The bottom half of this table shows how different ways
data evolves affect incorrect data (I), incorrect data (A), and missing data (M). (A), and missing data (M). “In Current Dataset” asks
if the ground truth data point is in the current dataset. A green background indicates a change that will increase the correctness of an
evolving dataset. A red background indicates a change that will decrease the correctness of an evolving dataset. Notably, when a user
modifies existing data, they simultaneously delete one piece of data and add another. Thus when a modification is correct, the arrows
in the table match, adding new data and deleting existing data.

so the denominator increases by k, and we get Equation 1.7 as well.

α f inal =
n+ k/2

(n+ k/2)+(n+ k/2)
=

n+ k/2
2(n+ k/2)

= 0.5 (1.7)

In fact, regardless of the accuracy of the new contributions, the denominator will always increase by k. If the

numerator increases by more than k/2, then α f inal will be greater than 0.5; if it increases by less than k/2, then α f inal

will be less than 0.5. In an extreme case, suppose that someone deletes all the accurate data so that k =−n. Then after

this edit, A will contain no items, but I will still contain n, and α will be 0/(n+0) = 0.

If we have an existing dataset, the accuracy of contributions that only modify existing data needs to be greater

than 50%. This will increase the accuracy of the dataset over time until all incorrect data becomes accurate. This

describes the typical scenario of people editing an existing dataset. However, an evolving dataset is constantly growing

and shrinking as data evolves. It is possible over time to find a subset of the accurate data by manually checking if

contributions are correct or incorrect. Relying on automated methods, such as web scraping, could be inconsistent,

especially for subjective data that requires domain-specific knowledge. For example, Chapters 4 and 5 show that paid

crowdworkers often believe the research areas of Machine Learning and Computing Education are similar. The paid

crowdworkers from these chapters most likely mistakenly believe the terms “learning” and “education” are the same.
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1.2.4 Increasing User Motivation to Maintain Evolving Information

To maintain evolving data, whose accuracy at time t is αt , over a time period of duration s, i.e., during the period of

time ([t, t + s]), the proportion of accurate data points added among all data added must be at least αt (Equation 1.8)

Similarly, if the correctness at time t is Ct , then to maintain that level of correctness, the quotient of accurate data over

all data either (a) added to the dataset or (b) new missing data must again be Ct (Equation 1.9).

To improve accuracy and correctness, accurate contributions must overcome people’s mistakes and newly evolved

data or changes in existing data.
At+s

It+s +At+s
≥ At

It +At
(1.8)

At+s

It+s +At+s +Mt+s
≥ At

It +At +Mt
(1.9)

To evaluate an evolving dataset over time, it is recommended to keep the duration s of the measurement interval

constant. For example, does data evolve due to real-world events that repeat yearly? If yes, then s could be one year.

For example, Chapter 5 shows the faculty job market and Ph.D. application seasons affect Drafty’s data annually.

Developing domain-specific knowledge on why data evolves will ensure singular noisy events will not provide an

incorrect interpretation of a public data system’s community of contributors. For example, if s were one day, then a

single user vandalizing the dataset would greatly affect how we interpret the evolving dataset’s correctness compared to

the contributions over one year.

Evolving data is ephemeral and will change over time. This framework describes how user motivation can increase

contributions to overcome these natural changes in data. See Figure 1.5 for a visual example of how user contributions

can overcome changes in the ground truth.

Figure 1.5: If data evolves, users must contribute an equal or greater number of accurate data points to maintain the current dataset’s
correctness.

The correctness of an evolving dataset will converge over time as t approaches infinity. A thought experiment to

examine this long-term behavior is each year pick a number of contributions uniformly between some min and max
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value. Compute (I), (A), and (M) per year. Then iterate until correctness converges. This allows us to look at the

expected values (E) for inaccurate (I), accurate (A), and missing (M) data at any given time (t). We include time (t) to

update our expectations of I, A, and M as we learn more over time about how these grow and shift. Hypothetically,

when studying changes for accurate data over time, once t is at infinity, we will learn the upper and lower bounds and

the true E(A). The upper and lower bounds are the minimum and maximum new data points added to a set at a given

period of time t divided by two; Equation 1.10. The minimum and maximum new data points are uniformly sampled.

E(X) =
min∀X+max∀X

2
(1.10)

The same thought process for E(A) applies to E(I) and E(M). Until that point, we can only estimate based on our

current knowledge at time t. Therefore, based on the expected values over time, as time (t) approaches infinity, we can

understand where correctness (C) converges; see Equation 1.11.

lim
t→∞

Ct = lim
t→∞

At

It +At +Mt
= lim

t→∞

t

∑
i=1

Ai

Ii +Ai +Mi
=

E(A)

E(I)+E(A)+E(M)
(1.11)

Since E(A) represents the expected number of accurate contributions, we can see that E(A) = E(D) ·α , where α is

the accuracy of contributions from Equation 1.5 at any given time (t). E(D) is the number of expected new contributions

from users. Similarly, E(I) = E(D) · (1−α). By making these substitutions, we can modify Equation 1.11 to see the

impact of accuracy on where correctness converges; see Equation 1.12.

lim
t→∞

Ct =
E(D) ·α

E(D)+E(M)
(1.12)

What makes an evolving dataset more difficult to maintain compared to a static dataset is that the missing data

(M) will naturally change over time as the ground truth evolves. The greater the expected values for new evolving

data (E(M)) compared to the expected values of the number of new data points users contribute (E(D)), the faster data

evolves. The presence of evolving data (M) will ensure where correctness (C) converges to will always be less than

the accuracy (α) of user contributions. This is why relying on accuracy (α) alone to evaluate an evolving dataset can

be misleading. Accuracy (α) could be high if everyone is only correcting incorrect existing data. In this scenario, the

missing data (M) will keep growing, thus lowering correctness over time. As previously mentioned predicting missing

data (M) over time is difficult. That is why motivating a high number of accurate contributions to overcome people’s

mistakes and missing data is essential to maintaining an evolving dataset.

To maintain data, it is imperative to understand how to motivate people to contribute data and what types of people

make accurate contributions. To ensure the correctness of an evolving dataset converges towards a higher number,

we need to increase accurate contributions and decrease inaccurate contributions while ensuring there are enough
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contributions to overcome how quickly data evolves.

The most common method to motivate contributions is rewarding monetary compensation for contributing. Prior

efforts often use monetary compensation as an extrinsic motivator to quickly motivate people to contribute data [122].

However, developing methods to appeal to a user’s intrinsic motivation, such as showing them their contribution will

help others, can also increase the likelihood they will contribute data [160, 200]. The amount of effort required to

contribute, or a person’s level of interest, can also be coefficients that modify the likelihood someone will contribute.

Each of these methods can be viewed as external factors affecting user motivation and the accuracy of their contributions.

User motivation is the likelihood a user contributes data within one visit. User motivation is similar to the conversion

rate metric to determine if a user will perform a specific action during a period of time. If enough people contribute

accurate data, that should overcome the number of incorrect contributions and natural changes over time. Converting

visitors who do not contribute (i.e., lurkers) into contributors is a complex scenario within crowd-powered and peer

production systems [18].

User motivation is a function of a number of normalized external factors; see Equation 1.13. Each external factor

(m) will modify the likelihood that someone contributes (i.e., conversion rate).

n

∏
i=1

mi

|m|
(1.13)

Similar to user motivation, the quality of contribution (i.e., accuracy) is also a function of a number of normalized

external factors; see Equation 1.14. Each external factor (s) will modify the likelihood someone makes an accurate

contribution.

n

∏
i=1

si

|s|
(1.14)

These external factors can describe a task to contribute (money, effort, user interest, time to complete task), features

in a public data system (recommendations, design, data ownership), or the people themselves (how they are recruited,

data ownership). They apply to paid and unpaid scenarios in crowdsourcing and peer production environments. People

design tasks and systems around these external factors. Understanding these external factors makes it possible to

translate findings from crowdsourcing to peer production and back again.

Each external factor can affect the other. For example, if the amount of money to contribute is increased, the less

interested a user needs to be in the data related to the task. If there is no money, then the user’s interest in the data must

be higher to increase the conversion rate and elicit accurate contributions. Within crowdsourcing or peer production,

researchers can create a mental model for how their task designs and systems might affect user motivation and the

accuracy of user contributions.

This dissertation explores these external actors across different groups of people in multiple public data systems.
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By focusing on tasks, features, and methods to implement the coefficients to increase motivation, the likelihood a

visitor contributes and their number of contributions should increase. Some examples of coefficients explored in this

dissertation are new features generating randomized automatic insights within the system or developing dynamically

updated analyses of the system’s data to increase user motivation. This dissertation also explores how the existence

and preference of these coefficients vary across different types of people. For example, unpaid everyday visitors to a

public data system who want to help their community compared to paid crowdworkers whose primary motivator (i.e.,

coefficient) is likely payment per task. Thus, by studying how user motivation affects the number of contributions and

the average accuracy of different groups of people’s contributions, this dissertation shows how to build public data

systems to attract and motivate users to make accurate contributions over time to maintain evolving data.

1.3 Accuracy and Visitors Needed to Maintain an Evolving Dataset

For someone building a public data system to maintain evolving information, knowing the constraints and bounds of

visitors’ editing behaviors and how many data points can evolve will help them understand if their system’s visitors

can maintain its evolving data over time. Over a period of time, data can evolve in two ways. First, data in the current

dataset (D) can become outdated and require changes. Equation 1.15 uses the probability a data point in the current

dataset (D) will become outdated over a given period of time (e) to describe the number of evolving data points from

the current dataset (D) that require user contributions to correct.

e ·D (1.15)

Second, the ground truth (G) can grow, and the number of new data points that need to be added is defined as (U).

The Number of Evolved Data Points, Equation 1.16, combines the two ways data can evolve, to define the number of

data points that have evolved and those that require user contributions to correct.

(e ·D)+U (1.16)

It is important to separate (e ·D) and U because datasets can evolve differently. Take a tabular dataset of academic

faculty job postings. While new rows of data need to be added frequently, the individual values per row (i.e., deadline,

university name, etc.) would rarely change. While in Drafty’s computer science professor profiles page, existing data

will change when professors move to a different university or change their research areas in addition to new faculty

hires. The larger the current dataset (D) and the more likely it is to evolve (e) the more user contributions are needed to

maintain the evolving dataset. Therefore, we could intentionally limit the size of the current dataset along with the

ground truth to match the number of expected user contributions.
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The expected number of user contributions over a period of time (N) is defined by the number of visitors (V )

multiplied by the conversion rate (r) multiplied by the average number of contributions per visitor (E), see Equation 1.17.

We can use equation 1.17 to describe the number of accurate data points contributed as (V · r ·E) ·α , and the number of

inaccurate data points contributed (i.e., mistakes) is (V · r ·E) · (1−α).

N =V · r ·E (1.17)

To maintain an evolving dataset, we need enough visitors to contribute enough accurate data (N ·α) to overcome

visitors’ mistakes (N · (1−α)), outdated existing data ((e ·D)), and new data that needs to be added (U). Equation 1.18

describes this constraint, the number of accurate contributions needed to maintain an evolving dataset. In other words,

you hope the portion of visitors (V ) who will make enough contributions on average to the current dataset (D) to

overcome the number of data points that evolve.

N ·α > N · (1−α)+(e ·D)+U (1.18)

We can start with Equation 1.18 to determine the lower bound for the accuracy needed to maintain an evolving

dataset.

α > 0.5+0.5
(
(e ·D)+U

N

)
(1.19)

If the dataset is static (i.e., it has no evolving data), then (e ·D)+U = 0. In this scenario, the lower bound of accuracy

for a static dataset using Equation 1.19 is α > 0.5. This aligns with our previous observations from Section 1.2.4,

where if the accuracy of contributions to an existing static dataset is less than 50%, then the accuracy of that dataset

would eventually approach 0%. What makes an evolving dataset different and challenging to evaluate is the inclusion of

existing data that becomes outdated ((e ·D)) and new data that needs to be added (U).

Building Equation 1.19, we can find the lower bound for the number of contributions (N) needed to sustain

an evolving dataset. Assuming the accuracy of contributions has to be between 0 and 1 (0 ≥ α ≤ 1), we arrive at

Equation 1.20.

N > (e ·D)+U (1.20)

If Equation 1.21 is violated, then that also violates Equation 1.18, which describes the number of accurate

contributions needed to maintain an evolving dataset. We can substitute (V · r ·E) for the number of contributions

(N) to create Equation 1.21. We can then use Equation 1.21 to identify the lower bounds of the number of visitors

(V ), conversion rate per visitor (r), or the average number of edits (E) required to maintain an evolving dataset, see
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Equations 1.22, 1.23, and 1.24 respectively. These lower bounds will help you know if your public data system is

attracting enough visitors and if you are motivating enough visitors to make enough contributions to maintain your

evolving dataset. Improving just one V , r, or E will improve the correctness of your evolving dataset. For example,

maybe you conducted a pilot study where you have an estimate of the conversion rate per visitor (r) and the average

number of edits (E). You can input these observations into Equation 1.22 along with estimates for your outdated existing

data ((e ·D)) and new data that needs to be added (U) to predict the number of visitors you need to attract. Then you

can focus on advertising and attracting enough visitors. Or maybe you have a very high number of visitors, who when

they do contribute, make a high number of contributions. In this scenario, which resembles Wikipedia’s ecosystem, you

can use Equation 1.23 to understand if you are converting enough visitors into contributors.

(V · r ·E)> (e ·D)+U (1.21)

V >
(e ·D)+U

r ·E
(1.22)

r >
(e ·D)+U

V ·E
(1.23)

E >
(e ·D)+U

V · r
(1.24)

Equation 1.21 can be used to understand how many evolving data points Drafty’s visitors could have maintained in

a specific year. We can use Drafty’s visitor data from the calendar year 2022 to estimate the impact 2022’s visitors could

have made on maintaining Drafty’s evolving data. Drafty attracted more visitors and contributions in 2022 than any

other calendar year; see Chapter 7. Because of the lack of new rows added in previous years, as outlined in Chapter 5,

there was a large amount of evolved data from prior years that needed to be added. Thus, there were many opportunities

for people to contribute compared to the scenario where we started 2022 with a 100% correct tabular dataset.

Drafty’s visitors could maintain 6,191 data points in 2022. There were 14,245 total visitors in 2022 who made

more than one interaction (V ), the conversion rate (r) was 4.0%, and the visitors who contributed made an average of

11 edits per visitor (E). These 2022 contributions could account for a maximum of over 1,000 possible new rows or

around 1 data point per existing row. This shows how increasing user motivation (i.e., conversion rate) to elicit accurate

contributions can help maintain an evolving dataset such as Drafty’s Computer Science professor profiles.

Overall, this shows at its maximum reported number of contributions, Drafty’s community can overcome how its

data evolves. However, there is still future research to conduct. For example, we should ideally control how data evolves

over specified periods by beginning the time period with a 100% accurate dataset. Then over time, study how long it

takes for a new data point to be added or corrected. This would require scraping the internet to determine during what

time period a data point needed to be added or changed. Even current large language models do not have access to
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recent data. More importantly, the better you can estimate how your data evolves (i.e., the number of data points that

have evolved and those that require user contributions to correct), the better you can understand if you are attracting

enough visitors and motivating enough accurate contributions per visit to maintain an evolving dataset.

1.4 Overview of Contributions

This thesis covers prior research on building and deploying public data systems and developing methods to motivate

more accurate crowd contributions to maintain evolving information over seven years. This research spans short and

longitudinal studies focusing on how paid contributions from crowdworkers and unpaid contributions from small peer

production communities affect data quality. The public data systems are freely accessible, and the code is open-sourced.

Each system has functionality that allows the public to view others’ contributions. Most of this thesis has been

previously published in journals and conference papers. Chapter 2 provides an overview of related work focusing

on crowdsourcing, peer production, and how users are motivated to contribute within related real-world systems and

studies. The majority of chapter 2 contains writing that is summarized and reworked from previously published papers

that I was the first author on [223, 224, 225]. The following are summaries of contributions and attributions to my

co-authors who collaborated on research featured in other chapters.

Drafty: Enlisting Users to be Editors who Maintain Structured Data

Shaun Wallace, Lucy Van Kleunen, Marianne Aubin-Le Quere, Abraham Peterkin, Yirui Huang, and Jeff Huang. In

Proceedings of the Fifth AAAI Conference on Human Computation and Crowdsourcing (HCOMP 2017).

This research featured in chapter 3 develops and validates a model (the User Interest Profile) to automatically

predict user interest in rows of tabular data based on an individual’s implicit interactions with a spreadsheet interface. It

also develops and integrates the User Interest Profile into a public data system, Drafty, a spreadsheet web application

that stores the academic profiles of Computer Science faculty. Drafty uses the User Interest Profile to automatically ask

unpaid contributors to review and correct data relevant to their interests, thus increasing an evolving dataset’s overall

accuracy. Drafty accomplishes this without having an unpaid contributor disclose information or perform specific tasks.

In a 7-month study in the wild, this research shows that unpaid contributors asked to fix data matching their interests are

three times more likely to submit accurate data than unpaid contributors asked to fix data they are uninterested in.

Crowd-based Verification Strategies for Accurate Tabular Data

Shaun Wallace, Alexandra Papoutsaki, Hua Guo, and Jeff Huang. (Not currently published)

While Drafty shows initial evidence of the effectiveness of unpaid contributors maintaining existing data, this line of

research has yet to study the effectiveness of paid crowdworkers contributing to existing data. This research featured in
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chapter 4 conducts a naturalistic study of students acting as requesters in a university-level Human-Computer Interaction

seminar to employ paid crowdworkers to collect and verify a tabular dataset of Computer Science faculty profiles. It

serves as the first attempt in this dissertation to study the accuracy and behaviors of paid crowdworkers editing tabular

data. While this research was never published, the authors who contributed to it should receive attribution within this

dissertation.

By observing quantitative and qualitative evidence from novice requesters and paid crowdworkers, this research

develops recommendations for new tabular data verification strategies to employ paid crowdworkers to improve data

quality. The findings from this research are the precursor to chapter 5’s case study on paid crowdworkers. This research

shows initial evidence that recruiting trusted crowdworkers for additional tasks is more accurate at fixing data requiring

domain-specific knowledge. For example, this research shows that the accuracy of strategies differs across data types

requiring varying levels of effort and domain-specific knowledge. The research also shows that using crowdsourcing

platform’s preset filters to recruit workers, like Amazon Mechanical Turk’s Masters Qualifications, did not significantly

increase, and in some cases decreased, the accuracy of contributions. The naturalistic observations and findings from

this research contribute to a more controlled case study to evaluate paid crowdworkers in chapter 5.

Case Studies on the Motivation and Performance of Contributors Who Verify and Maintain In-Flux Tabular

Datasets

Shaun Wallace, Alexandra Papoutsaki, Neilly H. Tan, Hua Guo, Jeff Huang. Proceedings of the ACM on Human-

Computer Interaction 5, (CSCW 2021).

While running a 7-month study in Drafty showed that users interested in the data could make accurate contributions,

it does not study the editing behaviors of paid crowdworkers. Also, since the original Drafty study was only 7 months,

it did not study unpaid contributors’ effectiveness and editing behaviors over multiple years. Thus, it does not cover

temporal events such as new hires and retirements that will decay the data. Also, this longitudinal work does not actively

advertise Drafty. Thus, what type of visitors, contributors, and behaviors does it attract? The research answers many of

these questions by conducting two case studies: one studying the accuracy of contributions from paid crowdworkers

over 2 short weeks and another studying the accuracy of contributions from unpaid contributors over 2.5 years. Chapter

5 describes these case studies. This publication refers to a pilot study to develop paid verification strategies. Chapter 4

of this dissertation is the full study featuring quantitative and qualitative analysis used to develop these paid verification

strategies.

This study builds on the work from chapter 4 to develop five new tabular data verification strategies for data curators

to employ paid crowdworkers to improve data quality. Across the five paid verification strategies, Expert Rule controls

costs the best. It generated accurate contributions at less than half the cost-per-contribution compared to the second
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most accurate strategy Find-Fix-Verify. Also, Expert Rule uses a low-cost redundant data collection step first, followed

by a final verification from a trusted crowdworker. The paid verification strategies recruiting a trusted crowdworker

produced more accurate contributions for data types requiring domain-specific knowledge. The strategies employing

paid crowdworkers produced contributions that were 64% accurate. In contrast, the strategies that waited on unpaid

contributors produced contributions that were 89% accurate. The two case studies also show that unpaid contributors

interested in the data make accurate contributions per data type (column), regardless of the domain-specific knowledge

necessary to interpret subjective data. In contrast, paid crowdworkers made more inaccurate contributions for data

requiring domain-specific knowledge. Also, unpaid users interested in the public data made accurate contributions

without signs of vandalism, regardless of the number of visits or interactions with a public data system. In summary,

unpaid contributors could make accurate contributions regardless of their prior experience with a public data system.

These results lead to the idea that to maintain evolving information in a public data system, attracting a large number of

interested users is better than recruiting a small number of users to make the majority of contributions.

Sketchy: Drawing Inspiration from the Crowd

Shaun Wallace, Brendan Le, Luis A Leiva, Aman Haq, Ari Kintisch, Gabrielle Bufrem, Linda Chang, and Jeff Huang.

Proceedings of the ACM on Human-Computer Interaction 4, (CSCW 2020).

While the prior research on Drafty and paid crowdworkers focus on data that evolves annually, this research studies

data that evolves rapidly over minutes. This previously published research featured in chapter 6 develops the public data

system Sketchy, where students join virtual rooms to sketch, ideate, and freely peek at their peers’ in-progress sketches

using the Peek feature. When unpaid contributors use Sketchy’s digital Peek functionality during real-world sketching

tasks, we found that the Peek feature is key to increasing users’ contributions in the form of more detailed sketches,

overall creativity, and satisfaction with their final sketch. Also, the results from this research show that providing unpaid

users with the agency to seek and engage with sketching examples created by other users motivates them to contribute

information back to the public data system over short periods. This research also shows initial evidence that when users

prompt the system to recommend an example from the data (i.e., the Peek feature), they prefer recommendations that

are selected randomly compared to recommendations that are similar to the most previous example.

Life Support for Maintaining an Evolving Tabular Dataset: Attract-Engage-Motivate Crowd Contributions

Shaun Wallace, Diana Na Kyoung Lee, Zhengyi Peng, Long Do, Talie Massachi, Alice Marbach, Jiaqi Su, David B

Miller, and Jeff Huang. (Will be Submitted Soon).

The last two chapters of this dissertation (Chapter 7 and Chapter 8) will be submitted for review and possible

publication. Chapter 7 contributes a new version of Drafty that includes the Javascript library PolyMu to handle infinite
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scrolling and allow large tabular datasets stored as HTML to be search indexed. In this chapter, we also develop two

public systems that use Drafty’s data: CS Open Rankings and the Databaits API. Both systems dynamically generate

insights from Drafty evolving, making these publicly available to source (i.e., attract) visitors back to Drafty. Visitors

to Drafty from these “dynamic” sources make more contributions at a higher rate of accuracy than “organic” visitors

arriving from unknown sources such as search engines. Notably, visitors to Drafty from these “dynamic” sources also

make more contributions with the same accuracy as visitors from the computer science community who we “asked” to

contribute to Drafty. CS Open Rankings and the Databaits API provide additions to Drafty that continuously attract

high-quality visitors but take little to no effort to maintain compared to asking people on Twitter or posting on forums.

The Databaits API is also integrated into Drafty’s spreadsheet interface as the “did you know” feature where any user

can freely engage with automatically generated insights about Drafty’s Computer Science professor dataset. Users

who see an insight in “did you know” are six times more likely to generate a random insight than an insight similar to

one they previously saw. Users who engage insights generated by the Databaits API in the “did you know” feature

are more likely to stay engaged and contribute to Drafty than those who do not. Chapter 8 features a survey-based

study where paid crowdworkers and everyday visitors (i.e., unpaid contributors) to Drafty freely choose to complete a

discrete choice experiment. Compared to the naturalistic study conducted in Chapter 7, this discrete choice experiment

directory compares the accuracy and motivations of paid crowdworkers and unpaid contributors. When editing data,

everyday unpaid contributors visiting Drafty compared to paid crowdworkers were 1.9 times more accurate for difficult

to find data and 1.5 times more accurate for data requiring domain-specific expertise. While paid crowdworkers and

unpaid contributors are mainly motivated by pay level, estimated time to complete, and their perceptions of tasks (is it

interesting and will it help people) to contribute, they make different trade-offs when selecting between tasks. Highly

accurate unpaid contributors prefer tasks where they collaborate with others, while paid crowdworkers prefer tasks

where they can collaborate with Artificial Intelligence. Paid crowdworkers are more willing to complete tasks if the

tasks pay more and are quick to complete. Whereas unpaid contributors are willing to do tasks for less or no monetary

compensation if they match interests, their contribution helps others, or they contribute their specialized knowledge.

Overall, the universal factors motivating contributors and paid crowdworkers mirror the design of this dissertation’s

public data systems.
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Chapter 2

Related Work

Dataset curators, also called requesters, often recruit paid crowdworkers by posting short, repeatable micro-tasks to

quickly collect information for beneficial datasets [65, 123]. Historically decomposing complex tasks into simpler ones

aligns with the idea of piecework [5]. This chapter presents an overview of recent research related to crowd-powered

systems, paid crowdsourcing, peer production, learnersourcing, and methods to motivate and improve the quality of

crowd contributions that are simple in execution but complex in nature.

2.1 Crowd-Powered Systems

Jeff Howe coined the term crowdsourcing [102] as “an umbrella term for a highly varied group of approaches that share

one obvious attribute in common: they all depend on some contribution from the crowd.” [103]. He also categorized four

main applications of crowdsourcing: 1) crowd wisdom or collective intelligence, 2) crowd creation or user-generated

content, 3) crowd voting, and 4) crowdfunding. This dissertation combines the first two categories, allowing users to

freely use their collective intelligence to contribute to public data systems.

Traditional crowdsourcing platforms, such as Amazon Mechanical Turk, support an ecosystem where requesters

can post micro-tasks for many use cases, such as data collection and verification. While this is practical to generate

an initial dataset [173], the long-term upkeep of the dataset can prove exponentially challenging. Crowdfill [175] is a

crowdsourced system that maintains structured datasets using the microtask-based approach of Amazon Mechanical

Turk. Rather than giving each worker a set of tasks to complete, it presents paid crowdworkers with one shared data table

they can fill in however they want. Workers can also rate data submitted by others. This approach plays to the individual

strengths of paid crowdworkers and results in higher-quality submissions. In Crowdfill, Park and Widom mention that

the system could potentially be improved by automatically recommending specific pieces of data to individuals based

on their skills. This dissertation’s initial versions of the Drafty system explore this idea, matching unpaid users to fix
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data that match their interests. Crowdfill’s model and other similar systems, such as Wisteria [87], may be hard to

sustain long term. Repeatable tasks for maintaining data through Amazon Mechanical Turk are impractical due to

increased cost, time, and accuracy risks [152]. These tasks and costs to employ crowd workers increase as the dataset

grows. By developing systems that rely on unpaid users, it is possible to overcome these constraints of traditionally

paid crowdsourcing.

There is a history of crowd-powered systems that seek to solve long-standing issues in crowdsourcing, such as

bringing the benefits of crowd-powered work to an inexperienced audience. Soylent [22] and Fantasktic [85] are

novice-centric systems built to address common mistakes when crowdsourcing. For example, providing insufficient

guidance to workers or not verifying the data. This dissertation explores systems that allow it addresses both of

these shortcomings and does not require a requester to post micro-tasks for workers. Drafty empowers its users to

perform tasks in an undirected manner, similar to the find and fix or find and verify pattern in Soylent. Previous

research also shows little difference between expert and non-expert workers for routine tasks, but this changes for

specialized tasks [202]. Research on knowledge-intensive tasks [61] further supports the idea that crowds with specific

knowledge [86,169] provide more accurate contributions to data requiring domain-specific knowledge. This dissertation

seeks to solve this problem by exploring if users interested in a specific dataset or task are more accurate at editing

data for specialized fields. Crowdfill, Soylent, and many other crowd-powered systems have not assessed sustainable,

low-cost solutions to this problem. While many systems use paid crowdsourcing approaches to motivate and create

contributions, there is a long history of people contributing within peer production systems.

2.2 Peer Production

Peer production systems often feature decentralized task designs, communities of users, community ownership of

contributions, and freedom (i.e., user agency) to empower its users to make crowd contributions [16]. For example,

research in peer production systems explores utilizing user interactions and interests for unstructured data upkeep.

SuggestBot uses Wikipedia editors’ contribution histories to suggest editing tasks [53]. WikiTasks supports the creation

of site-wide tasks and self-selection of personal tasks within Wikipedia [127]. Unlike SuggestBot and WikiTasks,

Drafty hosts a structured dataset of tabular data rather than unstructured Wikipedia articles. This distinction allows data

to have pre-specified attributes and to track a different set of interactions. Also, Drafty and Sketchy are custom-built

systems that are not dependent on another platform, such as Wikipedia, to work effectively.

This dissertation explores automated mechanisms to infer interests from interactions to make recommendations

from the data and how users respond to these recommendations. For example, Drafty automatically selects the rows

and individual data points for users to fix. In contrast, SuggestBot relies on downloading and analyzing large sets of

Wikipedia articles. Additionally, WikiTasks relies on humans to manually create tasks [53]. Drafty records interactions
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beyond those used by SuggestBot (search, click, sort), which allows Drafty to build interest profiles and study user

engagement using a wider variety of interactions. This allows for more robust models and analysis to enhance system

recommendations and study implicit human behaviors during unpaid contributions. SuggestBot, Kylin, and other work

from MovieLens evaluate whether they increase submission rates of edits [8, 53, 242]. This dissertation evaluates

this and the interactions that increase the rates and accuracy of contributions. A research area focusing on crowd

contribution research that combines aspects of crowdsourcing and peer production is learnersourcing.

2.3 Learnersourcing

Research in learnersourcing has explored using interactions from native system users to assist with the upkeep of

online content. Williams et al. developed AXIS, a system that combines feedback from learners in online courses

with machine learning algorithms to improve problem explanations [232]. Future students in the course use these

explanations for assistance and engage in the exact feedback mechanism. This loop over time helps these explanations

adapt to new user habits through an automated system. The long-term benefits of this feedback mechanism constitute

a significant motivation for Drafty’s integration of user interest profiles to solicit unpaid users to maintain data. To

perform such complex analysis, Drafty relies on collecting and inferring interest from the interactions of its users.

In a similar endeavor, Kim et al. collect interaction data from online learners and use it to improve the experience

of navigating video lectures [121]. Li et al. investigate how to optimally identify groups of workers based on their

characteristics [137]. Their method identifies the subgroup of workers best suited for a particular task for each task.

This dissertation explores targeting individuals rather than groups of users. Also, this dissertation explores groups of

anonymous users in Drafty and Sketchy. Thus by treating users as individuals, the systems can hopefully provide a

better-individuated experience without requiring personally identifiable information. This approach aligns with recent

ethical concerns in learnersourcing, where people should not be targeted based on demographics and should have

more ownership over their contributions [208]. Drafty and Sketchy are developed over time to provide users agency

over their interactions and provide randomized examples not based on potentially biased algorithms per Singh et al.’s

recommendations.

2.4 Recommendation Systems

This dissertation explores integrating features that solicit or provide the user agency to seek timely examples. This

interaction mirrors research in recommendation systems. For example, the initial versions of Drafty use the user interest

profile to target users for data upkeep. Targeting users based upon surveys, interactions, preset tasks, or interests is a

common theme among recommender systems [190]. These interactive and intelligent systems provide recommendations
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that match users’ preferences [184]. Drafty builds on this idea to assess if soliciting users using their interests motivates

them to volunteer to review more data and do it more accurately. While Sketchy and later versions of Drafty explore

providing users agency when they seek and interact with a system-generated recommendation.

GroupLens [188] is a collaborative filtering system that predicts a reader’s preference for an article based on ratings.

This is accomplished through explicit feedback provided by the user, but implicit feedback from user interactions can

be similarly valuable [45, 104]. Huang et al. collected fine-grained interaction data in the wild to understand web

users’ behaviors and search patterns. Chen et al. also explore behavioral targeting in web users primarily using clicks.

These behavioral interactions have shown positive results in building user interest profiles in related recommender

systems [243]. Zhao et al. show how new content or data created by users can be used to enhance user interest profiles in

recommender systems. The initial version of Drafty builds on those ideas by inferring interest from users automatically

from easy-to-collect online interactions. This dissertation also explores how small communities of anonymous users

sharing similar interests often seek and respond to recommendations differently than traditional research in collaborative

filtering and recommendation systems.

2.5 Approaches to Source and Improve Crowd Contributions

2.5.1 Paid Approaches

Paying crowdworkers to verify crowdsourced datasets is a standard method to improve their accuracy [180]. For

example, crowdworkers validated alt-text tags to improve the usability of social media posts for blind users [197] and

collected a dataset to help researchers understand personality disorders [155]. This dissertation builds on these ideas

of paying crowdworkers to improve data quality by combining novice requester behaviors and classic crowdsourcing

approaches to generate five verification strategies for correcting tabular datasets in chapters 4 and 5. Chapter 5 adapts

Bernstein et al.’s popular Find-Fix-Verify method [21] and Hirth et al.’s Majority Decision [97]. Chapter 5 also introduce

variations of them inspired by Marcus’ tactics for knowledge-specific tasks [151]. Balancing the speed and cost of

recruitment in these strategies is difficult. Huang and Bigham developed the Ignition Framework combining on-demand

recruiting and the retainer model to balance recruiting workers’ cost and immediacy [106]. While it proved successful,

this method would require large sums of money to pay crowdworkers to improve evolving information within a public

data system over time. Another approach is to recruit paid crowdworkers in a retainer pool for quick access [20].

Past work focused on methods to recruit paid crowdworkers to solve specialized tasks. Kittur et al. [124] increased

the quality of solving complex problems by using simpler micro-tasks. Likewise, in Turkomatic, crowdworkers simplify

complicated steps recursively; then, other crowdworkers verify solutions and form an answer [129]. These approaches

require extra time for requesters to simplify tasks and manage multiple crowdworkers. Previous efforts also tried to
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match crowdworkers to micro-tasks matching their skills and expertise [159]. This dissertation work extends these

ideas by allowing requesters to recruit specific crowdworkers to perform verification tasks.

2.5.2 Unpaid Approaches

A second approach to improve the quality of crowdsourced datasets is to rely on unpaid contributors’ interests and

expertise to ensure accurate and continuous improvements. Xu and Maitland [236] employed similar concepts while

studying users’ participatory data maintenance in field trials with urban refugees. Quattrone et al. [179] studied

geographic maintenance practices within OpenStreetMap, where users freely update spatial information. Chapter 3

relies on user interest in information to attract and solicit contributions within a tabular dataset. While this short-term

study also identified domain-specific challenges in data maintenance, it did not capture edits where datasets change

naturally over time. This dissertation builds on these past ideas by studying visitors’ interactions with a tabular dataset

while acting as unpaid contributors who edit data over time.

Past work from recommender systems shows that building user interest profiles using implicit feedback from user

interactions can successfully target users [243]. Other work focuses on unpaid approaches to target users. For example,

peer production systems, such as SuggestBot [53] and Wikitasks [127] utilize user interactions and edit histories to

suggest edits and assist in task design. In contrast to Wikipedia [181], where most content is long-form articles and

some small tables, this dissertation focuses on users editing evolving tabular data consisting of thousands of rows in

spreadsheets. Also, in chapter 6, users make individual contributions in the form of sketches that are automatically

available for other users to view.

2.5.3 Improving Domain-Specific Knowledge

A benefit of a public data system is potentially attracting a group of like-minded users. This anonymous community

could possess greater domain-specific knowledge than paid crowdworkers within the same system. For example,

maintaining data over long periods poses unique challenges for soliciting edits, especially for domain-specific data.

A simple approach is to continuously post paid micro-tasks for knowledge-intensive tasks [86, 169] or use custom

systems [87]. For example, in Crowdfill [175], crowdworkers freely edit a spreadsheet and up/down-vote possible data

points. This closed system gives crowdworkers freedom but does not allow requesters to employ verification tasks

freely. While paying crowdworkers is an effective solution for short-term verification, it can become less practical over

time due to financial constraints, time, and data integrity [152].
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2.5.4 Motivating Paid and Unpaid Contributors

Self-determination theory defines two types of motivation: intrinsic and extrinsic [63]. Intrinsic motivation refers to an

individual’s inherent desire to participate in an activity, whereas conditional rewards influence extrinsic motivation (e.g.,

money) [13, 194]. This dissertation does not seek to directly evaluate every possible motivation that could influence

paid crowdworkers and unpaid contributors. However, it is essential to acknowledge related work and to understand

how diverse and similar user motivations can be among crowd contributors.

Historically, payment per task can extrinsically motivate crowdworkers [98]. Also, meta-incentives can augment

extrinsic motivation for future payments. For example, rejecting low-quality work can negatively affect a paid

crowdworker’s approval rate, thus impacting their ability to complete future work [150]. In chapters 4 and 5, requesters

had to balance these constraints and determine appropriate compensation schemes per task to ensure quality work.

While paying crowdworkers is useful for collecting data, there are concerns over accuracy. Reasons for this can include

varying motivation [162] and effort levels between crowdworkers [21], malicious crowdworkers [76], and insufficient

expertise [202].

People may be intrinsically motivated to contribute their time toward causes they are interested in [159, 160]. For

example, chapters 3 and 5 feature strategies that rely on visitors to a tabular dataset making unpaid contributions. We

posit they might participate because of an interest in Computer Science. This reliance on user interest has proven

successful in maintaining a popular resource in the CS community, CSRankings [17]. To the best of my knowledge,

there is no equivalent system relying on paid crowdworkers for contributions.

Previous research has explored hybrid models simultaneously providing users with intrinsic and extrinsic motivators

to contribute. In prior work by Flores-Saviaga et al., unpaid contributors were more effective at open-ended tasks,

such as original content creation. At the same time, paid crowdworkers were more effective at completing more

straightforward tasks following strict guidelines [31, 73]. As a result, they suggest a hybrid approach: leveraging

volunteer work for original content and employing crowdsourced work to structure and prepare content for real-world

use. This dissertation provides new insights about potential hybrid models by studying the results of two separate

case studies in chapter 5 where paid and unpaid users complete similar tasks. In addition, chapter 6 focuses on people

making unpaid contributions to rapidly create and update original content in the form of sketches.

2.6 Conclusion

This dissertation explores developing public data systems with features for a specific community of users with similar

interests in its data. These like-minded anonymous communities pose several potential benefits, notably cost-effective

continuous engagement with the system. By building systems using a hybrid approach between crowdsourcing and peer
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production, this dissertation builds on existing research by exploring new methods to improve the quality of crowd

contributions from paid crowdworkers and unpaid contributors. The trade-offs crowd contributors make when choosing

which task complete is an underdeveloped research area. This dissertation explores these trade-offs and grounds them

in a theoretical framework for maintaining evolving information using public data systems and integrative hybrid

approaches.
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Chapter 3

Drafty: Enlisting Users to be Contributors

who Maintain Tabular Data

This chapter presents Drafty, a public data system that uses a spreadsheet interface to allow visitors to edit the

academic profiles of tenure-track Computer Science faculty freely. Drafty tracks user interactions with the spreadsheet

to create a user interest profile per user. Drafty asks random users to review and possibly fix data matching their

interests. This chapter is substantially similar to [225], where I was the first author and responsible for all aspects of

the user studies, system design and implementation, analysis, and most of the writing. As part of the contributions of

this chapter, Drafty is open-sourced as a public data system1.

3.1 Introduction

Much of the data around us constantly changes and needs updates to stay accurate and relevant. Popular examples of

prior datasets include company management information Crunchbase [56]), legal filings, soccer player career history

(e.g., Crowdfill [175]), sponsored funding opportunities, socio-economic and law enforcement data (e.g., Communities

and Crime Dataset [185]), and country-level health statistics. Data may change for many reasons: new events, personnel

changes, or existing data is revised. Without proper upkeep, the accuracy of data can decay over time. This data often

requires more monitoring and upkeep than one individual can handle.

A common approach is relying on traditional paid crowdsourcing efforts using platforms such as Amazon Mechani-

cal Turk, which are insufficient in several ways. First, paid crowdworkers may not be familiar with the specialized

vocabulary used in start-ups or academia. They might not have the necessary context to provide accurate informa-

1Drafty is available at http://drafty.cs.brown.edu/
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tion [173], as revisions to this dataset require domain-specific knowledge. Second, systems powered by Amazon

Mechanical Turk to upkeep tabular data pose long-term financial commitments that might not be sustainable.

This chapter develops the first version of the public data system Drafty. Drafty builds upon the fundamental ideas of

Crowdfill, but it does not rely on paid crowdworkers, like in peer production. Instead relies on drafting the regular users

who visit the data to become contributors. Drafty empowers the user by enabling them to edit data freely. It determines

correct data using a Wikipedia-like. Hence, these users who freely visit Drafty are called “unpaid contributors.” Most

importantly, Drafty is initially designed to harness the interests of its unpaid contributors to maintain a tabular dataset.

It builds user interest profiles to target data points for unpaid contributors to review and correct that match their interests.

Prior research supports the idea that crowdworkers are more willing to do higher quality work with better retention if

the task is relevant to their interests [51].

A user interest profile is automatically constructed for each unpaid contributor based on their interactions with

Drafty’s interface. These interactions are collected remotely without disturbing the user (e.g., using methods from [104]).

We hypothesize that an interaction-based profiling approach provides higher-quality data and reduces long-term costs

for maintaining tabular datasets. As part of the system design of Drafty, the research challenge focuses on how to

construct user interest profiles to use them to match unpaid contributors to data they could best review.

The research contributions of this chapter are twofold: (1) we describe the implementation of Drafty, a public data

system that hosts tabular datasets that are self-sustaining, capturing and interpreting user edits, clicks, searches, and

column sorting, and (2) we validate the ability of automatically-generated user profiles to reflect user interest and show

that users who are asked to review data that match their interests are more likely to volunteer and also provide more

accurate suggestions.

While Drafty is a data-agnostic platform for demonstration and experimentation, it was populated with a dataset

consisting of over 50,000 data entries that are used to build academic profiles of over 3,600 computer science professors

from across the USA and Canada2. This data came from Mechanical Turk crowdworkers recruited to build the dataset

as part of an assignment in a Human-Computer Interaction seminar. The original data collection was presented in

research from Papoutsaki et al. [173].

Each professor’s academic profile included: their affiliated university, the year they joined as faculty, their rank,

subfield area of expertise, where they received their Bachelors, Masters, and Ph.D. degrees, where they did their

PostDoc, a link to a profile photo, and links to sources for the aforementioned information types.

This dataset received reviews and corrections from over 50,000 visitors from 2014 to 2017. Hence, the current

quality and maturity of the dataset are likely representative of other tabular datasets.

2This data is available at http://drafty.cs.brown.edu/professors/
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Figure 3.1: Screenshot of the original Drafty spreadsheet interface (from 2016) populated with profiles of computer science
professors.

3.2 Drafty Public Data System

Drafty is an interactive online public data system for building and maintaining large tabular datasets. It leverages the

expertise of its users by drafting them to become contributors. Drafty’s user interface and basic functionality closely

resemble that of a spreadsheet application (Figure 3.1), providing unpaid contributors a minimal learning curve. This

is in contrast to traditional database systems (e.g., Freebase [24] and Wikidata [220]) that present structured data as

articles and require switching to an editor mode. Unpaid contributors can freely submit new data or evaluate Drafty’s

existing data. Drafty uses interactions to provide a human-in-the-loop mechanism to allow normal users to edit data

more effectively. Previous studies have demonstrated that data quality increases if users are aware that others will

review their work [105]. Drafty solicits unpaid contributors to help validate or fix data using an additive model for

interaction-based profiling (Figure 3.2). This model is the user interest profile.

The more interactions an unpaid contributor performs their user interest profile becomes more robust, and Drafty

can better personalize requests to review data. Other research has validated methods for inferring interest from user

interactions to build interest profiles [118]. The benefit of this system is that over time, solicited and unsolicited

data fixes lead to a more accurate and mature dataset. If unpaid contributors trust the data found in Drafty and feel

empowered to correct inconsistencies, their long-term commitment to the system should increase.

The following sections describe Drafty’s methods for assigning confidence scores per data suggestion, user interest

profiling, determining data for review, and a user study to validate the user interest profile.

3.2.1 Confidence Score per Cell

This version of Drafty uses a simple method to assign confidence scores per cell. The most recent submitted value

per cell is assigned the highest confidence score among all possible values for that cell. The reasoning for this

decision is twofold. First, at this study’s onset, Drafty did not have enough data to create a valid learned model for

assigning confidence scores. Therefore, the initial decision is to treat unpaid contributors similarly to administrators on
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Figure 3.2: Drafty prompts unpaid contributors to review data matching their interest profile. They can confirm a previous suggestion,
submit an alternate suggestion, or close the prompt.

Wikipedia [127]. Unpaid contributors are trusted to edit and maintain the dataset since they are interested in the content.

This is the same pattern followed in a normal business environment if users collaborated on Google Sheets. Second,

Drafty provides unpaid contributors with a simple interface to edit cells. They select from pre-existing suggestions or

submit a new one. This is in contrast to common upward and downward voting mechanisms found in other systems like

Crowdfill [175]. Drafty’s method mirrors mechanisms in normal business environments and has a lower learning curve.

Another method to choose the correct value per cell from crowdsourcing is Majority Decision [97]. This method

assigns the highest accuracy to the most common data point and scales well over large datasets. However, since

tabular datasets change over time, it will take too many suggestions for a new data point to have the highest confidence

score. Also, it could be confusing for someone to submit a new edit, and because it is uncommon, the edit will not be

considered correct. This could reduce their trust and subsequent usage of the public data system.

Another viable method for selecting the most accurate data point is Majority Decision. Majority Decision [97]

assigns the highest accuracy to the most common data point and scales well over large datasets. However, since tabular

datasets change over time, it will take too many suggestions for a new data point to have the highest confidence score.
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Category Interaction Type Weight

Click Click (Highlight) 1
Row of Click *1
Double Click *1

Search Partial Search 2
Complete Search 3

Edit Suggestion (Validate) 4
Suggestion (New Data) 5

Table 3.1: Weights (Tw) per interaction type used to build user interest profiles. (*A field is awarded an additional point when
clicking any field in that row.)

3.2.2 Creating a User Interest Profile per User

Each unpaid contributor has a unique profile computed for them. Interactions are recorded on the browser and stored in

a central database. A user interest profile is either created or retrieved from the database when a new session starts

using the unpaid contributor’s browser cookie.

User Interest Weights

Drafty’s user interest weights mirror other approaches to establishing implicit user interest based on browsing informa-

tion. Much of the literature on building user interest profiles based on implicit feedback focuses on how users interact

with the web and how to tailor web searches to pages of high interest. We used Chan’s ideas about building web user

profiles to inform our additive interaction model. Chan considers the frequency at which a user visits a page as the

highest indicator of interest [39]. Our additive model performs similarly, where unpaid contributors are determined to

be more interested in a cell they more frequently interact with. Chan also notes that if a user clicks more links on a page,

the page will likely be of higher interest to that user. Similarly, Drafty reflects that if a user interacts multiple times with

a category (e.g. clicks on three professors from the same university), this indicates general interest in that category.

Kim et al. outline five categories of observable behaviors users exhibit when interacting with websites [118]. In

Drafty’s user interest model, interactions are weighted by the interaction type, as shown in Table 3.1. Three categories

adapted from their model are used to determine the weights for “Click,” “Search,” and “Edit.” These are the main

interactions that users perform on the data, increasing order of demonstrated interest. The “Click” category is the

weakest form of interaction that users exhibit, as clicks may be normal user behavior and thus may not show intent. The

“Search” category shows that a user exhibited an intent to engage with one or more of the results. The “Edit” category

shows intent and knowledge of a precise cell, so is weighted the highest.
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Recording Interactions

A click on a specific cell might indicate interest in that particular data point. For example, a click on a cell that contains

the value “Databases” might indicate a broader interest in that subfield. However, that interaction might also indicate

interest in that specific row. Other potential factors could influence user interest in that row, such as the professor’s

university. Drafty handles these possibilities by first adding one point to the column’s score for the value that was

clicked. Then, Drafty adds one additional point to the additional column types in that row. Double-clicks are given an

additional point because this indicates an attempt to edit data.

A complete search is recorded when an unpaid contributor stops typing and leaves a search field. This indicates

they are satisfied with the result. A partial search is a search in progress where a user pauses typing but does not leave

the search field. This indicates the user is examining the results but is still in the process of searching. In both cases, the

user interest profile accumulates points for all possible data values the unpaid contributor intends to search for.

Drafty records points for edits in two different ways. If an unpaid contributor selects an existing value of a cell,

Drafty adds 4 points for the validation of the selected value. If an unpaid contributor suggests a new value for the cell,

Drafty records 5 points for the relevant value. In the case of new values, Drafty considers this a stronger signal of

interest given the proactive nature of the interaction.

Determining Data for Solicitation

An unpaid contributor’s interest profile is used to determine what row will be used to solicit data review (Figure 3.3).

Drafty will randomly select a column from that row for data upkeep. These solicitations are triggered randomly just

before 10 interactions have been made. This number was derived from the average number of interactions made before

data was submitted for upkeep during the system’s pilot test phase. Drafty computes an interest score for each row in

the dataset,

fn(r) =
N

∑
h=1

T

∑
i=0

(Tw · x) (3.1)

Where N is the total number of columns. T is the number of interaction types (i.e., click, search, etc...), Tw is the

weight of an interaction type (see Table 3.1). x is the number of interactions per value. The higher the computed score,

the greater the inferred interest. A score of zero indicates no interest. The scores are used to compute the probability

(Equation 3.1) that the row will be selected for review by an unpaid contributor.

P(r) =
fn(r)
fo(r)

(3.2)

P(r) is the probability a row is solicited for review based on a user’s interests. fo(r) is the total user interest score for
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Figure 3.3: Drafty creates a user interest profile per user based on their implicit interaction data. Then it randomly solicits users to
review and fix data based on their experimental group.

all rows. fn(r) is the user interest score per row. To solicit data for review, Drafty randomly selects a row from the user

interest profile. Rows with higher interest scores have a higher probability of solicitation. This ensures a measure of

randomization so the same rows are not repeatedly selected.

Extending the User Interest Profile

Drafty uses an additive model to derive user interest from interactions. This interaction-based profiling relies on a set of

weights for each interaction type. These weights were iteratively developed based on qualitative observations of unpaid

contributors’ interactions, and feedback garnered from these sessions using the think-aloud method.

Drafty’s additive profiling model calculates relative interest based on an unpaid contributor’s interactions with the

system. This technique relies on the assumption that over time interactions best representing unpaid contributor interest

will outweigh interaction “noise”, such as errant clicks on non-relevant cells. The additive model acts as a catch-all for

different interaction patterns. This approach is extensible to high activity users while still providing sufficient data from

low activity users. A possible extension could be weighing recent interactions more strongly to give more weight to

current interests. Another possible extension is to track the peer-judged validity of an unpaid contributor’s data fixes.

An unpaid contributor whose suggestions are judged valid by their peers might be considered more of an expert, and
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their contributions are given higher confidence scores.

Another pertinent question is how to make interaction-based profiling data agnostic. For example, Drafty records

interest in the university, Bachelors, and Masters separately. However, it captures interest in universities from a broader

perspective. The assessment of how specific columns in a tabular dataset is dependent on other columns was not

assessed in this current version of Drafty. For example, an unpaid contributor interested in “University X” in the

university column might reasonably be assumed to have interest in “University X” in the Bachelors column. However,

Drafty does not currently aggregate interest in the model because that relationship might be too specific to this dataset.

Drafty’s current iteration faced a few technical limitations. While the initial click on a cell is recorded, actions such

as copy and paste cannot be extracted currently due to framework limitations. Drafty is also unable to save scrolling

actions. Therefore, while Drafty is aware of the set of rows currently visible, it is not apparent which rows were actively

visible on the screen.

3.2.3 Validating the User Interest Profile

A validation study was conducted to assess the validity of the user interest profile. The procedures were approved by

our Human Subjects Protection (IRB) office. Following established human subject guidelines, all participants consented

to the study. Participants were specifically recruited via convenience sampling from the computer science community,

comprising 20 undergraduate students, graduate students, faculty, and staff with academic and professional backgrounds

in Computer Science. Participants had current and past experiences with 20 different universities. Their range of

expertise in Computer Science consisted of 16 different subfields. Participants included 8 (40%) females and 12 (60%)

males with a mean age of 29 years per participant.

After a demographic questionnaire, participants were shown a 1 minute instructional video explaining what Drafty

is and how its interface works. This video reviews the same instructions from the welcome screen Drafty shows to

first-time unpaid contributors. Then unpaid contributors were given three training tasks, such as “Name a professor

who joined their university between the years of 2000 and 2005.” Participants performed each interaction type that

comprises the user interest profile across various columns to ensure they are familiar with the system.

Normal unpaid contributors are free to use Drafty to explore and edit freely. It was imperative that participants were

given the same freedom to create and pursue tasks as normal unpaid contributors. Participants were instructed to create

three tasks to perform themselves to simulate a natural inquiry of the data. Examples of tasks they created were:

• Find my potential supervisor.

• Find all the professors at Carnegie Mellon who also obtained PhD at Carnegie Mellon.

• Count how many faculty members were hired in the past 10 years by UC Berkeley and Stanford, as well as their

research areas.
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The interactions recorded during this part of the validation study were used to build user interest profiles for each

participant. After the participant completed all three of their tasks, they answered twelve randomly selected Likert scale

questions. The four choices per question were: Not at all interested, Somewhat interested, Interested, or I do not know.

Each question asks, ”How Interested are you in...” followed by one of the three following types: a university name,

subfield, or a professor name from a university. The content of each question is directly determined by the participant’s

user interest profile. Each type will be asked four times. There are four methods for selecting the data to ask from the

participant’s user interest profile. 1) A random data point the participant showed no interest in. 2) Data with the highest

interest score per type. 3) A random data point the participant showed some interest in. 4) Data randomly selected from

the entire dataset. This final part of the survey generated 240 total answers that are used to assess the validity of the

user interest profile in the following section.

Mean Interaction Score

Answer N All Prof University Subfield

Don’t know 39 1.13 1.67 1.00 0.00
No Interest 76 0.84 1.47 0.86 0.25
Some Interest 51 1.49 4.18 0.71 0.83
Interest 74 2.73 4.56 1.80 2.54

Table 3.2: Mean interaction score per question for each participant from the validation study.

Validation Results

The weights from Table 3.1 were used to calculate each participant’s mean interaction score per question type. The user

interest profile is an additive model that relies on accumulating interactions. It works based on the premise that the more

interactions the user makes with a specific field, the greater their interest in that field. The results of this study validate

the relationship between interactions and interest. Participants’ interaction score was, on average 3.24 higher on the

data they were interested in versus the data they had no interest in (Table 3.2). A Kruskal-Wallis test was conducted to

evaluate the differences among answers from the four Likert scale questions3. The test, which was corrected for tied

ranks, was significant χ2(2, N = 240) = 29.6, p < 0.001. This demonstrates that the interaction score from the user

interest profile is a significant indicator of an unpaid contributor’s level of interest.

3.3 Method

A live experiment was conducted on a publicly-accessible version of Drafty to assess how unpaid contributors behaved

in the wild outside of a lab study.

3Previous research [6, 50] has shown a Kruskal-Wallis test is appropriate on Likert scale survey questions where group size is unequal
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Drafty is a system that requires a large number of unpaid contributors to collect a sufficient amount of data to

answer pertinent research questions. So it was shared across various computer science forums such as Hacker News,

TheGradCafe, and Reddit CompSci to attract users interested in Computer Science. This contrasts with other systems

such as Crowdfill [175] and Soylent [22] that rely on enlisting and compensating crowdworkers. These workers may

have varying levels of motivation to use the system and perform tasks. An example title used on Reddit was “Records

of 3,600 computer science professors at 70 top universities (US/Canada) help us keep it up to date!.” Each post sharing

Drafty contained the text: “Wanted to share a computer science resource a couple of us in the Brown University

HCI Group has put together. It is a crowd-editable spreadsheet of data from approximately 3,600 computer science

professors. For example, where they got their degrees, their subfield of expertise, their join year and rank, etc... It

might be useful if you’re applying to Ph.D. programs or faculty positions, seeking external collaborators, or to better

understand hiring trends in CS departments.”

New unpaid contributors are shown a welcome screen on their first visit that includes key information such as “all

interactions are captured and used anonymously for studies; double-click a cell to fix a piece of data; and that Drafty is

a HCI research system”. In addition to the welcome message, Drafty’s footer reminds the user that “Drafty is a research

project. All interactions are captured and used anonymously for studies.” Each new user was randomly assigned to one

of three experimental groups. In group 1, unpaid contributors were asked to fix data for professors they showed no

interest in. In group 2, unpaid contributors were asked to fix data for professors they did show interest in. Only unpaid

contributors assigned to experimental groups 1 and 2 were solicited for data review.

Number of Attempts Mean per Attempt* Mean Totals per Visit

Norm. Expt. Total Interactions Int. Interactions Int. Visits

All 1581 1482 3063 11.0 20.5 141.1 290.0 2.7
Not Completed 989 1389 2378 13.7 25.1 134.3 261.4 1.9
Completed 592 93 685 6.7 13.3 151.4 334.3 3.8
Incorrect (Int.) - 17 17 15.3 64.1 26.8 116.8 1.7
Correct (Int.) - 24 24 16.2 40.8 27.9 71.1 2.3
Incorrect (Not Int.) - 4 4 13.5 25.3 71.8 132.8 1.3
Correct (Not Int.) - 32 32 12.9 21.3 33.1 57.2 2.6
Incorrect (Norm.) 121 - 121 5.9 12.3 30.0 61.3 2.6
Correct (Norm.) 413 - 413 7.0 14.4 37.9 78.0 2.3

Table 3.3: Summary of the correctness of participants’ edits to the data. Incorrect/Correct submissions were manually verified by the
authors. (*Per Attempt = between each attempt to upkeep data. Int. = Interested, the cumulative score of user interest profile. Norm.
= Normal. Expt. = experiment.)
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3.4 Results

In the following section, we provide a detailed analysis that investigates the relationships between experimental

groups, non-experimental groups, unpaid contributor interactions, and accuracy (Table 3.3). Accuracy is determined by

manually checking data submissions using online sources. Unless otherwise stated, non-parametric tests were conducted

because the Shapiro-Wilk test of normality and Levene’s test showed that the data were not normally distributed and the

variances were unequal.

3.4.1 Data Overview

The live experiment, approved by our Human Subjects Protection (IRB) office, ran over a 7 month period ranging from

August 25, 2016 to March 25, 2017. During this time unpaid contributors could freely view, edit, and export various

academic records using Drafty. Drafty recorded 41,426 interactions from 6,077 unpaid contributors over 7,741 total

visits. 809 unpaid contributors had multiple visits at an average of 3 visits per unpaid contributor.

Unpaid contributors submitted data fixes when solicited or self-initiated 31.9% per attempt. Unsolicited unpaid

contributors submitted data fixes 37.5% per attempt. When solicited the uninterested group submitted data fixes 5.4%

per attempt. The interested group submitted data fixes when solicited 8.8% per attempt. Submission rates can be

dependent on the maturity of the dataset. Drafty does not collect an unpaid contributor’s personal or demographic

information; such as name, age, or gender. Server logs capture IP addresses but are not tied to the user profile nor

examined for research.

3.4.2 Active Unpaid-Contributors (more than one visit)

If an unpaid contributor has multiple visits they are active unpaid contributors. It is essential to show how active unpaid

contributors make more effective contributions to Drafty, ensuring its long-term viability as a system. Table 3.4 contains

a summary of interaction statistics for active versus inactive unpaid contributors. Active unpaid contributors perform

2.4 more interactions per visit than inactive unpaid contributors. They also perform 3.1 more clicks than inactive

unpaid contributors. A click can indicate an unpaid contributor has selected a cell to perform additional actions on. For

example, to copy the cell contents to their clipboard. They also perform more searches, indicating an active interest in

finding specific data. Active unpaid contributors also perform 5 times as many double clicks and create 6 times as many

data submissions. These general patterns demonstrate how active unpaid contributors are more engaged and contribute

more to the upkeep of a tabular dataset. It is essential to show how active unpaid contributors make more effective

contributions to Drafty, ensuring its long-term viability as a system.

Multiple visits can indicate a higher level of interest in the system’s data. A one-tailed t-test of unequal variances was

performed to compare the number of visits between unpaid contributors who submitted accurate data when solicited vs.
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unpaid contributors who submitted inaccurate data when solicited (N = 56, M = 2.5, SD = 7.6) across all experimental

groups. Results indicate a significant effect for visits, t(64) =−1.8, p < 0.05. By targeting active unpaid contributors,

Drafty can make more effective interventions for data review. These results indicate unpaid contributors should be

targeted for data review after their first visit.

Unpaid contributors who submit data have approximately 2 times more visits at the time they submit versus those

who do not. A Mann-Whitney test was conducted to evaluate the difference in total visits among unpaid contributors

who submitted suggestions (M = 4.68, SD = 11.78) against unpaid contributors who did not (M = 2.38, SD = 5.85),

for which the difference was significant at p < 0.001. This finding coincides with previous results showing that active

and engaged unpaid contributors will participate in data review. This demonstrates Drafty’s potential to successfully

maintain tabular datasets over time.

Interaction Type Active Inactive

Click (Highlight) 3.4 1.1
Double Click 1.0 0.2
Partial Search 2.7 1.8
Complete Search 0.8 0.5
Sort Column 0.3 0.2
Submissions 0.6 0.1
Mean Interactions 8.8 3.7

Table 3.4: Average number of interactions by unpaid contributors per visit segmented by the type of user. “Active” represents unpaid
contributors with multiple visits, who perform more interactions on average.

3.4.3 Interactions, Interests, and Edits

Solicited unpaid contributors are visitors to Drafty, that Drafty asks to review data through an intervention. They are part

of the interested and uninterested experimental groups. Normal unpaid contributors are those who made submissions

for data review using the standard mechanisms within Drafty.

First, we will analyze the interaction habits that generate higher submission rates. Unpaid contributors solicited for

data review showed more interesting results than normal unpaid contributors. The following paragraph reviews the

relationships between four groups:

• Interested - made submission

• Interested - did not submit

• Uninterested - made submission

• Uninterested - did not submit
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A Kruskal-Wallis test was conducted to evaluate differences among four conditions/groups when unpaid contributors

were solicited to review data on the mean number of interactions and the mean score of interactions an unpaid contributor

performed before being solicited to find missing data.

Unpaid contributors are more likely to find and submit missing data when they make more interactions and have

higher interest scores between solicitations. They also make more total interactions per visit. The number of interactions

between solicitations is significantly different χ2(3, N = 93) = 24.5, p < 0.001. The cumulative interest score of

interactions in between solicitations is significant χ2(3, N = 93) = 17.8, p < 0.001. Finally, the total number of

interactions per visit is significantly different χ2(3, N = 93) = 38.6, p < 0.001. This indicates unpaid contributors who

are alerted too early could potentially have a negative reaction to the pop-up window used in solicitations. Soliciting

reviews of data should be done after the unpaid contributor has made a certain number of interactions to generate a

robust user interest profile. Also, the total cumulative interest score is significant χ2(3, N = 93) = 30.5, p < 0.001.

Follow-up tests were conducted to evaluate pairwise differences among the four groups. A Bonferroni correction was

applied to control for Type I error. It showed no significant difference between the four groups.

Generally, the more interactions per session, the greater the chance an unpaid contributor will edit data when

solicited. This result mirrors a similar study focusing on tagging data [242].

Condition Precision Recall

Uninterested group 57.1% 3.0%
Interested group 88.9% 9.2%
Normal unsolicited 75.8% 28.4%

Table 3.5: Unpaid contributors asked to review data they are interested in have higher precision accuracy on data submissions normal
unsolicited and uninterested unpaid contributors.

While submission rates are useful to show an engaged unpaid contributor population, accuracy is a better metric

to understand Drafty’s ability to maintain up-to-date tabular data. We use accuracy metrics, precision and recall,

derived from the information retrieval community. Precision is the number of correct submissions over the number of

submissions per group. Recall is the number of correct submissions over the number of solicitations per group. Refer to

Table 3.5 for a summary of precision and recall per data review condition.

Unpaid contributors who were solicited to fix data they are interested in are three times more likely to submit

accurate data than unpaid contributors who are asked to fix data they are uninterested in. The highest precision is

achieved when an unpaid contributor is solicited to fix data based on their interests. This demonstrates Drafty uses a

more effective method for data collection and verification than traditional crowdsourcing methods such as those found

in CrowdFill [175] and [173]. In addition to these findings, unpaid contributors submitted 81 fixes for subfield area of

expertise. After manual verification, 92.6% of the submissions for subfield were deemed accurate. This is a substantial

increase in accuracy for fields requiring domain-specific knowledge compared to traditional methods [173].
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Solicited and normal unpaid contributors who made accurate submissions had more interactions per visit. This

indicates the more engaged the unpaid contributor, the better they are at maintaining a tabular dataset. A one-tailed t-test

of unequal variances compares the number of total interactions between unpaid contributors who submitted accurate

data when solicited (N = 21, M = 65.6, SD = 58.5) vs. unpaid contributors who submitted inaccurate data when solicited

(N = 56, M = 36.4, SD = 39.9). The test determined that there was a significant difference in the total interactions per

visit, t(27) = 2.1, p < 0.05. The same type of t-test compared unpaid contributors who submitted accurate data when

not solicited (N = 121, M = 30.0, SD = 23.2) vs. unpaid contributors who submitted inaccurate data when not solicited

(N = 413, M = 37.9, SD = 38.8) across all experimental groups. Results indicate a significant effect for the number of

total interaction scores per visit, t(333) =−2.8, p < 0.01.

Interaction Type Incorrect Mixed Correct All

Click (Highlight) 7.0 5.8 6.1 6.2
Double Click 1.8 2.3 2.0 2.1
Partial Search 3.6 2.6 7.0 5.1
Complete Search 1.1 0.9 1.6 1.3
Sort Column 0.6 0.5 0.4 0.4
Submissions 3.2 2.6 0.4 2.5
Mean Interactions 17.5 14.7 19.6 17.8

Table 3.6: Mean number of interactions by unpaid contributors per visit, separated by accuracy. (Incorrect = unpaid contributors
who only made inaccurate submissions. Mixed = unpaid contributors who made accurate and inaccurate submissions. Correct =
unpaid contributors who only made accurate submissions.)

Unpaid contributors who only submitted accurate data across all conditions perform more partial and complete

searches than other unpaid contributors (Table 3.6). This matches earlier observations showing active unpaid contributors

perform more partial and complete searches than inactive unpaid contributors. Both findings support the decision to

give higher weight to searches over clicks within the user interest profile.

3.5 Discussion

This section reviews fundamental questions and observations about developing and using a public data system like

Drafty to enlist crowd contributions to upkeep tabular data. Drafty allows for tabular data maintenance deploying both

micro- [175] and macro- [86] task-based approaches. By combining the strengths of these systems with a validated

user interest profile model, Drafty can maintain tabular datasets over long periods at a lower cost and higher efficiency

than traditional crowd-powered systems. Current results show that interest-based profiling increases data accuracy by

soliciting unpaid contributors to find missing data they are interested in. Results also show Drafty is highly effective at

sustaining data quality for fields that require domain-specific knowledge, such as subfield area of expertise.

Results demonstrated that unpaid contributors with more visits to Drafty were more engaged. They submitted more
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fixes and had different interaction patterns and habits. In the future, finding the most effective unpaid contributors

is essential. Drafty could provide better interventions fewer times and achieve more accurate results. Attracting and

keeping its base of successful unpaid contributors is similar to other systems employing various methods to build trusted

groups of paid crowdworkers to ensure repeated efforts of high-quality contributions [22].

Drafty can prioritize conflicted data for solicitation and upkeep. This will allow Drafty to scale its effectiveness for

mature datasets, allowing the feedback loop to better verify new data suggestions. For example, Drafty can prioritize

cells with multiple suggestions whose standard deviation of confidence scores is within a certain threshold. This allows

Drafty to identify uncertain data and make solicitations to fix it preemptively. Data verification is an open research area

in crowdsourcing.

3.6 Conclusion

This chapter reports the design, implementation, and evaluation of Drafty, a public data system that recruits contributors

from the users of tabular data. Drafty’s unpaid contributors fix tabular data through solicited and unsolicited methods.

Their interactions were captured and analyzed to build user interest profiles, which were validated by a survey afterward.

In a longitudinal experiment in the wild, the interest profiles were used to solicit unpaid contributors to fix data they

were either interested in or had not shown interest in based on their interactions.

Unpaid contributors asked to fix data they are interested in are more than three times more likely to submit accurate

data than unpaid contributors asked to fix data they are uninterested in. Unpaid contributors who performed more

interactions in between being prompted to fix data were not only more likely to submit data, but their submissions had

higher levels of accuracy. Successful unpaid contributors often actively searched for data and would perform more

search actions to find tabular data to review. This experiment has shown that using user interest profiles help improve

the accuracy of tabular data and helps build a self-sustaining dataset. Overall, this chapter is the first evidence in the

dissertation where users become custodians, and outdated data becomes an obsolete concept.
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Chapter 4

Developing Paid Crowd-based Verification

Strategies to Collect-Verify Tabular Data

This chapter presents recommendations for creating new data verification strategies by observing real-world novice

requesters collect and verify a tabular dataset of tenure-track Computer Science faculty academic profiles. This chapter

is a summarized version of an unpublished study that serves as the motivation for the case studies presented in chapter

5. For this research, I acted as the first author and was responsible for running the user study, part of the analysis, and

the majority of the writing.

4.1 Introduction

Tabular datasets, structured as unique rows and corresponding columns, are used by governments, businesses, and

scientists to organize information and maintain knowledge [40]. Building tabular datasets from human knowledge

and online information sources is a collective information retrieval and organization task [239]. These tasks easily

translate to small repeatable micro-tasks appropriate for many paid crowdsourcing scenarios. While paid crowdsourcing

offers an initial step to easily collect information, there is a lack of research on verifying and improving the accuracy of

crowd-collected tabular data. Error-prone tabular data [172] can lead to dire consequences, like the austerity measures

imposed on Greece after the 2008 financial crisis [93]. In this age of information overload, inexperienced requesters’

ability to improve rapidly changing tabular datasets’ accuracy is vital to enable continuous positive impacts.

This study focuses on how three data verification strategies, Find and Fix, Majority Rule, and Expert Rule, all

developed by novice requesters in a naturalistic scenario, can improve the accuracy of tabular data. We describe a

study where we observe novice requesters run data collection and verification tasks to create a dataset of the academic
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development of over 3,500 faculty from Computer Science departments in the United States and Canada. This realistic

task is difficult because the information is spread across department websites, faculty curriculum vitae, bios, and other

sources. It also poses challenges for crowdworkers lacking domain-specific knowledge in computer science or academia,

e.g., terms like Sc.B. might be ambiguous, or machine learning and computer education might seem semantically

similar.

How should requesters, inexperienced with crowdsourcing, create tasks, set payments, and manage crowdworkers

for data verification tasks? This work seeks to provide recommendations to answer these questions to help current and

future requesters. In this work, we define paid verification as using crowdsourcing to systematically verify and improve

the accuracy of data previously collected by paid crowdworkers.

This chapter focuses on quantitative analysis and qualitative interpretations of novice requesters’ reports to make

one primary contribution: we report the effectiveness of different crowd-based data verification strategies to improve

data quality and how factors such as crowdworker qualifications, compensation, and bonuses influence data quality. A

secondary contribution is a discussion of initial recommendations for requesters performing data verification.

4.2 Method

To promote a naturalistic approach and avoid biases due to our experience with crowdsourcing, we did not conduct

the verification strategies ourselves. Instead, similar to Papoutsaki et al. [173], twenty undergraduate and graduate

students from a human-computer interaction seminar acted as requesters and employed crowdworkers to collect and

verify tabular data as part of a graded class assignment. Students read three seminal works [21, 68, 122] and watched a

recorded talk by Adam Marcus on working with crowdworkers [151]. Students were given an assignment to create a

dataset of complete academic profiles of computer science faculty from 80 top computer science programs in the United

States and Canada, according to the US News ranking1. Each faculty profile consists of their affiliated university, the

year they joined as faculty, professor rank, subfield area of expertise, where they received their Bachelors, Masters, and

Ph.D., gender, and links to their profile photo and information sources. Each student acted as a requester to collect and

verify data from four unique universities over two and a half weeks.

We chose a similar experimental design and dataset with [173] to control for factors besides crowd-based data

verification, as the students created similar tasks with similar constraints during the same period of time. This

experimental design allows us to investigate the patterns of multiple similar crowd requesters aiming to achieve the

same goal with the same resources.

Each student completed the assignment in three phases: testing, data collection, and data verification. They received

$40 in Amazon credit for use on Amazon Mechanical Turk. They were required to spend $8 in total ($2 per university)

1http://www.usnews.com/best-graduate-schools
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for testing. During testing, they could experiment with Amazon Mechanical Turk and various strategies. The remaining

$32 ($8 per university) were split equally between data collection and verification.

This class-based approach enables a unique understanding of cohorts of people crowdsourcing with the same

overall objective, allowing for comparisons and qualitative observations. Our Human Subjects Office determined these

procedures to be exempt from IRB review. Following established human subject guidelines, all students acquired

written consent from the Amazon Mechanical Turk crowdworkers they employed as part of the task.

During the data collection phase, we randomly assigned students one of the five crowd-based data collection

strategies: Brute-Force, Column-by-Column, Iterative, Classic Micro, or Chunks as identified by Papoutsaki et al. [173].

Controlling for collection strategies allows us to study requesters’ habits, decisions, and strategies during the verification

phase. While not a focus of this work, our results reproduce the findings from Papoutsaki et al. [173] in a controlled

setting.

4.2.1 Crowd-Based Data Verification Phase

Students could design and implement one or a combination of their crowd-based verification strategies per assigned

university. We observed that they primarily used one dominant verification strategy. To simulate real-world crowd-

sourcing scenarios, students could run verification tasks during the data collection phase. This procedure involves

non-trivial data verification tasks with actual practical utility. These realistic tasks require workers to correctly find

and interpret subjective information sometimes requiring domain-specific knowledge of computer science. Time and

financial constraints simulate a realistic environment, where requesters and crowdworkers create a temporary ecosystem

of competing tasks and agendas. The students can be seen as novice requesters (due to their lack of experience) with

realistic motivators of time and grades. After 8 days of testing and 16 days of data collection and verification, students

collected approximately 3,500 faculty records and wrote detailed individual project reports ranging from 10 to 30 pages.

4.2.2 Crowd-Based Data Verification Strategies

We identified three crowd-based data verification strategies from the student journals using grounded theory methodolo-

gies [211]. These strategies share similarities to those reported in literature. We speculate that once the responsibility

of developing a data collection scheme is removed, novice requesters converge faster to a smaller set of verification

strategies employed by advanced requesters. We describe below the strategies that were designed by the students and

the effectiveness of their choices.

Find and Fix acts as a feedback loop between data verification and collection, with one or more crowdworkers

assigned to review data and correct errors. Similar to the Find-Fix-Verify scheme [21], a crowdworker can fix data if

they consider them incorrect. This strategy appeared in various forms in the study. In some cases, crowdworkers would
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review and fix a single piece of information provided by the native interface of Amazon Mechanical Turk or review a

spreadsheet of the entire dataset where crowdworkers could edit preexisting data and fill in missing fields. This strategy

allows crowdworkers to verify if a blank cell should remain blank (e.g., faculty who do not have a master’s degree). A

requester chooses when to consider the data to be correct, as there is no obvious endpoint for this verification strategy.

In Majority Rule, multiple crowdworkers collect data for the same entity, creating duplicates for each data point.

The most common response per data point is deemed correct. In this strategy, an odd number of duplicates is

preferable to simplify the process. Various quantitative metrics can break ties (e.g., crowdworker speed, crowdworker

qualifications, previous experience with particular crowdworkers, or the crowdworker’s trustworthiness). Similar to

Majority Decision [97], the speed of Majority Rule is one of its benefits: it can quickly scale over large datasets with

the use of automated programs to determine the final result from the duplicates. The main drawback of Majority Rule is

that it requires redundant data points, increasing the overall cost and time needed to generate duplicates.

In Expert Rule, crowdworkers also collect multiple entries for each data point. Expert Rule’s key difference with

Majority Rule is that it requires a crowdsourced vote to break ties. During the verification stage, requesters recruit

crowdworkers to choose the correct data point. Requesters usually employed two crowdworkers per disagreement.

Verification is complete if both crowdworkers pick the same entry. If there is a dispute, then a third crowdworker

is recruited to resolve it. The third crowdworker is often recruited using custom qualifications or has an established

relationship with the requester. Their vote is considered the correct choice and completes the verification step. Expert

Rule allows the requester to leverage a large pool of crowdworkers to narrow down the initial duplicate entries at a low

cost. This strategy gives requesters an obvious stopping point for the verification process.

4.3 Results

In this section, we investigate the relationships among data verification strategies, qualifications, payments, and accuracy.

The majority of our quantitative analysis uses our relatively accurate ground truth dataset. We use two measures of

accuracy to compare the faculty dataset from this study to the ground truth dataset. Borrowing the concepts of recall

and precision from information retrieval, we define the following two metrics for each university. Recall is the ratio of

correctly identified fields across all faculty records that were expected. If a field is missing, it is considered incorrect.

We ignore entries for professors who were not in the ground truth dataset. Precision is the ratio of correctly identified

fields within the faculty records that a student collected for a specific university. All data analyzed using MANOVA

passed the Shapiro-Wilk test of normality. MANOVA and t-tests use the Levene’s test of homogeneity of variances,

unless otherwise specified. All post-hoc analyses following MANOVA were conducted using Tukey’s procedure, which

corrects for family-wise error-rate.
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Dimension Value N Recall Precision

Qualification master 12 0.64 0.75
preset 28 0.57 0.73
custom 22 0.63 0.76

Bonus offered 32 0.63 0.77
none 15 0.55 0.70

Communication passive 7 0.63 0.78
business 11 0.55 0.73
selective 5 0.56 0.76
rapport 6 0.63 0.77
none 18 0.64 0.73

Table 4.1: The effect of different qualifications and bonuses on mean recall and precision, which were computed per university. N =
a total number of universities per dimension. Requesters were twice as likely to offer bonuses per university during verification tasks.

4.3.1 Task Dimensions Describing Data Verification Strategies

Applying open coding on student reports, we identified two unique dimensions that describe features of crowd-based

verification strategies, as shown in Table 4.1: crowdworker qualifications and compensation. To the best of our

knowledge, this is the first attempt to investigate the dimensions of verification strategies chosen by novice requesters.

Qualification

Three types of qualifications were used to assess the eligibility of crowdworkers per task. Amazon Mechanical Turk

automatically assigns Master Qualification once a crowdworker has completed enough tasks while maintaining high

accuracy. A potential issue with Master crowdworkers is they might lack domain-specific knowledge for specialized

tasks. Preset Qualifications allow the requester to specify multiple predefined performance criteria (e.g., crowdworkers

with at least 500 completed tasks and a minimum approval rate of 95%). These flexible values allow access to a larger

pool of crowdworkers than Masters. Custom Qualifications are manually created and assigned to crowdworkers by the

requester. They can be used to select a group of high-performing crowdworkers.

Payment per Task and Bonuses

Crowdsourcing platforms such as Amazon Mechanical Turk compensate crowdworkers for their effort, but often do

not propose guidelines for fair compensation. We considered three measurements of total payments per task: the

total pay, the pay during the data collection phase, and the pay during the data verification phase. These payments

were normalized within a university by the total number of collected professors. Requesters can use bonuses as

additional monetary compensation beyond the typical payment for completing a task. Students offered bonuses for

different reasons. For example, crowdworkers received bonuses for completing an exceptional amount of work or if

they completed a task quickly.
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Brute- Column-by- Iterative Classic Chunks
Force Column Micro

N 6 12 12 7 10

Recall 54.8% 63.0% 52.3% 69.1% 65.1%
Precision 70.3% 73.0% 76.0% 75.5% 76.8%

Table 4.2: Recall & precision per data collection strategy.

Communication with crowdworkers

We coded five levels of communication determined through independent coding and solving inconsistencies through

discussions among the authors. The first level is none, with no communication between the requester and the

crowdworker. The second level is passive, which involves minimal communication with the crowdworker, e.g., when

the requester only replies to emails about rejection reconsideration. Scenarios where the requester had more active

communication with the crowdworker, e.g., to thank crowdworkers for good work, are classified as business. When

the requester established rapport with some of the crowdworkers, e.g., those with the best performance or those that

had special qualifications, we refer to it as selective rapport. Finally, rapport refers to cases where the requester

established strong relationships with crowdworkers, e.g., a phone conversation to discuss tasks.

4.3.2 Accuracy across Data Collection Strategies

Over half of the students conducted part of their verification during the data collection phase. A two-way MANOVA

tested the effect of the collection strategy together with the verification strategy on total and per column recall and

precision. The results did not show an interaction effect between collection and verification strategy.

Table 4.2 shows the average recall and precision for each data collection strategy. Classic Micro achieved the highest

recall and relatively high precision. Overall, our results reproduce the findings from [173]. While Iterative, Classic Micro,

and Chunks had the highest precision when including corrections across all data types, the collection strategy did not

affect recall or precision. However, collection strategy has a significant effect on the recall (p = 0.002,F(4,34) = 5.154)

and precision (p = 0.025,F(4,34) = 3.194) of subfield. Column-by-Column had the highest recall and precision for

subfield. In this strategy, crowdworkers would repeatedly collect only one data type, or column, thus enabling them to

gain the domain-specific knowledge required to correctly interpret a professor’s subfield.

4.3.3 Accuracy across Data Verification Strategies and Task Dimensions

Verification Strategy and Accuracy

To assess the recall and precision of verification strategies across all columns and per column, we performed a two-way

MANOVA assessing the effect of the verification strategy. Figure 4.1 (a) shows the mean recall per data verification
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N Subfield Join Year Rank Masters Bacherlors Doctorate

Find and Fix 17 45.7% 52.9% 82.4% 58.6% 62.6% 75.0%
Majority Rule 13 35.2% 38.8% 71.4% 45.0% 54.4% 62.2%
Expert Rule 17 37.2% 57.6% 69.9% 48.7% 55.7% 68.6%

Table 4.3: Mean recall achieved per data verification strategy per columns. N = total number of universities per strategy. Subfield
has the lowest recall and requires domain-specific knowledge for crowdworkers to interpret a professor’s research area.

(a) (b)

Figure 4.1: (a) Mean recall and precision per data verification strategy. Error bars represent standard errors. (b) Mean payment per
row on collection and verification tasks per data verification strategy. Error bars represent standard errors.

strategy, split across six columns. Results of a two-way MANOVA show the choice of verification strategy has a

borderline significant effect on the recall of a professor’s subfield (F(2,34) = 3.240, p = 0.052). Find and Fix’s recall

for subfield is 9.4% higher than Expert Rule and 11.2% higher than Majority Rule. Find and Fix might excel at fields

requiring domain-specific expertise, like subfield, because it allows requesters to re-release tasks to verify and clean

single cells. An explanation for the lower recall and precision for Majority Rule and Expert Rule is their duplicate

collection efforts do not allow crowdworkers to see previously submitted values. Thus, they do not allow crowdworkers

to learn the subtle differences in fields requiring domain-specific knowledge. For example, crowdworkers commonly

mislabeled a professor’s subfield as Computer Education, maybe because they teach Computer Science.

For Majority Rule, we found that the recall of Masters information is significantly higher (F(1,39) = 4.246, p= 0.045)

when Majority Rule is not used. Similarly, the precision of Masters information is also higher when Majority Rule is

not used, though the difference is borderline significant (F(1,39) = 3.671, p = 0.062). The difference in the precision of

rank information is also borderline significant (F(1,39) = 3.696, p = 0.061) with higher accuracy when Majority Rule is

not used.
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Qualification and Accuracy

Students could mix different qualifications per task. Among the 47 universities, 25.5% were collected by Master

crowdworkers, 59.5% with Preset, and 46.8% with Custom Qualification. Many students experimented with Master

Qualifications while testing and reported trouble recruiting crowdworkers due to requirements for higher compensation.

This made Preset Qualifications a more popular choice. A two-tailed t-test was used to compare the mean accuracy of

data collected with and without each Qualification level (Table 4.1). Using Master or Custom Qualifications showed no

significant effect. The absence of Preset Qualifications had a significant effect on overall recall (t(45) = 2.139, p =

0.0379) and precision (t(45) = 2.305, p = 0.0258). In both cases, the accuracy was lower when Preset Qualifications

were used by 10.07% and 4.8%, respectively. Two individual data types have lower recall when Preset Qualifications

were used: subfield (t(45) = 2.468, p = 0.0175) and doctoral degree (t(45) = 2.183, p = 0.0343). This might have

occurred because no Qualification level targets crowdworkers with domain-specific knowledge. Previous work has

shown that crowdworkers with expertise on specialized tasks perform better [202, 225]. The qualifications available did

not allow participants to target crowdworkers with domain-specific knowledge. Given this constraint, perhaps Preset

Qualifications is not ideal for domain-specific tasks.

Communication with Paid Crowdworkers and Accuracy

We performed a one-way ANOVA to test the communication levels between requesters and crowdworkers and data

accuracy. We found no significant effects. A few explanations emerged from the student journals. Some students had

high confidence in their initial data collection and felt no need for communication. Several students used communication

to recruit trusted crowdworkers to perform specific verification tasks. Students who used the Expert Rule strategy used

trusted crowdworkers to cast tie-breaking votes. Also, students reported that communication with crowdworkers was a

useful method to gain feedback on payment tasks and payment methods. Notably, there were several examples where

students modified payment per task after communicating with a crowdworker.

4.3.4 Analysis of Cost per Contribution

This section discusses findings on the effects of base payments and bonuses. We define base payment as the average

dollar amount spent per professor; including payments for data collection and verification. Similarly, we computed the

money spent on bonuses per professor.

Payments and Column Difficulty

To investigate the effect of payment amounts on accuracy across columns, we performed a multivariate multiple linear

regression. The model includes three independent variables: data collection payment, verification payment, and bonus
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payment (all per professor). Dependent variables include overall and per column recall and precision. Values of

condition indices and variance proportions of the regression model indicate no co-linearity issues among the three

independent variables.

Students often used bonuses at the end of the data collection and verification phases to find missing or verify

conflicted data. Bonuses have a significant correlation with overall precision (β = 0.349, p = 0.017,R2 = 0.214).

Students using bonuses achieved a 76.77% mean precision, 6.84% higher than those who did not. Certain columns

benefit from higher collection or verification payments. Subfield is the most subjective data type as it requires domain-

specific knowledge. For subfield, both collection (β = 0.332, p = 0.023) and verification payment (β = 0.333, p =

0.016) are significant predictors of its precision (R2 = 0.271). Its recall increases with higher collection payment

(β = 0.374, p = 0.014,R2 = 0.212).

Collecting the Bachelors and Masters degree is challenging because professors tend to omit them from their websites.

Thus requiring crowdworkers to search through multiple information sources. We observe that bonus payments are

a motivational factor to find elusive data. Higher bonuses are associated with higher precision for Bachelors (β =

0.435, p= 0.003,R2 = 0.269). Bonuses are also a significant predictor of both recall (β = 0.330, p= 0.039,R2 = 0.104)

and precision (β = 0.331, p = 0.04,R2 = 0.097) for Masters.

Figure 4.1 (b) depicts the mean payment per professor per data verification strategy for the collection and verification

phases. This agrees with work that shows after filtering, higher-demand tasks lead to higher quality data [114].

There was a high variance among rewards. Students stated that time constraints and task difficulty were factors for

their budget allocation. Some students experimented early to find the balance between minimum reward and maximum

accuracy. Students reported receiving comments from crowdworkers who suggested appropriate rewards. Releasing

similar tasks increased the assignment’s difficulty as students now had to compete with their classmates—workers

communicated with the students over the variations in payment and rewards for these similar competing tasks.

Payments per Verification Strategy

Qualitative observations from the above analyses suggest the effectiveness of verification payments may vary depending

on the verification strategy used. Therefore, we conducted further analyses using each verification strategy on subsets

of data verified. Figure 4.1 (b) indicates students spent more per professor in Majority Rule than other verification

strategies. Also, Table 4.3 shows that Majority Rule had the lowest recall for each data type (column) except rank.

We first performed a multiple linear regression with verification payment as the independent variable and overall and

per column precision and recall as the dependent variables. No significant effect was found when using Find and

Fix or Expert Rule. In Majority Rule, verification payment is found to be a significant predictor for both precision

(β = 0.783, p = 0.002,R2 = 0.614) and recall (β = 0.791, p = 0.001,R2 = 0.625) of Bachelors information, as well
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as for both precision (β = 0.587, p = 0.035,R2 = 0.345) and recall (β = 0.642, p = 0.018,R2 = 0.412) of subfield

information.

Student journals support this insight. Students released more tasks to verify missing and erroneous data, such as

Bachelors and subfield than other types. The students, already familiar with computer science, could recognize errors

in subfield data. Additionally, professors typically have bachelor’s degrees. Thus it is safe to assume a blank entry is

incorrect. Find and Fix had the lowest cost per professor, most likely because students could release smaller, cheaper

tasks focused on single data points instead of collecting duplicates or hiring trusted crowdworkers to break ties.

Pay Level Analysis

We performed a one-way ANOVA to test the effect of pay level on total and per column data accuracy. We considered

pay level during data collection and data verification separately and performed separate ANOVA for each.

We found that pay level for data collection tasks has no significant effect on total recall or precision. However,

it has significant or borderline significant effects on recall and precision of the professor’s Bachelors and Masters

degree information. For Bachelors information, data collection pay level has borderline significant effect (F(2,44) =

2.817, p = 0.071) on recall and significant effect on precision (F(2,44) = 5.59, p = 0.007). Post-hoc analyses show that

Medium pay level performed best for both recall and precision, and led to a significantly higher (14.37%) precision

than Low pay level (p = 0.007). For Masters information, data collection pay level has significant effect on both recall

(F(2,44) = 4.065, p = 0.024) and precision (F(2,44) = 3.935, p = 0.027). Same as Bachelors information, Medium pay

level had significantly higher accuracy than Low pay level in both recall (by 16.23%, p = 0.03) and precision (by

15.73%, p = 0.021).

The results show that offering higher payments for data collection tasks does not seem to effectively increase overall

recall and precision. However, using medium standard payment leads to better accuracy for Bachelors and Masters

information than offering low payment. One possible explanation for this is that Bachelors and Masters information is

relatively more difficult to find and with lower payment crowdworkers may be more inclined to do minimal work and

not put much effort. Medium pay offers more motivation for crowdworkers to do a better job. A high pay level, on the

other hand, might mean that the requester has to make some trade-off elsewhere, given the fixed total budget.

Offering higher standard payment on verification tasks tends to lead to more accurate results. Pay level during

data verification has a significant effect on data precision (F(2,44) = 3.558, p = 0.037). Post-hoc analysis shows that

precision is higher by 6.49% under High pay level compared to Low pay level.
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4.4 Recommendations for Novice Requesters

We analyzed students’ habits and strategies to investigate their effect on crowdsourcing tasks and results. We summarize

our findings into data verification recommendations for requesters new to crowdsourcing.

4.4.1 Budget for Collection and Verification Tasks

We observed complex relationships between payment allocation, data quality, and verification strategies. We found that

spending more on collection or verification led to better results for difficult-to-collect data, e.g., subfield and Masters.

Also, our results show that increasing verification payment significantly affected the accuracy of selective columns only

when using Majority Rule.

A requester should consider a task’s difficulty, time to complete, and payment per verification strategies. Our

observations agree with past research that shows that larger budgets do not necessarily increase quality. A higher budget

can lead to lower accuracy due to scalability issues [230]. Given a fixed budget, requesters should experiment with

different payment allocation schemes while considering task difficulty. Our results suggest that bonus payments are

helpful for error-prone tasks and limit extraneous verification tasks. Whether it is worth allocating more budget to

verification could depend on task difficulty.

Novice requesters are often unsure of what fair compensation is per task. Some platforms, such as Dynamo [196],

recommend a minimum hourly wage, and crowdworkers expect this level of payment. In our study, students reported

that crowdworkers requested that payments should match the US minimum wage. Small test tasks can help to identify

the appropriate payment based on task size and difficulty. This can help requesters scale their verification strategies to

produce larger datasets within a budget.

4.4.2 Select the Best Input Methods per Data Type for Crowdworkers

The lack of verification on free text input often led to additional verification tasks. Partially restricted inputs were used

for fields that required university names to allow crowdworkers to pre-select from a verified list of university names or

input new values. Subfield, which required domain-specific knowledge, was the most common restricted input.

Requesters have three input options for crowdworkers when designing crowdsourcing tasks: i) free-text input, ii)

partially restricted input, or iii) restricted user input to a discrete set of options. Free-text input is simple but requires

additional review to remove typos and merge variations. This noise can be removed through additional verification and

cleaning tasks. A benefit of free-text input is that it dissuades cheating [122]. Partially restricted inputs are a hybrid

approach. Paid crowdworkers can select from a predefined list, similar to auto-complete functionality, or add a new

piece of data. For example, universities have nicknames, but predicting all possible university names would require

substantial upkeep. Providing a drop-down list with preset values can eliminate noise in user input caused by typos and
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variations in naming conventions. However, this discrete set of options makes it easier for crowdworkers to cheat and

quickly choose a random option. Restricted inputs can be coupled with bonuses to demotivate cheating.

4.4.3 Choosing the Right Strategy to Verify Domain-Specific Data

Our results demonstrate that the effectiveness of strategies differs across data types. For example, the subfield

requires domain-specific knowledge of computer science, whereas Doctorate does not. Our observations suggest

that a crowdworker can gain domain-specific knowledge by completing a relevant task. For example, Find and Fix

potentially exposes crowdworkers to domain-specific data. Also, Expert Rule allows requesters to re-recruit a trusted

crowdworker to break ties, thus building on the recommendation of Daniel et al. [57]. These repeat crowdworkers

are usually qualified to assess disparities in data requiring domain-specific knowledge. Other work has pre-screened

crowdworkers to match their skills and expertise to specific tasks [159]. In contrast, verification strategies such as

Majority Rule suffer from over-automation; it is easy to collapse, and correct data, but a complicated answer may get

lost among various duplicates. In summary, two wrongs may not always be correct. However, for easier-to-find data,

such as Doctorate, Majority Rule could be sufficient, thus providing a simple, low-cost strategy to verify data quickly.

4.4.4 Recruiting the Right Paid Crowdworker for the Right Task

Previous research shows little difference between expert and non-expert crowdworkers for routine tasks. This relation-

ship changes for specialized tasks [202, 225]. Anecdotal evidence from student reports further supports the following

idea: if students had employed crowdworkers with domain knowledge in computer science or academia, they would

acquire data with higher accuracy. Crowds with specific knowledge [169] are better at completing knowledge-intensive

tasks [62]. Amazon Mechanical Turk’s built-in qualifications (e.g., Master or minimum approval rates) did not signifi-

cantly increase and, in some cases, decreased the accuracy of specialized columns. These basic Preset Qualifications

provide little information about a crowdworker’s familiarity with specific subjects. They might exclude crowdworkers

who possess specialized knowledge relevant to the task. Therefore, creating custom tasks to identify crowdworkers with

the desired expertise may be worthwhile to recruit them to verify specialized data may be worthwhile.

4.4.5 Detect Malicious Crowdworkers to Improve Accuracy

We observed several malicious crowdworkers sabotage data while benevolent crowdworkers could save it. Some

requesters reported mal-intent when interacting with crowdworkers, while others reportedly maintained good rela-

tionships to the point that receiving payment was secondary to the task. Other requesters were praised on social

crowdworker forums. Our findings from both studies emphasize the effects of communication, recognition, and

payment: crowdworkers appreciate requesters that recognize their effort and treat them as individuals. Requesters
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should consider framing their language to the crowdworker in an accommodating and understanding manner. While

crowdworkers and requesters do not physically communicate through the interface, one must remember their voice

and expression during communications and interactions. Novice requesters can be unaware of the various channels of

communication that exist between crowdworkers, such as forums and websites [12]. The crowdworker community

assesses requesters on their communication, generosity, fairness of payment, and promptness, using this collective

feedback to identify preferred versus unfavorable requesters. For novice requesters, it is essential to establish a good

reputation, as this could affect their ability to attract crowdworkers in the future.

4.5 Conclusion

This chapter analyzes the accuracy and costs of paid verification strategies for tabular data and recommendations to aid

future novice requesters. Our classroom-based study shows how different data verification strategies can minimize

costs and increase the accuracy of a tabular dataset. Results show that increased payment per task does not directly

increase accuracy. However, the possibility of earning extra money is a positive factor that can increase the accuracy

of edits. Our findings demonstrate that some design choices made by novice requesters are consistent with the best

practices recommended in the community.

The task of building and verifying a dataset has critical elements of real-world importance, subjectivity, and ease of

discovery. It is difficult to match a novice requester’s exact scenario when verifying a tabular dataset to substantiate

generalizable claims. While the approximation we used is students learning crowdsourcing, they likely have differences

in demographics and motivation. This work focuses on one type of tabular data, computer science professors, to

investigate verification strategies. Different data could present different challenges not covered in this work. Future

work could focus on controlled studies to evaluate the verification strategies identified in this work.

We increasingly rely on tabular datasets’ accuracy and domain-specific knowledge to make critical decisions. As

society learns to cope with an ever-growing amount of information, inexperienced requesters’ ability to verify and

improve the accuracy of tabular data grows in importance. Remote work environments will create naturalistic scenarios

similar to what the students in this study experienced. The strategies and observations discussed in this chapter provide

a starting point for requesters creating data verification tasks and serve as a foundation for the case study on paid

verification strategies in chapter 5 of this dissertation.
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Chapter 5

Case Studies on the Motivation and

Performance of Paid and Unpaid

Contributors Who Verify and Maintain

Evolving Tabular Data

This chapter presents two case studies evaluating paid and unpaid crowd contributions to evolving tabular datasets of

tenure-track Computer Science faculty academic profiles. This chapter is a summarized version of [224], where I was

the first author and responsible for all aspects of the user studies, system design and implementation, analysis, and the

majority of the writing. This chapter also contains new results and discussions on the trade-offs between the cost or

time to wait for a contribution within paid and unpaid strategies; see Section 5.5. As part of the contributions of this

chapter, the associated datasets and labels from this work are publicly available1.

5.1 Introduction

This chapter features two case studies that focus on the motivation and performance of contributors during the maturity

phase of a tabular dataset’s life cycle compared to the large body of related work focusing on improving unstructured

data [117, 209]. Tabular datasets, structured as unique rows and corresponding columns, enable users to engage in

structured information exploration and retrieval to augment semantic knowledge bases. [239]. Disseminating tabular

1Available at http://drafty.cs.brown.edu.
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information from human knowledge and online information sources is a collective information retrieval and organization

task often powered by peer production systems and strategies. However, accurate datasets are difficult to maintain during

the maturation phase. Error-prone tabular data [172] can lead to dire consequences, like the austerity measures imposed

on Greece after the 2008 financial crisis, which were based on a spreadsheet with numerous errors that inaccurately

represented the relationship between public debt and GDP growth [93]. It is imperative to verify and maintain tabular

datasets’ accuracy to enable positive impacts continuously. Not all data is static; to maintain its accuracy as it grows in

size and evolves, it is necessary for groups of people to collectively review and edit data.

This chapter conducts two different case studies on the maturation phase of evolving tabular data’s life cycle.

Previous research has shown that crowdsourcing is a popular low cost and time-efficient method to collect tabular data

for the initial collection phase [122, 173]. Without implementing quality control measures, crowdsourcing can yield

inaccuracies with negative consequences [238]. One set of strategies we explore to verify and correct tabular data is

to pay crowdworkers. At the same time, an alternative method includes continuous edits, or maintenance strategies,

from unpaid contributors over 2.5 years. We conduct two separate case studies to examine how each method, paid

crowdworkers, and unpaid contributors, improves crowd-collected tabular datasets’ accuracy. The first case study

focuses on what we call verification strategies and includes five strategies we adapted from literature [21, 97, 122, 151]

that rely on posting micro-tasks to recruit paid crowdworkers to edit tabular data quickly. The second case study

examines maintenance strategies, which include two strategies adapted from literature [220, 225, 231] that rely on

waiting for unpaid contributors to continuously visit and make unsolicited and solicited edits to tabular data.

The two case studies in this chapter grew organically through our attempts to maintain a tabular dataset containing

information on Computer Science faculty profiles since 2016 (chapters 3 and 4). While Wikipedia often features tabular

data on individual pages, these tables contain a relatively small number of rows and columns. Our case studies feature

larger tabular datasets consisting of thousands of rows and at least ten columns. Paid crowdworkers collected the initial

dataset, and then we hosted it in a custom editable spreadsheet web application. To the best of our knowledge, no

published work has studied the maintenance of a tabular dataset by unpaid contributions over multiple years. Instead, our

second case study has attracted thousands of visitors who voluntarily corrected data and added new faculty information

without monetary compensation. After observing this naturalistic maintenance by unpaid contributors, we explored

how traditional methods using paid crowdworkers would work under similar circumstances. A verification phase using

paid crowdworkers was started immediately after collecting a second dataset using paid crowdworkers to improve its

accuracy. Equipped with two tabular datasets on the same topic, we analyze the strategies examined within each case

study.

This work identifies the trade-offs of five individual verification strategies and two maintenance strategies for

enabling groups of people to collaboratively verify and maintain evolving tabular data. We study the accuracy achieved

and the payment or time required for human-driven “table augmentation” tasks (i.e., edits): fixing existing data, filling
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in empty cells, and adding new rows of data [239]. We also investigate the accuracy of different data types that may

require varying levels of subjectivity and domain-specific knowledge.

An important metric for paid verification strategies is the monetary cost of an accurate edit. In contrast, an important

metric for unpaid longitudinal maintenance strategies is the time needed to wait for an accurate edit and whether a few

users make the majority of edits (similar to Wikipedia). We also examine if the number of visits, edits, or types of

interactions can indicate whether unpaid contributors vandalize data during long-term deployment.

Overall, we find that verification strategies are more accurate at a lower cost when rehiring trusted crowdworkers.

On the other hand, groups of unpaid contributors improved data regularly through small contributions with no signs

of vandalism. They also excelled at editing subjective data types requiring domain-specific knowledge. The results

of these separate case studies create discussions focusing on: (1) selecting appropriate paid or unpaid approaches to

improve the accuracy of tabular data, (2) new hybrid approaches blending lessons learned from each case study, and (3)

proposing new automated methods to attract unpaid contributions in peer production systems.

This chapter independently explores verification and maintenance strategies that enable collaborative editing

behaviors. We avoid a direct experimental comparison between paid crowdworkers and unpaid contributors due to the

inherent difficulty of acquiring naturalistic editing behavior and the constraints of running parallel longitudinal studies.

Instead, by examining two naturalistic case studies on the same type of data, we gain insights into the behaviors and

motivations of paid crowdworkers and unpaid contributors.

5.2 Overview of Case Studies

This work presents two case studies focusing on collaborative efforts to improve the accuracy of evolving tabular

datasets, one of the most fundamental ways of organizing information [74]. This section explains the structure of the

collected data and the study design considerations for each case study. Our Institutional Review Board classified the

procedures as exempt from review. The requesters, paid crowdworkers, and unpaid contributors were informed and

consented to their data being used for research.

In our setting, data verification strategies rely on paid crowdworkers recruited on Amazon Mechanical Turk to edit

inaccurate data. Alternatively, data maintenance strategies rely on unpaid contributors who visit a publicly-accessible

web application with an editable spreadsheet and make edits over time.

5.2.1 Spreadsheet Interfaces and Tabular Datasets

In the case study on maintenance strategies, unpaid contributors used a publicly-accessible web-based editable

spreadsheet interface, Drafty. The version of Drafty used in this chapter is slightly updated from its original version

in chapter 5. The most notable change is adding a new feature to add new rows to the data. In the case study on

56



verification strategies, paid crowdworkers used Google Sheets. Following prior recommendations [57], all interfaces

used built-in inputs to validate data. Each case study used a distinct instance of a tabular dataset of Computer Science

faculty academic profiles from top programs in the United States and Canada. Each academic profile is a row in a

spreadsheet. Each column corresponds to their affiliated university, the year they joined as faculty, rank, subfield area of

expertise, where they received their Bachelors, Masters, and Ph.D. degrees, and sources used to gather the information.

During both case studies, the profiles also featured gender at the request of researchers who wanted to analyze hiring

trends.

5.2.2 Study Design Considerations

The case study on maintenance strategies spanned years and grew organically in a dataset we hosted that naturally

attracted visitors who contributed to it without any payment. Therefore, we made specific design decisions to study

verification strategies in a naturalistic setting. This section covers how the data was initially collected and our study

design decisions to study realistic editing behaviors.

For each case study, undergraduate and graduate students from two separate human-computer interaction seminars

acted as requesters, as part of a graded class assignment, to employ crowdworkers to collect a different faculty dataset

following the “Classic Micro” data collection strategy [173]. In this strategy, a task translates to finding all the

information on a specific faculty member. Twenty students followed these methods in 2015 to recruit paid crowdworkers

to collect the maintenance strategies’ initial dataset, relying on unpaid contributors featured in chapter 3. In 2018,

twelve students recruited crowdworkers to collect a new dataset for the case study of verification strategies. These

same twelve students recruited crowdworkers again to complete the verification strategies. We did not reuse the dataset

collected in 2015 for the case study of verification strategies; over the three years that elapsed, the data continuously

evolved due to promotions and new faculty hires, among other naturally occurring events. A newly collected dataset in

2018 would contain errors due to mistakes made by crowdworkers during the collection phase or inconsistencies in

online sources.

We, the authors of this public paper [224], did not conduct the verification strategies ourselves to avoid biases due

to our experience with crowdsourcing and promote a naturalistic approach similar to those observed in the maintenance

strategies. Instead, similar to Papoutsaki et al. [173], students within a class acted as requesters employing paid

crowdworkers within the verification strategies. All requesters were given the same budget and two weeks as a time

constraint for each verification strategy. Although each requester was assigned the same five verification strategies, they

were free to experiment with payment combinations regarding pay-per-task, bonuses, and communication techniques

with crowdworkers.
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5.3 Case Study I: Paid Verification Strategies

We conducted an exploratory case study on paid data verification strategies for evolving tabular datasets by observing

requesters employing paid crowdworkers in a naturalistic scenario in chapter 4. In contrast to prior work on data

verification [21,97,106], our work features a real-world scenario where requesters have to balance the natural constraints

of time and money to achieve results without the aid of a novel system.

5.3.1 The Five Verification Strategies

We defined five verification strategies by integrating the findings from chapter 4 with popular micro-task verification

strategies from literature to edit tabular datasets. The strategies are summarized below and in Figure 5.1.

1. Find-Fix-Verify: A popular strategy introduced by Bernstein et al. [21]. Three sets of unique crowdworkers

perform each task: the first set identifies errors, the second set fixes errors, and a final set verifies the information’s

accuracy.

2. Find-Fix: The first component of Find-Fix-Verify. Two sets of unique crowdworkers perform each task: the first

set identifies errors and the second set fixes errors.

3. Find+Fix: The second component of Find-Fix-Verify. A single crowdworker is required to find and fix inaccurate

data.

4. Majority Rule: Similar to Majority Decision proposed by Hirth et al. [97], the most common response per data

point was deemed correct. Unique sets of crowdworkers redundantly collect sets of data until two or more sets

are in agreement.

5. Expert Rule: A variation of Majority Rule, was inspired by Marcus’ [151] tactic of enlisting a trusted crowdworker

as an “expert” to review tasks performed by others to ensure their accuracy. Unique sets of crowdworkers

redundantly collect duplicate sets of data. A third crowdworker then compares the multiple sets to determine the

correct data.

In this paradigm, trusted crowdworkers might not possess domain-specific knowledge but might have previously

completed tasks for the requester and are thus deemed an expert. The ability to re-recruit trusted crowdworkers as

experts follow Daniel et al.’s [57] recommendation for requesters to develop long-term relationships with crowdworkers.

In our study, requesters employed their methods to recruit trusted crowdworkers on a task-by-task basis per strategy.

We limited the number of verification strategies to five following the advice from Wiggins et al. [230] who found a

negative correlation between the number of verification techniques used and money paid after analyzing a collection of
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Figure 5.1: The five verification strategies outlined above require paid crowdworkers for each verification step. For example,
Find-Fix-Verify and Find-Fix require a unique crowdworker for each step, whereas a single crowdworker performs Find+Fix. Both
Majority Rule and Expert Rule rely on redundant data collection, while Expert Rule relies on a trusted crowdworker to review data
and break ties.

citizen science experiments. Because requesters in our case study had to follow a strict budget for spending, we wanted

to limit the number of strategies that could negatively affect the outcome.

5.3.2 Method: Verification Strategies

In Spring 2018, twelve students from a human-computer interaction seminar acted as requesters as part of a graded

assignment. Each student (requester) employed paid crowdworkers to verify a crowd-collected tabular dataset over

two weeks. Requesters used all five verification strategies and were randomly assigned one university per strategy. We

removed three requesters’ data from our analysis for not following the study procedure.

Requesters balancing crowdworker compensation, quality, and time

Requesters had to balance their budgets for verification tasks. Some of these tasks were repetitive, such as those in

Majority Rule or Expert Rule, and required duplicate data for verification. Requesters naturally accounted for this

strict 2-week constraint, echoed by Faridani et al.’s [70] recommendation, by balancing compensation against desired

completion time. Therefore, it is difficult to forecast costs for tasks focusing on large datasets requiring repeatable tasks.

For example, Mason and Watts [152] discovered that an increase in payment per task results in an increased quantity of

work, but not necessarily quality. However, there is a balance between payment and quality to be discovered per task

type, as Ho et al. [98] demonstrated higher payment increases quality. Hence, our requesters undertook a testing phase

to learn what level of payment was appropriate to ensure quality results.

Initial steps and recruitment of crowdworkers

First, requesters read three seminal works on crowdsourcing [21, 68, 122] and watched a talk by Marcus on working

with crowdworkers [151]. Requesters were randomly assigned five universities to collect and then verify data for using

paid crowdworkers and a unique verification strategy per university. We checked the number of professors requesters
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would need to collect and verify, ensuring a balanced sample. Each requester received $50 in credit to use on Amazon

Mechanical Turk, informed by the difficulty of tasks and recommendations from [173]. The experiment consists of

three phases: testing, data collection, and data verification. Requesters were required to spend $5 in total for testing.

During testing, they could experiment with Amazon Mechanical Turk and develop, test, and review each strategy’s

successes. Then, the requesters had $4 per university to spend on Amazon Mechanical Turk to collect data. After that,

they had $5 to spend for data verification on Amazon Mechanical Turk as well. During the verification phase, requesters

could experiment with payment structures but could not use preset qualifications.

How edits are made

Requesters hosted each dataset per university on a separate instance of Google Sheets to allow crowdworkers only to

edit data for the assigned verification strategy. Verification was only performed after the collection phase was complete.

We chose not to direct crowdworkers to the existing web platform used to study maintenance strategies to ensure that

unpaid contributors and paid crowdworkers could not access each others’ datasets. Each verification strategy could

influence if a single worker edited multiple pieces of data (Majority Rule, Expert Rule) or reviewed data for possible

errors (Find-Fix, Find+Fix, Find-Fix-Verify).

Verification Total Labeled Total Total Payment Payment per Payment Increase
Strategy Edits Edits Payment per Edit Accurate Edit Accurate Edit

Find-Fix-Verify 190 298 $67.97 $0.23 $0.32 42%
Find-Fix 200 472 $73.19 $0.16 $0.27 71%
Find+Fix 197 311 $44.74 $0.14 $0.23 60%
Majority Rule 222 674 $44.77 $0.07 $0.11 61%
Expert Rule 207 529 $54.63 $0.10 $0.15 48%
All 1,016 2,284 $285.30 $0.13 $0.19 56%

Table 5.1: A summary of edits made by paid crowdworkers in the case study of verification strategies. It includes the number of
edits we manually labeled as correct/incorrect out of all edits, the total amount of money spent on verification strategies, the payment
for each edit, and the increase required to obtain an accurate edit. Expert Rule required the least amount of additional money to
generate accurate edits.

5.3.3 Results: Verification Strategies

Requesters spent a total of $285.30 to verify data, generating 2,284 edits at the average cost of $0.13 per edit. The total

costs include payment-per-task and bonuses. To compute each strategy’s accuracy, we first used stratified sampling

to select edits to label as correct or incorrect. We compared each edit’s value when it was made with faculty web

pages, LinkedIn profiles, and resumes. We labeled 1,016 edits by hand, shown in Table 5.1. The overall accuracy for

verification strategies (64%) reported in Table 5.2 is computed by summing the total correct edits per verification strategy

over the sum of the total edits. To understand the cost needed to generate a correct edit, we compute cost-per-correct-edit

by dividing the cost-per-edit over the total number of correct edits, as reported in Table 5.1. The average cost per correct
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edit, $0.19, is 56% higher than the cost to generate an edit. The higher the accuracy, the more money goes toward

generating accurate data.

Trade-offs between Verification Strategies

Each strategy has advantages and disadvantages. Majority Rule and Expert Rule generated accurate data at less

cost compared to strategies adapted from Find-Fix-Verify (Table 5.1). This shows that collecting duplicate data is a

cost-effective method. Find-Fix-Verify has the highest overall accuracy across all strategies at 70%, and Expert Rule is

second, at 69%. Both strategies recruit an additional crowdworker to verify or break ties. This extra step increases costs

but generally leads to better accuracy overall and per column. This finding points to a future question on the number or

quality of crowdworkers needed to review information until it is correct.

Accurate strategies allow requesters to generate correct data and control costs. For example, Find-Fix, the least

accurate strategy, required a 71% increase in cost to generate correct edits. Find-Fix-Verify increased costs because it

recruits an additional crowdworker but yields a 17% increase in accuracy. The best strategy to control and decrease

costs is Expert Rule. It achieves this at less than half the cost-per-edit than Find-Fix-Verify. These findings support the

idea that hiring additional paid crowdworkers to verify data will improve its accuracy while reducing overall costs for

maturing a tabular dataset.

Less subjective data types (columns) −→
Verification Overall Sub- Join
Strategy Accuracy field Year Rank Masters Bachelors PhD

Find-Fix-Verify 53% 56% 75% 72% 70% 91% 70%
Find-Fix 36% 52% 80% 63% 68% 81% 60%
Find+Fix 38% 62% 81% 61% 67% 83% 62%
Majority Rule 47% 59% 66% 57% 66% 68% 61%
Expert Rule 65% 59% 79% 70% 66% 78% 69%
All 48% 58% 75% 64% 67% 80% 64%

Table 5.2: Overall accuracy per strategy per column in the case study of verification strategies. Expert Rule has the highest overall
accuracy when accounting for edits across all columns. Subfield, the most subjective data type, has the lowest accuracy per data type.
Identifying a professor’s subfield requires domain-specific knowledge and can be difficult for crowdworkers to interpret correctly.
Accuracy is the average of the total correct edits over the total edits across all strategies.

Differences across Data Types

Each data type/column within tabular data has different properties that requesters had to consider. For example, a

professor’s subfield may require crowdworkers to have domain-specific knowledge to understand the differences

between research areas. Expert Rule has the highest accuracy for subfield at 65%, as shown in Table 5.2. Expert Rule

and Find-Fix-Verify outperform their simpler variations. Notably, Expert Rule produced higher levels of accuracy

across every data type compared to Majority Rule. This observation shows that trusted crowdworkers might possess the
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requisite expertise and effort needed to correct information that is more difficult to find and understand. Results show

that data types requiring domain-specific knowledge can benefit from multiple collection efforts, explaining why Expert

Rule and Majority Rule outperform other strategies. In contrast, identifying where a professor received their Ph.D.

or their rank are subjectively easier tasks, with an accuracy of 80% and 75%, respectively. Rank has three possible

values: Assistant, Associate, or Full, while a professor’s Ph.D. is often easy to find. Results show that easy-to-collect

fields benefit from individuals reviewing the data while collecting duplicates could suffer from potential noise. Overall,

we identify that different strategies best suit different data types. Future requesters should select the best verification

strategy based on the occurrence or importance of a tabular dataset’s data types.

Filling in Empty Cells & Adding New Rows

Filling in empty cells or adding missing rows is essential to creating an accurate dataset. Collecting duplicates is a quick

and cheap method to generate more data, but duplicates may introduce noise. As shown in Table 5.3, our data shows

that Expert Rule is useful for filling in empty cells, possibly because an additional crowdworker can sort through this

noise by selecting the correct value. We observed a drawback of relying on paid crowdworkers when adding new rows.

They often incorrectly added rows for non-tenure-track positions (Lecturer, Adjunct, Staff, or Professor of Practice)

or professors with appointments in a non-Computer Science department (e.g., Engineering, Media, Computational

Biology).

Verification Overall Filling in Empty Cells Adding New Rows
Strategy Accuracy N Labeled Accuracy N Labeled Accuracy

Find-Fix-Verify 53% 118 91 66% 90 57 77%
Find-Fix 52% 156 109 63% 20 13 54%
Find+Fix 62% 101 62 56% 44 35 80%
Majority Rule 47% 222 94 55% 98 65 68%
Expert Rule 65% 239 111 72% 24 19 63%
All 48% 836 467 63% 276 189 71%

Table 5.3: Overall accuracy across verification strategies, and filling in empty cells, and adding new rows. Find+Fix has the highest
accuracy for newly-added rows, while Expert Rule was the most accurate for making edits to empty cells. Accuracy is the average of
the total correct edits over the total edits across all strategies.

Paying for Correct Edits

Managing a strict budget to build an accurate tabular dataset can be difficult. Using strategies with high accuracy

can ensure requesters do not need to post additional micro-tasks to acquire accurate data. Overall, in the verification

strategies, requesters spent $0.13 per edit to recruit crowdworkers, as shown in Table 5.1. These numbers increase when

accounting for accuracy: requesters paid crowdworkers $0.19 per correct edit when posting micro-tasks. This 56%

increase in the money needed to acquire a correct edit can make it difficult to predict the exact cost to verify an accurate
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dataset. To keep costs predictable, we recommend using a strategy such as Find-Fix-Verify or Expert Rule that employs

a trusted worker to perform a final verification step.

5.3.4 Takeaways: Verification Strategies

The closest dataset to ours [173] includes faculty profiles that were collected and not verified. In our work, we only

focus on the accuracy of the edits and not on the entire dataset. Thus, the accuracy we report (64%) is not directly

comparable with the overall accuracy (74%) of the entire dataset presented in [173].

Contrary to similar prior work [173], we report accuracy per data type. For the verification strategies, these

accuracies are consistently low. A possible reason for this is that data verification tasks might be more difficult than

data collection tasks for paid crowdworkers. Verification tasks might involve correcting data that is more difficult to

find and interpret because the initial data collection efforts were unsuccessful. Thus, these complex verification tasks do

not resemble the more straightforward tasks paid crowdworkers often excel at [31, 73].

Verification strategies requiring an extra crowdworker to perform a final verification step, such as Find-Fix-Verify

and Expert Rule, are more accurate. They perform better when correcting data that require domain-specific knowledge,

confirming past findings of a similar relationship when using paid crowdworkers [86, 202]. Therefore, if a tabular

dataset contains a large amount of subjective data, we recommend that requesters use verification strategies requiring an

additional trusted worker.

Across the five strategies, Expert Rule controls costs the best. Its cost-per-edit is less than half than the second-best

strategy Find-Fix-Verify. Expert Rule has an initial low-cost redundant data collection step, followed by a beneficial final

verification from a trusted crowdworker. This mirrors Bernstein et al. experience when developing their implementation

of Find-Fix-Verify to edit Word documents [21].

Expert Rule proved to be the most effective verification strategy to find and correct empty cells. Crowdworkers

specifically recruited to perform this final verification have often seen the dataset before, making it easier for them to

navigate and make edits. Their payment is also often increased per task, helping to explain that in addition to being a

repeat trusted crowdworker, the higher payment can garner higher quality work [98].

In our verification strategies, requesters first generate the names of all the professors per university at a given point

in time. If this initial step produced an incorrect list, this would cause the requester to run additional tasks. A requester

could reduce these additional tasks if they run a task to verify this initial list of rows. Therefore, we recommend that

future requesters using these verification strategies integrate this pre-collection task to verify they have the correct rows

per entity to reduce the risk of running additional unnecessary tasks. As a parallel to managing data in a Knowledge

Graph like Wikidata, this recommendation ensures data curators verify they had the correct number of nodes before

paying crowdworkers to add additional metadata per node.
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5.4 Case Study II: Unpaid Maintenance Strategies

The second case study on continuous unpaid data maintenance strategies is a longitudinal observation of unpaid

contributors visiting and editing evolving tabular dataset. This “in the wild” study features two perpetual data

maintenance strategies where unpaid contributors make either “unsolicited” or “solicited” edits over two and a half

years.

5.4.1 The Two Maintenance Strategies

This case study grew organically from our multi-year effort to host a tabular dataset on Computer Science faculty where

the data stagnates and needs additional edits. Wikipedia has shown that people freely visiting unstructured data are

capable of successful maintenance [181]. Building off this idea, we present two continuous maintenance strategies

to improve tabular datasets’ accuracy, as shown in Figure 5.2. In one strategy, unpaid contributors maintain data by

making “unsolicited” edits over time as they visit the online tabular dataset. In the second maintenance strategy, unpaid

contributors maintain data when the platform hosting the tabular dataset “solicits” them to edit data matching their

interests. The system analyzes their prior interactions with the tabular dataset to derive these interests. A unique aspect

of these maintenance strategies is that the dataset curator waits for visitors to edit data over time. Hence, instead of

paying crowdworkers to make edits immediately, these maintenance strategies can run perpetually by relying on a

stream of edits over time by unpaid contributors who visit the tabular dataset in the wild.

Maintenance Strategies

EDITSOLICITVIEW /

Figure 5.2: Maintenance strategies feature a continuous workflow allowing visitors to the tabular dataset to edit data repeatedly.
Visitors, acting as unpaid contributors, can freely edit data of their choice or be solicited by the system to edit data that match their
interests.

Relying on Unpaid Contributors

It is difficult for a curator to know when their dataset is out-of-date or inaccurate and immediately pay a crowdworker

to correct it. Instead, our maintenance strategies rely on unpaid contributors visiting over time to review and edit data
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perpetually. We feel this is necessary because some tabular datasets, such as ours, are not static. The data can change

and thus requires continuous review. Data could change because:

1. The initial information collected could be incorrect, and then it needs to be changed.

2. The initial information was correct, and then someone modified it incorrectly.

3. The data needs to be updated because it has changed. For example, a professor could change universities or

change their subfield area of expertise.

5.4.2 Method: Maintenance Strategies

Starting in 2016, we conducted a case study on maintenance strategies in the wild using a publicly-available web

application seeded with a crowd-collected dataset of 50,000 values from over 3,600 faculty profiles. We observed this

human-centric approach of data maintenance for over two and a half years. We stopped running the case study when

the web application hosting the dataset received a significant update in early 2019.

Initial steps

The maintenance strategies rely on waiting for unpaid contributors to edit and maintain the dataset. In our pilot studies

on maintenance strategies for evolving tabular datasets, we found three recommended attributes of a tabular dataset that

made it easier to attract visitors and study their contributions:

1. Each row of the dataset must remain valid for extended periods. For example, a professor can stay within

academia for long periods. However, a faculty job posting could quickly become irrelevant once the position is

filled.

2. Some columns within the tabular dataset should change over time. For example, a professor could change

universities. This type of data presents more opportunities for edits.

3. The tabular dataset needs enough data to attract visitors to make contributions. If a dataset is missing too much

information, users may not feel motivated to participate in something that feels neglected.

Recruitment of editors

Attracting interested visitors to make unpaid edits is necessary to study this continuous maintenance approach. When

the system was initially seeded, we made posts across various CS forums and websites (Reddit CompSci, Hacker News,

and TheGradCafe) to inform and attract an initial user base with related interests. ‘LabintheWild’ use similar strategies

to attract users through social media platforms [186]. An example title used on posts was “Records of 3,600 computer
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science professors at 70 top universities (US/Canada) help us keep it up to date!” The goal was to appeal to users

interested in Computer Science who may be:

1. a professor listed in the dataset,

2. a prospective student looking for an advisor,

3. a friend, colleague, or family member of a CS professor,

4. someone (e.g., in administration) who might be interested in running analysis on trends in Computer Science, or

5. someone who cares about adding to public information.

Each post advertising the dataset contained the text:

Wanted to share a computer science resource a couple of us in the Brown University Human-Computer

Interaction group have put together. It is a crowd-editable spreadsheet of data of approximately 3,600

computer science professors. For example, where they got their degrees, subfield of expertise, their join

year and rank, etc... It might be useful if you’re applying to Ph.D. programs or faculty positions, seeking

external collaborators, or just to better understand hiring trends in CS departments.

We only made these initial posts. All subsequent traffic to the dataset was generated through organic search traffic or

other means we did not control. While prior work shows that using social norms can motivate unpaid contributions,

we chose not to employ this method [31]. Using such an approach may introduce additional factors affecting users’

motivations within our naturalistic and longitudinal case study. Our goal was to assess the maintenance strategies and

not to explore how best to build or attract a continuous flow of users.

How edits are made

The two maintenance strategies use an updated version of the public data system Drafty, described in detail in chapter

3. The strategies allow users to edit the data freely at any time without creating an account within the system. The

system tracks users anonymously. However, the system presents users with a modal dialog informing them how to

make edits on their first visit. Users can freely make unsolicited edits at any time by double-clicking a cell in the

spreadsheet interface. Users can select a new value from previous edits to that cell, a predefined list of possible values,

or freely enter text. The system does not require a special markup language for edits like Wikipedia. Specific data or

features are not protected or semi-protected like in Wikipedia or Wikidata. The platform can also solicit edits from

users by prompting them with a modal dialog request to fix a specific data value, as seen in Figure 5.3. The application

solicits users to review a row of data matching their interests. The application infers interest by creating a “user interest

profile” per user by tracking their interactions (i.e., search, sort, click, edit) within the spreadsheet and computing a
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Figure 5.3: This interface is the edit cell window from the Drafty web application that appears when Drafty solicits unpaid
contributors to edit data based on their interests within the maintenance strategies. They can confirm the data does not exist, submit a
correction, or exit to return to the spreadsheet interface.

relevance metric, like Wallace et al. [225]. The application displays the most recent edit as the correct value per cell in

the interface. This is also how Google Sheets handles multiple possible values per cell in our verification strategies.

5.4.3 Results: Maintenance Strategies

The maintenance strategies were run over 1,025 days from May 26, 2016, to March 3, 2019. Visitors provided 2,651

edits at a rate of 2.6 edits per day. To compute the accuracy per edit, we labeled 1,020 edits by hand as correct or

incorrect using stratified sampling following the same procedures with the case study on verification strategies. The

findings are summarized in Table 5.4. We observed a common mistake where unsolicited visitors incorrectly edited a

professor’s Ph.D., as the university where their Bachelor’s or Master’s degree. We also observed the same error made

by paid crowdworkers in the case study of verification strategies.

The overall accuracy for maintenance strategies is 89%, as seen in Table 5.5. Accuracy is the sum of the number

of correct edits over the sum of the total edits across both maintenance strategies. The time between correct edits
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Maintenance Total Total Total Time Time per Time Increase per
Strategy Labeled Edits Edits Time per Edit Accurate Edit Accurate Edit

Unsolicited 958 2,566 1,025 days 9.6 hours 10.8 hours 13%
Solicited 62 85 1,025 days 12 days 13 days 5%
All 1,020 2,651 1,025 days 9.3 hours 10.4 hours 12%

Table 5.4: A summary of edits made by unpaid contributors (maintenance strategies), including the number of edits we manually
labeled as correct/incorrect, and the total time spent waiting for edits. Soliciting unpaid contributors to edit data they are already
interested in is the most efficient method to improve a dataset’s accuracy, at a 5% increase in time to wait for an accurate edit.

Less subjective data types −→
Maintenance Overall Sub- Join
Strategy Accuracy field Year Rank Masters Bachelors PhD

Unsolicited 89% 91% 82% 90% 79% 73% 88%
Solicited 95% 100% 75% 67% 100% 80%
All 89% 91% 82% 89% 82% 73% 88%

Table 5.5: Accuracy overall and per strategy per column. Unsolicited unpaid contributors excelled at correcting empty cells; this
might be because of their prior knowledge of CS professors. Accuracy is the average of the total correct edits over the total edits
across all strategies.

represents how frequently an unpaid contributor submits an accurate edit and is computed by dividing the number of

days or hours per edit over the total number of correct edits (Table 5.4). In the maintenance strategies, the time between

correct edits (10.4 hours) is 12% higher than the time needed to generate a single edit. This metric is comparable to a

similar study by [225], where their users made 592 edits in a similarly structured dataset over 214 days at 75% accuracy.

Their users generated a correct edit every 11.5 hours.

Our case study’s extended length and frequent visitors could explain why our maintenance strategies have higher

accuracy than studies with similar levels of edits per hour. Our case study’s strategies produce minimal negative

contributions (e.g., incorrect edits), supporting the idea that long-term maintenance is possible in public datasets.

Differences Across Data Types

Previous work shows users with expertise in specialized tasks or interest in the data perform better [202, 225]. Unpaid

contributors may have an interest in or prior knowledge of the data, leading to higher accuracy when editing challenging

information. This can help explain the varying levels of accuracy across the data types seen in Table 5.5 and suggests their

domain-specific knowledge helps them accurately identify Rank and Subfield from personal web pages, publications, or

their prior knowledge. In contrast, columns with less subjective data, such as Bachelors and Masters degrees, have

lower accuracy. Upon review, these data types are more difficult to find: professors do not always list their degrees on

their websites or other sources, whereas their Ph.D. is prominently displayed. Over our longitudinal study, 33% of

participants edited at least one value for Rank or Subfield. While these data types require domain-specific knowledge,

they can also change over time. This initial result points to the potential for unpaid contributors interested in the
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data to maintain these types of data over time. The maintenance strategies benefit from waiting for someone with

domain-specific or pre-existing knowledge to assess those more complex data types.

Filling in Empty Cells & Adding New Rows

Table 5.6 shows that the accuracy for editing empty cells (93%) is higher than the accuracy for edits to cells with

existing data. This observation might be due to unpaid contributors having pre-existing knowledge of particular rows in

a dataset. For example, they can quickly correct an empty subfield because they already know a professor’s area of

expertise from reading their research papers. Prior knowledge can make adding a new professor to a university easy

because they know that professor. Newly-added rows are 86% accurate, a level of accuracy similar to unsolicited users

correcting existing data.

When users decide to contribute an edit, they could edit existing data, fill in empty cells, or add multiple new

cells by adding a new row. Each of these requires varying levels of effort to complete. The following results count

the number of times each user edits existing data, fills in empty cells, or the number of new cells they created when

adding new rows of data. During our case study, 33% of unpaid contributors filled in mostly empty cells, while 42%

edited cells with pre-existing data. The remaining 25% of unpaid contributors edited the same number of empty and

non-empty cells. In a similar analysis, we compared the percentage of unpaid contributors filling in more empty cells

than creating new cells by adding new rows. In this comparison, 42% of unpaid contributors filled in mostly empty

cells, while 6% created new cells when adding new rows. The remaining 52% of unpaid contributors created the same

number of new data points when filling in empty cells or adding new rows. This analysis shows unpaid contributors

were actively filling in empty cells, but few primarily added new rows of data. Adding new rows of data requires more

effort; thus, our user base often made edits requiring less effort. As a tabular dataset matures, its empty to non-empty

cells balance will change. Thus, it is essential to view these findings within the context of a tabular dataset that is at the

beginning of its maturity phase.

Maintenance Overall Filling in Empty Cells Adding New Rows
Strategy Accuracy N Labeled Accuracy N Labeled Accuracy

Unsolicited 89% 1,219 524 93% 224 99 86%
Solicited 95% 35 20 87% –* –* –*
All 89% 1,254 544 93% 224 99 86%

Table 5.6: Overall accuracy across maintenance strategies and for filling in empty cells, and adding new rows. Unsolicited unpaid
contributors excelled at correcting empty cells. Their prior knowledge of CS professors possibly contributes to these high levels of
accuracy. Accuracy is the average of the total correct edits over the total edits across all strategies. *Solicited users in the case study
of maintenance strategies were not asked to add new rows.
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Soliciting Users to Fix Data

Previous studies featured in Chapter 3 show that asking users to fix data they are interested in leads to more accurate

edits [225]. Our web application solicited visitors 1,018 times to review and correct data matching their interests. They

submitted 85 edits, with an accuracy of 95% (Table 5.5). In our study, soliciting visitors to review and fix data matching

their interests leads to a 7% increase in accuracy compared to visitors making normal unsolicited edits. A two-tailed

t-test of unequal variances shows this increase was statistically significant, t(79) =−2.2, p = 0.03. While soliciting

visitors to fix data matching their interests proved effective, motivating visitors to complete these edits proved difficult.

Only 7.5% of solicitations resulted in submitted edits. A related short-term study showed a similar rate of 8.8% of

solicitations resulted in submitted edits [225]. These continued low submission rates across our long-term study show

this is an area for future research. Later, we discuss future methods to increase these rates and provide more edits in less

time.

Waiting for Correct Edits

This work shows the potential for continuous maintenance strategies to have consistently high accuracy levels, leading

to predictable wait times to generate correct edits. While unsolicited, unpaid contributors submitted an edit every 9.3

hours, each correct edit was submitted every 10.4 hours. This 12% increase in the time to wait for a correct edit, as

shown in Table 5.4, shows that consistently accurate edits can benefit continuous maintenance efforts. These findings

show that if a dataset curator has the time to invest, maintenance strategies can generate an accurate dataset. Compared

to prior work where users might be motivated by initial posts marketing a dataset or through gamified rewards [191],

our results indicate a dataset’s maturity phase can be extended by relying on users interested in the data.

Detecting Vandalism and Unpaid Contributor’s Edits, Visits, & Interactions

This section reviews unpaid contributor’s edits (frequency and content), number of visits, and total interactions (edits,

clicks, searches, and sorts) to determine if vandalism occurred during our long-term deployment of the maintenance

strategies. Previous research developed models to predict vandalism from user data such as edits and visits to open

knowledge graphs in Wikidata [92, 220].

Our maintenance strategies use a custom web application to track interactions with tabular data in spreadsheets.

In our study, 82% of unpaid contributors only submitted correct edits. While the accuracy of edits from only 15% of

unpaid contributors was below the average accuracy of 89%, as seen in Table 5.5. An unpaid contributor’s total number

of edits did not correlate with their accuracy (r = 0.15). These results show that the maintenance strategies do not have

to rely on power users (i.e., those making the bulk of edits) to create a mature accurate tabular dataset. This result runs

contrary to results from Wikipedia, where power users primarily maintain its unstructured data [96, 132, 181].
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We did not observe unpaid contributors deleting data or entering values that would be considered inappropriate or

incorrect. Errors most likely resulted from incorrect interpretations of data, such as a professor’s Rank.

Our multi-year case study allows us to observe the frequency of edits over time compared to short-term work [175,

225]. Excluding the initial months when we made social media posts advertising the dataset, the months with the

highest edits were November and December. The months with the lowest number of edits were June and August.

November and December align with graduate school and job application periods, while the summer months are not

overly active except for faculty members officially starting new positions. This observation shows further evidence of

how the maintenance strategies can rely on the interests of unpaid visitors to extend the maturity phase by providing a

valuable data source for a community.

An unpaid contributor’s total number of visits did not correlate with their accuracy (r = −0.11). Also, 97% of

unpaid contributors had more than 1 visit. This finding shows having multiple visits and making accurate edits aligns

with results from similar work [92, 225]. An unpaid contributor’s total number of interactions did not correlate with

their accuracy (r = −0.13). This result indicates that a spreadsheet interface, which has been essentially unchanged

in decades, might provide a familiar and easy to use medium to view and edit tabular data. We found no evidence of

vandalism in the maintenance strategies after analyzing unpaid contributors’ edits, their number of interactions, and

visits. A possible reason for this is the maintenance strategies, and our tabular dataset is of interest to the community,

thus providing community-based motivation to improve its accuracy.

5.4.4 Takeaways: Maintenance Strategies

Maintenance strategies relying on unpaid contributors produce consistently accurate edits. Our study’s longitudinal

nature demonstrates the potential to maintain existing evolving tabular datasets over long periods compared to prior

work [3, 225] relying on unpaid contributors over short periods.

Unpaid contributors provided accurate edits per data type (column), regardless of whether they required domain-

specific knowledge (i.e., Rank and Subfield), and thus builds upon past research of paid crowdworkers [86, 202]. This

finding shows the potential to rely on user’s altruistic motivations and mutual interests instead of paying crowdworkers

to correct tabular data inaccuracies.

Unpaid contributors were highly accurate and active at filling in empty cells. Their prior knowledge could construe

them as “experts”, helping to explain why their edits increased accuracy [145]. This observation repeated itself whether

the system solicited an unpaid contributor to edit data or not.

From our long-term observations as dataset curators running maintenance strategies, the unsolicited, unpaid

contributors did not contribute new rows (i.e., professors) at a high enough rate to account for the number of new

professors hired over three years. Similar research, either did not allow users to add new rows or the study was
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short-lived and did not allow for the data to naturally evolve over time to study if users will contribute enough new

rows [175, 225]. Systems that run long-term maintenance strategies should reduce the effort required to add new rows

of data through interface design and limit the minimum number of required fields to add a new row.

Soliciting unpaid contributors to review and correct data relevant to their interests increased edits’ overall accuracy.

This finding confirms prior short-term research [225] and provides a long-term mechanism to increase a tabular dataset’s

longevity. A possible reason soliciting based on unpaid contributors’ interests is beneficial is that they solicited while

completing natural information-seeking goals, such as finding a possible advisor [99].

Contrary to prior work on Knowledge Graphs and Wikidata [92, 131], our maintenance strategies, focusing on

collaborative efforts editing tabular data in spreadsheets, show that the number of visits per unpaid contributor was

not predictive of vandalism or inaccurate edits. Integrating tools to automatically translate and import tabular data to

Wikidata [166, 177, 214], our work could generalize from focusing strictly on a spreadsheet interface to serving as a

potential method to maintain tabular data from Wikipedia and Wikidata.

5.5 Results: Comparing Paid Verification and Unpaid Maintenance Strate-

gies

This work conducts two case studies to study workflows for improving data quality by focusing on paid versus unpaid

strategies. A common conception of crowdsourcing is the single-step paid verification process. However, another

consideration could be adopting a continuous data maintenance framework where the verification happens over time by

unpaid users. This chapter’s case studies show the potential for continuous data maintenance by unpaid contributors to

have higher accuracy across various data types than paid verification (Tables 5.3 and 5.6). Previous research has shown

similar levels of accuracy for paid and unpaid workers performing similar tasks [27]. The domain-specific expertise of

visitors in maintenance could contribute to explaining these differences.

When comparing both case studies, unsolicited unpaid contributors in the Unpaid Maintenance Strategies submitted

a correction every 9.3 hours, whereas a requester spent $0.13 per correction in Paid Verification Strategies. These

numbers increase when accounting for accuracy. In this study, unpaid contributors submit accurate corrections every

10.4 hours, whereas requesters spend $0.19 per accurate correction posting microtasks on Amazon Mechanical Turk.

The Unpaid Maintenance Strategies required 4.6 times fewer resources to generate a correct contribution than the Paid

Verification Strategies. If someone has the time to invest, the Unpaid Maintenance Strategies can potentially maintain a

more accurate dataset over time. However, Paid Verification Strategies can be substituted when time is a factor, and

money is not. Chapter 8 provides a direct comparison between unpaid contributors and paid crowdworkers replicating

the results discussed in this chapter with with more validity by controlling for confounding factors such as seasonality,
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duration of study, and system used.

Both workflows are not immune to incurring monetary costs or additional time. While the web application to run

Unpaid Maintenance Strategies incurs minimal server costs, paid crowdsourcing approaches are susceptible to time

constraints [125]. For example, requesters have to approve completed tasks, post new tasks, and communicate with paid

crowdworkers. In contrast, after the dataset is hosted, the Unpaid Maintenance Strategies only require time to wait for

corrections. This approach does not require active effort to produce corrections, like the paid microtasks from the Paid

Verification Strategies.

5.6 Discussion

This chapter examines two case studies on verification and maintenance strategies for improving the accuracy of

evolving tabular datasets. Verification strategies require money to pay crowdworkers. We control the time to wait for

edits in verification strategies by limiting them to a short 2-week period. In contrast, maintenance strategies require

time to wait for an unpaid contributor to visit the dataset and make edits. We control for money with these maintenance

strategies, as hosting the web application to edit the dataset is the only cost. Our initial findings inform future work that

can directly compare paid micro-task work strategies and those that rely on unpaid efforts. We will discuss several

future ideas in the context of our presented findings and prior work.

5.6.1 Selecting the Best Approach: Paid or Unpaid

Choosing to use a purely paid crowdsourcing approach like our verification strategies or to adopt a peer production

system like our maintenance strategies is difficult. Verification and maintenance strategies are not immune to incurring

monetary costs or additional time for the dataset’s curators. While running maintenance incurs minimal server

costs, in verification, the time required to wait for a crowdworker to accept a paid micro-task can depend on the

payment [125]. For example, requesters in verification have to approve completed tasks, post new ones, and respond to

paid crowdworkers. This might not be ideal during a continuous data maintenance effort lasting years. Nevertheless,

this time is significantly less than the time required to curate a dataset using maintenance strategies. Maintenance

strategies require waiting for edits or other methods to attract visitors passively. A dataset curator must know how much

their time is worth and choose the best approach for their needs. If a dataset does not contain evolving data, it might be

faster to use paid crowdworkers to verify existing data rather than wait. A better approach might be to mix intrinsic and

extrinsic motivators in a single system.

Prior work has shown how mixing extrinsic and intrinsic rewards can improve the outcomes of specific tasks [31,73].

Our results reflect this prior finding, where paid or unpaid users can generate better outcomes for specific tasks. For

example, intrinsically motivated users were more effective at open-ended tasks. For example, this chapter’s results point
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to the idea that unpaid contributors are more accurate in editing data that is more subjective or difficult to find, like

Subfield or Join Year.

Another alternative approach to hosting a system to maintain a tabular dataset is to use one of the many tools to

automatically translate and submit tabular data to Wikidata [166,214]. Future work could assess if this unpaid approach

leveraging popular platforms and tools, such as Wikidata, is more effective than maintaining a tabular dataset on a

smaller, homegrown platform. Our maintenance strategies are one example of using a lesser-known platform to host a

tabular dataset focused on one topic. Future research could assess whether a tabular dataset’s maturity phase would

benefit more from a popular platform than a smaller homegrown system. From our experience developing a system to

maintain tabular data, its most important advantage is the ability to customize and adapt features to a specific dataset

quickly.

Information can be subjective and difficult to interpret and label [49, 67]. This can be especially difficult in tabular

datasets containing data types requiring expert knowledge with no accompanying information like Wikipedia to help

users quickly understand context [225]. Requesters in verification strategies had to evaluate paid crowdworkers editing

existing data to re-recruit them for knowledge-specific tasks. In contrast, unpaid contributors’ prior knowledge and

interest benefited them when editing these data types. The verification strategies could benefit from deploying fast,

low-cost tasks to pre-filter possible workers. A more ambitious idea would be for crowdsourcing platforms, such as

Amazon Mechanical Turk, to allow requesters to find crowdworkers interested in the content of the tabular dataset. This

would be analogous to our maintenance strategies benefiting from the user’s interest in the data. By appealing to paid

crowdworkers’ intrinsic motivations and interests, they might be more motivated to find and interpret complex data

types. This design implication also does not require requesters to develop more complex gamification mechanisms to

improve results [138].

5.6.2 Hybrid Models to Compare Paid Crowdworkers and Unpaid Contributors

Our findings highlight future studies’ potential to directly compare the collective efforts of paid crowdworkers and

unpaid contributors’ in controlled settings.

One method to exert more control is introducing errors to a tabular dataset intentionally and simultaneously

recruiting paid crowdworkers and unpaid contributors and comparing their interactions, accuracy, and time required

to correct errors. This would enable several valuable observations. For example, crowdworkers might take fewer

actions to submit an edit since they want to progress quickly. In contrast, unpaid contributors might explore the dataset

and only edit the information if they notice an error. Future work could expand the user interest profile used in the

maintenance strategies with new types of interactions from paid crowdworkers and unpaid contributors. For example,

the system could extract user interest from gaze information [95]. Running eye-tracking studies at scale in-the-wild is a
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recent advancement [174] to enable this type of research. With each piece of information carefully organized in cells,

tabular data is an exciting interface to extract gaze information. Building on this idea, could each group’s interactions

before editing help determine their accuracy automatically? Automatically rating edits’ accuracy to tabular data using

interactions is an ongoing research question [225].

Could paid crowdworkers be motivated through targeted non-paid requests while editing to contribute to the tabular

dataset? This is plausible if they believe these contributions are for the greater good. For example, Rogstadius et

al. [192] studied how intrinsic motivators, such as completing tasks that contribute to a knowledge base, positively

influence work quality compared to extrinsically-motivated tasks, such as monetary incentives. On the contrary, could

unpaid contributors be motivated through a pay-per-task model? Previous researchers introduced an extrinsic motivator

as an intervention for initially intrinsically motivated users to contribute [116, 228]. They found that this intervention

did not impact the quality of work. Thus, using money to extrinsically motivate users of a public system might not be

beneficial for the maturity phase of the system’s information.

While our verification strategies rely on money to extrinsically motivate paid crowdworkers, our maintenance

strategies more so resemble “micro-volunteering.” Bernstein et al. define micro-volunteering, an example of altruistic

motivation, as the process of completing small online tasks for social good [18]. Our unpaid contributors possibly

visit and contribute edits because of an interest in Computer Science. While we did not explicitly advertise the system

to our friends, they possibly have visited the dataset. If we recruit our friends, this would resemble “friendsourcing,”

where volunteers are recruited from a network of friends to make voluntary contributions [29]. Another possible

source of unpaid contributors is the professors themselves. We have received numerous requests for copies of the

data so others can analyze hiring trends. Thus, it is reasonable to assume that some professors might be editing their

information. We view this as a potential benefit of maintaining a dataset of public information that individuals might be

personally interested in. Future work could compare unpaid contributions from different recruitment strategies, like

micro-volunteering or friendsourcing. It would be reasonable to assume that friends share similar interests and might

freely contribute to datasets that are relevant to their friends. However, it is unclear whether friendsourcing is adequate

for maintaining a tabular dataset’s accuracy in the long run.

Another approach to tease apart the motivations for unpaid and paid contributions is randomly asking users why

they contributed after an edit. For example, maybe they are correcting their data, or they were paid to correct data. This

in-the-moment feedback method has proven successful in prior research [35, 223] and could be helpful to understand

user’s intrinsic and extrinsic motivators. Also, these motivators might differ across tabular datasets covering different

topics.

These future directions build on our findings and prior literature to create hybrid strategies to maintain accurate

datasets. The ability to continuously and cost-effectively recruit the right editors could enable tabular datasets to be

perpetually maintained.
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5.6.3 Automated Methods to Attract Unpaid Contributors

One of our goals is to learn different approaches for creating self-sustaining evolving tabular datasets. The maintenance

strategies do not need consistent effort to recruit and manage crowdworkers. However, they do require consistent

numbers of interested visitors to contribute edits. Paying crowdworkers can generate edits quickly, but our work’s initial

observations show that this might be less effective than relying on unpaid contributors. We found it challenging to

initiate a “start now” process for maintenance because the dataset’s discovery is often serendipitous.

Wikipedia represents a success story in targeting and perpetually attracting unpaid contributions [181]. With

free-form datasets such as articles, users can quickly and effortlessly discover facts from online sources of plain text,

tables, or figures. In that process, they encounter incorrect or missing information. In contrast, users must perform

multiple sorting and filtering operations with lengthy tabular datasets to find information. In this workflow, their focus

rarely veers from their original query to new potentially interesting information, in need of edits, or missing information.

Large tabular datasets similar to those highlighted in this chapter that features hundreds to thousands of rows of data

and multiple columns have a potential advantage compared to unstructured articles or small tables on Wikipedia. This

advantage relies on analyzing a larger amount of data on a single cohesive topic, compared to analyzing smaller tables

present on Wikipedia [126]. A platform hosting a single large tabular dataset can become more attractive to visitors by

automatically generating and sharing insights and facts extracted from large amounts of data. This creation and sharing

of knowledge could make a large tabular dataset more attractive, and potentially increase unpaid contributions [154].

Future work could create a system to generate sentences that describe insights and facts automatically based on

statistical measures like maximums, modes, means, and outliers. This may also contain quantitative comparisons

between the same values in columns or time-series data. These statistics could be automatically inputted into simple

sentence templates, creating a fact to attract users. SuggestBot shows how to structure these fact-based sentences to

maximize their effectiveness [53]. Structuring sentences in a “High-Involvement style” has also been shown to increase

long-term retention among paid crowdworkers engaging in conversational micro-tasks [178]. By building on these

ideas, one could structure these facts to attract, engage, and retain users. These human-consumable insights derived

from large tabular datasets would move beyond prior research which focuses on finding tables related to other tables in

Wikipedia [72].

A tabular dataset could market itself by automatically sharing these facts by posting them to relevant conversations

in social media to attract regular visitors. In a similar effort, Botivist uses Twitter bots to recruit users to take

action regarding Latin America’s corruption issues [200]. This idea draws interesting parallels for recruiting unpaid

contributors for maintenance. In our case, the system could share facts related to academia, Computer Science, or

graduate schools to attract and motivate new users. If successful, this would automatically allow the maintenance

strategies to attract unpaid contributors to perpetually tabular datasets.
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5.7 Conclusion

This chapter shows initial evidence that paying people to edit data does not yield the same level of accuracy as relying

on unpaid everyday contributors visiting a public data system. Someone’s perception, for example, their level of interest

in the data or task, potentially yields more accurate contributions. Chapter 8 provides additional evidence of a direct

comparison between unpaid contributors and paid crowdworkers to build on the initial observations made in this chapter.

This chapter demonstrates how selecting the right verification strategy for different data types can yield value in

money spent to acquire accurate edits. In particular, Expert Rule proved cost-effective for requesters, providing accurate

edits at a lower cost than other paid verification strategies. It allows a dataset curator to improve the accuracy of a

tabular dataset in a short period if the pay-per-task is high enough to attract and recruit trusted crowdworkers.

Continuous maintenance strategies enable groups of unpaid visitors to contribute edits freely or ask unpaid visitors

to correct data that match their interests based on relevance. These approaches produced consistently accurate edits

across all data types, indicating the potential of applying these approaches for self-sustaining tabular datasets. These

continuous maintenance approaches can benefit tabular datasets where a row of data is viable for long periods, but

individual cells may go out of date.

Accurate tabular datasets can yield exciting insights across fields, and ensuring their accuracy and longevity is

essential to providing continuous insights to society. This chapter lays a foundation for different strategies to mature

accurate, evolving tabular datasets. Questions remain about how to develop Drafty to serve its community of unpaid

contributors better. Can additional methods and features be developed to motivate unpaid users to contribute accurate

data?
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Chapter 6

Sketchy: Motivating User Contributions

during Short Sketching Tasks

This chapter presents Sketchy, a public data system where unpaid users simultaneously create, contribute, and

automatically share their sketches during short 4-minute sketching tasks within virtual rooms. Users can see their peer’s

sketches evolve in real-time using the Peek feature. Users can freely initiate the Peek to select a random sketch they have

not seen before. This behavior is intentional, and a lesson learned from the pilot studies. This system constraint was

implemented so users could see all sketches within a room without overloading them with too many options. Given the

short 4-minute sketching tasks, it was more conducive for the creative process to show one sketch updating in real-time

compared to one screen with upwards of 100 randomly sorted static sketches. When using the Peek feature, users who

see an inspirational sketch positively influence their next action to contribute new information back to the system. This

chapter is a shortened version of [223], where I was the first author and responsible for all aspects of the user studies,

system design and implementation, analysis, and the majority of the writing. As part of the contributions of this chapter,

the Sketchy web application, the data gathered from almost 500 sketches, and the associated labels of whether they

inspired a change in the peeker’s sketch are publicly available1.

6.1 Introduction

User experience design values sketching as part of the process, to act as a dialogue during ideation [32]. However, in a

physical environment, the process of sketching and sharing typically do not co-occur, as space and materials constrain

it. For example, simultaneous sketching commonly occurs in classrooms where students individually progress through

1Sketchy and the data are available at: https://sketchy.cs.brown.edu/

78



a given task where they rarely have the opportunity to collaborate and share their progress with their peers [9, 94]. Our

preliminary observations show users physically peek (i.e., view another person’s sketch) during in-person sketching

tasks to gain inspiration. Instead of limiting students to only physically peeking at sketches from those sitting next to

them, we enable digitally peeking at more random sketches within an entire classroom so people can simultaneously

contribute new data in the form sketches while gaining inspiration from others’ contributions in real-time.

To assess both how this digital “Peek” ability can affect creativity and which features of a “peeked” sketch are

inspirational, we run two studies in a university-level user interface design classroom using a custom-developed

web-based sketching application called Sketchy. In Sketchy, students sketch on a device they have at hand and can freely

peek at their peers’ in-progress sketches. To enable Peek in a digital environment, Sketchy automatically synchronizes

everyone’s sketches in real-time. This way, in-the-moment inspiration can come from a student sitting five rows behind,

thus translating the physical experience of sharing sketches into a broader digital setting.

Classroom sketching reveals behavior where such peeking is part of the design process, as Loksa [141] reports, “we

observed students peeking on the canvases of other group members, even while still working on their own task.” But

why? Past research has shown inspiration can “fire the soul”, playing an essential role in the creative process [90, 168].

Determining how creative or inspired a student may be is a difficult task, given the inherent ambiguity and subjectivity of

these concepts. In the following paragraphs, we define our notions of these concepts as they will be used in developing

Sketchy and the Peek feature.

We define creativity as mini-c (personal level) creativity, as derived from Beghetto and Kauffman’s taxonomy [113].

Mini-c creativity recognizes “that intrapersonal insights and interpretations, which often live only within the person

who created them, are still considered creative acts.” To evaluate “personal-creativity”, Sketchy aligns itself with the

Müller-Wienbergen et al. idea of an Individual Creativity Support Tool [161]. This focus on the individual differs from

the group creativity support of 6-3-5 Brainwriting [189] and C-Sketch [204], where an individual only contributes to

the group’s final design. Similar to past studies of individual creativity support tools identified by Seidel et al. [203],

our evaluation compares digitally peeking versus a baseline condition of physically peeking at another sketch using the

Creativity Support Index (CSI) [37, 47], to measure a tool’s ability to support creativity, similar to the NASA TLX [91].

Our usage of the CSI follows the recommendations of Wang et al. [229] and prior work by Benedetti et al. [14].

In our preliminary in-person sessions, we observe users peeking their peers’ in-progress sketches to gain inspiration

for their in-progress designs. Past research and our pilot studies show inspiration is too subjective to analyze quantita-

tively [213]. Asking a third party or a computational model to label inspiration in real-time is difficult to scale; they are

equally unable to reveal what a sketcher is thinking. Why did they change something, and what part of a sketch inspired

them? Since one cannot ask the sketcher if they were inspired in-the-moment, could a more direct question serve as a

proxy?

Sketchy’s idea of in-the-moment inspiration aligns with Cropley’s [54] idea that inspiration is “hitting on a solution.”
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From this notion, we define “inspiration” as the process of being stimulated to imitate an idea from another sketch.

Our definition of inspiration alludes to the idea of intended change. Imitation is difficult to precisely quantify and

therefore requires the use of a simple proxy—in this case, posing a direct question to users while they were digitally

peeking: “Will you change your sketch based on what you see in this sketch?” Subsequently, we quantify the actions

users perform when going back to their canvases and relate them to their answers to this question.

Our direct question follows the creative process explained by Oleynick et al. [168], where the “process of being

inspired by gives way to the process of being inspired to, which motivates action.” Following peeking, a user’s

subsequent action represents the “actualization” of their inspiration to bring a creative idea to life, as defined by Thrash

et al. [217], in ways such as peeking again, sketching, or erasing parts of their sketch.

Across the two studies within this chapter, we investigate the nature of creativity and inspiration based on a user’s

ability to digitally peek at the nearly unlimited number of sketches being drawn concurrently by their peers. We utilize

both Sketchy and the Peek feature in classroom sketching tasks to answer several research questions:

R1) Does having the option to digitally peek lead to higher creativity measures and satisfaction with students’ own

sketches?

R2) When do students peek, what happens when they peek, and how often does peeking inspire them to change their

sketch?

The answers to these questions explain the Peek feature’s pedagogical contributions to the shared real-time classroom

experience, how digitally peeking supports individual creativity, and the potential for a personalized version of Peek.

Our studies show a digital form of peeking compared to traditional physical peeking better supports creativity

by increasing users’ sense of collaboration, freedom of expression, and feeling of satisfaction that the reward is

worth the effort of sketching. Peeking itself is sometimes reported to inspire changes in a user’s sketch. However,

inspiration seems to come more reliably from sketches closer to completion, more detailed and carefully created by

more experienced sketchers.

Our findings further show that Sketchy supports an individual’s creativity by translating the benefits of physical

peeking into a digital setting, thus empowering an entire classroom to both create individual sketches and gather

inspiration from others’ sketches in real-time. This is a crucial finding, showing how Sketchy can be a successful public

data system where users quickly collect, contribute, and view evolving data in real-time.

6.2 Related Work

Understanding a system’s community of users is essential to understanding what motivates their engagement and

contributions to a public data system. This section reviews related work on sketching applications to support design in
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computer education and creativity support tools. These are the core fields that inspire the design of Sketchy and the

implementation of the Peek feature. They are unique to this chapter and relate to the system implementation and factors

unique to Sketchy’s community of users.

6.2.1 Creativity Support Tools

Creativity Support Tools provide digitally-mediated assistance to enhance the creativity of groups or individuals. In

Painting with Bob, Benedetti et al. [14] created a digital painting tool to increase creative expression and evaluated

results using the Creativity Support Index [37, 47]. Sketch-Sketch Revolution [71] generates tutorials from sketches and

workflows of experts to help novice users. Other systems provide specific instructions for users to follow. For example,

ShadowDraw [136] dynamically updates a shadow image underlying a user’s strokes (similar to tracing a background

image), and Iarussi et al. [107] presented a drawing tool that automatically extracts construction lines to help users

draw more accurately. In contrast, Sketchy provides a more leisurely approach and allows users the agency to look for

inspiration until they are satisfied. This is a passive ideation approach rather than an active one, which would have

required proposing specific actions.

Other Creativity Support Tools focus on educating users, rather than providing assistance, through intelligent

tutoring systems that provide personalized feedback. For example, SketchTivity [233] aims to improve creativity by

allowing instructors to provide real-time feedback on sketches outside the classroom. Building on the idea of real-time

feedback, Keshavabhotla et al. [115] developed a system that applies instructor insights and observed pedagogical

practices to develop progressive exercises, which use sketch recognition to give real-time feedback. Other tools blur the

line between human and AI feedback on sketches, such as the text-based facilitator used by Walsh and Wronksy [226]

to increase engagement with a sketching activity.

Our work does not focus on real-time feedback of sketches, but rather on providing students with a shared real-time

progression through sketching tasks. This allows students to find examples from their peers that support their creativity

in short tasks, e.g. about 4 minutes. This alleviates the need for instructor interaction or a trained complex model to

provide this feedback.

6.2.2 Providing Inspiration in Iterative Design

Inspiration, recently the subject of many studies, is a key contributor in the creation process [43, 109]. How to support

inspiration in art is an open question [219]. Past researchers explored real-time feedback mechanisms [165] in an

attempt to support creativity in lab settings. Wang et al. [227] developed IdeaExpander, a system that supports group

creativity by showing pictorial stimuli based on dynamic conversational content. Sketchy, however, is evaluated in

classrooms rather than lab settings. Extending from prior work, Sketchy examines the role of co-inspiration among
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peers, as opposed to its role solely on the individual.

Another approach to generate inspiration is for designers to search through collections of prior examples. Juxtapoze

generates a database of clip-art using the shape of the intended object [15], while Co-3Deator hierarchically focuses on

3D sketching by directly swapping constituent components for work done by peer designers [176]. Goucher et al. text

mined crowdworker’s written design solutions to extract inspiration stimuli that were later presented to participants [81].

In a classroom, it would be time-consuming for crowdworkers to pre-generate all possible stimuli, thus the Peek feature

automatically provides these stimuli by allowing students to see random sketches from others simultaneously working

on the same task.

Researchers have also ran pilot studies and searched repositories to provide sketching examples at different intervals

as stimuli for participants. While Kulkarni et al. showed that repeated exposure to sketches improves the creativity of

generated ideas, these ideas were only shown at fixed intervals [130]. Siangliulue et al. showed that allowing users to

see examples when they want to, or “on-demand”, is more effective in generating novel ideas [205]. The Peek feature

builds on Siangliulue’s work by enabling the “on-demand” condition in a realistic classroom setting [205]. Peek relies

on a group of users to simultaneously sketch and provide their work as possible inspirational stimuli to their peers.

A teacher could use Sketchy for any sketching task without running pilot studies or curating online repositories for

inspirational stimuli. This real-time experience of co-creating and inspiring allows for the analysis of not only the sketch

itself, but also of the creator. Sketchy’s Peek feature builds on their idea of the “on-demand” condition. Additionally,

the Peek feature generates labels and findings related to 2D stroke data adding to their contributions to “personalized

examples.”

6.2.3 Collaboration & Creativity: Shared Progression Encourages Learning

Past research efforts have focused on the benefits of a collaborative environment for improving efficiency and quality in

artwork but have failed to study supporting inspiration [198]. Lee [135] aimed to increase collaboration and create

complex artifacts by investigating the benefits of asynchronous interactions within real-time collaborations. Exploring

these ideas in a paid crowdsourced micro-task environment, Gingold et al. [79] looked at averaging crowdsourced

drawings to produce high-quality output from low-quality input. Limpaecher et al. [139] created a stroke-correction

method to improve strokes in real-time using a crowdsourced drawing database. Finally, Lasecki et al. [134] created a

prototyping tool allowing designers to quickly iterate and gather feedback by automating and crowdsourcing elements

of their interfaces.

Researchers have studied asynchronous collaborative analysis in non-sketching settings. Goyal et al. developed

SAVANT, a collaborative sensemaking web-based tool, which enables implicit sharing and knowledge synthesis through

a post-it note interface [83]. Aandolina et al. uses a similar post-it note whiteboard interface for paid crowdworkers in
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order to gather real-time creative input during early-stage design activities which would improve brainstorming and

concept mapping [7]. In another example, Goyal et al. study implicit knowledge sharing in a collaborative analysis

tool [82], showing that participants retain more information and perceive the tool as more useful compared to when

sharing is disabled. Sketchy compares its digital collaborative feature Peek against a baseline of physical peeking, thus

building upon these ideas of knowledge-sharing in the context of an individuated collaborative sketching approach. Ren

et al. proposes fostering a collaborative culture and acknowledges the importance of the individual stakeholder group.

Similarly, Sketchy focuses on empowering the individual while also enhancing collaboration [187].

Previous studies emphasized enabling multiple people to collaborate on a single project, with the idea that a group

of users will create better designs than individual users [204, 244]. In contrast, our studies show how to support an

individual’s creativity and satisfaction with their final design by allowing them to see their peers’ sketches.

6.3 Preliminary Observations: In-Person Sketching

We ran two preliminary in-person sketching sessions to inform the design of the Sketchy application and its features.

The goal was to qualitatively observe how people with a range of abilities performed over several tasks when given a

choice to inspect others’ work.

Participants were recruited via convenience sampling with occupations ranging from designers and software

engineers, to product managers and directors. Participants were from the same large company; hence they could know

each other. The two sessions consisted of 6 and 3 participants, respectively (40% female), with an average age of 30

years. Participants sat around a table and used a pen and paper to perform the following tasks:

(0) Sketch a low-fidelity mock-up of a sun. (warm-up task)

(1) Sketch a button a user can click.

(2) Sketch a 5-pointed star.

(3) Create a typeface (i.e. font) and write the word “Sketchy” with it.

(4) Perform a low-fidelity redesign of the Sketchy landing page.

Each task lasted around 3 minutes to simulate the experience of creating and exploring ideas. The idea is for participants

to share in their sketching experience in real-time under the same constraints. Participants were not asked to view or

imitate each other’s sketches.
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6.3.1 Peeking for Ideas and Inspiration

We observed every participant in the first session looking at other participants’ sketches when their progress stalled.

Participants said they were trying to gain insight on how to sketch a challenging aspect of the task when asked to

explain this behavior. For example, in Task 1, P2 looked at P4’s sketch because they wanted to imitate how P4’s design

captured the intention that the 3-dimensional button “needed to be pressed.” Participants often spent more time looking

at sketches that were either more complete or were drawn by someone more experienced (e.g., professional designers).

During their design process, participants examined sketches at different stages of completeness, indicating peeking is

potentially beneficial. They would often pause and look at their sketch and then slowly look around the room at others’

sketches. This highlights the importance of the shared experience; participants shared their progression and sought

ideas from their peers who had progressed further.

Behaviors supporting the importance of prior experience and level of completeness occurred during Task 2

(designing a typeface) when P3 said, “I might have an advantage because my spouse designs typefaces.” After that

statement, each participant focused on P3’s approach and results. At the core, participants sought to gain ideas from

others that they could take back and use to improve their in-progress sketches. This observation led to the creation

of the Peek feature within Sketchy, aiming to serve as the digital equivalent to this physical behavior and avoid the

constraints of physical environments or the number of participants.

6.3.2 Inspiration Leads to Imitation

Findings from the second session further emphasize the importance of viewing others’ sketches in real-time during

sketching tasks. Rather than brainstorming abstract concepts, participants looked for ideas they could observe and bring

back to their sketches.

Each participant would sketch a specific concept, such as the spacing between letters, and then try to implement

another concept. If their process stopped, they would imitate a concept from another participant through peeking. For

example, in the middle of Task 2, P1 paused and tapped their pen on the desk, apparently contemplating their next step.

P2 then imitated a concept (thicker lines) from P2 to improve their sketch, see Figure 6.1. When prompted, P1 felt that

when viewing other sketches, “the process is more important than the result.”

After the task, we wanted to explore what participants were looking for when physically peeking. As P1 explained,

“Seeing what effect works gives me inspiration. If I do not see anything, I have to imagine it. Imagining is hard because

it is not concrete.” P3 described their ideal learning scenario as one in which “a person would be drawing and presenting

it at the same time.” Such observations informed the design decision in Sketchy to update the Peeked sketch in real-time.

Also, the second session found that participants look for unique features in a sketch to find inspiration. P1 stated,

“trying to create something too realistic proved difficult.” P1 demonstrated they could improve their typeface design
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Figure 6.1: In session 2 of preliminary study, P1 improves design by imitating a feature they find inspiring from P2’s typeface
design. (P1: top; P2: bottom right; P3: left)

by imitating unique features that inspired them from P2 (Figure 6.1). From our observations, we aim for Sketchy to

capture and share this in-the-moment inspiration through a digital form of peeking which enables a flexible co-learning

experience where all users have equitable access to sketching examples generated in real-time.

6.4 Sketchy Public Data System

6.4.1 Design Considerations

In our preliminary observations, users seek inspiration from their peers to realize their creative ideas through a shared

experience. This observation reinforces the idea that users can inspire each other as they progress through their designs.

The Peek feature takes a fundamentally different approach to support creativity: (i) Rather than having a group of

students collaboratively create one final design, each student creates their own final design. (ii) Each student has control

over their work and can freely choose to view others’ in-progress sketches for inspiration. This user-first control allows

students to work on similar tasks with their peers without relinquishing independent creative control.

We blended in-person observations with traditional design considerations from literature [14, 32, 205] to support

student designers from a user interface design course based on the following principles.

Ease of Use: Designers sometimes struggle to begin a project. Sketchy features a straightforward user interface

with a limited toolset, to serve as a simple starting point allowing for effortless design production [14, 32]. Moreover,

Sketchy works across common platforms and allows users to draw strokes on a web-based canvas on both desktop and
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mobile platforms. Sketchy smooths strokes and renders the final output in Scalable Vector Graphics allowing for a

consistent viewing experience across devices.

Freedom of Expression: User guidance and free-form flexibility are opposing goals. Within the confines of assistive

technology, the user should feel as much freedom for creative expression as possible [14]. Unlike other studies such as

ShadowDraw [136] and Sketch-Sketch Revolution [71], Sketchy does not dictate what the user should draw or what

strokes they should make, allowing them creative freedom. While Sketchy provides a limited toolset, it does not impose

structure. Instead, it focuses on empowering the user to sketch freeform and create and throw away ideas. Whiteboards

and in-person sketching tasks support this user experience by providing erasers and multiple sheets of paper.

Supporting Creativity: The preliminary in-person study shows that participants can quickly become stuck on an

idea without knowing how to implement it. Developing and witnessing many ideas in parallel can produce more diverse

and higher quality results [66]. Conversely, choosing a design concept too early can result in design fixation [110],

which can limit idea generation, even in experts [55]. The “Peek” feature can help reduce design fixation by exposing

users to diverse ideas generated by their peers. Peek allows creators to passively share their in-progress work, like

Mosaic [119], enabling users to see sketches evolve in real-time. The timing of seeing sketches in the creative process

is also essential; seeing sketches earlier tends to be better for creativity [130]. Users are free to Peek at any moment to

help kick-start their creative process since previous research has shown that allowing users to see sketches when they

Figure 6.2: Users can draw, peek, undo, redo, clear, change stroke color, and view voting history of their sketch using Sketchy’s
interface.
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want help to generate better ideas [205].

Building a Collaborative Space: In design education, designers typically share feedback in co-located studio

settings [111]. Participants in design critiques often share their creative work with peers, exchange feedback and

reflections, evaluate design approaches, interpret the concepts or artifacts, and brainstorm future possibilities [58].

Sketchy aims to scale the number of participants collaborating through the Peek feature by moving this experience

into unlimited virtual space. This space streamlines the ideation and the exploration processes by allowing users to

peek at their peers’ sketches and then return to their drawings. Sketchy enables a consistent viewing experience across

devices within this digital space by smoothing strokes and rendering the final output in Scalable Vector Graphics. This

virtual collaborative “space” can enable the creation of classes with a dual format of remote and in-person students by

allowing all students to sketch in a single virtual setting.

Individual results: Different users can create different results. Developing a personal style is critical to creative

expression [14]. Sketchy, unlike C-sketch and skWiki, does not constrain users to drawing on another user’s sketch [204,

244]. In contrast, users in Sketchy create their sketch without others directly changing their work. In Sketchy, users are

free to explore their ideas and create different sketches, a key feature for creative expression (Figure 6.3).

Figure 6.3: Study 2 - Task 2. Users “Design a logo for a company that disposes of E-Waste”. Sketches are unique but can share
similar concepts, from a lighting bolt and recycling symbols to batteries.

6.4.2 Implementation Overview

Based on the design considerations above, Sketchy offers a simple toolkit and functions on devices that users typically

carry (mobile, tablet, and laptop), thus allowing for built-in real-time inspiration, which provides each user with

their own sketching environment within an infinite virtual collaborative space. These features allow users to create

low-fidelity designs through drawing on a web-based canvas (Figure 6.2) and to view sketches across different devices

and screen sizes while retaining a sketch’s intended resolution.

6.4.3 Sketching Input Methods

Sketchy has three different input methods. First, in Drag Mode, users click, hold, and drag with a mouse or touchpad

to draw. In Drag & Keyboard Mode, users press and hold the d-key while Sketchy records all subsequent mouse

87



movements as strokes. This mode lets users draw with greater precision since each hand performs one action, similar to

how someone can draw using one-finger on a touchscreen device. Finally, in Touch Mode, users drag their finger to

draw strokes, similar to finger painting.

6.4.4 Recording User Interactions

Sketchy records all user interactions: strokes, undo, redo, clear, peeking, and user votes, in a central database.

Sketchy’s draw tool provides six colors for strokes: blue, green, gray, orange, red, and purple. The intention of

implementing simple controls is to decrease the learning curve for the less experienced students in a class. Sketchy

simulates a realistic sketching experience by rendering strokes resembling those made by a colored pencil. To simulate

the imperfections of colored pencils, Sketchy first renders a fixed-width stroke and then creates smaller strokes with

randomized opacity and offset from that initial stroke.

Sketchy has buttons for undo, redo, and clear functionality. Users can undo and redo all of their previous strokes.

Clear allows a user to erase their canvas, an action which can indicate that a user wants to change their sketch entirely

after peeking.

Figure 6.4: The interface users see when they Peek. The peeked sketch will update in real-time if new strokes are added or undone.
To exit this interface they must answer the above question with either a “Yes” or “No”.

6.4.5 Peek Feature

While working on the same task, the Peek feature enables users to view, or “peek”, their peer’s in-progress sketch. Users

will see a peeked sketch update in real-time as their peer progresses, simulating a real-world sketching environment.

It is common for users to peek at unfinished sketches. Peek selects a random sketch with at least one stroke and will
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not show the user the same sketch again unless they view all other sketches. This functionality mimics the observed

behaviors from the preliminary in-person study. Due to system constraints, it would also be technically challenging to

display upwards of 100 sketches evolving in real-time to a user.

To exit the Peek view (Figure 6.4), users choose Yes or No to the question: “Will you change your sketch based

on what you see in this sketch?” The user’s votes become labels corresponding to the in-progress sketches. From the

earlier preliminary observations, we expect that when a student changes their sketch, this is a positive action, based on

the intuition that one would want to change their sketch to make it better.

In sum, the Peek functionality enables the real-time generation and viewing of sketching examples. Unlike prior

works, Peek allows users to simultaneously develop ideas and co-inspire with each other through the shared experience

of using the same system under the same time constraints. Furthermore, in a classroom setting, peeking allows students

to understand their peers’ design decisions, sometimes even watching others change their minds and restart a sketch.

6.5 Method

We conducted two studies to answer our research questions. Study 1 addresses R1 with a between-subjects study design,

while both studies evaluate R2. Study 2 addresses the descriptive question R3 through its larger sample size. Both

studies demonstrate how Sketchy and its digital Peek feature can be used in different styles of classrooms. Study 1 is

run in an informal lab setting with multiple round tables, while Study 2 is run in a large classroom (an auditorium in

this case). By running these two studies, we can observe the Peek feature in the context of R2 across a diverse set of six

sketching tasks versus three.

Students voluntarily participated in both studies (without earning course credit or a grade). They consented to

participate in the study and share their data anonymously. Six $9.50 gift cards to a local restaurant were raffled off.

Prior pilot studies informed the prompt for each task. Both studies lasted about 20 minutes, and besides the 1-minute

warm-up tasks, students were given 4 minutes to complete each task and were never asked to peek. The data from the

warm-up tasks were not used for analysis.

When Peek was enabled, students saw a slide showing how to use it. In our pilot testing, we observed students often

physically peeking at the screens of others sitting next to them. Hence, when Peek was not enabled, we told students it

was okay to look at their neighbor’s screen. In Study 1, we could compare the results of physical versus digital peeking

because all students sketch with the same digital drawing tools available in Sketchy. Our local Institutional Review

Board approved these procedures.
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Figure 6.5: Students sketching in a lounge during Study 1.

6.5.1 Study 1: Creativity Differences with the Peek Feature

Study 1 was conducted during a snack break (as depicted in Figure 6.5) between two different lab sessions of a university

user interface course. It compared creativity measures with and without the Peek feature, using the Creativity Support

Index [37, 47], between two groups of undergraduate and graduate students from a user interface class.

Students voluntarily signed up for the lab session of their choice. They had no prior knowledge of Sketchy. The

first group of 58 students used a version of Sketchy without the Peek feature. The second group of 41 different students

used Sketchy with Peek enabled. A digital form of peeking should theoretically expose students to more sketches than

physically peeking at the screens of students next to them. We removed students from the analysis who did not complete

all tasks, including the survey at the end. The analysis consists of 31 and 28 students, respectively.

The students were asked to perform one warm-up task to familiarize themselves with the system and then three

design tasks:

(0) Draw a tree. (warm-up task)

(1) Draw an icon that represents saving to disk on a computer. No floppy disk icons are allowed.

(2) Draw a logo for a water utility company called Clean Water. The logo must contain the letters “C” and “W”.

(3) Draw a gesture that desktop computer users can trace out with their mouse in order to simulate a click, without

having to physically click. The main challenge is for the design to be difficult to perform accidentally while being

easy to perform intentionally.

6.5.2 Study 2: Peek Behavior and Inspiration in a Classroom

We conducted Study 2 at the end of a user interface design class with 115 students who volunteered to stay. From that

initial group, 90 students completed all parts of the study, including a pre and post-survey. All students in this study
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used Sketchy with the ability to Peek at any time. This session tested the scalability of the platform and gathered more

data from a larger sample size.

Some participants may overlap with Study 1, but the exact number is unknown because the data is anonymous. In

this study, students performed four slightly different design tasks, for a change of pace:

(0) Draw an expressive face. (warm-up task)

(1) Draw an icon to represent drinkable water.

(2) Design a logo for a company that disposes of E-Waste. An added constraint was that the logo must have contained

the letters “E” and “W”.

(3) Draw a pattern for a mouse to trace that will erase whatever is underneath the mouse cursor.

6.5.3 Study Procedure

First, students consent to the study procedures and answer the following multiple-choice questions using Likert scale

responses:

(1) What is your level of sketch experience?

(2) What is your level of design experience?

(3) How likely are you to sketch ideas before starting a project?

(4) How effective do you feel viewing other Sketches would be for improving your own sketch?

(5) Which of the following methods do you typically use to gain inspiration for graphic design? The options for this

question were “Looking at photographs of real-world objects”, “View images of designs on the Internet”, “Find a

collaborator”, “Other”, and “None”.

During the study, when students digitally peek, they answer a question asking whether the sketch they saw would

cause them to alter their sketch. During our pilot studies, we discussed different ways to determine if a user gained

value from peeking at a sketch. Simply asking if the sketch provided value or inspiration was ill-defined and not specific

enough for participants. Automatic estimates of whether an action came as a result of peeking are also challenging to

define computationally. [213, 234]. Eventually, we decided to ask the user whether they intended to change their sketch

after they peeked. This operationalization of inspiration seemed more manageable for users to judge quickly and served

as a meaningful proxy for inspiration as an outcome. So after viewing a sketch, the user is prompted, “Will you change

your sketch based on what you see in this sketch?”
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We ran a pilot study to assess if participants should answer this question using a binary response (Yes/No) versus a

5-point Likert scale. We found no differences comparing each question type. Hence, we decided to use a simpler binary

question for participants to answer when peeking.

After completing each sketching task, students rated how satisfied they were with their final sketch using a 5-point

Likert scale. Finally, after completing all tasks, in a post-survey, students completed the Likert scale questions, assessed

Sketchy by ranking the components for the Creativity Support Index [37, 47], and answered the following questions:

(1) Students in Baseline (No Digital Peeking): How effective was viewing the sketches of people sitting next to you

for inspiration?

(2) Students who only used Peek: How effective was the Peek feature for finding inspirational sketches?

(3) All students: How effective was viewing a sketch conceptually different from your own for inspiration?

(4) All students: How effective was viewing a sketch conceptually similar to your own for inspiration?

6.6 Results

In this section, we first evaluate the results of Study 1 to answer R1. Then, we present results from the small and large

classroom studies, Studies 1 and 2, respectively, to answer RQs 2 and 3. Finally, to ensure a balanced sample, we

evaluate the 2D stroke data from Study 2 to answer R3 since Study 2 had four times as many peeks as Study 1.

To investigate these research questions, t-tests were used to compare both the results between conditions, including

Likert-scale responses, and the 2D stroke data following the guidance provided by past findings [11, 167, 212]. Unless

otherwise specified, data passed both the Shapiro-Wilk test of normality and Levene’s test of homogeneity of variances.

Our analysis is conducted per peek because different users are exposed to different stimuli at different times.

Students see a new sketch at every peek because sketches are continuously updated. Each action (sketch, undo, redo, or

clear) can cause a sketch to change while being peeked. Typically, we would need to aggregate multiple peeks on a

sketch if multiple users saw the same version of that sketch simultaneously. We conducted an analysis that shows this

did not occur.

In each task, sketches potentially change every second, exposing users to different stimuli. We would need to

aggregate multiple peeks on a sketch if multiple users saw the same version of that sketch simultaneously. Our follow-up

analysis shows that this did not happen.

The analysis is conducted per peek for several reasons. Notably, multiple versions of sketches were peeked at

random times. This is because sketches are developed in real-time. Also, as we will discuss, multiple factors influence

each peek. By analyzing per peek, we can include each factor to answer the research questions and inform a discussion

for a future personalized sketch recommendation model.
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6.6.1 Data Overview

Overall, across the two studies, 149 students completed all requirements and performed 447 tasks, sketching over

10,000 strokes and peeking 3,631 times. Across all studies, 61% of students used a mobile device (i.e., a phone or

tablet). The next two sub-sections provide answers to possible questions about participation and device usage in both

studies.

Having Peek Enabled Increased Conversation Rate

Students’ data was only used if they completed the entire study. Participation was voluntary, and they could leave at any

time. In Study 1, 53% of students who had Peek disabled completed all tasks, compared to 68% of students who had

Peek enabled. When Peek was enabled, there was a 28% increase in the chance students completed all tasks. This result

shows that Peek provides an increased sense of collaboration and can increase engagement across the same set of tasks.

In Study 2 (large classroom) all students had Peek enabled, and 78% fully participated.

Controlling for Mobile Devices

The device used (mobile versus non-mobile) did not affect the timing or frequency of peeking or the number of sketches

that inspired a design change per student in either study. Notably, peeking at a sketch made on the same type of device

did not affect if a sketch inspired a design change. Hence, students can peek at sketches made on any device. These

results show users can bring their own device when using Sketchy, and the distribution of mobile versus non-mobile

devices will not affect the perceived quality of sketches.

Study 1 (N=28) Study 2 (N=90) Total
Task 1 2 3 1 2 3

Average Peeks per student 6 10 10 10 8 14 31
Total peeks 166 273 289 923 734 1,246 3,631

Peeks that led to an intention to change sketch 20% 22% 13% 16% 21% 14% 17%
Students who intended at least one sketch change 46% 75% 61% 36% 43% 46% 72%

Table 6.1: Summary statistics for Peeking in Study 1 (Peek Group) and Study 2 (Large Class). The Total column summarizes both
studies. Task 0 was a warm-up and therefore is not analyzed. Peeking was frequent across all tasks, and students intended to change
their design after peeking 18% of the time in Study 1 and 17% of the time in Study 2. These results for Study 1 only include the
subgroup of students who used Peek. Students peeked more on average per task when there was a lower chance a peek would lead to
a design change, indicating students kept searching for an inspirational sketch.

6.6.2 Digitally Peeking Leads to Creativity

Study 1 was a between-groups study that compared a group of 28 students with the Peek feature enabled to a group of

31 students without it. The students who did not have Peek enabled relied on physically peeking in the social setting of
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the lounge. Students reported their perceptions from peeking and completed the Creativity Support Index survey in an

end-to-study survey. Creativity measures were higher in the group with Peek enabled, as seen in Figure 6.6, with the

overall CSI score and three individual component differences being statistically significant.

A higher CSI score indicates better creativity support [47]; in Study 1, the overall CSI score is 72.3 for students

with Peek enabled, compared to 64.4 for students without it. A one-tailed t-test reveals this 12% increase in CSI scores

while using the Peek feature is statistically significant t(57) = 2.19, p = 0.02, d = 0.57. This result shows that the Peek

feature adds creative value to Sketchy, especially compared to similar tools such as AutoDesk SketchBook Express,

which received a CSI score of 64 [47].
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Figure 6.6: The CSI score from students who had Peek enabled in Study 1 was 12% higher than the baseline (p = 0.02). Each of the
average CSI component scores and their distributions was higher than the baseline. Circles contain the mean per component – an
asterisk (*) indicates a significant difference between Peek and the baseline. Colors per bar represent the percentage of participants
who selected the Likert scale option. These results show that adding the ability to digitally Peek increased creativity.

Comparing the Creativity Support Index Components

The Creativity Support Index consists of six components, each rated on a 5-point Likert scale. The following

three components saw a significant increase when Peek was enabled: Collaboration, Effort/Reward Tradeoff, and
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Expressiveness.

Collaboration: “I was able to work together with others easily while doing this task.”

Students with Peek enabled rated the collaboration component 3.52 on average, while students without Peek rated it

2.94. A one-tailed t-test shows this 19% increase in perceived collaboration is statistically significant t(57) = 1.73,

p = 0.04, d = 0.46. This result indicates peeking effectively facilitates collaboration and shows Sketchy supports

the idea by Ren et al. to create a collaborative culture by adding functionality to empower the individual stakeholder

group [187].

Effort/Reward Tradeoff: “What I was able to produce was worth the effort required to produce it.”

Students with Peek enabled rated the effort/reward tradeoff component 3.71 on average, while students without

Peek rated it 3.13. A one-tailed t-test shows this 16% increase in perceived effort/reward is statistically significant

t(57) = 2.42, p = 0.01, d = 0.63, indicating that Peek reduces the effort required to create a sketch. Since much of the

effort involved in creating a sketch is coming up with an idea, this result indicates that Sketchy can effectively help

users find better ways to integrate abstract concepts, see Figure 6.7.

Expressiveness: “I was able to be very expressive and creative while doing the task.”

Students with Peek enabled rated the expressiveness component 3.43 on average, while students without Peek rated it

2.84. A one-tailed t-test shows this 21% increase in perceived effort/reward is statistically significant t(57) = 2.22,

p = 0.02, d = 0.58, indicating that Peek, by freely exposing students to a wider variety of ideas, allows them to find

and express their own concepts better than physically peeking. This result supports the idea that the user should feel as

much freedom for creative expression as possible [14].

Study 1
Activity 2

Before Peek
Sketch peeked at 

(Voted Inspirational)
Changes after peek Before Peek

Sketch peeked at 
(Voted Inspirational)

Changes after peek

Figure 6.7: Examples of students imitating a concept from a peeked sketch they voted as inspirational. The top left sketch (Study 2,
Task 1) imitates the smiley droplet. The top right sketch (Study 1, Task 3) imitates using red lines with arrows to indicate the cursor
direction. The bottom left sketch (Study 1, Task 2) imitates the placement and inclusion of “EW.” Lastly, the bottom right sketch
(Study 1, Task 1) imitates the box’s 3D dimensional shape.
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Physical vs. Digital Peeking

Sketchy’s Peek feature seeks to digitally mimic the act of physically peeking over one’s shoulder. Students who had Peek

enabled were asked “How effective was the Peek feature for finding inspirational sketches?” whereas students who did

not use Peek were asked “How effective was viewing the sketches of people sitting next to you for inspiration?” Students

from Study 1 found digitally peeking to be 40% more effective than physically looking at their neighbor’s sketch

for finding inspiration. A two-tailed t-test shows this increase was statistically significant, t(57) = −4.3, p < 0.01,

d = 1.13. This shows that digitally peeking within a classroom setting can expose students to more ideas in a shorter

amount of time than relying on finding ideas from the people sitting next to them.

After each task, students using the Peek feature were asked two separate 5-point Likert scale questions about their

experience seeing conceptually similar and different sketches. Generally, students wanted to see sketches that were

conceptually different from their own. In the post-survey, students who had Peek enabled were asked: “How effective

was viewing a sketch conceptually different from your own for inspiration?” and “How effective was viewing a sketch

conceptually similar to your own for inspiration?” Students from Study 1 believed that viewing a sketch conceptually

different from their own was around 15% more inspirational. A paired two-tailed t-test shows this difference was

statistically significant t(27) = 2.01, p = 0.03, d = 0.49. Also, students from Study 2 believed that viewing a sketch

conceptually different from their own was around 11% more inspirational. A paired two-tailed t-test shows this

difference was statistically significant t(89) = 3.42, p < 0.01, d = 0.38. These results hold across both small and large

settings and across different tasks. A student might want to see a sketch conceptually similar or different during different

stages of the creative process. For example, maybe it is more important to view conceptually different sketches during

the ideation stage but conceptually similar sketches during the final stage in order to compare various implementations

of ideas.

Students answered how satisfied they were with their final sketch on a 5-point Likert scale after each task. In Study

1, students who had Peek enabled rated their satisfaction an average of 3.60, while students without Peek rated their

satisfaction an average of 3.11. A two-tailed t-test shows this 16% increase in the level of satisfaction is statistically

significant t(177) = 2.65, p < 0.01, d = 0.46, indicating the inclusion of Peek led to students feeling more satisfied

with their final design for each task. This result shows Peek can increase individual satisfaction by supporting the

individual stakeholder, similar to Benedetti et al., instead of supporting the group’s final design, such as C-Sketch and

skWiki [14, 204, 244].

6.6.3 Peeking Occurred Often and Inspired Contributions

The large classroom study (Study 2) offered additional observations of what happens with peeking behavior in Sketchy

at scale. This data, combined with Study 1, yields insights across a wider variety of sketching tasks. These quantitative
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insights focus on how often students peeked, when they peeked, what happened when they peeked, and how often

peeking inspired them to alter their own sketch.

Figure 6.8: Distribution of peeks over time across both studies that led to and did not lead to design changes. Overall, students
appear to sketch first and then peek later. While students peeked throughout each task, they most commonly peeked during the
middle of each task, 68% of peeks occurred between 90–150 seconds after the task began.

In the large scale study, 90 students completed every task and survey, while 28 did so in the smaller setting. There

were a total of 2,903 instances of peeking during the classroom study and 728 in the smaller setting. Overall, 58 students

(64%) in the large classroom and 27 students (96%) in the smaller setting were inspired to change their sketch at least

once. As shown in Figure 6.7, students took ideas back to their own sketches across a variety of tasks in both studies.

Table 6.1 shows that peeking remained consistent across each task per study, demonstrating that students stayed engaged

and continued to use Peek to seek ideas. Peeks in the final task of each study had the lowest chance of inspiring a

design change. However, students peeked more frequently during these tasks, indicating a possible relationship between

increased peeking and task difficulty.

Table 6.1 summarizes the peeking behavior of students using the Peek feature in Studies 1 and 2. Multiple Peeks

were possible during a task. In the classroom study, peeking led to an intentional design change at some point during

the task 17% of the time. In the subgroup in Study 1 that used Sketchy with Peek, this happened 18% of the time. The

proportion of Peeks leading to a design change was similar between the two groups of users, for both sets of tasks were

slightly different in what they asked for but retained the same format.

Digitally peeking occurred throughout both studies, with 68% of all peeks occurring around the middle of each task,

see Figure 6.8. During the first minute of a task, it was 42% more likely for a sketch to be voted as non-inspirational.

This indicates that a sketch might require more details in order for someone to find it inspirational. This cold-start

problem begins to dissipate after the 1-minute mark. Across both studies, peeks leading to a reported design change
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occurred 16 seconds later than peeks that did not. A two-tailed t-test shows this 12% increase was statistically significant

t(3629) = 6.15, p < 0.01, d = 0.26. These results remain consistent when analyzing Study 1 and Study 2 individually.

In Study 1, peeks resulting in an intended design change occurred 23 seconds later in the task. A two-tailed

t-test show this 13% increase was statistically significant t(726) = 2.93, p < 0.01, d = 0.28. While in Study 2, peeks

resulting in an intended design change occurred 13 seconds later in the task. A two-tailed t-test shows this 11% increase

was also statistically significant t(2901) = 5.84, p < 0.01, d = 0.30. There is a cold start problem for finding sketches

since Peek relies on sketches being created in real-time. Past research relied on prior examples and did not encounter

this problem because they used completed sketches curated through pilot studies or online repositories [130, 205]. This

idea is contrary to Sketchy’s goal to allow anyone to create and run a sketching task without relying on prior sketches.

Sketchy allows students to see a peeked sketch update in real-time and the freedom to view the sketch for an

unlimited amount of time. In both studies, a sketch that was changing while being peeked at did not affect whether

a student would indicate if they were going to change their design. However, the length of time viewing a sketch

while peeking did affect the student’s behavior. In Study 1, students viewed sketches for 1.2 seconds longer when they

indicated that they would make a design change. A two-tailed t-test shows this 35% increase was statistically significant

t(726) = 3.03, p < 0.01, d = 0.31. In Study 2, students viewed sketches that they said would change their design for

0.4 seconds longer than a sketch they said would not. A two-tailed t-test shows this 14% increase was statistically

significant t(2901) = 2.32, p = 0.02, d = 0.11. Results show that time spent viewing can predict whether someone will

find a sketch inspirational. This discovery aligns with non-sketching research that focuses on either viewing time and

increased interest, memorability, or attention [10, 25, 33]. This result could allow for the automatic rating of sketches as

inspirational in real-time, as we discuss later in subsection 6.7.2.

6.6.4 Users Inspired by the More Experienced

In the pre-survey (see subsection 6.5.3), students self-reported their sketching and design experience on a 5-point Likert

scale. These self-reported measures allow us to study whether the experience of peekers and creators influences digital

peeking.

Comparing the experience of students who said they would change their sketch versus those who did not help to

answer R2 by understanding why some students found sketches inspirational based on their self-reported experience.

On average, students in Study 2 who said they would change their sketch when peeking had 17% less design experience

and 10% less sketching experience than those who did not say they would change their sketch. A two-tailed t-test shows

this decrease in design experience was statistically significant t(2901) =−6.14, p < 0.01, d = 0.39. A two-tailed t-test

shows this decrease in sketching experience was statistically significant t(2901) =−3.47, p < 0.01, d = 0.22. These

results may be unsurprising from a pedagogical standpoint but is a sign that users can gauge their sketching and design
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More Inspirational Less Inspirational

Figure 6.9: In-progress peeked sketches from Tasks 1–3 (top-bottom) from Study 2: The “more inspirational” sketches were often
voted as inspirational and scored higher on each of the seven features (box length, path length, stroke entropy, number of points,
number of strokes, sum point differences, and sine end angle). The “less inspirational” sketches on the right received little to no votes
that a student would change their sketching after peeking them. The inspirational sketches feature a variety of colors, well-spaced
objects, long smooth strokes, and extra non-overlapping small strokes that add detail and clarity to the concept of the sketch.

confidence. These findings point to the possibility of being able to recommend a sketch to less experienced participants

automatically.

Comparing the experience of the student who peeked versus the creator of the sketch can help answer R3 by

understanding how differences between their self-reported experience measures might influence proposed sketch

changes. In Study 2, students who intended to change their sketch after peeking had 13% less design experience and

6% less sketching experience on average than the creator of the peeked sketch. A paired two-tailed t-test shows this

decrease in design experience was statistically significant t(2902) =−3.62, p < 0.01, d = 0.31, but the difference in

sketching experience was not (p = 0.14).

While these findings show a possible beneficial relationship between a less experienced student peeking and a more

experienced creator, what about the more experienced students who peeked? In Study 2, students who did not intend to
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change their sketch after peeking had 4% more design experience and 5% more sketching experience on average than

the creator of the sketch they viewed. Separate paired two-tailed t-tests show these increases were statistically significant

when comparing design experience t(2902) = 3.33, p < 0.01, d = 0.10; and sketching experience t(2902) = 3.70,

p < 0.01, d = 0.11. These results show that peeking could benefit from pre-filtering sketches created by students’ more

experienced peers.

While we did not observe the same results in Study 1, future work could control for the task, class size, and

distribution of sketching/design experience between groups to further study these occurrences. Future work could

also develop individuated metrics to understand better how Peek could make recommendations that match a user’s

in-the-moment needs.

6.6.5 Peeking Influenced Student’s Next Action to Contribute

Sketches that students found inspirational sketches were often more complete, more detailed, and carefully drawn than

non-inspirational sketches, as seen in Figure 6.9. While the level of inspiration per sketch might differ between the

students, their next action after digitally peeking can indicate how seeing a possible inspirational sketch can influence

their next action. This analysis can help answer R2 for this chapter. After finishing peeking, they could perform one of

eight possible actions listed in Table 6.2.

To compare the proportions of students performing one of the eight possible next actions versus one of the other

actions, we computed two-tailed McNemar’s tests with the continuity correction for all proportions. This test is

appropriate to assess binary outcomes of repeated measures (in this case, the user actions).

Additive Subtractive

Intended to change View Change
design after peeking Peek Stats Color Sketch Redo Undo Clear

Yes 73.8% 7.4% 10.8% 5.3% 0.0% 1.1% 1.6%
No 82.9% 7.2% 5.8% 3.0% 0.0% 0.5% 0.6%

Likelihood 0.9 1.0 1.9 1.7 0.0 2.3 2.8

Table 6.2: Likelihood to perform a specific action after digitally peeking, as observed in Study 1 (Peek Group) and Study 2 (Large
Class). McNemar tests show all relationships with reported effect sizes were statistically significant p < 0.01. Notably, the largest
differences were in actions that undid or cleared previous strokes, indicating students who intended to change their design were more
likely to remove strokes from their design than those who did not.

Regardless of whether a student indicated they would change their sketch when peeking, the most common action

was to peek again, as shown in Table 6.2. However, students across both studies who peeked and voted that they

intended to change their sketch did not peek again 26% of the time, and students who indicated they would not change

their design did not peek again 17% of the time. A McNemar test shows this 53% increase was statistically significant

χ2(1) = 2169.12, p < 0.01.
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While other actions were less common than peeking again, the differences in their occurrences indicate students are

more likely to add or remove content from their sketch. If students added something new immediately after peeking,

they would sketch again, change the color of their next stroke, or redo a previous action. After peeking, students

who indicated they would change their sketch were 1.7 times more likely to sketch again as their next action and 1.9

times more likely to change the color of their next stroke than those who did not. Separate McNemar tests show these

increases were statistically significant for both sketching χ2(1) = 203.58, p < 0.01 and changing the color of the next

stroke χ2(1) = 81.63, p < 0.01.

If students removed something from their sketch immediately after peeking, they could undo the last stroke or clear

their canvas to start over from nothing. After peeking, students who indicated they would change their sketch were

2.2 times more likely to undo their last stroke and 2.8 times more likely to clear their canvas than those who did not.

Separate McNemar tests show these increases were statistically significant for undo χ2(1) = 385.16, p < 0.01; and

clear χ2(1) = 377.75, p < 0.01. These subtractive actions show the biggest differences between actions following

inspirational and non-inspirational peeks.

Students repeatedly peeking could indicate they want to explore different concepts. Streamlining digital peeking

would allow users to consume more ideas quickly. With fewer repeated peeks, it might be possible to observe more

non-peeking actions. Maybe students would perform more subtractive actions if Sketchy provided more sophisticated

options to erase or undo specific strokes. This could allow for the analysis of what makes specific strokes undesirable

after choosing to change their design. Alternatively, it might be quicker for someone to directly copy and paste strokes

from a peeked sketch instead of attempting to imitate others’ ideas.

6.7 Discussion

Peek relies on users concurrently generating ideas in real-time in a virtual space. This setting allows for these groups

of users to simultaneously provide sketching examples to everyone else while individually working on their designs.

This chapter’s findings show Peek’s effectiveness in real-time classroom activities to positively influence the likelihood

someone contributes new ideas to their sketch after finding inspiration from their peers.

6.7.1 Sketchy in Real-Time Classroom Activities

Sketchy comprises several attributes making it particularly suited for real-time classroom activities: flexibility, student-

to-student learning, and equitable access. As a design consideration informed by the preliminary observations, Peek’s

real-time nature gives instructors flexibility to define new tasks on an ad-hoc basis without additional preparation. No

pre-selected inspirational content is necessary, as learning occurs through observing peers. This same flexibility applies

to instruction during the task. The instructor can observe the students’ progress and intervene by guiding as needed.
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Our results reported that students sought conceptually different sketches for inspiration, particularly suited for

Sketchy, where students have independent canvases. This independence allows students to continuously peek to find

different concepts without worrying that someone else might alter their design. Peeking in this way fosters student-

to-student learning in the form of imitation. As we found, less experienced users were more likely to plan changes

when observing more experienced users. [141] similarly reported, “we observed students peeking on the canvases of

other group members, even while still working on their own task.” Unlike prior work, Sketchy shows that retaining an

independent canvas allows students to engage in student-to-student learning while making their own design decisions.

Our results showed an increase in creativity measures, including the feeling of collaboration (from 2.9 to 3.5 with

peeking). This shared progression is part of the educational experience, and as [141] also noticed, “[...] some teams

[look] in on the efforts of other groups, in effect checking up on their progress.” Without a single best way to complete

the task, creativity has a greater effect on the sketch.

The Sketchy application is accessible to students’ attendance and devices, which is vital in a changing educational

environment. Its nature as a responsive web application allows for its use in virtual classrooms, in-person classrooms,

or a mix of both (a hybrid classroom). Rather than physically peeking, students access that analogous feature as part of

the application, offering equitable access to this part of the classroom experience. Whether a student is at home or

in the classroom, the bring-your-own-device approach is simple to manage, with flexibility for users sketching with

their fingers on a touchscreen or with laptop touchpads. Sketchy’s actual use in multiple classes shows that these three

attributes– flexibility, student-to-student learning, and equitable access– make Sketchy a practical tool for real-time

classroom activities.

6.7.2 A Smarter, More Personalized Peek Feature

Currently, the Peek feature selects sketches at random. This was influenced by feedback during pilot studies, where

students were more interested in seeing many different examples.However, our results identify seven features from 2D

stroke data, the timing of peeks, and self-reported measures of design and sketching experience that influence proposed

sketch changes—our proxy for inspiration. We also notice that users want to see conceptually different-looking sketches,

something we did not anticipate at the beginning of our study. This initial evidence can inform the development of

a smarter, more personalized version of the Peek feature that can help answer the call to investigate “personalized

inspirations” by [38] and [205]. We also observed how users imitated ideas they repeatedly saw, despite never indicating

an intention to imitate a specific sketch they peeked. This observation leads to the idea that a personalized feature

should still integrate a level of randomness in selecting examples to show users.
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6.8 Limitations and Additional Future Work

Sketchy enables us to explore the concept of design inspiration in the context of viewing another person’s sketch during

co-occurring real-time design tasks. The participants in our studies had exposure to Sketchy for a limited period of

around 20 minutes. Despite evidence that creativity measures increased with the Peek feature’s introduction, it is not

clear if this was due to the novelty of the feature at the time. Sketchy does not necessarily deliver a tangible approach to

improving users’ creativity over time, as this would require a consideration of what happens when someone repeatedly

uses a tool like Sketchy.

One area for practical, creative improvement is to determine which peeked sketches cause design changes. It is

exceptionally challenging to automatically quantify if a user copies specific strokes from the peeked sketch. They might

not have the skill to recreate a stroke, or they might only imitate part of an idea, such as size, placement, or orientation.

This is why our work relies on a proxy question and studying their next action after peeking. In a more direct method,

users could copy-paste strokes directly from a peeked sketch. Then we could study how users integrate and iterate these

“copied” strokes through a task. Future analysis could also measure the proportion of strokes or points users directly

copy from other sketches.

6.9 Conclusion

This chapter introduces Sketchy’s digital Peek functionality to group design settings, and we found that collaboration,

facilitated by the Peek feature, is key to increasing users’ overall creativity and satisfaction with their final sketch.

Users drawing with the Peek feature displayed statistically significant increases in the overall CSI score and three

components: Collaboration, Expressiveness, and Effort/Reward Tradeoff. These results demonstrate that Peek better

supports individual creativity and fulfills its potential to increase collaboration by translating physical behaviors into the

digital realm.

Sketchy’s unpaid contributors (i.e., users) were motivated by contributing sketches and engaging with their peers.

One observation during the activities is how people ask their peers from across the room if a particular sketch was

theirs. This sense of collaboration helped motivate quality contributions through sketches. While they did not directly

collaborate, the more experienced users were able to contribute their specialized knowledge through higher-quality

sketches. Thus, the Peek feature allowed them to simultaneously share their contributions with their peers or someone

in the class they did not know. Sketchy’s unpaid contributors were more engaged as the effort to contribute was reduced,

and the sense of collaboration was heightened. When contributing high-quality sketches, this helped their peers, thus

increasing the number of people who stayed and completed the sketching tasks (i.e., conversion rate). Overall, Sketchy’s

system design provides several factors that intrinsically motivate a group of unpaid contributors to provide high-quality

103



contributions without the need to provide direct monetary compensation for their efforts.

Sketchy supports a fast perpetual cycle of data creation and improvement, which allows this public data system to

create and maintain a set of potentially inspirational sketches in real time. Sketchy’s design was influenced by real-world

observations of people performing sketching tasks. We found that Peek increases engagement and contributions within

short 4-minute sketching tasks. Users generally found sketches inspirational when they were more detailed, complete,

carefully drawn, or drawn by someone more experienced.

The development of Sketchy and the Peek feature serves as a turning point in this dissertation’s definition of a

public data system and how to motivate users in the wild. The lessons learned from Sketchy’s iterative development

process and user studies will help influence a redesign of Drafty to create a complete public data system. For example,

providing users agency in their interactions and methods to further engage with the evolving information can increase

engagements that benefit the individual user and the quality of the system’s information. The system should not nudge

users to contribute but instead provide features they can freely interact with to create a more engaging experience. By

seeing an inspirational sketch using Peek, users were more likely to contribute information in the form of sketches back

to the system. These lessons can influence a redesign of a public data system, like Drafty, to provide users with more

agency over their interactions and to create methods for users to interact with data to motivate continued engagement

and contributions.
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Chapter 7

Attract & Engage Users with Insights to

Maintain Evolving Information

This chapter presents a longitudinal naturalistic study evaluating a new version of Drafty with additions such as

Computer Science Open Rankings (meta-ranking for Computer Science departments) and Databaits (an API to generate

insights from sentence templates and aggregate statistics using tabular data). This chapter studies how these additions

and other sourcing methods, such as asking people on Twitter or posting on forums, attract visitors to Drafty and their

accuracy per visit, the likelihood they contribute, edits per visit, and their average engagement score per visit. This

chapter is part of a future journal paper. I am the first author and responsible for all aspects of user studies, system

design, implementation, analysis, and almost all of the writing. As part of the contributions of this chapter, the new

version of Drafty, CS Open Rankings, Databaits, and the tabular dataset of Computer Science professors are publicly

available1.

7.1 Introduction

There are positive examples of small communities maintaining small public datasets in spreadsheets (contrary to the

large datasets in Wikipedia and Wikidata)—for example, the successful efforts within our public web application

“Drafty” to maintain Computer Science professors’ academic profiles over several years (see chapters 3 and 5). Also,

at the onset of the COVID-19 pandemic, people made unpaid contributions (i.e., edits) to maintain a spreadsheet

of university campus closures and migrations to online learning. These observations show that spreadsheets, used

by over 750 million people in Excel alone, are ideal for studying how people maintain evolving data. One factor

1Available at http://drafty.cs.brown.edu.
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remains constant between Drafty and the COVID-19 pandemic school datasets. Individuals made small and accurate

contributions and often sought insights from the spreadsheet’s data. Therefore, to maintain this data as it changes, it is

necessary to develop a mechanism to extract insights from the spreadsheet’s data, share these insights with the public,

and continuously share the benefits of the public data with the community that supports it.

A public data system, such as Drafty, requires a constant flow of people to visit, review data, and make contributions

to maintain its evolving information. This dissertation’s preliminary work shows unpaid contributors can make accurate

edits across data types requiring varying levels of domain-specific knowledge (see chapters 3 and 5). This chapter

focuses on methods and features to engage users within Drafty and to study new sources derived from Drafty’s data

to attract visitors who make accurate contributions. As part of this effort, we developed a new version of Drafty and

several new systems that rely on its data, such as Computer Science Open Rankings, the Databaits API, and Computer

Science Open Data.

Diversifying the approach to attract visitors and studying the increase in unpaid contributions mirrors the recom-

mendation to study natural behavior in social computing systems [19]. Understanding which visitors to a public system

will contribute is an open research question [242]; simultaneously, evaluating multiple methods to attract visitors will be

vital to understanding possible user motivations in the wild. This analysis can split visitors by the resource they arrived

from, for example, automatic insights (CS Open Rankings and the Databaits API), manually shared static insights and

messages (CS Open Data, emails, Twitter), and organic visitors arriving from search traffic or other methods we did not

control.

These chapters demonstrate while asking users to fix data matching their interests produces highly accurate edits,

users only completed the request 9% of the time. Thus, Drafty requires a mechanism to motivate contributions while

not interrupting users during their natural information-seeking tasks. Previous research shows how to craft messages to

nudge users to take action to voluntarily contribute their time to causes [53, 200]. However, nudging can be considered

manipulative, and these prior efforts are short-lived. When researchers deployed systems in the wild, they found it

imperative to balance users’ trust and agency with the system [60, 195]. Therefore, users should be free to engage

with a system like in peer production, but the tasks they perform within the system are directed and specific similar to

crowdsourcing [16]. Chapter 6 also shows initial evidence during the development of the public data system, Sketchy

that providing users agency within the system’s confines can increase good engagement and beneficial contributions.

So, within Drafty, what methods and mechanisms can be studied in a naturalistic scenario to attract and engage a group

of anonymous users sharing common interests to make unpaid contributions to evolving data?

The research asks the following questions:

1. What methods to attract anonymous visitors to a public data system yield more edits per visit, accuracy per edit

per visit, and more engagement?
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2. How does providing automatic insights (from the Databaits API) within Drafty encourage anonymous visitors to

engage within the system and make accurate edits per visit?

This research shows that integrating insights dynamically generated from Drafty’s tabular can be used to attract

visitors who make more accurate contributions. Notably, their accuracy per visit is similar to directly asking friends or

members of the Computer Science community to review and edit Drafty’s data. These sources integrating automatic

insights require lower long-term effort to maintain and run compared to personally asking people to contribute to public

data systems like Drafty.

7.2 Related Work

Understanding how to translate tabular data into text can be a complex task. This chapter develops the CS Open

Rankings and the Databaits API to accomplish this task automatically. Prior work implements some ideas about

translating tabular and structured data into human-readable insights.

7.2.1 Using Natural Language Descriptions of Data to Engage Visitors

Producing natural language from tabular data is a rich research area. There have been many systems aimed at completing

natural language generation tasks—where natural language text is produced from non-textual data like tables. Most

natural language generation systems so far have focused on using various types of machine learning models. Langkilde

and Knight used a statistical language n-gram based system. Sutskever et al used a neural net model. Zhang’s system,

also through a neural net model, [240] generates representative statements about the inputted tables. This task is

relatively similar to Databaits, except the statements produced by Databaits are facts that draw on specific cells within

the data, while Zhang’s statements are descriptions of the table in their entirety. Parikh proposed a similar task of

generating a single sentence based on a table and various highlighted columns, similar to the methodology behind

Databaits generation. Mahapatra [148] proposes a knowledge-light non-rule-based system to create relevant natural

language phrases from input data.

Previous work has used a template-based system to semi-automatically generate fun facts based on Wikipedia

tables by Korn et al. [126]. The Databaits API and their system aim to produce interesting factoids from tables. While

their study focused primarily on identifying the tables within an article which would most likely produce interesting

facts, the Databaits API focuses on producing varied, interesting insights from one large tabular dataset. Both systems

require manually creating sentence templates to regenerate and show users different insights. Adeyanju [2] found that

knowledge-intensive systems, such as those that use templates or rules, typically perform better when compared to

knowledge-light systems per human evaluators.
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The Databaits API human-consumable insights are derived from Drafty’s large tabular dataset. By focusing on one

large dataset of thousands of rows, our efforts go beyond prior research that links small related tables on Wikipedia [72].

Building on these ideas of fact-based sentences, SuggestBot shows how to structure these sentences to maximize their

ability to engage people [53]. They structure sentences using a “High-Involvement style.” Other research results show

this style increases long-term retention among paid crowdworkers participating in conversational micro-tasks [178].

Our Databaits API generates facts, or automatic insights, by building on these ideas. Similar to this prior work, the

goal of the Databaits API is to automatically create and structure these facts from tabular data to attract, engage, and

motivate people to visit and contribute to Drafty.

7.3 A Public Platform for Maintaining Tabular Data: Drafty, CS Open

Rankings, and the Databaits API

This current chapter and Chapter 8 feature multiple studies conducted from 2021 to 2023. To conduct these studies,

we developed a new version of the interactive spreadsheet web application, “Drafty”, as the core part of our public

platform to maintain tabular data. Drafty is a public data system that supports free access and open edits to tabular

data. During these studies, Drafty hosts a crowdsourced dataset of tenure-track Computer Science profiles from top

Universities in the US and Canada. Each profile consists of their full name, the university they are employed at, the year

they joined that university as a tenure-track professor, their research area of expertise (i.e., subfield), and the name of

the institutions that awarded their Bachelor’s and Doctorate degrees. During this three year period, we also developed

extensions that use this CS professor data to create rankings and insights: CS Open Rankings and the Databaits API. CS

Open Rankings is a meta-ranker of Computer Science departments in the US and Canada that includes four rankings

users can toggle to create their own ranking. The Databaits API uses Drafty tabular data to generate insights by using

the column names and values to generate statistics and plug them into sentence templates. In 2022, Drafty integrated

the Databaits API within its spreadsheet interface as the new feature “Did You Know.” This allows anyone to freely see

and create insights from its Computer Science professor profiles using the Databaits API.

The following sections describe how we built Drafty’s spreadsheet, CS Open Rankings, the Databaits API, and

the “Did You Know” feature. These systems and extensions create a public platform to attract, engage, and incentivize

regular everyday people to visit, engage, contribute, and maintain the CS professor profile source data over time.
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7.3.1 Developing a New Drafty, an Interactive Web-based Spreadsheet for Data Maintenance

and Discovery

“Organic” visitors can freely visit the Drafty web application through various means, such as search engines, typing

the URL in the browser, or other people sharing a link to Drafty’s public web app. Chapters 3 and 5 use the original

version of Drafty to conduct longitudinal studies. This chapter features a new version of Drafty developed from the

ground up to attract more organic visitors; see Figure 7.1 for the updated interface.

Figure 7.1: A new version of Drafty, a new publicly editable spreadsheet developed from the ground up to support low-effort edits,
edit history, infinite scrolling, and thousands of rows of search-indexed data.

Drafty’s prior version performed poorly in search engine results. While it could present thousands of rows of data

to users while they scrolled and searched a tabular dataset, these results were not being search indexed properly. This is

because new rows of data were dynamically retrieved from the server based on user interactions, such as scrolling. This

new version of Drafty needed to handle infinite data client-side while providing a similar user experience with scrolling

and search actions. We developed the pure client-side javascript library PolyMu2 to handle and present hundreds of

thousands of rows of data to the user that is also search-indexed. The spreadsheet is statically generated server-side

every couple of minutes. The data for the table is stored in an HTML template element. The HTML template element

has two benefits. Any data within the template element will be search indexed. And HTML inside the template element

will not be rendered. This enables the page to load quickly without the size of the table affecting page load speeds.

2https://github.com/pengzhengyi/polymu
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PolyMu stores the table from the HTML template element in memory. Then, PolyMu dynamically renders the correct

row of data based on a user’s scroll position, column sorting, and column search inputs.

A key design focus for this new version of Drafty is to reduce the effort to edit cells, add new rows, and delete

existing rows of data. Decreasing the time and effort to edit data should increase visitors’ motivation to contribute by

reducing a barrier. Also, this should decrease the time, and subsequent monetary cost, when future paid crowdworkers

edit data in Drafty. When editing a single cell, a drop-down with autocomplete appears directly below the cell. This

interface provides suggested values and highlights any previously contributed values for that row of data in orange. The

previous version of Drafty featured a lengthy process to add a new row of data by guiding a visitor through a “wizard”

dialogue process that featured several steps. Chapters 3 and 5 show that prior visitors were less likely to submit new

rows of data due to the effort required to move through this step-by-step interface. This new version of Drafty allows

visitors to add a new row of data featuring an inline form presented within the spreadsheet itself. When deleting a row,

a visitor must add a reason they are removing the row. This will help data curators check why a row was deleted. For

example, it could be a duplicate or the professor could have retired.

7.3.2 Databaits: Automatically Extracting Insights from Tabular Data

Databaits, developed and deployed as a restful API, creates insights from tabular data. Each Databait type (10 total) is a

different sentence template merged with values and computed statistics derived from any tabular dataset. For example,

Figure 7.2 shows how Databaits generates an insight using Drafty’s Computer Science dataset.
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Select columns and 
values from rows 
to calculate stats
& populate template.Over the past [time range] [time range descriptor],        

the total number of [subject] [pronoun]                             
[column phrase] [column value] [growth phase statistic].

Over the past 8 years,                                                           
the total number of CS professors who               
specialized in Computer Graphics doubled.

Populate template
with statistics.

Figure 7.2: Insights from a CSV are created by providing column names and column values as part of the input to the Databaits API.
The Databaits API computes statistics using these inputs and merges the statistics with a randomly or intentionally chosen sentence
template. This creation method for insights is designed to work best with tabular data (i.e., CSVs) containing thousands of rows of
data.

This section describes how the Databaits API creates insights from tabular data, a preliminary survey study to

analyze people’s impressions and reactions to these types of insights, and finally, how the Databaits API is integrated

into Drafty to create the “Did You Know” feature. “Did You Know” allows users to freely see and generate insights

in Drafty and tweet them to Drafty’s Twitter account. The “Did You Know” feature is directly inspired by Sketchy’s

feature from Chapter 6, providing users the freedom to generate random examples as insights from the source data.

Databaits API: Design Considerations for Creating Insights from Tabular Data

We developed the Databaits API to generate insights in two main steps. First, it uses values from rows and labels from

columns from a tabular dataset to compute aggregate statistics. Second, it merges these values, labels, and statistics into

sentence templates. The Databaits API can create ten different kinds of insights or Databait types. Each Databait type

has a unique statistic and a unique sentence template. The behavior of generating statistics and parts of the sentence

templates can be modified using different inputs. The following paragraphs explain this in detail.

Databaits API: Creating Insights Overiew First, the Databaits API takes in a list of column names and/or column

values the user has interacted with. For example, if a user is viewing a table about video games and clicks on a cell in

the “Publisher” column with the value “Nintendo,” then our system would take the column “Publisher” and column
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value “Nintendo” as inputs. Then the Databaits API calculates statistics about these column names and/or column

values. These statistics might be the average value of a column or the rate of change of a column value over time.

In total, the Databaits API can calculate 10 different types of insights. Each type has a unique statistic and associated

sentence template. See the appendix for the full pseudocode of each Databait type.

For example, Databait Type 1 measures how the frequency of a column value changes over time. The following

would represent a Type 1 Databait: “Over the past 25 years, the total number of games that were published by Sony

Computer Entertainment increased 97 times.” Another example of a Type 1 Databait is: “Over the past 10 years, the

total number of games that were designed for Wii increased by 53 percent.”

While these two sentences feature different column values (the former Sony and the latter Wii), they both measure

the growth of one column value over time. Therefore, these Databaits are both of Type 1. On the other hand, Databait

Type 2 compares the frequency of one column value to that of another. For example, a Type 2 Databait might be that

“Four times as many games were designed for Wii than for DS in the past 5 years.” This statistic is structurally different

from that used in Type 1, in that it compares two different column values instead of focusing on one. Therefore, this

second set of insights are designated as a different type.

Databaits API: Configuring System Behaviors to Create Insights When the Databaits API creates an insight, it

can take in as optional inputs the type of Databait to create, multiple column names, multiple values per column, and

any of the other configuration parameters below:

• subject: the entity being described by each row in the table (e.g., “CS professors”).

• pronoun: the pronoun that represents the subject (e.g., “who”).

• column names(s): Often the column name, that describes a column’s information (e.g., “University”).

• column phrase(s): a term or phrase that describes what the column’s name does (e.g., “specialized in” for

Subfield).

• column value(s): a unique set of values from a column.

• comparison statistic descriptor: a phrase that describes statistics that compare one column value to another (e.g.,

“twice as many”).

• growth phase statistic descriptor: a phrase that describes statistics that track the change over time of one column

value (e.g., “doubled”).

• time range: the distance between the minimum and maximum for a time-based column value.

• time range descriptor: a unit of measurement for the time range (e.g., “years”).
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• historical event(s): historical events and they year/s they took place for Databait Type 7 (e.g., “the iPhone was

released” and “2007”).

These can be provided by passing a configuration file, or the Databaits API can select any of these at random.

For example, Figure 7.2’s sentence template consists of static and variable parts. The variable parts are colored for

distinction. These parts change based on which column names or column values the Databaits API used to generate

each statistic. The static portions describe information inherent to the Databait type. These are shared across Databaits

of the same type.

By allowing this type of configuration per dataset it expands the variety of data types and datasets that can be

plugged into the Databaits API to generate insights.

Databaits API: Calculating Statistics for Databaits When the Databaits API is called, it either uses the pre-defined

Databait type provided in the call or randomly selects a suitable Databait type to create that can handle the number of

columns and values provided. If it cannot compute a statistic given the provided inputs, the Databaits API will select

random column names and values and create a random Databait type. After successfully creating the aggregate statistic,

it will attempt to plug it into the sentence template. If this last step is successful, the Databaits API will return the final

insight through its restful API.

To ensure the creation of diverse insights and statistics, the Databaits API does not attempt to compute statistics

with the largest effect sizes. For example, in the Computer Science professor dataset, every insight comparing the

number of faculty per department would likely select Carnegie Mellon University because they have two to ten as many

professors as other departments. Future work could optimize these effect sizes to find the right balance between variety

and usefulness per insight.

Databaits API: Generating Sentences Once a statistic is calculated, it is converted into an English sentence. Each

Databait type has its own unique template consisting of static and variable parts. The variable parts change depending

on which inputs were used to generate the statistic.

Some variables, such as the subject and time range, can be plugged into sentence templates without modification.

While, column names such as “University”, “SubField”, or perhaps something more syntactically complicated such as

“global sales”, must be translated into plain English before they can blend into sentences. To do so, the user specifies

a dictionary of column descriptors, which maps each column name to an English phrase that describes its function.

For example, the “SubField” column could be mapped to the phrase “specialize in.” Combined with the subject and

pronoun variables, column descriptors create a natural phrase that depicts the kind of data represented by each column.

In this case, the full phrase would be “CS professors who specialize in” followed by a column value of the “SubField”

column such as “Human-Computer Interaction.”

113



Statistics are also converted into plain English in order to make information more digestible. If the insight is

comparing two column values, the figure will be translated into a comparison statistic descriptor, such as “twice as

many” or “nearly 10 times that of.” Suppose the insight is following the increase or decrease of a value over time. In

that case, the figure will be converted into a change over time statistic descriptor, such as “doubled” or “grew nearly 10

times,” followed by a time range variable, such as “over the past five years.”

Databait Types (1–10): Sentence Templates and Examples

The list below contains a quick summary of each Databait type. The full pseudo-code for all 10 Databait types is below

the following list:

1. Databait Type 1 describes the change over time of a single column value.

2. Databait Type 2 compares the total frequency of two column values from one column within a time frame.

3. Databait Type 3 measures the change over time in the frequency of entries that have a certain column value for

one column, and another column value for a second column. Essentially, it follows entries that have two specified

features instead of one.

4. Databait Type 4 compares the frequency of entries that share one column value for one column, but have two

different column values for a second column.

5. Databait Type 5 compares the frequency of a column value to the average frequency of all column values in that

column.

6. Databait Type 6 describes the proportion of entries that have a specific column value for a given column.

7. Databait Type 7 measures the change over time in the number of entries with a column value, starting from a

user-specified year in which a historic event took place. The configuration file provides historical events and the

years they took place.

8. Databait Type 8 measures the proportion of entries that share a column value in two different columns.

9. Databait Type 9 measures the proportion of all entries that hold a specific column value for a column, for two

different time points.

10. Databait Type 10 compares one column value that is represented by more entries now than before, with one that

is represented by less.

Databait 1 Databait 1 describes the change over time of a single column value.
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• Template: Over the past time range years, the total number of subject / pronoun / column descriptor / column

value / change over time statistic descriptor.

• Sample: Over the past 25 years, the total number of CS professors / who / specialized in / Human-Computer

Interaction / more than quadrupled.

Input: i← column value, c← column name

Output: bestRange, the time range that produces the greatest rate of change in the number of values with i for c

compared to the current year, and maxChange, the rate of change

D← rows in dataset with i for c

T ← current year

maxChange← 0

bestRange← 0

for t ∈ {T,T −5,T −10, ...} do

change← rate of change of number of entries in D from year t to now

if change > maxChange then

maxChange← change

bestRange← t

end if

end for

Databait 2

Databait 2 compares the total frequency of two column values from one column within a time frame.

• Template: Comparison statistic phrase / subject / column descriptor / first column value than by second column

value in the past time range.

• Sample: 6 times as many / CS professors / were hired by / Carnegie Mellon University than by Brown University

in the past 25 years.

Input: i1← first column value, i2← second column value, c← column name

Output: bestRange, the time range that produces the greatest percentage difference in the number of values with i1

and i2, and maxDiff, the difference

D1← rows in dataset with i1 for c

D2← rows in dataset with i2 for c

T ← current year
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maxDiff ← 0

bestRange← 0

for t ∈ {T,T −5,T −10, ...} do

diff ← percentage difference between total number of entries in D1 and that of D2 from year t to now

if diff ¿ maxDiff then

maxDiff ← diff

bestRange← t

end if

end for

Databait 3

Databait 3 measures the change over time in the frequency of entries that have a certain column value for one

column, and another column value for a second column. Essentially, it follows entries that have two specified features

instead of one.

• Template: Over the past time range, the total number of subject / pronoun / first column descriptor / first column

value and second column descriptor / second column value / change over time statistic descriptor.

• Sample: Over the past 25 years, the total number of CS professors / who / were hired by / Carnegie Mellon

University and specialized in / Artificial Intelligence / increased 7 times.

Input: i1← first column value, c1← first column name, i2← second column value, c2← second column name

Output: bestRange, the time range that produces the greatest rate of change in the number of values with i1 for c1 and

i2 for c2 compared to the current year, and maxChange, the rate of change

D← rows in dataset with i1 for c1 and i2 for c2

T ← current year

maxChange← 0

bestRange← 0

for t ∈ {T,T −5,T −10, ...} do

change← rate of change of number of entries in D from year t to now

if change > maxChange then

maxChange← change

bestRange← t

end if
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end for

Databait 4

Databait 4 compares the frequency of entries that share one column value for one column, but have two different

column values for a second column.

• Template: Comparison statistic descriptor / subject / pronoun / first column descriptor / shared column value /

second column descriptor / first column value than by second column value in the past time range.

• Sample: Twice as many / CS professors / who / specialized in / Databases / were hired by / Brown University than

by Carnegie Mellon University in the past 20 years.

Input: s← shared column value, c1← first column name, i1← first unique column value, i2← second unique column

value, c2← second column name

Output: bestRange, the time range that produces the greatest percentage difference in the number of values with s in

c1 and i1 in c2 vs. s in c1 and i2 in c2, and maxDiff, the difference

D1← rows in dataset with s in c1 and i1 for c2

D2← rows in dataset with s in c1 and i2 for c2

T ← current year

maxDiff ← 0

bestRange← 0

for t ∈ {T,T −5,T −10, ...} do

diff ← percentage difference between total number of entries in D1 and that of D2 from year t to now

if diff ¿ maxDiff then

maxDiff ← diff

bestRange← t

end if

end for

Databait 5

Databait 5 compares the frequency of a column value to the average frequency of all column values in that column.

• Template: Comparison statistic descriptor / subject / column descriptor / column value than in the average

column name in the past time range.
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• Sample: 5 times as many / CS professors / specialized in / Machine Learning and Data Mining than in the average

SubField in the past 25 years.

Input: c← column name

Output: bestRange, the time range that produces the greatest percentage difference in the number of values with the

mode column value for c and the average, and maxDiff, the difference

maxDiff ← 0

bestRange← 0

mode← None

T ← current year

for t ∈ {T,T −5,T −10, ...} do

diff ← percentage difference between total number of entries in D1 and that of D2 from year t to now

if diff ¿ maxDiff then

maxDiff ← diff

bestRange← t

end if

end for

Databait 6

Databait 6 describes the proportion of entries which have a specific column value for a given column.

• Template: Raw statistic percent of all subject from the past time range / column descriptor / column value.

• Sample: 16 percent of all new CS professors from the past 5 years / specialized in / Machine Learning and Data

Mining.

Input: c← column name

Output: bestRange, the time range for which the mode of c holds the largest proportion of c, bestMode, the mode for

that time range, and maxProportion, the percentage of values in c that equal bestMode for that time range

maxProportion← 0

bestRange← 0

bestMode← None

T ← current year

for t ∈ {T,T −5,T −10, ...} do

mode← mode in c from time t to now
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proportion← percentage of values in c from time t to now that equal mode

if proportion ¿ maxProportion then

maxProportion← proportion

bestRange← t

bestMode← mode

end if

end for

Databait 7

Databait 7 measures the change over time in the number of entries with a column value, starting from a user-specified

year in which a historic event took place. The configuration file provides history events and the years they took place.

• Template: The total number of subject / pronoun / column descriptor / column value / change over time statistic

descriptor since user-specified historic event.

• Sample: The total number of CS professors / who / specialized in / Artificial Intelligence / has nearly quadrupled

since 1997, when IBM’s Deep Blue beat Garry Kasparov.

Input: c← column name, i← column value, t∗← time at which special event occured

Output: change, the rate of change in the number of values in c that equal i, from time t∗ to now

T ← current year

n1← number of rows in dataset with i for c and t∗ for the time column

n2← number of rows in dataset with i for c and T for the time column

change← n2−n1
T−t∗

Databait 8

Databait 8 measures the proportion of entries that share a column value in two different columns.

• Template: Raw statistic percent of subject / first column descriptor and second column descriptor the same

column name.

• Sample: 13 percent of CS professors / got their bachelor’s degrees from and got their doctorate degrees from the

same university.

Input: s← shared column value, c1← first column name, c2← second column name
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Output: bestRange, the time range that produces the greatest percentage of total entries that have s in c1 and c2, and

maxProportion, the percentage

T ← current year

maxProportion← 0

bestRange← 0

for t ∈ {T,T −5,T −10, ...} do

total← total number of entries from time t to now

n← total number of entries from time t to now with s in c1 and c2

proportion← n
total

if proportion ¿ maxProportion then

maxProportion← proportion

bestRange← t

end if

end for

Databait 9

Databait 9 measures the proportion of all entries that hold a specific column value for a column, for two different

time points.

• Template: Raw statistic percent of subject / column descriptor / column value in year, compared to raw statistic

percent in year.

• Sample: 11 percent of CS professors / specialized in / Algorithms & Complexity in 2020, compared to 18 percent

in 1991.

Input: c← column name

Output: earliestYear, the earliest year in the dataset, latestYear, the latest year in the dataset, bestStartProportion,

the percentage of all entries that have bestEntry for c and earliestYear for time, bestEndProportion, the percentage

of all entries that have bestEntry for c and latestYear for time, and bestEntry, a column value in c that maximizes

the difference between bestStartProportion and bestEndProportion

earliestYear← earliest year in the dataset

latestYear← latest year in the dataset

entries← the set of all unique column values in c

bestEntry← None
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bestStartProportion← 0

bestEndProportion← 0

for e ∈ entries do

startProportion← percentage of entries that have e for c and earliestYear for the time column

endProportion← percentage of entries that have e for c and latestYear for the time column

diff ← |startProportion− endProportion|

if diff ¿ |bestStartProportion−bestEndProportion| then

bestStartProportion← startProportion

bestEndProportion← endProportion

bestEntry← e

end if

end for

Databait 10

Databait 10 compares one column value that is represented by more entries now than before, with one that is

represented by less.

• Template: Less OR More / subject / column descriptor / first column value in year than in year, while Less OR

More did in second column value.

• Sample: Less / CS professors / specialized in / High-Performance Computing in 2020 than in 2001, while more

did in Robotics.

Input: c← column name

Output: earliestYear, the earliest year in the dataset, latestYear, the latest year in the dataset, bestU pEntries, column

values in c which have grown most in proportion from earliestYear to latestYear, and bestDownEntries, which have

shrunk most

earliestYear← earliest year in the dataset

latestYear← latest year in the dataset

entries← the set of all unique column values in c

upEntries← empty array

downEntries← empty array

for e ∈ entries do

startProportion← percentage of entries that have e for c and earliestYear for the time column
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endProportion← percentage of entries that have e for c and latestYear for the time column

diff ← startProportion− endProportion

if diff ¿ 0 then

upEntries.insert((e, diff ))

else

downEntries.insert((e, —diff —))

end if

end for

upEntries← sort upEntries by diff, decreasing

downEntries← sort downEntries by diff, decreasing

bestU pEntries← first n entries in upEntries

bestDownEntries← first n entries in downEntries

Preliminary Databaits Validation Study: Computer Science Professors and Video Game Sales

In the age of misinformation, we believe it is responsible to conduct a preliminary study to pilot the insights created by

the Databaits API. This is to ensure people find them believable, trustworthy, and interesting. All insights presented

to participants in this preliminary study are true based on the tabular data given to the Databaits API. No personally

identifiable information was collected from participants.

Preliminary Databaits Validation Study: Method We first introduced insights created by the Databaits API to

the public through a preliminary study, which presented participants with insights created from two different tabular

datasets (computer science professors and video game sales), then measured their reactions. Each participant read

24 different insights and then answered six follow-up questions per Databait. These questions measured whether

participants found each insight interesting, believable, surprising, easy to understand, and if they wanted to learn more.

Below is a sample set of questions:

Sample Databait: Over the past 25 years, the total number of games that were published by Nintendo and were

classified as Sports nearly quadrupled.

• How interesting is this information? [Likert scale, 1 - “Not at all” to 6 - “Very”]

• How believable is this information? [Likert scale, 1 - “Not at all” to 6 - “Very”]

• How surprising is this information? [Likert scale, 1 - “Not at all” to 6 - “Very”]
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• Is this sentence easy to understand? [Likert scale, 1 - “Not at all” to 6 - “Very”]

• Do you want to learn more about this information? [1 - “No” or 2 - “Yes”]

• Please share any thoughts or feedback on this sentence. [Open-ended]

This survey used a Likert scale with an even number of choices (1 to 6) so participants had to choose explicitly

negative (1 to 3) or positive (4 to 6) answers. In addition, participants could only answer whether they wanted to learn

more with a “Yes” or a “No.” This binary choice best reflects whether users would choose to learn more in the real

world. If an insight from the Databaits API were posted on Twitter, followed by a link to the source dataset it was

created from, someone would either click on the link to learn more or decide not to click.

This survey also measured if participants’ prior interest in the topics covered by the two datasets would react

differently than those who did not. In other words, it sought to measure whether prior interest affected user reactions.

Before participants saw any insights generated by the Databaits API, they answered 16 Likert scale questions with an

even number of choices (1 to 6), indicating how interested they were in each of the 16 subtopics that later appeared in

each insight in the survey. For example, one of Databaits’ generated insights in the survey mentioned subtopics such as

video games, Nintendo, and the Sports genre. Here are example questions participants answered:

• How interested are you in video games? [Likert scale, 1 - “Not at all” to 6 - “Very”]

• How interested are you in Nintendo? [Likert scale, 1 - “Not at all” to 6 - “Very”]

• How interested are you in Sports video games? [Likert scale, 1 - “Not at all” to 6 - “Very”]

We designed the survey to determine if some Databait types are more effective than others. Each Databait type

appeared twice using the two different tabular datasets. The first tabular dataset is Drafty’s Computer Science professors.

Each row contains a CS professor’s name, their subfield of expertise, the university where they teach, the year they were

hired at that university, and the universities where they received their Bachelor’s and Doctorate degrees. The second

dataset is a table from Kaggle detailing historical video game sales. Each row contains the name of the video game, its

publisher, the platform for which it was designed, its genre, the year it was published, and its sales globally: in North

America, Europe, and Japan.

Preliminary Databaits Validation Study: Data Overiew In total, the survey received 57 responses from paid

crowdworkers on Amazon Mechanical Turk and 33 responses from those on Prolific. All paid crowdworkers were paid

$2.25 per task (around $9 per hour). The median completion time for paid crowdworkers on Amazon Mechanical Turk

was 16 minutes and 22 seconds. The minimum qualifications for paid crowdworkers on Amazon Mechanical Turk were

an acceptance rate of 99% or above and the completion of at least 500 tasks. The median completion time for paid
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crowdworkers on Prolific was 17 minutes and 32 seconds. At the time we conducted this preliminary study, Prolific did

not allow us to restrict availability by number of tasks completed or prior success rate per crowdworker.

We recruited paid crowdworkers from two different sources because the initial responses from Amazon Mechanical

Turk were lower quality than we initially expected. Some Amazon Mechanical Turk responses were most likely

written by bots, as evidenced by nonsensical answers to open-ended questions or no variance in Like scale answers

(e.g., providing the same answer every time). After excluding participants who displayed these behaviors, there were

41 responses from Amazon Mechanical Turk and 32 from Prolific. These 73 responses are used in the following

Results and Discussion section. The Results and Discussion section found no difference in the responses from Amazon

Mechanical Turk and Prolific used in the final analysis.

Preliminary Databaits Validation Study: Results & Discussion Results from the preliminary study indicate that

insights generated by the Databaits API are interesting, believable, and could be effective in attracting attention online

and motivating people to engage with the source datasets. Participants indicated a positive response to insights (answered

4 or above on the 6-point scale) on Likert scale questions asking if they found the insight interesting 77% of the time,

believable 91% of the time, and easy to understand 93% of the time. Participants only found the insight surprising 45%

of the time. Participants indicated they did not want to learn more about the insight around 70% of the time. While

this response might be less enthusiastic compared to the other questions, it still represents a high level of user interest

compared to the attention most links receive on Twitter, where only 60% of links on Twitter receive a single click [75].

If the Databaits API could create tweets that were believable and lead people to learn more about the source, this

could motivate integrating the Databaits API into Drafty to attract more visitors. Pearson’s Correlation shows medium

to large effects between a participant wanting to learn more about the insight and feeling it is interesting (r = 0.71,

p < 0.05), believable (r = 0.46, p < 0.05), and easy to understand (r = 0.57, p < 0.05). These results indicate the

insight alone might drive people to visit the source data. Pearson’s Correlation shows no effect between a participant

feeling surprised by the insight and wanting to learn more (r = -0.09). Databait’s insights do not intend to motivate

engagement or clicks by surprising people. Prior research has shown a correlation between clicks and people feeling

surprised by misinformation campaigns [193].

Previous research shows relationships between someone’s prior interest in a topic and increased engagement [51,

159]. This survey measures prior interest by participants answering 6-point Likert scale questions on their interest in the

specific 16 subtopics (i.e., column values) featured across the insights:

1. colleges and universities

2. video games

3. Harvard University
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4. Carnegie Mellon University

5. Artificial Intelligence

6. Human-Computer Interaction

7. Massachusetts Institute of Technology (MIT)

8. Brown University

9. Princeton University

10. Tsinghua University

11. Nintendo

12. Sony Computer Entertainment

13. Sports video games

14. Action video games

15. Shooter video games

16. Simulation video games

The answers to these Likert scale questions can be compared against how participants felt about individual insights

they answered questions about later on in the survey. Pearson’s Correlation shows prior interest in the column values

was strongly correlated with whether the reader found the insight interesting (r = 0.80, p < 0.05). Prior interest also had

moderate correlations with whether participants found the insights believable (r = 0.67, p < 0.05) and if they wanted

to learn more (r = 0.42, p < 0.05). Pearson’s Correlation shows a small effect between someone’s prior interest and

surprise had a slightly negative correlation (r = 0.20, p < 0.05), indicating someone’s prior knowledge about specific

information makes insights about that information less surprising. The insight being “easy to understand” showed

a medium effect (r = 0.42, p < 0.05) with prior interest. This might be because the insights with simple structures

remained straightforward regardless of what the insight was about. The correlation between someone’s prior interest

and their wanting to know more about the insight should help attract visitors to the system that stores the insight’s

source data. For example, Drafty is a system that hosts a source.

We also examined whether some Databait types are more effective than others. If one Databait type was found

not believable or interesting, it should not be used to create and share insights in the wild. To determine this we used

the interquartile range method (IQR) to compare the average responses to questions across all Databait types. First,

it appears users prefer types with simple sentence structures over more complex ones (i.e., lower word counts and
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less punctuation). For example, Type 1 had high averages across all participants for whether participants found the

insight interesting, believable, easy to understand, and wanting to know more. Type 1 is the most simple in structure

and features only one column and one column value. It had the highest averages among all 10 types for being easy to

understand (5.2) and making users want to learn more (1.4). Moreover, it had the second highest averages overall for

being interesting (4.0) and believable (4.6). On the other hand, Type 4 is the most complex, involving two columns

and three column values. It had the lowest average score for being interesting (3.6) and believable (4.1), along with

the second lowest score for being easy to understand (4.6). In summary, insights generated by the Databaits API with

simpler sentence structures were better at potentially attracting users. Along with Type 4, Type 10 is another complex

Databait type that also showed relatively weaker results. It had the lowest average score for being easy to understand

(4.6), as well as second lowest for being interesting (3.6) and having users want to learn more (1.2). However, these

scores from the responses still fall within 1.5 times their respective interquartile ranges (IQR) from the first quartiles.

Therefore, we decided that the relative weaknesses of Types 4 and 10 did not outweigh the diversity in sentence

templates they provided and chose not to eliminate them from integrating the Databaits API into Drafty to create the

new “Did You Know” feature.

“Did You Know”: Providing Users Interactive Insights from the Databaits API within Drafty

The Databaits API creates automatic human-consumable insights derived from large tabular datasets, like Drafty’s. In

2022, we developed the “Did You Know” feature in Drafty to bring these insights closer to Drafty’s everyday visitors

(i.e., unpaid contributors) by integrating the Databaits API within Drafty’s spreadsheet interface. Now Drafty’s everyday

users can freely interact with insights generated from Drafty’s real-time tabular data. “Did You Know” aims to provide

something additional for people to interact with while using Drafty’s spreadsheet interface. Hopefully, people will find

the Databaits API’s insights interesting and engaging and learn some insights. Prior research, SuggestBot [53], and

Botivist [200], used sentence templates to automatically advertise a public system and attract people to contribute their

time to specific causes freely. Botivist from Savage et al. [200] tweeted stories about Latin America’s corruption issues.

To build on these ideas, Drafty and its Twitter account present insights created using the Databaits API to current and

potential visitors as a “Did You Know”.

In Drafty, anyone can create an insight from the Databaits API using one of five methods:

1. Right-click on a cell within the spreadsheet and select “See a Did you know” to generate a random insight using

the selected row’s information. This method lets users generate a “Did You Know” related to specific rows.

2. Select “Did you know?” in the top menu bar. This generates a random insight by selecting random columns and

values from the tabular dataset. A user might not have a cell selected, so this method allows them to generate a

random insight without having first to edit data.
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3. Every time a user edits data (changing a cell’s value, adding a new row, or deleting a row), the system generates a

random “Did You Know” based on that row’s information. This gives the user a small reward for making an edit

and another method to help them discover and interact with a “Did You Know.”

4. When viewing the Did You Know Modal, a user can choose to see another “Similar.” This generates a random

type of insight using the columns and input values used to generate the previous insight. For example, if the

previous insight used the values “Databases” and “McGill University”, the next insight would create an insight

using at least one of these values.

5. When viewing the Did You Know Modal, a user can choose to see a “Random.” This generates a random insight

using the same method as Menu-Item-Random. This method allows users to continuously see a random “Did

You Know” created from all of Drafty’s tabular data.

Drafty’s users can freely generate, see, and interact with as many insights as they want. Drafty will also show users

an insight using the “Did You Know” interface post-contribution as part of a formal “thank you” and confirmation

message. Previous research shows gratitude can increase unpaid contributions [164, 237]. These methods allow for

analysis to study if users’ next actions are beneficial to the health of the data. For example, do users make accurate

contributions, stay engaged by searching for more data, or create and read more insights?
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Figure 7.3: The Did You Know Modal is presented after someone intentionally creates a Did You Know or edits data in Drafty. If
the visitor created an insight within Drafty, this interface would remove the wording relating to the confirmation thank you message.
Within the modal, visitors can perform several different interactions. They can choose for the system to tweet the “Did You Know”
to our Twitter account. See another “Did You Know” generated using similar values from the current insight. See another “Did
You Know” randomly generated from the tabular data. Users can select the blue text from the sentence to close the window and
automatically search the spreadsheet for rows matching the selected value. Close the window and return to the spreadsheet interface
by selecting the “X” in the top right corner, pressing the ESC key, or selecting the button labeled “Go back to editing.”

Computer Science Open Rankings: a Dynamically Updated Meta-Ranker from Drafty’s Computer Science

Professor Profiles

Computer Science Open Rankings is an approach to computer science rankings developed by Brown University HCI

Lab members. Rankings are an ideology, and each can be biased. It is a meta ranker using real-time data from CS

Professors (Drafty) as one of its sources. Its rankings and data are updated dynamically every five minutes. In CS Open

Rankings, users freely choose and combine existing rankings to generate their preferred meta-ranking for computer

science programs in the United States and Canada. The four ranking sources are (more detailed descriptions are below):

1. reputation (U.S. News)

2. faculty publications (counting papers published from top conferences)

3. academic placement (placement rank)

4. recognition (best paper awards)
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People can use this resource to find the best computer science program in artificial intelligence, systems, or theory.

Or, they can filter the results further by subfields, such as Human-Computer Interaction or Databases, see Figure 7.4.

In CS Open Rankings, each university lists its current tenure-track Computer Science faculty and alums who are

tenure-track Computer Science faculty at another university listed. Each faculty listing has a link to Drafty to view their

full academic profile.

Figure 7.4: CS Open Rankings is a dynamically regenerated web page that uses Drafty’s evolving dataset of Computer Science
professor profiles as its source data. Users can freely visit and interact with the system. They can select the “D” icon to visit Drafty
and automatically filter its spreadsheet interface to show that professor’s information.
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Reputation (U.S. News) is a ranking based on the reputation of graduate programs, compiled from the survey

responses of academics to produce a peer assessment score per university.

Faculty publications measures research publications by professors in computer science. Publications occurring in

selected conferences in the year 2010 or later are counted based on the proportion of authors that are professors at that

institution. The numbers CS Open Rankings report under the ranking might differ from csrankings.org [17] because

while it uses the same formula (geometric mean count), it has a different implementation and uses different subfields

and source data for the professors.

Placement Rank is based on the academic placement of students from an institution into computer science faculty

positions in the United States and Canada. The data comes from Drafty’s publicly-editable dataset of professor

profiles. Placement Rank uses the PageRank algorithm and is inspired by the PageRank analysis by digital historian

Ben Schmidt [201]. The university where a professor received their Bachelors or Doctorate is the source node, and

their currently affiliated university is the destination node in the PageRank algorithm. A university endorses the

degree-granting institutions of the person they are hiring, as those institutions either trained or attracted a high-quality

student. It is relatively difficult to manipulate this metric because the best strategy for a degree program is to convince

other universities to hire your alums.

Recognition (best paper awards) measures papers from 30 top computer science conferences recognized as “best

papers”. Points are assigned to schools based on author affiliation and their position in the author list based on a

decreasing exponential scale. The list of paper awards has been maintained by Professor Jeff Huang from the Brown

University Computer Science Department and other members of the Brown University HCI Lab 3. Jeff Huang is one of

the authors of this paper.

7.4 Naturalistic Study: Attract and Engage Everyday Users In The Wild

This research features two approaches for evaluation: descriptive and intervention. This approach focuses on evaluating

the natural usage of the Drafty system after introducing new features, notably Databaits and CS Open Rankings.

Simultaneously, we will share several websites and resources containing static insights from Drafty’s data. Introducing

these features and resources serves as an intervention to Drafty’s naturally occurring user base and community.

The evaluation will study three dependent variables: the accuracy of edits per visit, the number of edits per visit,

and the average user engagement per visit. These measures are captured anonymously by the Drafty web application.

An increase in the dependent variables would indicate that Drafty’s community is helping to edit, review, and maintain

its public data’s accuracy. The evaluations for the descriptive and intervention approaches will analyze these dependent

variables. However, this evaluation of naturalistic usage has several confounding variables, such as seasonality, whether

3https://jeffhuang.com/best paper awards/
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it is someone’s first visit or how they arrived at Drafty.

7.4.1 Naturalistic Study: Recruitment Methods & Study Design Considerations

We reviewed the following methods, procedures, and proposed analysis with our local Institutional Review Board. They

considered the systems, methods, and analysis to be user experience research because of the naturalistic study methods

and because all of Drafty’s users are anonymous. To enable a naturalistic study, we developed a completely new version

of Drafty to anonymously track user interactions and allow the system to be better search indexed and discovered by

organic visitors.

7.4.2 Methods to Recruit (Source) Visitors to Drafty: Organic, Dynamic, Static, and Asking

Users freely came to Drafty from one of four sources: organic, dynamic, static, and asking. This section explains how

each source was developed and deployed in the wild to attract and engage users. The back-end web services can track

users from specific URLs, but they do not track their IP address or record any personally identifiable information. Most

links exist at publicly available web applications such as CS Open Rankings, Twitter, or forums such as Reddit.

Organic: Everyday Visitors Discovering and Visiting Drafty

“Organic” visitors can freely visit the Drafty web app through various means, such as search engines, typing the URL in

the browser, or other people sharing a link to Drafty’s public web app. We developed the PolyMu client-side javascript

library to make Drafty’s thousands of rows of Computer Science professor profiles easier to search index by search

engines such as Google. Chapter 5 studying publicly available tabular datasets shows they can rely on everyday visitors

typing in the URL or coming from search engines to become unpaid contributors.

Dynamic: Computer Science Open Rankings and Tweets Containing Insights from the Databaits API

“Dynamic” visitors can arrive at Drafty by either selecting links on CS Open Rankings or tweets from Drafty’s Twitter

account. The “dynamic” indicates the information presented in CS Open Rankings and Twitter is dynamically created

or regenerated from Drafty’s tabular dataset. They evolve as Drafty’s data changes. The core idea is people would visit

this public information and then select a link to view and possibly edit the source data on Drafty.

CS Open Rankings provides a link back to Drafty under every professor or alumni it lists per university. Drafty will

automatically search its spreadsheet to display that professor’s full academic profile to the end user.

Another way “dynamic” visitors can arrive at Drafty is by selecting a link from a tweet on Drafty’s public Twitter

account; see Figure 7.5 for an example. These tweets are generated in two different ways. They are generated once

daily by Drafty itself. Also, visitors within the Did You Know Modal (see Figure 7.3) visitors can choose to have

131



Drafty tweet the insight to Drafty’s Twitter account. Each Databait is tweeted using a consistent template that supports

all Databait types. See Figure 7.5 for examples. These templates do not use language considered nudging based on

prior recommendations from Savage et al. [200]. The goal is to be transparent and communicate the data source that

generated the insight to potential visitors.

Figure 7.5: Drafty’s public Twitter account (@did you know cs) “DidYouKnow.” Each tweet contains an insight generated using
the Databaits API. Users can select the link to go to Drafty’s Computer Science Professor tabular dataset from each tweet.

Each tweet contains a link to the Drafty Computer Science professor dataset. Thus, users on Twitter can visit and

edit the source data by selecting the URL embedded in the tweet. This embedded URL contains attributes that allow

Drafty to track the tweet containing the Databaits visitors selected. This helps to evaluate how these tweets can help

attract visitors to Drafty’s public dataset.

Static: Creating CS Open Data, a Static Website with Analysis and Insights derived from Drafty’s Computer

Science Professor Profiles

CS Open Data is one of the “static” sourcing methods that consists of four separate web pages that contain a written

static analysis of Drafty’s Computer Science professor dataset:

1. CS Faculty Composition and Hiring Trends

2. Bias in Computer Science Rankings

3. Who Wins CS Best Paper Awards?

4. Verified Computer Science Ph.D. Stipends
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These static web-based articles can answer questions like “what percentage of professors get their bachelor’s and

PhD from the same institution?”, “which institutions hoard most of the best paper awards?”, “what stipend do ivy league

universities pay?”, “how is U.S. news biased in ranking computer science programs?”, “how many machine learning

professors do a specific university have?”, or “what computer science areas have been growing?”. These are the type of

questions from users of Drafty we have seen over multiple years. We believe these static analyses can answer these

questions and motivates people to view and edit the raw data on Drafty that created them.

Static: Posting on Forums to Inform People about Drafty

The second of the “static” sourcing methods consists of posting about Drafty’s Computer Science professor dataset on

public forums like Reddit. This sourcing method to recruit visitors is similar to prior research efforts [225]. An example

title used on Reddit was “Some Interesting Insights on CS Depts and Faculty in the US/Canada” and an example post

sharing Drafty contained the text:

“Hi, I just wanted to share a resource for the CS community we have developed at the Brown HCI lab. We

have helped upkeep a dataset of tenure-track CS faculty in the US/Canada for 8 years.

The system (and users) generate automatic insights from the data, for example: Over the past 10 years,

the total number of CS professors who were hired by Stanford University and specialized in Computer

Graphics more than doubled.”

These static forum posts shared an insight generated using Databaits from Drafty. This decision ensured these posts

shared a static insight like CS Open Data and advertised the new automatic insights feature within Drafty. This sourcing

method takes little initial effort and should be easy to replicate for others.

Asking: Providing a Personal Touch by Emailing and Tweeting People to Visit, Review, and Contribute to

Drafty’s Computer Science Professor Dataset

Building on ideas from Savage et al. [200] and Brady et al. [28], that shows the best method to elicit contributions is to

ask people or your friends, I (Shaun Wallace) to ask people to visit and contribute to Drafty’s data two different ways.

The first was to tweet replies to people who recently announced they were hired to be a Computer Science tenure-track

faculty member at a university listed in Drafty, for example:

“Congrats ¡first name¿! We have been building a public dataset of computer science professors to help

students to find potential advisors. You should add/update yourself as a prof! :)”

I publicly replied to 25 people on Twitter over the Spring and Summer of 2022. Tweeting others takes continued

effort but should be simple to replicate. These tweets act as a call to action for someone from the community to
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contribute their data. The tweets directly link to Drafty. Because they are posted publicly, anyone can select the link to

visit Drafty anonymously. Therefore, any contributions from the link could come from anyone.

The second way Shaun Wallace asked for contributions was to email the department chairs and directors of

Computer Science departments listed in Drafty using his Brown University email address, for example:

“ [number of faculty] faculty from [university name] are listed in this public dataset of CS professors’

data, a resource we’ve been compiling for the CS community.

CS Open Rankings uses this data, which features your department.

According to CS Open Rankings, [university name] is ranked ¡ranking number¿ in [ranking type] among

US and Canadian Universities.

The listings consist of tenure-track faculty members who can advise CS PhD students. If there are

any corrections for your current faculty or alumni, please feel free to edit the CS professors’ data. We’re

also happy to share the raw data if you contribute. ”

The text in the email, “CS professors’ data” links directly to Drafty and has a call to action for a department to

review their faculty and alumni’s data. Since I emailed multiple people each time, anyone could have forwarded the

email to others in their department or chosen to contribute to Drafty.

7.5 Naturalistic Study: Results

A public data system relies on waiting for users to edit and improve a dataset’s accuracy over time. Previous research

shows that engaged users who visit multiple times and interact more with a system will potentially make more accurate

contributions. This analysis is conducted per visit because Drafty tracks anonymous visitors over time. This analysis

assesses how features developed to improve a public data system can increase edits per visit, accuracy per visit, and user

engagement per visit. The analysis for this naturalistic study splits users into different groups based on confounding

factors:

1. Visits in 2022 versus 2021 from March 16th through September 28th.

2. Was the visit a user’s first visit or not?

3. Visits from users who only made accurate edits versus those who did not.

4. Which of the four resources did the user come from? (organic, static, dynamic, or were they asked)
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5. Visits where users freely chose to create at least one Databait.

This analysis observes and discusses the dependent variables per group to understand the editing and engagement

behaviors of Drafty’s everyday users within a real-world scenario covering multiple months.

To test if each group’s data is normally distributed, the analysis uses the D’Agostino-Pearson test when the sample

size is greater than 5,000. Otherwise, the Shapiro-Wilk test is used. Unless otherwise stated, all reported significant

results from multiple comparisons to pass the Holm-Bonferroni correction [1, 207].

7.5.1 Naturalistic Study: Data Overview

The analysis for the naturalistic study uses data collected over 196 days from March 15th through September 28th of

2022. Each date was chosen because of the introduction of new features within Drafty. On March 15th of 2022, we

introduced the “Did You Know” feature utilizing Databaits. September 28th marks the beginning of recruiting users

within Drafty to participate in a pilot survey for a new study.

All users included in this analysis made at least one interaction within Drafty (i.e., click, search, edit, etc.). This

inclusion criteria ensures each user in the analysis is not a bot and should benefit the interpretation of the results. After

applying this inclusion criteria, in 2022, there were 57,700 total visits, 290,416 interactions, and 3,438 edits. During the

same time period in 2021, there were 2,536 total visits, 86,950 interactions, and 265 edits. Comparing visitors from

2022 versus 2021, in 2022, there were 22.8 times more visits, 3.3 times more interactions, 6.8 times more average

interactions per visit, and 13 times more edits per visit compared to visitors in 2021 during the same range of months.

To compute accuracy per visit, we used stratified sampling to select edits to label as correct or incorrect. We used

faculty web pages, CVs, and LinkedIn profiles to check if the edit was correct when it was made. We reviewed and

labeled 1,709 edits from 227 visits for 2022 and 265 edits from 55 visits for 2021. The average accuracy per visit in

2022 was 95%. While users in 2021 were 73% accurate per visit. When computing average accuracy per visit, we only

used visits with at least one edit we checked by hand. The following sections will evaluate these results in greater detail.

7.5.2 Naturalistic Study: Metrics

This section covers the metrics used to analyze Drafty’s data. All metrics described below are computed per visit. The

back-end server uses cookies to identify web browsers that access Drafty. A visit is defined as a unique individual with

successive interactions within 20 minutes of each other. This can account for natural short breaks within a single visit.

For example, to answer a question from a family member or use the bathroom.

• Edits: The number of contributed data points (i.e., edits) per visit.

• Conversion Rate: Did the visit make an edit?
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• Accuracy: The number of contributed data points marked as correct over the total number of contributions

checked per visit. For example, a new row contributes six data points, while editing a single cell is one data point.

• Interactions: Within a visit, the total number of recorded interactions within Drafty. See Table 7.1 for a list of the

interactions Drafty records.

• Session Length: Within a visit, the number of seconds between the first and last recorded interaction with Drafty.

• Engagement Score: Within a visit, the total number of recorded interactions multiplied by their weights (See

Table 7.1 for interactions and their weights.) plus the session length’s weight (short = 1 point, medium = 4 points,

long = 8 points) within Drafty. The 25th and 75th quartiles determine the weight of the session length during the

2022 study period. Short session lengths are below the 25th quartile. Medium session lengths are between the

25th and 75th quartiles. Long session lengths are above the 75th quartile. Session lengths directly indicate how

long a visitor is engaged with Drafty during their visit. Contributions take the most effort and benefit Drafty’s

long-term goal of maintaining evolving data. Thus, they are provided the highest weight. The idea to assign

interaction weights comes directly from building the User Interest Profile in Chapter 3.

7.5.3 Visitors in 2022 are more Accurate and Engaged compared to 2021

This section compares the dependent variables per visit from 2022 to 2021 to account for seasonal factors affecting

users’ motivations and contribution behaviors.

Accuracy per Visit

The average accuracy per visit in 2022 (M = 95%, SD = 0.20, N = 227) compared to 2021 (M = 73%, SD = 0.42, N =

55) is around 22-points higher. A Mann-Whitney U test reveals this 30.5% increase in accuracy per visit in 2022 is

statistically significant, U = 7928, p < 0.001. This indicates the new features implemented in Drafty in 2022 helped to

increase the accuracy of edits per visit.

Prior research using similar data reports accuracy per edit. In this chapter, accuracy per edit in 2021 is 92%, and in

2022 it was 98%. The average accuracy per edit in 2022 (M = 98%) is higher than similar research from 2016–2017

(M = 76%) [225], and 2017–2019 (M = 89%) [224]. While those two studies were able to create edits with better

accuracy when nudging users to edit data matching their interests, in 2016–2017 (M = 88%) [225], and 2016–2019 (M

= 95%) [224]; our study’s visitors achieved similar or better accuracy without the system asking visitors to contribute.

With Drafty’s new features in 2022, visitors were more accurate than previous work without employing de-motivating

tactics such as nudging (i.e., nudging), which prior research shows decreases contributions over time [200].
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Classification Interaction Type Weight

Modify Tabular Data edit cell 4
add new row 24
delete a row 4
visit from a source 1

Interact with Cells click a cell 1
double-click a cell 1
select multiple cells 1
copy a cell 1
paste value into a cell 1

Interact with Columns sort by column 1
search single column 1
completed single column search 1
completed multiple column search 1
search multiple columns 1
clear a column’s search 1
copy all values from column 1

Interact with Notes per Row add a note to a row 4
vote thumbs up on a row’s note 2
vote thumbs down a row’s note 2
deselect your vote on a row’s note 2
open the note’s modal window to read notes 1

Create an insight right-click a row and select create an insight 2
create a similar insight within the Did You Know Modal 2
create a random Databait within the Did You Know Modal 2
tweet an insight to Drafty’s Twitter account 2
select a value from an insight to auto-search Drafty 1

Other Interactions right-click a row and search Google for that row’s data 1
view a different web page on Drafty 1

Table 7.1: This table shows the recorded user interactions with Drafty and their weights (Tw) used to build the engagement score per
visit. Adding a new row is 24 points total because there are six columns in Drafty, and one contribution (edit cell) is allotted 4 points.
When users add a new row, they contribute six data points per row. Deleting a row is 4 points because the user takes a single action
to delete a row.

Edits per Visit

This analysis compares the number of visits in 2022 versus 2021 who made at least one interaction. In 2022, 406

visitors made at least one edit, and 6,577 did not, for a conversion rate of 5.8%. In 2021, 63 visitors made at least one

edit, and 2,473 did not, for a conversion rate of 2.5%. A chi-squared test reveals these frequencies were significantly

different, X2(1,N = 9519) = 43.3, p < 0.001. Turning visitors who do not contribute (i.e., lurkers) into contributors

is a complex scenario within crowd-powered and peer production systems such as Drafty [18]. Thus, Drafty’s new

features deployed in 2022 helped to attract visitors who were twice as likely to make at least one edit compared to 2021.

Building on this result, visits in 2022 made 3.7 more edits per visit than in 2021. A Mann-Whitney U test reveals this

increase in edits per visit in 2022 (M = 0.49 SD = 4.91, N = 6983.00) compared to 2021 (M = 0.13 SD = 2.00, N =

2536) is statistically significant, U = 9151683, p < 0.001. In 2022, visitors made more frequent edits than in 2021,

thus providing enough contributions to maintain the accuracy of Drafty’s data.
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In Chapter 5, we report everyday users editing Computer Science professor data made 2.6 edits daily over multiple

years. In our study, visitors in 2022 made 17.5 edits per day. Thus, comparing these similar efforts, our visitors made

6.7 more edits per day compared to those in Chapter 5. Although visitors in 2021 only made 1.4 edits per day, Chapter 5

explains why the edits per day in 2021 were lower than our prior research [224]. We reported the lowest months for

edits were May and June, included in our study data, while the months with the highest edits were December and

January, which are not included in our data. These observations show how the increased edits per day in 2022 will

benefit the overall accuracy of the data, given how the seasonal confounds may de-motivate the average visitor.

Engagement per Visit

In crowd-powered and peer production systems, creating an engaged user base over time is essential to maintain accurate

data [16]. We will compare the average interactions, visit length in seconds, and user engagement profile per visit from

visitors in 2022 and 2021. The average number of interactions per visit was similar in 2022 (M = 34 SD = 68, N =

6983) and 2021 (M = 34 SD = 93, N = 2536). While we found significance in comparing visits from 2022 and 2021,

the effect size was 0. Because Drafty does not record scrolling behaviors as individual interactions, session length

is another indicator of engagement per visit. The average seconds per visit in 2022 (M = 340 SD = 840, N = 6983)

compared to 2021 (M = 232 SD = 580, N = 2536) was 1 minute and 48 seconds longer. A Mann-Whitney U test reveals

this 47% increase in session length is statistically significant, U = 10485543, p < 0.001. We can use the engagement

score to understand if visitors were engaging in interactions with Drafty that require more effort than merely clicking on

cells while lurking. The average engagement score in 2022 (M = 42 SD = 73, N = 6983) compared to 2021 (M = 39 SD

= 95, N = 2536) was around 3 points higher. A Mann-Whitney U test reveals this 6% increase in the engagement score

is statistically significant, U = 10056979, p < 0.001. Overall, results show visitors were more engaged with Drafty in

2022 compared to 2021. The new features deployed in 2022 achieve this through mostly automated methods compared

to more traditional methods from paid crowdsourcing that require manual engagement with users [178]. This makes

it feasible for someone managing a public data system, like Drafty, to focus their time on building a better dynamic

system for the users rather than managing the users themselves.

7.5.4 Highly Accurate Visits are more Engaged than Lurkers

This section analyses the relationships between accuracy per visit, edits per visit, editing behaviors, and engagement

between accurate visits (i.e., visits that made only accurate edits) and visits with no edits (i.e., lurkers). This analysis

will help us to understand what behaviors indicate and explain highly accurate visits compared to other visits.
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Accuracy per Visit

Among visits where we labeled at last one edit as correct or incorrect, 92% of visits made only accurate edits. In

contrast, only 8% (19 total visits) made at least one error. The sample size for total visits that made at least one error is

too small to conduct hypothesis testing. Therefore, we will study other behavior patterns among accurate visits and

common errors when editing Drafty’s data. The common mistakes made during visits that made at least one incorrect

edit were:

1. Accidentally selecting the first value from the modal edit drop-down. There were cases when visitors would make

this error but immediately corrected it. These mistakes were not included in the analysis.

2. Sharing information that was not yet public or true. For example, someone leaving a university.

3. Entering a research area that was a professor’s secondary research area, not their primary.

4. The most common error was Bachelor’s degree. There was no obvious pattern to errors. The overall accuracy for

all visitors’ edits to Bachelor’s degrees in 2022 was 96%.

One of the most interesting observations is among visitors who immediately corrected their mistakes. The visitors

who accidentally selected the first value from the modal edit drop-down and immediately corrected their mistake never

made any errors.

Edits per Visit

In 2022, many of Drafty’s visitors made highly accurate contributions. The 227 total visits in 2022 that we checked

by hand made 12.5 edits per visit with an accuracy of 95% per visit. Pearson’s Correlation reveals no effect between

accuracy and the number of edits per visit (r = 0.08, p = 0.25). This result replicates our previous research showing no

relationship between the number of edits and accuracy from Chapter 5. The lack of a relationship between accuracy and

the number of edits is contrary to results from Wikipedia, where a few users contribute the bulk of accurate edits for its

unstructured data [96, 132]. While Drafty has thousands of visitors, it does not attract the same number of visitors as

Wikipedia. These results would likely shift if Drafty’s users were vandalizing data (i.e., making intentional and frequent

errors).

Engagement per Visit

This analysis compares accurate visits (i.e., visits that made only accurate edits) and visits with no edits. Visits with no

edits (i.e., lurkers) made at least one interaction to ensure they were real people. The average number of interactions per

visit for accurate visits (M = 63 SD = 72, N = 208) compared to visits with no edits (M = 32 SD = 65, N = 6577) was
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1 minute and 48 seconds longer. A Mann-Whitney U test reveals this 47% increase in session length is statistically

significant, U = 1009201, p < 0.001. The average session length per visit for accurate visits (M = 707 SD = 72, N

= 208) compared to visits with no edits (M = 324 SD = 65, N = 6577) was 6 minutes and 23 seconds longer. A

Mann-Whitney U test reveals that the average session length for accurate visits being 2.2 times longer than visits with

no edits is statistically significant, U = 1040255, p < 0.001. The average engagement score for accurate visits (M =

106 SD = 114, N = 208) compared to visits with no edits (M = 38 SD = 67, N = 6577) was around 68 points lower. A

Mann-Whitney U test reveals that the engagement score for accurate visits being 2.8 times larger than visits with no

edits is statistically significant, U = 5701293, p = 0.03.

Overall, we can see that visits that only made accurate edits were highly engaged compared to lurkers. Our analyses

revealed that accurate visits had the highest engagement score. Among only accurate visits, Pearson’s Correlation

reveals a small effect between accuracy and engagement score per visit in 2022 (r = 0.18, p ¡ 0.001). The engagement

score shows the potential to understand behaviors even among a cohort of visitors with similar interests in Computer

Science professor data. While this provides some evidence of the benefits of running a public data system to maintain

data, Chapter 8 reveals what factors motivate contributions within Drafty.

7.5.5 First-Time Visits are Less Engaged but Just as Accurate as Return Visits

This section compares the dependent variables per visit between first-time and return visits. This analysis will help us

understand if first-time visitors can also make accurate contributions to a public data system like Drafty.

Accuracy per Visit

While there is a 4% increase in average accuracy per visit when comparing first-time visits (M = 0.94% SD = 0.24, N =

136) and return visits (M = 0.98% SD = 0.12, N = 91), a Mann-Whitney U test reveals this increase is not statistically

significant. This result replicates our previous research on Drafty’s data from Chapter 5, showing first-time visits and

return visits make accurate edits. This result for that first-time visitors with mutual interests makes accurate edits to a

public data system runs contrary to prior research on Wikipedia editors, where returning users make more accurate

contributions [92,132]. This finding replicates results from Chapter 5, showing that first-time visitors are just as accurate

as return visitors. To maintain a dataset over time, a public data system like Drafty can recruit first-time and return

visitors to make accurate contributions.

Edits per Visit

This analysis compares the frequency of first-time and returning visits that made at least one edit. There were 259

first-time visits that made at least one edit, and 4,303 did not. The conversion rate for first-time visits is 0.06%. In
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contrast, the conversion rate for return visits is also 0.06%. There were 147 return visits that made at least one edit, and

2,274 did not. A Chi-Square test reveals these frequencies were not significantly different. These similar conversion

rates show that first-time visits are just as likely to contribute as returning visitors. Understanding which users will

contribute is a long-standing research question [242]. Chapter 3 shows that return visitors are more likely to make

contributions. While return visits (M = 0.72 SD = 6.73, N = 2421) make around 2 more edits per visit compared

to first-time visits (M = 0.37 SD = 3.58, N = 4562), a Mann-Whitney U test reveals this increase is not statistically

significant. These results show it might be more important to focus on recruiting and engaging all types of users rather

than creating a small group of users who make the majority of contributions.

Engagement per Visit

When developing a public data system, should the focus be on motivating first-time visits or engaging people to make

return visits? This analysis compares the average interactions, visit length in seconds, and user engagement profile per

visit between first-time and returning visits in 2022. The average number of interactions per visit for first-time visits (M

= 33 SD = 65, N = 4562) compared to return visits (M = 36 SD = 74, N = 2421) was around three interactions less per

visit. A Mann-Whitney U test reveals this 9% decrease in interaction per visit is not significant. The average seconds per

visit for first-time visits (M = 214 SD = 503, N = 4562) compared to return visits (M = 575 SD = 1213, N = 2421) was

6 minutes and 1 second shorter. A Mann-Whitney U test reveals this 63% decrease in the session length is statistically

significant, U = 5305198, p = 0.007. The significant increase in session time for return visits could indicate they are

exploring more of the data. Return visits’ standard deviation for session length is more than double that of first-time

visits, indicating a greater variation in session lengths among return visits. The average engagement score for first-time

visits (M = 40 SD = 68, N = 4562) compared to return visits (M = 44 SD = 81, N = 2421) was around 4 points lower.

A Mann-Whitney U test reveals this 9% decrease in the engagement score is statistically significant, U = 5701293,

p = 0.03. This difference can mainly be explained by the longer session times of return visits. Unlike research on

Wikipedia editors, which suggests are more robust onboarding experience to retain first-time visitors [171], these results

show first-time visits make accurate edits while having shorter session times than return visits within Drafty. Overall,

these results indicate return visitors might be more curious and want to explore the system and its data. Thus providing

additional features to engage users within a system could be beneficial to sustain engagement.

7.5.6 Visitors from Dynamic Recruitment Methods that Use Automatic Insights

and Asking People to Contribute are the most Accurate

Previous research shows that sending personal messages asking others to contribute to altruistic causes will motivate

accurate contributions [160, 200]. This same research shows automated methods to nudge users to contribute work
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in the short-term but does not elicit the long-term contributions necessary to maintain a continued effort. Thus, this

section’s analysis compares the accuracy, the number of edits, and engagement based on how the visits were sourced

(i.e., recruitment method): organic, dynamic, static, and asking.

Visits Edits Edits per Visit Accuracy per Visit Min. Accuracy

organic 3408 1509 0.44 94.8% 0%
dynamic 1402 1220 0.87 99.1% 80%

static 1785 278 0.16 88.0% 0%
asking 387 429 1.11 99.6% 86%

Table 7.2: Visitors recruited through dynamic sources or by personally asking them were over 99% accurate. With the minimum
accuracy per visit no lower than 80%. Dynamic sources almost garnered as many edits as organic visits but did so at a much higher
accuracy. Making static analysis or forum posts yielded a lower number of edits and average accuracy.

Accuracy per Visit

While the accuracy per source varies (see Table 7.2), a Kruskal-Wallis H-test reveals these differences are not statistically

significant. Prior research indicates that personally asking others to contribute would yield the highest accuracy per

visit. While visits sourced from asking were the most accurate, they were relatively similar to dynamic, the 2nd

highest accuracy sourcing method per visit. Compared to prior work manually asking individuals to contribute [29],

the dynamic sourcing methods of CS Open Rankings and Databaits generated highly accurate edits without requiring

manual intervention or messaging individuals. These automated dynamic sourcing methods provide evidence for the

type of features to enable continuous data maintenance. Answering the call for future research, we posed in Chapter 5.

Visits from the asking and dynamic sources made contributions with at least 80% accuracy. This minimum accuracy

is higher than the 75% accuracy reported in the first version of Drafty in Chapter 3. Notably, the static sourcing method

generated the lowest accuracy and number of edits among the four sourcing methods. The static sourcing method

consists of making forum posts or creating static analyses that do not update over time (i.e., CS Open Data). Overall,

organic visitors generated the highest number of edits and did so at an accuracy comparable to Chapter 5 or better than

Chapter 3. However, given the ability, creating a dynamic sourcing method is recommended as it will generate more

accurate edits compared to the other methods we explored. If edits are required quickly, having one person ask another

to contribute provides an excellent method to target specific contributions.

Edits per Visit

This analysis compares the conversion rate and average edits per source (organic, dynamic, static, and asking). Counting

the visits from the organic source, 198 made at least one edit, and 3,408 did not, for a conversion rate of 5.8%. Counting

the visits from the dynamic source, 72 made at least one edit, and 1,402 did not, for a conversion rate of 5.1%. Counting

the visits from the static source, 84 made at least one edit, and 1,785 did not, for a conversion rate of 4.7%. Counting the
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visits from the asking source, 51 made at least one edit, and 387 did not, for a conversion rate of 13.2%. A chi-squared

test reveals these frequencies were significantly different, X2(3,N = 6982) = 43.6, p < 0.001. The following post hoc

comparisons between sources use the Benjamin-Hochberg method to control for False Discovery Rate [216]. The

reported increases in the likelihood of making an edit per visit compare each source’s conversion rate. Visits from the

asking source are 2.3 times more likely to make an edit than visits from the organic source to make more edits per visit.

A post hoc chi-squared test reveals increase is statistically significant, X2(1, N = 3795) = 29.59, p < 0.001. Visits from

the asking source are 2.6 times more likely to make an edit than visits from the asking source. A post hoc chi-squared

test reveals increase is statistically significant, X2(1, N = 1789) = 29.40, p < 0.001. Visits from the asking source are

2.8 times more likely to make an edit than visits from the static source. A post hoc chi-squared test reveals increase

is statistically significant, X2(1, N = 2172) = 37.73, p < 0.001. These results show that asking visitors to contribute

data increases conversion rate and mirrors previous research comparing asking people to contribute to altruistic causes

versus bots [200]. However, visits from the asking source made less than a third of the edits compared to visits from the

organic and dynamic sources (see Table 7.2).

A Kruskal Wallis H-Test reveals the average edits per visit between the sources (organic, dynamic, static, and

asking) were significantly different, X2(3,N = 6982) = 45.5, p < 0.001. The reported increases in the likelihood of

making an edit per visit compare the average edits per visit per source. Visits from the asking source (M = 1.11 SD =

5, N = 387) made 2.5 times more edits per visit than visits from the organic source (M = 0.44 SD = 5, N = 3408). A

Mann-Whitney U test reveals this increase is statistically significant, U = 609245, p < 0.001. Visits from the asking

source (M = 1.11 SD = 5, N = 387) made more edits per visit than visits from the organic source (M = 0.87 SD = 8, N =

1402). A Mann-Whitney U test reveals this 21.5% increase in edits per visit is statistically significant, U = 249798,

p < 0.001. Visits from the asking source (M = 1.11 SD = 5, N = 387) made 7.1 times more edits per visit than visits

from the static source (M = 0.16 SD = 1, N = 1785). A Mann-Whitney U test reveals this increase is statistically

significant, U = 375733, p < 0.001. While visits from the dynamic source made 2 times more edits per visit compared

to organic visits and 5.6 times more edits compared to visits from the static source, Mann-Whitney U tests revealed

these increases were not statistically significant. Thus, while asking people might be beneficial for targeting specific

data [28, 200], it will likely not generate enough edits to maintain a dataset, especially considering the time it takes to

email or tweet individuals asking them to contribute. Thus, building features to attract visits automatically is still vital

to maintaining public data [224]. Understanding how to recruit people to maximize contributions can help data curators

focus their time on efforts that produce the most contributions.
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Engagement per Visit

This section compares the average interactions per visit, session length in seconds per visit, and engagement score per

visit between the four sources (i.e., recruitment methods) from 2022: organic, dynamic, static, and asking. All post

hoc comparisons between sources use the Benjamin-Hochberg method to control for False Discovery Rate. Table 7.3

Avg Session Length Avg Interactions Avg Engagement Score
Visits per Visit per Visit per Visit

organic 3408 7 mins 40 secs 0.99 42.1
dynamic 1402 3 mins 14 secs 0.71 31.3

static 1785 4 mins 7 secs 0.38 47.3
asking 387 3 mins 56 secs 0.33 48.8

Table 7.3: This table shows the average interactions, session length, and engagement score per visit. Organic visits had the highest
average session length. At the same time, visits from the dynamic source had the lowest average number of interactions per visit
despite having 99.1% accuracy per visit. These numbers indicate that visits with the highest average accuracy (dynamic and asking)
had the shortest sessions. This indicates that many of these visitors were likely editing and leaving versus lurking and exploring the
data.

shows that while visits from the dynamic source had the lowest average session length, interactions, and engagement

score per visit, visits from the dynamic source were engaged when comparing these values per second. Given the high

conversion rates and accuracy from the dynamic and asking sources, some of these visits likely arrived at Drafty, edited

data quickly, and left rather than lurk and explore. This observation of low session times compared to contribution

behaviors is contrary to prior research on Wikipedia [78].

This result compares the average interactions per visit per source. A Kruskal Wallis H-Test reveals the average

interactions per visit between the sources (organic, dynamic, static, and asking) were significantly different, X2(3,N =

6982) = 660.4, p < 0.001. However, when splitting visits by their source (organic, dynamic, static, and asking),

Average Interactions per Visit

Avg organic dynamic static asking

organic 35.3 - 48.5% ↑ 8.1% ↓ 11.4% ↓
dynamic 23.8 32.7% ↓ - 40.3% ↓ 38.1% ↓

static 39.8 12.8% ↑ 1.7 times ↑ - 3.7% ↑
asking 38.4 8.8% ↑ 1.6 times ↑ 3.5% ↓ -

Table 7.4: This table shows the effect sizes for the average interactions per visit between different sources (i.e., recruitment methods).
The reported effect sizes compare the left-most column with the source from the top row. Mann-Whitney U tests reveal all reported
differences are statistically significant, p < 0.001 in all comparisons. Post hoc comparisons use the Benjamin-Hochberg method to
control for False Discovery Rate.

Pearson’s Correlation reveals no effect between accuracy and the average interactions per visit. Therefore, while average

interactions were different per source, this did not affect the accuracy of edits. This result mirrors prior sections’ results

finding no relationship between the number of interactions and accuracy.

The session length per visit per source can help indicate how long different visitors spent on Drafty. A Kruskal
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Wallis H-Test reveals the average session length per visit between the sources (organic, dynamic, static, and asking)

were significantly different, X2(3,N = 6982) = 671.9, p < 0.001. Table 7.5 shows these differences were significant

Average Session Length per Visit

Avg organic dynamic static asking

organic 460 seconds - 2.4 times ↑ 1.9 times ↑ 2.0 times ↑
dynamic 194 seconds 57.8% ↓ - 21.4% ↓ 17.8% ↓

static 247 seconds 46.4% ↓ 27.2% ↑ - *4.4% ↓
asking 236 seconds 48.7% ↓ 21.6% ↑ *4.6% ↑ -

Table 7.5: This table shows the effect sizes for the average session length in seconds per visit between different sources (i.e.,
recruitment methods). The reported effect sizes compare the left-most column with the source from the top row. Mann-Whitney U
tests reveal all reported differences (*except asking versus static) are statistically significant, p < 0.001 in all comparisons. Post hoc
comparisons use the Benjamin-Hochberg method to control for False Discovery Rate.

across different sources. However, when splitting visits by their source (organic, dynamic, static, and asking), Pearson’s

Correlation reveals no effect between accuracy and the average session length per visit. Thus, while session lengths

were different per source, this did not affect the accuracy of edits. This result indicates visitors to Drafty can make

highly accurate edits without needing an extended time to acclimate to the system.

The engagement score per visit per source can help indicate how visitors were engaged with Drafty. A Kruskal

Wallis H-Test reveals the average engagement score per visit between the sources (organic, dynamic, static, and asking)

were significantly different, X2(3,N = 6982) = 372.8, p < 0.001. When splitting visits by their source (organic,

Average Engagement Score per Visit

Avg organic dynamic static asking

organic 42.1 - 34.5% ↑ 11.0% ↓ 13.8% ↓
dynamic 31.3 25.7% ↓ - 33.9% ↓ 35.9% ↓

static 47.3 12.4% ↑ 1.5 times ↑ - 3.2% ↑
asking 48.8 16.0% ↑ 1.6 times ↑ 3.1% ↓ -

Table 7.6: This table shows the effect sizes for the average engagement score per visit between different sources (i.e., recruitment
methods). The reported effect sizes compare the left-most column with the source from the top row. Mann-Whitney U tests reveal all
reported differences are statistically significant, p < 0.001 in all comparisons. Post hoc comparisons use the Benjamin-Hochberg
method to control for False Discovery Rate.

dynamic, static, and asking), Pearson’s Correlation reveals an effect per source between accuracy and the average

engagement score per visit. There is a small effect within the organic source (r = 0.14, p ¡ 0.001). There is a medium

effect within the dynamic source (r = 0.36, p ¡ 0.001). There is a small effect within the static source (r = 0.10, p ¡

0.001). There is a small effect within the asking source (r = 0.15, p ¡ 0.001). While Table 7.6 shows that visits from

the dynamic source had the lowest engagement score, a subset of these visits were highly engaged and accurate. The

dynamic sources (with over 1400 visits) were able to attract a subset of highly engaged visitors. In contrast, the organic

and static sources attracted visitors who lurked for extended periods without contributing to Drafty’s data.
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7.5.7 Visitors who Created Insights using Did You Know were More Accurate and Engaged

This section compares the dependent variables per visit for those who freely created an insight within Drafty versus

those who did not. Insights from Databaits can encourage engagement and contributions by providing visitors autonomy

to interact with Drafty’s tabular data. The Databaits API’s automatically generated insights empower the “Did You

Know” feature to encourage reciprocity between Drafty’s data and its contributors.

Accuracy per Visit

Among visits in 2022 with at least one edit checked for correctness, the average accuracy for visits that created an

insight (M = 99% SD = 0.12, N = 73) versus visits that did not (M = 94% SD = 0.23, N = 154) was 5 points higher.

A Mann-Whitney U test reveals this 5% increase in average accuracy per visit is statistically significant, U = 6091,

p = 0.03. The Databaits API and Did You Know were deployed in Drafty in the Spring of 2022. This is in response

to years of people creating static insights from Drafty’s data. The idea was inspired by developing the public data

system Sketchy in Chapter 6. Chapter 6 showed initial evidence of providing real-time features within public systems

that derive insights from its data to motivate engagement and contributions. One in three visitors who edited data on

Drafty also freely chose to create insights in the Did You Know Modal. At a minimum, visitors that create insights in

Drafty are also highly accurate. This shows that dynamic features that update in real-time based on evolving data can

increase user agency and help engage and elicit highly accurate contributions. This is an essential outcome for a public

data system like Drafty to help maintain an accurate dataset over time. This relationship between accuracy and visits

creating insights could help predict accurate visits in the future.

Edits per Visit

This analysis compares the number of visits in 2022 with at least one interaction that freely created insights in the Did

You Know Modal versus those that did not. Among visits that created an insight, 105 visitors made at least one edit, and

275 did not, for a conversion rate of 27.6%. Among visits that did not create an insight, 301 visitors made at least one

edit, and 6,302 did not, for a conversion rate of 4.6%. A chi-squared test reveals these frequencies were significantly

different, X2(1,N = 6983) = 345.1, p < 0.001. Notably, the conversion rate of visits that created an insight was 6

times higher than visits that did not create an insight. Among all our results, visits that created insights had the highest

conversion rate. On average, visits that created an insight (M = 2.81 SD = 11.66, N = 380) made 7.8 more edits per

visit than visits that did not (M = 0.36 SD = 4.17, N = 6603). A Mann-Whitney U test reveals this increase in edits per

visit is statistically significant, U = 1546049, p < 0.001. These results indicate that visits creating insights contribute

data without the system nudging them. This result contradicts prior work showing how nudging people can elicit

contributions [200,225]. When visits create an insight, this serves as a strong indicator they will edit and contribute data

146



to Drafty. Thus, providing a feature that can be used to identify visits that will contribute to maintaining Drafty’s data.

Engagement per Visit

While spreadsheets are a ubiquitous interface for viewing and editing tabular data for many professions, they can lack

features that drive user engagement. Insights generated by the Databaits API, presented to the user as a “Did You

Know”, are designed to give Drafty’s visitors real-time insights about its data. This analysis compares the average

interactions, visit length in seconds, and user engagement profile per visit from visitors who created an insight using the

Did You Know Modal versus those who did not create an insight in 2022.

Visits that created an insight (M = 58 SD = 100, N = 380) made around 25 more interactions per visit compared to

visits that did not create an insight (M = 33 SD = 65, N = 6603). A Mann-Whitney U test reveals this increase of visits

created an insight making 1.8 times more interactions per visit is statistically significant, U = 1619791, p < 0.001. The

average session length per visit for visits that created an insight (M = 545 SD = 852, N = 380) compared to visits that

did not (M = 328 SD = 838, N = 6603) was around 3 minutes and 38 seconds longer per visit. A Mann-Whitney U

test reveals that the session length of visits being 2.2 times longer among visitors who created an insight is statistically

significant, U = 1750462, p < 0.001. The average engagement score for visits that created an insight (M = 78 SD = 117,

N = 380) compared to visits that did not (M = 40 SD = 69, N = 6603) was around 38 points higher. A Mann-Whitney U

test reveals that the engagement score being 2 times larger for visits that created an insight is statistically significant,

U = 1744716, p =< 0.001.

These results indicate that highly engaged users also used the Did You Know feature to create new insights within

Drafty. Providing Did You Know as a feature provided another method to help engage and potentially keep visitors

using Drafty, replicating results from Skethcy in Chapter 6. Even if it only appeals to the most engaged users, it provides

a valuable tool to keep these visitors on Drafty. The following section analyzes visitors’ next actions within Drafty after

creating or seeing an insight in the Did You Know Modal to understand better if their behaviors benefit Drafty’s goal of

maintaining evolving data.

7.5.8 After Creating or Seeing an Insight in the Did You Know Modal: What were Visitors’

Next Actions?

Drafty presents visitors with an insight from the Databaits API in a modal window (see Figure 7.3 for an example of the

Did You Know Modal) as part of a confirmation and thank you message after someone edits a cell, adds a new row,

or deletes an existing row of data. Visitors can also freely choose to create an insight within Drafty’s Did You Know

Modal. During the designated study period in 2022, visitors saw an insight 902 times while they freely chose to create

an insight 1,542 times.
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Overall, after the Did You Know Modal is presented to a visitor, there is a 46% chance they choose to create another

insight within the modal. Given a visitor will eventually have to either leave or close the modal, this result shows

how highly engaged visitors are with insights inside the modal. In the Did You Know Modal, a visitor can choose to

create an insight that is “similar” or “random” compared to the current insight. Prior research on recommender systems

shows users prefer to see similar recommendations to examples they have seen before [100, 245]. Overall in Drafty,

visitors were 6 times more likely to create a “random” Databait than a “similar” Databait. A one proportion z-test

reveals that 86% of the time visitors choose to create a “random” Databait compared to a “similar” Databait within

the modal is statistically significant, z = 23.86 p < 0.001. Not only does this result run contrary to prior research in

recommendation systems [77], the interface design of the Did You Know Modal always presents the “similar” option

first, thus influencing the visitor to select the “similar” option [36]. Given these design choices and results, it provides

strong evidence Drafty’s visitors preferred to create randomized examples from the source dataset in the form of insights

created by the Databait API.

To examine these results further, this section features two sets of analysis using two-tailed McNemar’s tests, with

the continuity correction for all proportions, to study visitors’ next actions taken within the Did You Know Modal and

after the Did You Know Modal is closed. These analyses compare visitors’ next action within Drafty after they freely

choose to “create” or “see” (i.e., post edit) an insight within Drafty.

Visitors who freely create an insight are more likely to continuously engage with insights within the modal window

compared to visitors who see them post edit. For example, within the Did You Know Modal, visitors could perform

one of seven actions listed in Table Table 7.7. Notably, visitors who saw an insight post edit were 6.6 times more

likely to create a “random” insight than a “similar” insight. A one proportion z-test reveals this increase is statistically

significant, z = 7.56 p < 0.001. Also, visitors who create an insight were 5.8 times more likely to create a “random”

Databait than a “similar” Databait. This mirrors the prior result even when splitting visitors based on why they saw the

Did You Know Modal. This result shows visitors preferred to see “random” insights. A one proportion z-test reveals

this increase is statistically significant, z = 23.13 p < 0.001.

When visitors created an insight in the Did You Know Modal, there was a 66.2% they would create another insight

as their next action within the modal. This probability is 5.6 times compared to when visitors see an insight post

edit. A McNemar test shows this increase was statistically significant χ2(1) = 106, p < 0.001. There is a trend of

visitors creating insights in the Did You Know Modal, compared to those who see an insight post edit. When visitors

saw an insight post edit, there was a 78.8% chance they would close the Did You Know Modal as their next action.

This probability is 3.8 times greater than visitors who created an insight. A McNemar test shows this increase was

statistically significant χ2(1) = 711, p < 0.001. While visitors who saw an insight post edit were more likely to close

the modal, 68.7% of them contributed Drafty after closing it. After the Did You Know Modal is closed, a visitor’s next

actions align with one of three outcomes listed in Table Table 7.8. Overall, a visitor is just as likely to leave Drafty after
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Create a Databait

Freely chose to Tweet Create Create Leave Close Search
create the Databait Databait Total* Similar Random Drafty Modal Drafty

Yes 1.0% 66.2% 9.7% 56.5% 11.3% 20.9% -
No 1.7% 11.8% 1.6% 10.5% 7.8% 78.8% -

Likelihood 0.6 5.6 6.2 5.5 1.5 0.3 -

Table 7.7: Likelihood compares the next actions of visitors who freely chose to create a Databait with those who did not (i.e., they
saw the Databait Modal after a contribution) within the Databait Modal. This data is from the 2022 Study period. The column
“Create* Databait” combines the data from the “Create Similar” and “Create Random” columns. Visitors who freely chose to create a
Databait were most likely to create another Databait as their next action. The most common action for visitors who saw a Databait
after making an edit was to close the Databait Modal. McNemar tests show all relationships were statistically significant p < 0.001.
There are no instances of these visitors selecting a value from the Databait to “search” Drafty’s dataset. This feature might have been
difficult to discover.

creating an insight versus seeing one. However, visitors who did not freely choose to create an insight were twice as

likely not to contribute to Drafty within that same visit. A McNemar test shows this decrease was statistically significant

χ2(1) = 182, p < 0.001.

Interacted after Databait Modal

Freely chose to
create the Databait Leave No Contribution Contributed

Yes 11.4% 10.2% 78.3%
No 11.1% 20.2% 68.7%

Likelihood 1.0 0.5 1.1

Table 7.8: Likelihood compares the next actions of visitors who freely chose to create a Databait with those who did not (i.e., they
saw the Databait Modal after a contribution) within the Databait Modal. This data is from the 2022 Study period. Visitors who did
not freely chose to create a Databait were twice as likely to not make a contribution to Drafty after the Databait Modal. McNemar
tests show all relationships were statistically significant p < 0.001.

Drafty’s Visitors Prefer Randomized Examples

In a public data system like Drafty, where visitors share common interests, they prefer to view randomized examples

from the data compared to similar examples. This finding simplifies how to recommend examples when a system’s users

share interests. Recommendation or example generation features should focus on generating many possible examples

from the data. This finding mirrors prior research in Chapter 6 that indicates users might prefer randomized examples

from a dataset of evolving sketches [223].

7.6 Discussion

The discussion focuses on the importance of using low-effort dynamically regenerated sources to attract everyday people

to visit and contribute to public data systems like Drafty. It also discusses how these contributions help maintain evolving
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data and how accurate evolving data will enable AI over time to respond to these changes in evolving information.

7.6.1 Dynamic Sources and Automatic Insights to Attract and Engage Users

Our log-based and descriptive analysis reveals how the new features developed for 2022 increased accuracy, edits,

and user engagement per visit within a real-world scenario. This descriptive approach follows the recommendation to

study natural behavior in social computing systems [19]. Understanding who will contribute is a long-standing research

question [242]. Simultaneously, evaluating multiple methods to attract visitors delivers insights into their motivations in

the wild. Attracting users using dynamic sources that automatically update, such as CS Open rankings and Databaits,

can produce relatively equal numbers of accurate contributions as manually asking people to contribute data. The

long-term benefit of these dynamic sources is that they require little maintenance and can continuously attract and

motivate contributions from everyday visitors to a public data system. This allows the curators and system builders to

spend their time and energy elsewhere rather than manually engaging the community of users.

One area of future research is how these small niche communities within a system like Drafty compare to large

communities on popular platforms such as Wikipedia or Wikidata. While our results show how Drafty’s small

community of like-minded users possesses a mutual interest and makes highly accurate contributions, Drafty has

yet to become popular to the point where it attracts many contributors external to the existing community. Unlike

Wikipedia and Wikidata, Drafty provides a quick, low-effort interface to enable new and returning visitors to make

accurate contributions [131]. Our results show that building small research systems is a valuable method to help people

while delivering broader impacts compared to pushing all the data to large platforms such as Wikipedia or Wikidata.

Advertising a public data system as a product is simpler than a single Wikipedia page. Viewing a public data system,

such as Drafty, as a product with anonymous customers clarifies how these findings translate beyond sociotechnical

systems and veer towards marketing, economics, and computational social theories.

7.6.2 Maintaining Data Quality to Enable AI

This longitudinal research effort presents a solution to maintain evolving data over time. Providing automatic insights

that are dynamically regenerated can motivate and engage a community of people to make accurate contributions. The

benefit of employing such methods enables the long-term maintenance of evolving information that can power many

solutions and models to help close the loop on developing and deploying naturalistic machine learning methods.

Many large language models are trained using the history of the World Wide Web. Present day, the answers to

their prompts appear relevant. However, much of the knowledge and subjective opinions curated by people evolve. For

example, Figures 7.6 and 7.7 show how ChatGPT version 3 can validate some of Drafty’s older Computer Science

professor data, but it lacks more recent data from the past year. Drafty and its anonymous community still play a vital
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Figure 7.6: The university granting each Ph.D. is correct, while the year their degrees were granted is incorrect. However, for
professor Jeff Huang, ChaptGPT did provide 100% correction information prior to March 14th.

role in maintaining evolving data. Future research should compare large language models, anonymous everyday visitors

as unpaid contributors, and paid crowdworkers on their ability to maintain evolving data in a system such as Drafty.

To develop these models, autonomous systems and methods are trained on large data sets and can produce intelligent

and engaging responses [210]. There is a role for human-centric systems like Drafty to fulfill in the future. Public

data systems, like Drafty, decompose complex tasks into simple contributions. This task decomposition is similar

to piecework and crowdsourcing [5]. Building on these ideas, Drafty’s users are the stewards of their community’s

information and interests. By centralizing data under a common theme and providing it publicly to a community

of like-minded users, they will maintain its integrity over time by structuring information, tables, and other easily

accessible interfaces. It will make extracting insights to create training data for large models easier. If we want to

continue integrating AI into our society, we must also understand how to maintain the quality of its training data over

time. While Drafty plays a small role in this burgeoning need, future research can help answer this call by developing

small bespoke public data systems to engage communities of users. This longitudinal research combines social theories,

human-computer interaction, and data science to hopefully deliver beneficial real-world outcomes.

7.7 Limitations

This initial set of Databaits sentence templates is only in English. It is essential future researchers consider translating

sentence templates into other languages. We conducted several pilot studies developing the sentence templates to
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Figure 7.7: Professor Ryan Marcus announced he was joining Penn in the spring of 2022 on Twitter. The university granting the
Ph.D.’s for Allison and Sahil are correct, while the year their degrees were granted is incorrect.
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find the exact wording that people anecdotally found the easiest to understand. We believe translating these sentence

templates will require many careful considerations and possibly entirely new sentence templates to account for differing

grammar and connotations within other languages.

Another limitation of the current work is the tabular dataset used for the main study focuses only on Computer

Science professors. Our development of the Databaits API was motivated by this particular dataset containing evolving

information that requires people to make edits over time. Hence, our initial motivation was to 1) develop a reward

mechanism to motivate users to make additional unpaid contributions; and 2) create something interesting to attract

new and existing users to visit the tabular dataset. In the future, we can develop additional tabular datasets with

evolving information to understand how Databaits and its automatic insights scale across different data types. Our

initial Databaits Validation Study shows initial evidence this should be true.

7.8 Conclusion

This chapter shows how developing features within the system to reduce the estimated effort to contribute can help

increase the number and accuracy of contributions to Drafty compared to older versions of the system from Chapters 3

and 5. CS Open Rankings also serves as an extension to Drafty that provides immediate utility to Drafty’s community.

Thus, every time Drafty’s visitors contribute accurate data, they are also indirectly helping their peers and others they

might not know yet.

This chapter develops a new version of the public data system Drafty to engage and attract organic visitors to become

contributors. During the first year of deployment, CS Open Rankings and the Databaits API were developed using

Drafty’s data of computer science profiles as a source to generate automatic insights dynamically. The goal of these

additional systems is to automatically and continuously attract and engage visitors who make accurate contributions with

little to no long term effort from the data curators. Results show that visitors from these organic sources were as accurate

as those who were personally asked, using friendsourcing [28], without engaging in long term negative persuasive

behaviors like nudging. Insights from the Databaits API, presented to users as a “Did You Know”, elicited more

contributions and higher engagement over time. Notably, visitors preferred to see a random insight, or “Did You Know”,

compared to a similar one. Thus, demonstrating how future recommendation systems can employ randomization to

appeal to the preferences and behaviors of anonymous communities of like-minded users.

This chapter demonstrates how engaging users with automatic insights incentivizes participation and contributions

to a public data system. Maintaining a public data system’s evolving data enables reciprocity between the data and

insights a system presents and a visitor seeks. This automated loop integrates real-world observations, social theories,

and human-data interactions to deliver this solution. Deploying public data systems, like Drafty, will enable future data

curators to maintain evolving data to meet the information and data demands of users and AI alike.
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Chapter 8

Towards Fair & Equitable Incentives to

Motivate Crowd-Contributions

This chapter presents a survey study to understand the crowd contribution preferences of paid crowdworkers and

unpaid contributors to Drafty. This chapter features a discrete choice experiment, where Drafty’s visitors choose

their preference between two hypothetical crowd contribution tasks. The answers to these pairwise comparisons

produce utility scores across various attributes and their levels that describe what motivates someone to prefer a crowd

contribution task. For example, two attributes are pay level per hour and estimated time to complete. The analysis

uncovers the relationships to describe the trade-offs between pay level, estimated time to complete, task difficulty,

various task requirements, and user perceptions. I am solely responsible for all of this chapter’s writing and analysis.

My co-authors from the submission have provided guidance and suggestions to the initial writing.

8.1 Introduction

As part of the crowd, people contribute their time and knowledge to research efforts and datasets for various reasons.

These crowd contributions can take various forms, from completing surveys or editing data on Wikipedia, Google

Spreadsheets, or even public data systems such as Drafty. The choice someone makes to visit a public data system can

differ from their choice to contribute. People contribute to research efforts and datasets for various extrinsic and intrinsic

reasons [159, 160]. Turning visitors who do not contribute (i.e., lurkers) into contributors is a complex, multi-faceted

scenario [18].

Researchers and practitioners constantly balance task design, motivational factors, and incentive mechanisms to

yield accurate contributions from the crowd [123]. We need to balance task design, motivational factors, and incentive
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mechanisms to elicit contributions. When building systems to run crowdsourcing or peer production tasks to elicit

crowd contributions, assessing how these systems provide fair and equitable incentives to motivate crowd contributions

can be challenging.

Someone who makes crowd contributions, for example, a paid crowdworker on Prolific or a Wikipedia editor,

chooses different tasks based on different attributes: payment (or lack thereof) [31, 73], time to complete [46], task

difficulty [98, 122], and task perception (i.e., their level of interest, does the task help others) [159, 160]. They

make trade-offs between these attributes when choosing how to contribute their time. Understanding these trade-offs

is essential to understanding crowd contributors’ motivations and developing fair incentive mechanisms to reward

their contributions. The crowd contributors can be unpaid contributors or paid crowdworkers completing tasks and

contributing data.

One approach to studying these trade-offs is a discrete choice experiment. Discrete choice experiments are a

quantitative method to analyze user preferences [128]. In a discrete choice experiment, users choose between two

hypothetical alternative scenarios. Each realistic scenario contains a set of attributes, and each attribute has a set of

labels. For example, in Table 8.1, which of these two tasks with attributes [and levels]: payment per hour [$0.00 vs.

$12.00], time to complete [5 vs. 15 minutes], task difficulty [hard vs. easy], and level of interest [high vs. low] would

someone choose to complete?

Task A Task B

Payment per Hour $0.00 $12.00
Time to Complete 5 minutes 15 minutes
Task Difficulty hard easy

Table 8.1: A simple example of a choice set featuring two hypothetical tasks a crowd contributor could select. Choice sets are used
in a discrete choice experiment to elicit user preference. Users would select Task A or Task B to indicate their stated preference. See
Figure 8.1 for an actual choice set used in the survey study.

These answers can create utility functions to evaluate the trade-offs between and within the attributes and levels.

Researchers, practitioners, and system builders can use these utility functions to develop fair and equitable rewards and

incentive mechanisms in real-world crowd-powered and peer production systems.

This chapter is a survey-based study that develops a discrete choice experiment to analyze the trade-offs Drafty’s

everyday visitors make when choosing to make crowd contributions. Drafty is a real-world public data system of

computer science faculty profiles where anyone can freely visit and edit its data. Drafty’s visitors can be unpaid

contributors, similar to Wikipedia editors, or paid crowdworkers from Prolific editing tabular data using the Drafty

spreadsheet interface. This chapter seeks to provide evidence of what motivates crowd contributors to contribute.

The research asks the following questions:

1. What attributes and levels to design fair and equitable incentive mechanisms for crowd contribution tasks apply
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to a public data system’s paid crowdworkers and unpaid contributors?

2. What attributes and levels should be individuated per group of users (paid crowdworkers vs. unpaid crowdwork-

ers)?

The results from this chapter show that among paid crowdworkers and unpaid contributors, the pay level, estimated

time to complete, and user’s perception of a crowd contribution task affect their preferences to complete a task. However,

while pay level is most important to paid crowdworkers, task perception is most important to unpaid contributors.

Results show if you are designing a fair and equitable system to collect crowd contributions, it is essential to develop

tasks and features where users interact with others and complete tasks that are interesting, ethical, quick, and easy to

complete. These contributions will help others and are owned by a public community or the user themselves.

8.2 Method

The methods section covers the study design considerations, terminology, and process for developing and running a

survey-based study featuring a discrete choice experiment with Drafty’s users in the wild.

8.2.1 Study Design Considerations

Designing a discrete choice experiment is a sequential procedure with many well-defined steps, from selecting attributes

and associated levels and their subsequent choice sets to pilot studies [149]. Reviewing related crowdsourcing and peer

production literature combined with previous chapters’ findings will yield the set of attributes and levels to create a

discrete choice experiment. We will use these initial attributes and levels to conduct a pilot study by recruiting paid

crowdworkers and unpaid contributors within Drafty. The findings from a preliminary study will inform the design of a

final discrete choice experiment to help understand the trade-offs users make across various attributes and associated

levels that comprise crowd contribution tasks.

Study Design Terminology

Discrete choice experiments are a research method commonly used in Healthcare, Health Informatics, Business, and

Economics research. This section covers the basic terminology and methods used in a discrete choice experiment.

Crowd contribution task is a task where a person interacts with a computer or device to contribute information

or data. This person can be paid or unpaid for the completion of this task. For example, people contributing to

Wikipedia would be a crowd contribution task. A crowd contribution task could also be a paid crowdworker from

Prolific completing a survey about technology use. Whether paid or unpaid, all visitors to Drafty are completing crowd

contribution tasks when editing Drafty’s data.
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Discrete choice experiments are a preference elicitation technique where participants make a choice from two

or more hypothetical alternatives, see Figure 8.1. They were originally developed by Louviere and Woodworth for

use in health economics and are commonly used in economics, health, and market research [142]. A discrete choice

experiment better resembles people’s real-world decisions compared to other stated preference methods such as ranking

or Likert-scale [149].

Figure 8.1: An example of two hypothetical alternative crowd contribution tasks presented to survey participants in Qualtrics.
Sometimes this is referred to as a choice set. The attributes are on the leftmost column, and their associated levels are under the
columns labeled “Task A” and “Task B.”

Choice Set is at least two hypothetical alternatives where each alternative has the same attributes but different

associated levels per attribute. Each alternative, or choice set, consists of at least two attributes, and each attribute has at

least two levels. By presenting participants with a series of hypothetical scenarios (i.e., choice sets), where they are

asked to select their preferred option from two or more alternatives that differ in specific attributes or characteristics. By

varying each attribute’s levels, estimating the relative importance and trade-offs people make during their decision-

making process is possible. The choice someone makes when picking between two hypothetical alternatives are the

dependent variables in a discrete choice experiment.

Attributes are the independent variables that are being tested [149]. For example, a crowd contribution task’s

attribute could be pay level, estimated time to complete, and perceived difficulty. Another example is where a box of

cereal’s attributes could be price, amount of sugar, and brand name. Attributes are often identified by reviewing related

research and real-world observations [52].

Levels are an attribute’s options, increments, or possible values. They can be continuous, ordinal, or binary.
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Prior research often selects levels that are considered realistic because they reflect values people encounter in the real

world [52]. For example, Prolific enforces a minimum pay level per hour of $8, while their recommended pay level is

$12 per hour. Building on this idea of pay level, normal everyday visitors to Drafty (i.e., unpaid contributors) make

contributions for a pay level of $0 per hour. The analysis of a discrete choice experiment provides utility scores to

understand what levels negatively and positively affect someone’s preference for a given scenario.

Designing the Discrete Choice Experiment

In a discrete choice experiment, people select between two hypothetical alternatives. The attributes and their levels

used in the main study are described below. These final sets of attributes and their levels were selected after an initial

set was selected after reviewing related research and conducting a pilot study in Fall 2022. In this pilot study, paid

crowdworkers and unpaid contributors (i.e., unpaid contributors) within Drafty take an initial survey. This survey

features MaxDiff questions where participants selected what motivated them most to contribute and what motivated

them the least among the levels for a particular attribute. These participants voluntarily chose to take the pilot survey by

selecting a blue button in a banner within Drafty; see Figure 8.2. Participants who completed the survey could submit

their email for a one in four chance to receive a $25 Amazon gift card as compensation.

After the pilot study, seven attributes were selected to describe crowd contribution task from a user’s perspective:

pay level per hour, estimated time to complete, task difficulty, their reason to complete a task, what the task requires

them to do, who asked them to complete the task, and their perception of the task. The associated levels per attribute are

described below. It is important to note that these attributes and levels will shift as people’s perspectives change. One

goal in selecting the attributes is understanding the trade-offs people make when completing a crowd-construction task.

Pay Level:

1. $0.00 per hour

2. $4.00 per hour

3. $8.00 per hour

4. $12.00 per hour

5. $16.00 per hour

The pay level per task is among the most frequently researched topics in crowdsourcing [122, 152]. Specifically,

requesters on paid crowdsourcing platforms find it challenging to assess what is a fair payment [196]. Paid crowdworkers

often use resources like TurkerView to view the hourly pay rate a requester offers, and if that rate is fair [199]. While

research has suggested alternative payment schemes such as payments in bulk, payment per task is still the most
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common because it is easily understood [108]. There is a diminishing return in increasing payment and eliciting higher

quality contributions [98]. These linearly increasing pay levels can help study what other task attributes and levels

need to be present to fairly motivate people when the payment is not high. Most importantly, regarding Drafty unpaid

contributors, what motivates them when monetary compensation is absent (i.e., $0.00 per hour)?

Prior research focused on making unpaid contributions for social good [18] or paying intrinsically motivated

users [116, 228]. These parameters affect human choice, and while some have been studied, there is a lack of

understanding about the trade-offs people make when choosing tasks in crowdsourcing and peer production scenarios.

Pay level is presented per hour instead of a single dollar amount for many reasons. First, the paid crowdsourcing

platform Prolific displays a pay level between $8.00 and $16.00 per hour. While a requester may pay over $16.00 per

hour, Prolific enforces fair compensation practices by requiring the requester to pay crowdworkers at least $8.00 per

hour if the estimated task time is incorrect. Second, most crowdsourcing research papers communicate the payment per

hour crowdworkers receive. Lastly, we recruit paid crowdworkers from Prolific, paying them $8.00,$12.00, or $16.00

per hour. This enables us to study how the stated preferences shift among crowdworkers who accept tasks at different

payment levels. $4.00 per hour was chosen to specifically represent a value that should be perceived as underpaid by a

crowdworker.

Estimated Time to Complete:

1. 1 minute

2. 5 minutes

3. 15 minutes

4. 30 minutes

5. 60 minutes

Predicting the exact time a task takes to complete is difficult for both paid crowdworkers and requesters alike [218].

However, the time to complete a task is often cited as an essential motivator in choosing to complete paid [69] and

unpaid [181] tasks alike. Prior research also shows unpaid users are likelier to spend more time on a task than paid

crowdworkers [112].

The exponentially increasing intervals between each “estimated time to complete” was chosen to balance the

number of levels and increase the difference between the min and max time. The extremes can represent two different

possibilities. In 1 minute, it is reasonable to assume someone can visit a public Google Spreadsheet and add one piece

of data they already know in a cell. In contrast, in 60 minutes, someone could visit Wikipedia, read one article, search

the various facts and sources to verify each is correct, and correct any inaccuracies within the article. The intention is
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for the “estimated time to complete” attribute to cover this range of times to help future requesters and system designers

to understand the impact task completion times can have on someone’s willingness to contribute.

Task Difficulty:

1. Not difficult (easy) to complete

2. Moderately difficult to complete

3. Very difficult to complete

How difficult a task appears to complete is one of the most common factors requesters and systems designers try

to optimize [101]. Prior research shows that task difficulty relates to the effort required to complete a task [46, 163].

For example, a paid crowdworker could be required to label ambiguous images or interpret subjective data, such as a

Professor’s research area. When deciding if they should complete a crowd contribution task, they might favor more

straightforward tasks. Liu et al. showed that increased task difficulty could adversely increase the time to complete a

task [140]. This is notable because many paid crowdworkers are attempting to maximize the amount they are paid over

a specific timeframe. By completing easy tasks, they can better optimize their time and compensation. The results for

this attribute could help requesters and systems builders spend more time improving the usability and simplicity of their

crowd contribution methods and features.

Your Reason to Complete a Task:

1. You might be paid for doing exceptional work

2. Your contribution benefits you personally

3. You will learn a new or special skill

4. You will get a personal recommendation or learn something new about yourself

5. You get reputation points in a system (special badge, points, credit, etc.)

6. The task is part of your job

7. The task is part of a hobby

Providing the option “Your contribution benefits you personally” builds on the findings from Chapters 4 and 5

and prior research [64] showing that people can be intrinsically motivated to contribute because it benefits themselves.

Chapter 4 shows evidence that bonuses or other extra payments for exceptional work can motivate accurate contributions.

A common practice is to develop gamified systems to elicit crowd contributions, where the system often awards

reputation points or badges for participation [153, 157]. Results showing the effectiveness of gamification from prior
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research are mixed [147]. While Chapters 4 and 5 offer the promise of higher-paying tasks if paid crowdworkers

complete an initial set of tasks. The idea a task might mirror a hobby aligns with some of the motivation from

learnersourcing [120], where users voluntarily make contributions while learning in their free time. Several paid

crowdsourcing studies motivate continued contributions by providing a user with a personal recommendation to learn

something new about themselves [222]. The “Did you know” automatic insights from Chapter 7 could also be perceived

as a type of recommendation post contribution.

The Task Requires you to:

1. Collaborate with other people to complete the task

2. Complete the task with Artificial Intelligence

3. Complete the task by yourself

4. Learn something new

5. Contribute or use specialized knowledge you already know

6. Provide your personal information

Chapters 4, 5, 6, and 7 often require participants to contribute specialized knowledge they know in the form of

sketches or interpretations of Computer Science research areas. Building on this idea, prior research on knowledge-

intensive crowd contribution tasks [61] shows that paid crowdworkers [86, 169] can provide accurate contributions

requiring domain-specific knowledge when they also have the required knowledge. Prior research creating discrete

choice experiments also found a relationship between expertise and stated preference when selecting healthcare

treatments [52]. It is also common for requesters to require paid crowdworkers to learn new skills or knowledge to

make accurate contributions for a paid micro-task [61, 241], such as those covered in chapters 4 and 5.

Drafty and Sketchy allow their users to complete the task independently, whereas recent research studies scenarios

where people and AI collaborate on tasks [235]. Chapter 5 explores collaborative editing behaviors among paid

crowdworkers. Often, peer production tasks produce a sense of collaboration among contributors [16]. Many of these

prior research efforts, show it is common for paid crowdworkers to learn something new to contribute [123]. Even

unpaid citizen science efforts often require users to gain new knowledge to contribute [34].

Many surveys require a participant to provide their personal information. This is often used to improve the validity

and generalization of results. However, specific paid crowdsourcing platforms like Prolific have begun providing this

information automatically to potentially help protect worker privacy and reduce task completion time.

Who Asks you to Complete the Task:

1. A friend
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2. A family member

3. Someone you do not know

4. People on social media

5. A bot (not a person) on social media

6. A for-profit company

7. A non-profit company

8. A system (i.e., Wikipedia or Drafty)

9. Paid Crowdsourcing system (i.e., Prolific)

While paid crowdsourcing platforms such as Prolific or Mechanical Turk are one of the most common places to find

crowd contribution tasks, there are other platforms and people asking people to contribute. For example, in Chapters

3 and 5, Drafty asks its everyday users to make crowd contributions. Moving beyond systems, prior research into

“friendsourcing” shows asking your friends to contribute increases the quality and likelihood of contributions [28,29]. If

a friend is not asking you to contribute, a likely alternative is a family or someone you do not know. Comparing these

three options will help define how vital an individual’s network is when attracting people to make crowd contributions.

Research also studies when bots on Twitter ask people to contribute [200]. Beyond friendsourcing, Rogstadius et

al. studied the quality and likelihood of crowd contributions of paid crowdworkers when posting the tasks as either

for-profit or non-profit companies [192]. Thus this attribute integrates this aspect when comparing with other possible

entities or people that can ask for crowd contributions.

What Happens with your Contribution?

1. You own the data you contributed (you can see and edit it)

2. You do not own the data you contribute (you cannot see or edit it)

3. A public community owns the data you contributed (anyone can see and edit it)

4. You receive no credit for your contribution (it is anonymous)

5. Your name or username is attached to your contribution (not anonymous)

6. Your contribution is automatically accepted

7. Your contribution could be rejected
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Prior research shows that a contribution being rejected can de-motivate people [150]. Even new Wikipedia users can

be dissuaded by the possibility of another user quickly reverting or rejecting their edit [181]. Drafty employs the model

that someone’s contribution is automatically accepted. Unlike Wikipedia and WikiData [96], Drafty and Sketchy choose

to make contributions anonymous by default. Originally the intention was to reduce the effort required to contribute.

Even sites similar to StackOverflow require users to create accounts to possibly identify themselves. Also, many paid

crowdsourcing systems like Prolific and Amazon Mechanical Turk to provide paid crowdworkers anonymous IDs to

safeguard their personal information.

It is common in paid crowdsourcing scenarios for someone to complete a task and not have access to see or edit

their contribution [122]. Imagine a paid crowdworker labeling hundreds of images but having no ability to correct a

mistake. Systems like Drafty, Wikipedia, and WikiData allow users and the entire community of interested users to

see or edit any contribution. This idea of community ownership of the data is a hallmark of peer production [16, 231].

Chapter 6 presents Sketchy an individual creativity support tools, where only the original contributor can edit their

contributions. Surveys often allow users to see and edit their submissions; in this scenario, people own the data they

contributed.

Your Perception of the Task:

1. The task looks interesting

2. The task looks boring

3. The task might be unethical

4. The task is likely ethical

5. Your contribution might help people you do not know

6. Your contribution might help your peers or community

Someone’s perception of a crowd contribution task covers multiple possible levels, many of which are intrinsic

motivators. Prior research shows that perceiving a task as boring is one of the main reasons paid and unpaid workers

quit a task [150]. While Chapters 3, 5, and 7 show user interest increases the quality and likelihood of someone

contributing. Likewise, Clauset et al. show that paid crowdworkers are more likely to contribute if the task is relevant

to their interests [51]. Additional research shows older adults prefer tasks matching their interests [30]. Among paid

crowdworkers, prior work shows helping others can intrinsically motivate them to contribute their time even when

paying less money [192]. Beyond interest, one of the best motivators to appeal to a user’s intrinsic motivation is

showing how their contribution will help others [160, 200]. Will helping others in our outside their communities

affect their motivation differently? Also, while many researchers use paid crowdworkers to complete tasks, there are
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lingering questions about how the ethical use of the data collected by paid crowdworkers could affect their motivation

to contribute [80].

8.2.2 Creating the Choice Sets from the Attributes and Levels:

We use the Qualtrics built-in survey builder to create and conduct the discrete choice experiment. Qualtrics automatically

constructs the choice sets from the provided attributes and levels. Participants selected their preferred crowd contribution

task a total of twenty times.

Qualtrics utilizes a randomized balanced design approach to ensure the choice sets are varied and present all levels

to each participant. This approach combines well with Hierarchical Bayesian estimation techniques, which Qualtrics

uses to analyze participant’s choice data.

The design approach consists of choice sets, see Figure 8.1. Each choice set contains the same number of attributes

and one level per attribute. The algorithm generates random bundles for each attribute and level, then checks each

choice set to ensure relative balance in the number of times someone sees each level. Qualtrics’ algorithm does not

force each level to appear the same number of times per participant.

Qualtrics design does ensure the difference between the level seen the most per participant and the level seen the

least is no more than a deviation of two. If Qualtrics fails to generate twenty choice sets that do not meet these criteria,

it regenerates them again until the criteria are satisfied.

Recruiting Participants

The goal of the main study is to recruit normal users of Drafty to take the survey. This includes both paid crowdworkers

and unpaid contributors to Drafty. To accomplish this, Drafty uses a banner; see Figure 8.2.

8.2.3 Study Procedures

Crowd Contribution Tasks within Drafty

This study features paid crowdworkers and unpaid contributors editing Computer Science professor data within Drafty.

They add, update, or delete data in Drafty by completing one of six possible tasks:

1. Fill in an empty cell within Drafty (fix 1 empty cell)

2. Add a new row of data (add a new Professor)

3. Delete a row of existing data (remove a Professor)

4. Review a row of existing data (review and fix a Professor’s data)
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Figure 8.2: Anyone can voluntarily choose to take the survey and will have a one in four chance to receive a $25 Amazon gift card
as compensation. To be eligible, participants must enter their email in a separate survey that is provided after and not connected to
the main discrete choice experiment survey.

5. Add a note to a row (add a note about a Professor)

6. Contributed using the “Help Us!” feature within Drafty

While paid crowdworkers are free to perform any task within Drafty, they are instructed to “Add a new row of data.”

This provides the opportunity for each paid crowdworker to find and add six pieces of information for a Computer

Science professor not currently listed in Drafty.

Recruiting Drafty’s Visitors: Unpaid Contributors and Paid Crowdworkers

While discrete choice experiments have good internal validity, we need observable data to improve the result’s external

validity. To enhance external validity, everyday visitors from Drafty can choose to take the discrete choice experiment

survey. These everyday visitors will be Drafty’s regular unpaid contributors and paid crowdworkers from Prolific.

During the recruitment period, Drafty contains a banner to recruit participants. Anyone who completes the survey has a

one-in-four chance to win a $25 Amazon Gift Card.

Unpaid contributors are recruited using the sourcing methods from Chapter 7. These include organic visitors (i.e.,

search engines), visitors from dynamic sources like CS Open Rankings or the Did You Know Twitter account, asking
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people to visit Drafty to review data using email or Twitter, and making posts on public forums such as Reddit to

advertise Drafty’s dataset of computer science professors.

Paid crowdworkers are recruited using Prolific, an online research platform to recruit paid crowdworkers by posting

micro-tasks. We used Prolific’s built-in pre-screening to ensure paid crowdworkers met the following criteria:

1. Minimum 95% approval rate.

2. Minimum 100 tasks completed.

3. Minimum age of 18.

4. They could not have completed any our prior tasks, to ensure new unique participants each time.

5. Are from the USA. (Because Drafty mainly features universities from the US and Canada.)

6. Are using a Desktop device, because the user interface design of Drafty the survey are optimized for Desktop.

All tasks we advertised as a 15 minute estimated completion time based on timings from our pilot study. When

creating micro-tasks, participants were compensated within Prolific payment limits and guidelines at $8.00, $12.00,

or $16.00 per hour. Prolific’s default recommendation is $12.00 per hour. At the time of this study, the maximum

Prolific’s interface reports to requesters are $16.00 per hour, and the minimum is $8.00 per hour. These intervals align

with Prolific’s recommendations to requesters when assigning monetary compensation to a micro-task. These intervals

also align with the levels the discrete choice experiment uses for payment per hour. Thus, this compensation scheme

aligns with real-world examples of recruiting paid crowdworkers across Prolific.

Each paid crowdsourcing task asked paid crowdworkers to review Drafty’s data and add a missing professor from a

university. Table 8.2 shows the university name and payment per task. The universities for the paid crowdsourcing

task were selected because they had either not had a recently added professor recently, or they are new options to add

professors to Drafty (i.e., Drafty has no data for this university.). Also, we hand-checked each university for missing

professors and new assistant professors to ensure there were enough professors to add following a similar study and

recommendations from Papoutsaki et al. [173].

For each university posted on Prolific, we emailed the department chairs and at least one other faculty member from

the university’s Computer Science department. This provides a chance for paid crowdworkers and unpaid contributors

alike to review and add data. We also emailed department chairs in Chapter 7 as part of the “asking” recruitment

method.

Prolific was used to post all paid crowdsourcing tasks. An example title used on the posts was “Help Build a Dataset

of Computer Science Professors - University of Arizona.” The instructions posted on Prolific for the paid crowdworkers

include the following messages:
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University Pay Level per hour

Case Western Reserve University $8
George Washington University $16
Georgetown University $12
Illinois Institute of Technology $12
Rensselaer Polytechnic Institute $12
Temple University $16
University of Arizona $8
University of California, Davis $16
University of Delaware $8
University of Florida $12
University of Houston $16
University of Maryland, Baltimore County $8
University of Oregon $12
University of South Florida $8
University of Tulsa $16

Table 8.2: The universities used to create tasks on Prolific. There are five universities per pay level. The new universities added to
Drafty as part of the study were the Illinois Institute of Technology, Temple University, and the University of South Florida. These
were added to provide paid crowdworkers and unpaid contributors with around 25 new professors to add per university. The other
universities listed were universities with the longest duration since a new professor was added in Drafty.

INITIAL MESSAGE You are invited to take part in a Brown University research study. Your participation is

voluntary. :)

PURPOSE This study focuses on collecting information about specific computer science faculty members. Drafty

is a public data system with thousands of computer science faculty profiles from the US and Canada.

PROCEDURES You have to add one new professor from the [UNIVERSITY NAME], not currently listed in

Drafty. One row consists of a professor’s:

1. Full Name

2. University (where they work at)

3. Join Year (the year they started as a professor at that university)

4. SubField (their primary research area)

5. Bachelors (the university where they got their bachelor’s degree)

6. Doctorate (the university where they got their PhD)

Steps

1. Open this link ([URL to faculty webpage for the university]) to visit this faculty listing page. Keep this page

open.

2. Visit Drafty using Prolific’s study link (Open the study link in a new window)
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3. Compare the professors listed on Drafty with the webpage from step 1.

4. Add one missing professor to Drafty. This is a professor listed on their webpage but not on Drafty.

5. To add a new row, please select the white text ”Add Row” in the blue bar at the top of the page. After adding a

new row, you see a modal pop-up window with the Prolific completion code at the bottom.

*They must be a tenure-track professor who can solely advise a CS PhD student. They should have the title

Assistant Professor, Associate Professor, or Full Professor.

COMPENSATION You will receive a base payment through Prolific for adding one new row of data to Drafty.

You must add a new professor.

By recruiting Drafty’s everyday visitors, we can compare their stated preferences for contributing to tasks with their

real-world behavioral data collected within Drafty. For example, did they contribute data, or were they lurking? Thus,

providing evidence of what motivates people who contribute to an existing public data platform such as Drafty.

8.3 Results

This research asks the following questions: 1) what parameters to design fair and equitable incentive mechanisms for

crowd contributions apply to most users of a public data system, and 2) what parameters should be individuated per

group of users?

The following data and results sections will answer these questions by reviewing responses to a survey-based study

taken by real-world users of Drafty.

8.3.1 Data Overview

The study was conducted from March 11th to April 25th, 2023. During this time, 149 people freely chose to begin the

survey after visiting Drafty. These people consist of paid crowdworkers and unpaid contributors (i.e., Drafty’s normal

everyday visitors). During the study time, 115 paid crowdworkers were recruited to add new rows of data to Drafty.

During the same time, there were 2,723 visits to Drafty’s spreadsheet interface. These everyday active visitors freely

chose to visit Drafty and made at least one interaction with Drafty’s spreadsheet interface (i.e., click, search, edit, etc.).

All visitors to Drafty made 33,283 total interactions and 1,048 edits during this study timeframe in 2023.

Survey Data Pre-Processing

The following section describes the survey study data’s review process and removal criteria. A total of 149 people chose

to take the survey. Based on the session and profile ids tracked from Drafty within the survey, the same participant
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never took the survey multiple times. Among the initial 149 participants, 16 were removed for not completing the

survey. After that, 10 additional participants were removed for entering the same response for ten Likert-scale questions.

Finally, 2 additional participants were removed for providing non-sensical answers to qualitative questions indicating

they might be a bot or speeding through the survey. After answering a sample question, the remaining 122 participants

reported understanding the instructions for the discrete choice experiment. The following metrics are computed using

the remaining 121 participants. The average completion time is 19 minutes and 6 seconds. The median completion time

for the survey is 16 minutes and 11 seconds. All participants completed the survey within two standard deviations of

the median completion time; hence no one completed the survey abnormally fast.

Survey Participants

The following summary demographics are for the remaining 121 participants who completed the survey. The average

age per participant was 36 years, ranging from 19 to 78. Among several options to indicate gender identity, 58

participants identified as Male and 43 as Female, while 20 preferred not to say or chose another option. Among all

participants, 67 indicated payment for a task is for extra spending money, while 26 indicated it helps pay some of their

bills.

8.3.2 Evaluation Metrics

The metrics described below are used throughout this chapter’s results section. The values for these metrics are

computed using Qualtrics. These are common analyses used to evaluate discrete choice experiments [170]. Within

these metrics, the terms utility and preference relate to someone’s motivation for completing a crowd contribution task.

Average Utility Scores are the average utility score of each level across all participants. The utility scores show

the relative preference between levels within an attribute. A level with a positive utility score will increase someone’s

motivation to complete a crowd contribution task, while a negative score will decrease it.

Preference Share measures the probability that a level would be chosen over another when all other attribute levels

are the same. It is computed using a Multinomial Logistic Regression model and the utility scores per level within an

attribute. In section 8.3.5, the analysis uses Preference Share to simulate the total utility (i.e., preference) between two

different crowd contribution tasks.

Attribute Importance is an attribute’s influence on someone’s preference for a crowd contribution task. The

greater the attribute importance, the more influence its levels have over someone’s preference. Attribute importance is

computed by taking the difference between the average utility scores from the best and worst levels within that attribute.

The larger this difference, the more important the attribute. If an attribute has a highly desirable or undesirable level,

this can influence the attribute’s importance.
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Optimal Task describes the optimal crowd contribution task. It is the combination of the one level per attribute

with the most influence on someone’s preference or motivation. Normally, this is the level per attribute with the highest

utility score.

Trade-offs between two attributes and their levels can be computed using partworth functions [182]. These results

can help inform if one level is changed within attribute “A”, and how the level of attribute “B” need to increase or

decrease to produce the same utility (i.e., level o motivation). For example, if the estimated time to complete a task is

increased, how much should the pay level increase to maintain the same level of motivation? To compute a partworth

function, an attribute’s level, and utility score must be known.

8.3.3 Universal Incentives are Pay Level, Time to Complete, and Task Perception

If you are creating crowd contribution tasks, focus on improving the pay level, reducing the estimated time to complete,

and improving someone’s perception of the task (i.e., showing how the contribution can help others and make it

interesting). Figure 8.3 shows unpaid contributors and paid crowdworkers share similar motivations about the most

important level per attribute. The most important attributes and levels are universal across users who completed the

survey. However, when scrutinizing the results further everyday users and paid crowdworkers make different trade-offs

when selecting between crowd contribution tasks.

While unpaid contributors and paid crowdworkers share similar motivations, task perception was most important

to unpaid contributors, and pay level was most important to paid crowdworkers. For paid crowdworkers, there was a

74% increase in the attribute importance for pay level compared to the estimated time to complete. At the same time,

there was only a 10% increase among unpaid contributors. This finding that paid crowdworkers value pay level the

most mirrors prior research [152]. Also, when comparing attribute importance for pay level and task perception, there

is a 70% increase among paid crowdworkers for pay level. At the same time, there is a 40% decrease among unpaid

contributors for pay level. While the pay level motivates unpaid contributors to complete crowd contribution tasks, task

perception plays a larger role. The levels for task perception mainly focus on intrinsic motivators, thus showing unpaid

contributors are influenced by intrinsic motivators [159, 224].

When comparing feature importance for those who only made 100% accurate edits on Drafty, unpaid contributors

and paid crowdworkers were less influenced by the pay level per task compared to people from the same population who

completed the survey. Also, both unpaid contributors and paid crowdworkers were more influenced by task perception.

Indicating someone’s level of interest and intrinsic motivators can play a more influential role in their motivation than

money. This result mirrors prior research on paid crowdworkers [51] and demonstrates a similar result among unpaid

contributors. Notably, the feature importance between pay level and who is asking for a contribution is similar among

unpaid contributors who made 100% accurate edits on Drafty. This result mirrors prior research by Brady et al. [28]
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Everyday Paid Crowdworkers (all & pay level) 100% Accurate Edits
Visitors All $16 $12 $8 Visitors Paid Crowd

Pay Level 17.9% 32.5% 33.6% 32.6% 31.0% 11.9% 28.9%
$16 per hour x x x x x x x

Estimated Time to Complete 16.2% 18.7% 19.2% 18.5% 18.2% 15.3% 18.0%
1 minute x x x x x x x

Your Perception of the Task 29.8% 19.1% 17.6% 19.8% 20.0% 33.6% 21.8%
Your contribution might help people you do not know x x x x

Your contribution might help your peers or community x x x

Who Asks you to Complete the Task 10.1% 6.8% 6.7% 6.1% 7.2% 12.0% 7.7%
A friend x x x

A family member x x x x

Your Reason to Complete a Task 7.4% 6.4% 6.0% 6.4% 6.7% 6.7% 6.5%
You will learn a new or special skill x x x x x x

The task is part of a hobby x

Task Difficulty 5.8% 6.1% 6.3% 5.8% 6.0% 6.6% 6.0%
Not difficult (easy) to complete x x x x x x x

The Task Requires you to 9.7% 6.8% 6.4% 6.5% 7.6% 9.0% 7.5%
Contribute or use specialized knowledge you know x x x x x x

Collaborate with other people to complete the task x

What Happens with your Contribution 3.1% 3.8% 4.1% 4.4% 3.3% 4.8% 3.6%
Your contribution is automatically accepted x x x x x x

you can see and edit it x

Figure 8.3: Unsurprisingly, all participants preferred the highest pay level per hour, the lowest estimated time to complete, and
the easiest tasks. While task perception was the most important attribute for unpaid contributors, paid crowdworkers were mainly
influenced by the pay level per hour. This figure uses a teal square to indicate the level per attribute with the highest average utility per
attribute per group. Each column then constructs the optimal or ideal crowd contribution task per group of people. The percentages
with the gold background are the relative importance measure [182] per attribute. These numbers are the normalized values from the
feature importance per attribute per group. For example, the feature importance for pay level for unpaid contributors with 100%
accuracy is 11.6, and the sum of the feature importance per attribute for this group is 97.2. Thus, 11.6 divided by 97.2 is 11.9%.

and Chapter 7 showing that asking friends to contribute can motivate accurate contributions.

The analysis also splits participants (paid crowdworkers and unpaid contributors) by their self-reported knowledge

of Computer Science and their self-reported interest in Computer Science. Participants who self-reported High or

Very High were placed in one group, and then the other group consisted of everyone else. Their optimal task design

mirrored those in Figure 8.3. One notable difference is unpaid contributors with high levels of knowledge or interest

in Computer Science were more influenced by tasks that required them to collaborate with people. This observation

mirrors the long-term success of public systems like Drafty, like other peer production-inspired systems, where people

are motivated by the idea of collaborating with others to complete tasks [16, 224].
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8.3.4 Paid Crowdworkers and Unpaid Contributors Share Similar Motivations but Make

Different Trade-offs When Selecting Tasks

This section compares the trends in relative utility scores between unpaid contributors and paid crowdworkers across

both groups in total and among those users who made edits on Drafty and only made 100% accurate edits. The levels of

each attribute show patterns about how each group differs. We created figures showing heatmaps of the relative utility

scores per group; see Figures 8.4, 8.6, 8.5, and 8.7.

This analysis compares groups where one group (the ideal group) is likely to benefit Drafty more than the other

(less ideal). Oftentimes, the ideal group edits data or only makes 100% accurate edits. Figures 8.5 and 8.7 show pairs of

these groups separated by a column of white space, where the group on the left is ideal while the group on the right is

less ideal. For example, an ideal group is unpaid contributors who only made 100% edits versus those who did not. Or,

paid crowdworkers who submitted edits to Drafty versus those who abandoned the task (but still completed the survey).

Lastly, paid crowdworkers who only made 100% edits versus those who submitted edits and were not 100% accurate.

Pay Level Per Hour Across all groups in Figures 8.4 and 8.5, a minimum pay level generated a positive relative utility

score. In other words, Prolific’s fair payment guidelines apply even among unpaid contributors. Where preferences shift

is among the highest pay level per hour. The relative utility score for the highest pay level per hour ($16) was 2 times

higher for paid crowdworkers compared to unpaid contributors, see Figure 8.4. This trend continues when splitting

users based on their real-world usage of Drafty (i.e., did they make an edit, were they accurate). The relative utility

scores for pay level per hour ($16) for unpaid contributors who did not make edits was 2.2 times higher than those

who only made accurate edits. Likewise, The relative utility scores for pay level per hour ($0) for unpaid contributors

who did not make edits was 1.7 times lower than those who only made accurate edits. The ideal unpaid contributors

(i.e,. those who only make accurate edits) valued other aspects of a task far more than pay level. These exact trends

continue for $16 and $0 per hour when comparing the paid crowdworkers who made 100% accurate edits on Drafty.

This indicates that accurate users are motivated by more than money [160]. Thus, when posting paid crowdsourcing

tasks that pay more, this might attract a different type of crowdworker.

Estimated Time to Complete For estimated time to complete all groups preferred tasks under 15 minutes. While

Figure 8.4 shows a trend where less time yields more preference among paid crowdworkers, this same trend does not

exist among unpaid contributors. For unpaid contributors, the relative utility score for a 15 minute task is .5 points

higher than for 5 minute task. This result replicates prior research showing unpaid contributors will spend more time

on a task than paid crowdworkers [112]. Paid crowdworkers who submitted edits to Drafty had the same relative

utility score for 15 minutes tasks and 5 minute tasks. The paid crowdworkers who did not submit edits were the ones

who chose to complete the survey for a possible gift card but abandoned the initial editing task. Viewing their survey
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responses they felt it was difficult to contribute and find the professor’s information. Since their preferences indicate

they prefer shorter tasks, it is not a surprise they abandoned the task to edit data on Drafty. There was no difference in

trends among paid crowdworkers who submitted 100% accurate edits and those who did not.

Your Perception of the Task There are multiple trends among the levels across groups for task perception. In every

comparison, the ideal group prefers tasks that are ethical, look interesting, and will help others compared to another

group. Hence, this is why the attribute importance for task perception is higher among the ideal groups. While we never

condone creating tasks or gaining contributions for unethical reasons,unpaid contributors who only made accurate edits

valued ethical tasks that help others more than any other group. Also, building on prior research, their interest in the

task is more motivating than any other group [51, 225]. Peer production environments rely on people freely engaging

and contributing data [16]. These results show how systems like Drafty motivate accurate contributions.

Who Asks you to Complete the Task We often ask others to complete crowd contribution tasks such as surveys, or

at times we even volunteer to edit Wikipedia. During this dissertation, we have asked people we did not know, friends,

or even had Drafty ask people to contribute. Across all groups, people preferred tasks where either they volunteered or

a friend, family member, or a system (i.e., Wikipedia or Drafty) asked them to contribute. While our survey results

show unpaid contributors to Drafty were the most influenced by tasks where they could volunteer, it was ultimately

family and friends that matter most to all groups. This is not surprising, as Brady et al. showed that when a friend

asks, this can elicit accurate contributions [29]. The relative utility score for when a friend asks is 2.2 times greater for

unpaid contributors compared to paid crowdworkers and 2 times greater for unpaid contributors who only submitted

accurate edits compared to those who did not. Mirroring other prior research, all groups showed a strong dislike for

tasks where a bot (not a person) on social media [200] or a profit for-profit company [192] asks them to contribute.

While Rogstadius et al. showed that people prefer non-profit companies compared to for-profit companies, our results

across groups indicate this alone is not enough to motivate someone to complete a task and is relatively similar to

people on social media asking for contributions. Maybe, to increase motivation, non-profit companies can show how

people completing crowd contribution tasks for them can help others.

Your Reason to Complete a Task All groups preferred tasks where they will learn a new or special skill or it is part

of a hobby. These results mirror those from learnersourcing, where people simultaneously learn new skills relate to

an area of interest or a hobby, and then make contributions back to the system [120]. Notably, in this survey-based

study receiving reputation points in a system (badges, points, credit, etc.) produced a consistently negative effect across

all groups. While learning communities have successfully used gamification to increase engagement [157], Drafty’s

users (paid and unpaid) did not show a preference for this motivator. This result mirrors prior research shows how
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Unpaid Paid Crowdworkers (all & pay level per hour)
Contributors All $16 $12 $8

Pay Level 17.2 31.7 33.0 31.8 30.2
$0 per hour -10.7 -18.5 -19.1 -18.4 -18.0
$4 per hour -2.1 -4.8 -5.4 -4.9 -3.9
$8 per hour 1.2 1.7 1.6 1.7 1.7

$12 per hour 5.0 8.5 9.1 8.3 8.0
$16 per hour 6.5 13.2 13.9 13.4 12.2

Estimated Time to Complete 15.6 18.2 18.8 18.0 17.7
1 minute 6.5 7.4 7.6 7.4 7.1

5 minutes 2.0 3.8 4.0 3.4 3.9
15 minutes 2.5 2.7 2.6 2.7 2.7
30 minutes -2.0 -3.0 -3.1 -2.9 -3.1
60 minutes -9.1 -10.8 -11.2 -10.6 -10.6

Your Perception of the Task 28.6 18.6 17.3 19.3 19.5
The task looks boring -1.5 -0.8 -1.1 -1.2 0.1

The task looks interesting 4.5 3.0 3.7 2.9 2.1
The task might be unethical -20.6 -13.6 -12.6 -13.8 -13.8

The task is likely ethical 2.1 1.4 1.6 1.7 0.9
Your contribution might help people you do not know 7.4 5.0 3.8 5.5 5.7

Your contribution might help your peers or community 8.0 5.0 4.7 4.9 5.0

Who Asks you to Complete the Task 9.7 6.6 6.6 5.9 7.0
A friend 4.7 2.1 2.7 1.0 2.6

A family member 4.5 2.8 2.7 2.6 2.9
Someone you do not know -1.1 -0.7 -0.7 -0.6 -0.8

Volunteer 1.9 1.4 1.5 1.3 1.5
People on social media -0.7 -0.2 -0.2 -0.1 -0.3

A bot (not a person) on social media -4.9 -3.8 -3.9 -3.3 -4.1
A for-profit company -5.0 -2.5 -3.1 -1.7 -2.6

A non-profit company -0.2 0.2 -0.2 -0.3 -0.2
A system (i.e., Wikipedia or Dra�y) 1.3 1.3 1.3 1.2 1.3

Paid Crowdsourcing system (i.e., Prolific) -0.5 -0.2 -0.2 -0.2 -0.2

Figure 8.4: Attribute importance per attribute is the bold number in the same row as the attribute name. This is the difference
between the level with the highest and lowest relative utility level per attribute.

gamification mechanisms can decrease the quantity and quality of crowd contributions over time [147]. Considering

how strong of an intrinsic motivator helping others is, the extrinsic motivator of earning badges does not matter in

Drafty’s context. Unpaid contributors who only submitted accurate edits were almost twice as motivated by tasks where

they might be paid for doing exceptional work. While Drafty does not mix an extrinsic motivator such as money for

unpaid contributors, this could be a potential future direction that has produced accurate contributions in the past [31].

This idea of possibly paying others for doing exceptional work produced a relative utility score that is 181% greater

among unpaid contributors who only submitted accurate edits compared to those who did not. This is additional

evidence that mixing extrinsic rewards in Drafty could further motivate its existing highly accurate visitors.
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Unpaid Contributors Paid Crowdworkers Paid Crowdworkers
Acc. Edits No Edits Edits No Edits 100% Acc. <100% Acc.

Pay Level 11.6 19.6 27.9 33.7 28.1 31.9
$0 per hour -7.0 -12.0 -15.5 -20.2 -16.6 -18.7
$4 per hour -2.6 -1.9 -5.5 -4.3 -4.0 -4.7
$8 per hour 1.5 1.1 1.4 1.8 1.5 1.7

$12 per hour 4.6 5.2 7.2 9.2 7.6 8.4
$16 per hour 3.5 7.6 12.4 13.5 11.5 13.2

Estimated Time to Complete 15.0 15.9 17.1 18.7 17.5 18.2
1 minute 5.9 6.9 6.5 7.8 7.2 7.4

5 minutes 2.5 1.7 3.3 4.0 3.2 3.8
15 minutes 2.3 2.6 3.3 2.4 2.6 2.7
30 minutes -1.6 -2.2 -2.6 -3.3 -2.8 -3.1
60 minutes -9.1 -9.0 -10.6 -10.9 -10.3 -10.8

Your Perception of the Task 32.9 26.7 21.3 17.3 21.2 18.5
The task looks boring -2.2 -1.1 -0.3 -1.0 -0.9 -0.7

The task looks interesting 5.2 4.3 2.9 3.0 3.5 3.0
The task might be unethical -23.6 -19.3 -15.5 -12.6 -15.5 -13.5

The task is likely ethical 2.9 1.8 1.7 1.3 1.6 1.4
Your contribution might help people you do not know 8.4 6.9 5.8 4.7 5.6 4.8

Your contribution might help your peers or community 9.3 7.4 5.5 4.6 5.7 5.0

Who Asks you to Complete the Task 11.7 8.9 7.3 6.1 7.5 6.5
A friend 6.3 3.1 2.8 1.8 2.8 2.4

A family member 3.5 4.3 3.3 2.5 3.3 2.7
Someone you do not know -0.8 -1.1 -0.6 -0.7 -0.8 -0.7

Volunteer 1.5 1.8 1.6 1.3 1.6 1.4
People on social media -1.2 -0.4 -0.5 0.0 -0.3 -0.2

A bot (not a person) on social media -4.1 -4.6 -4.0 -3.6 -4.2 -3.8
A for-profit company -5.4 -4.0 -3.0 -2.2 -3.2 -2.5

A non-profit company -0.2 -0.1 -0.6 0.0 -0.2 -0.3
A system (i.e., Wikipedia or Dra�y) 0.9 1.3 1.4 1.2 1.3 1.2

Paid Crowdsourcing system (i.e., Prolific) -0.5 -0.4 -0.3 -0.2 -0.3 -0.2

Figure 8.5: Attribute importance per attribute is the bold number in the same row as the attribute name. This is the difference
between the level with the highest and lowest relative utility level per attribute.

Task Difficulty Task difficulty is one of the most consistent attributes across this study in terms of affecting the

preferences and motivation of all users. While task difficulty is often optimized by system designers [101], it is also

cited as affecting people’s perceptions of task time [140]. It is not a surprise that crowdworkers paid $16 per hour valued

easy tasks more than others. They are trying to optimize their actual earnings per hour. Among unpaid contributors,

those who did not submit edits were the only group with a positive relative utility score for moderately difficult tasks.

Maybe this group did not edit data on Drafty because the tasks to contribute were too simple and straightforward. Future

research could assess how to appeal to users who only become contributors over time.
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The Task Requires you to Drafty often requires people to contribute or use specialized knowledge you know for

data types requiring domain-specific expertise. While this positively motivates every group, unpaid contributors who

only made accurate edits preferred to collaborate with others the most. Perhaps collaboration can lead to a greater

sense of community and contributions to helping others, which is why this group preferred collaboration the most [133].

The relative utility score for collaborating with unpaid contributors was 10 times higher than paid crowdworkers. It is

possible that paid crowdworkers might view that collaborating with others could also increase the time to complete.

Looking at possible future AI-centric trends in crowdsourcing, while Drafty does not integrate an AI to help people

complete tasks, there were trends in participant responses. Unpaid contributors who only made accurate edits had the

strongest negative preference for tasks requiring collaborating with an AI. In contrast, they had the strongest positive

preference for collaborating with other people. Paid crowdworkers were open to collaborating with AI to complete a

task. This mirrors a growing trend where AI is being used to recommend tasks [41].

What Happens with your Contribution In paid crowdsourcing, it is common for people to make contributions

and then never have access to these again. Bernstein raised this concern when discussing his crowd-powered system

Soylent [22].

All groups had a negative preference for tasks where they could not see or edit their contribution. The relative

utility score for crowdworkers paid $12 an hour was 25% lower than those paid $16 per hour. The more crowdworkers

were paid, the less their ownership of their contribution mattered. However, when we compare paid crowdworkers who

only made accurate edits versus those who did not, the relative utility scores were similar. Building on this idea, the

relative utility score for contributions where people can see and edit it was 5 times greater for paid crowdworkers who

submitted edits versus those who did not. This trend continued among unpaid contributors, where the relative utility

score was 1.6 for those who made accurate edits compared to 0.0 for those who did not. Ensuring contributors (paid and

unpaid) can see and edit their contributions will motivate accurate contributions. Two other trends across groups are that

everyone preferred tasks where they could remain anonymous, and their contribution was automatically accepted. Both

of these levels mirror Drafty’s system design. There is one notable exception for the preference of having a username

attached to contributions (not anonymous). The relative utility score for contributions being not anonymous for everyay

visitor who did not contribute is 5.6 times greater compared to those who only submitted accurate edits. Within Drafty’s

spreadsheet interface, credit is provided per row or cell to any contributions. Perhaps, this group of unpaid contributors

who did not contribute could be motivated if there was more obvious attribution provided for their efforts.
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Unpaid Paid Crowdworkers (all & pay level per hour)
Contributors All $16 $12 $8

Pay Level 17.2 31.7 33.0 31.8 30.2
$0 per hour -10.7 -18.5 -19.1 -18.4 -18.0
$4 per hour -2.1 -4.8 -5.4 -4.9 -3.9
$8 per hour 1.2 1.7 1.6 1.7 1.7

$12 per hour 5.0 8.5 9.1 8.3 8.0
$16 per hour 6.5 13.2 13.9 13.4 12.2

Estimated Time to Complete 15.6 18.2 18.8 18.0 17.7
1 minute 6.5 7.4 7.6 7.4 7.1

5 minutes 2.0 3.8 4.0 3.4 3.9
15 minutes 2.5 2.7 2.6 2.7 2.7
30 minutes -2.0 -3.0 -3.1 -2.9 -3.1
60 minutes -9.1 -10.8 -11.2 -10.6 -10.6

Your Perception of the Task 28.6 18.6 17.3 19.3 19.5
The task looks boring -1.5 -0.8 -1.1 -1.2 0.1

The task looks interesting 4.5 3.0 3.7 2.9 2.1
The task might be unethical -20.6 -13.6 -12.6 -13.8 -13.8

The task is likely ethical 2.1 1.4 1.6 1.7 0.9
Your contribution might help people you do not know 7.4 5.0 3.8 5.5 5.7

Your contribution might help your peers or community 8.0 5.0 4.7 4.9 5.0

Who Asks you to Complete the Task 9.7 6.6 6.6 5.9 7.0
A friend 4.7 2.1 2.7 1.0 2.6

A family member 4.5 2.8 2.7 2.6 2.9
Someone you do not know -1.1 -0.7 -0.7 -0.6 -0.8

Volunteer 1.9 1.4 1.5 1.3 1.5
People on social media -0.7 -0.2 -0.2 -0.1 -0.3

A bot (not a person) on social media -4.9 -3.8 -3.9 -3.3 -4.1
A for-profit company -5.0 -2.5 -3.1 -1.7 -2.6

A non-profit company -0.2 0.2 -0.2 -0.3 -0.2
A system (i.e., Wikipedia or Dra�y) 1.3 1.3 1.3 1.2 1.3

Paid Crowdsourcing system (i.e., Prolific) -0.5 -0.2 -0.2 -0.2 -0.2

Figure 8.6: Attribute importance per attribute is the bold number in the same row as the attribute name. This is the difference
between the level with the highest and lowest relative utility level per attribute.

8.3.5 Computing Trade-offs to Optimize Incentives for Paid Crowdworkers and Unpaid

Contributors

The previous section identifies and discusses how groups make different trade-offs when selecting crowd contribution

tasks. This section computes the trade-offs for pay level and estimated time to complete across various attributes and

levels to provide insights into how future system designers and requesters can construct tasks while maintaining user

motivation.

One method to view these trade-offs is comparing the preference share (i.e., total preference or utility) for a given

crowd contribution task to a group’s optimal crowd contribution task. Figure 8.8 shows how preferences and motivations

shift as pay levels and task time are manipulated. The preference share for a task that pays $0 for unpaid contributors is

2 to 14 times greater than paid crowdworkers when comparing all estimated task completion times. This trend continues
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Unpaid Contributors Paid Crowdworkers Paid Crowdworkers
Acc. Edits No Edits Edits No Edits 100% Acc. <100% Acc.

Your Reason to Complete a Task 6.6 7.4 6.9 5.8 6.3 6.1
You might be paid for doing exceptional work 1.8 -2.2 -1.5 -1.5 -1.2 -1.8

Your contribution benefits you personally 0.4 0.9 0.8 0.4 0.6 0.6
You will learn a new or special skill 2.9 4.2 3.6 3.1 3.4 3.3

Personal rec. or learn something new about you -0.8 0.1 0.0 0.0 -0.1 0.1
Reputation points in a system (badges, points, credit) -3.7 -3.2 -3.3 -2.7 -2.9 -2.8

The task is part of your job -1.5 -1.7 -2.0 -1.8 -1.8 -1.9
The task is part of a hobby 1.0 2.0 2.5 2.4 2.1 2.5

Task Di�iculty 6.5 5.1 6.1 5.8 5.8 6.0
Not di�icult (easy) to complete 3.3 2.0 3.1 2.9 2.8 3.0

Moderately di�icult to complete -0.1 1.1 -0.1 0.0 0.2 0.0
Very di�icult to complete -3.2 -3.1 -3.0 -2.9 -3.0 -3.0

The Task Requires you to 8.8 9.5 7.1 6.4 7.3 6.6
Collaborate with other people to complete the task 4.0 2.4 -0.8 -0.2 0.2 -0.5

Complete the task with Artificial Intelligence -2.4 -0.1 0.5 -0.1 -0.2 0.1
Complete the task by yourself -0.7 -0.4 -0.3 -0.3 -0.3 -0.3

Learn something new 1.0 1.1 1.7 1.5 1.5 1.6
Contribute or use specialized knowledge you know 2.8 3.3 3.0 2.8 3.0 2.8

Provide your personal information -4.8 -6.2 -4.1 -3.6 -4.3 -3.8

What Happens with your Contribution 4.7 3.0 3.6 3.8 3.5 3.7
You do not own it (you cannot see or edit it) -3.9 -4.2 -3.8 -3.2 -3.5 -3.4

You own it (you can see and edit it) 1.6 0.0 2.0 -0.5 0.2 0.1
A public community owns it (anyone can see and edit it) 0.4 0.2 0.2 0.3 0.2 0.2
Your name / username is attached to it (not anonymous) -1.8 0.5 -1.3 -0.7 -0.6 -0.8

You receive no credit for it (it is anonymous) 0.9 0.9 0.8 1.2 1.0 1.1
Your contribution could be rejected -0.1 -0.2 -0.2 -0.1 -0.2 -0.1

Your contribution is automatically accepted 2.9 2.8 2.3 3.1 2.9 2.9

Figure 8.7: Attribute importance per attribute is the bold number in the same row as the attribute name. This is the difference
between the level with the highest and lowest relative utility level per attribute.

when comparing all everday visitors against those who only submitted accurate edits, where there is a 25–31% increase

in preference share across estimated task completion times. For tasks that pay $8 per hour among those who only

submitted accurate edits, the preference share for tasks that take 15 minutes or less to complete for unpaid contributors

is 2 to 5 times greater than paid crowdworkers. While money can motivate accurate contributions, paid crowdworkers

require larger pay levels per hour, while paying Prolific’s minimum of $8 per hour to unpaid contributors should yield

highly accurate edits. In summary, if pay per contribution could be introduced into a system like Drafty, that could

help increase the number of accurate contributions. Next, we will analyze how much money or time can be changed to

maintain the same level or preference (i.e., motivation) across different types of tasks.

Another way to measure trade-offs is to use partworth functions. We can measure the trade-offs paid crowdworkers

and unpaid contributors make between two attributes by using their levels’ relative utility scores to understand how

to change pay levels or task times [182]. In this section, we will walk through an initial example of using pay level
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Time & Pay $0 $4 $8 $12 $16 Unpaid Time & Pay $0 $4 $8 $12 $16 Unpaid
1 14% 30% 29% 45% 50% Contributors 1 20% 23% 32% 50% 44% Contributors

5 11% 20% 18% 29% 32% 5 16% 23% 32% 41% 45% 100% Accurate

15 12% 22% 22% 34% 36% 15 16% 19% 36% 43% 43%
30 11% 13% 9% 12% 16% 30 15% 7% 9% 16% 22%
60 6% 10% 10% 8% 10% 60 0% 0% 0% 5% 7%

Time & Pay $0 $4 $8 $12 $16 Paid Time & Pay $0 $4 $8 $12 $16 Paid
1 1% 7% 14% 34% 50% Crowdworkers 1 1% 7% 13% 42% 50% Crowdworkers

5 4% 4% 8% 26% 46% 5 0% 1% 16% 20% 44% 100% Accurate

15 4% 4% 7% 23% 42% 15 0% 4% 7% 22% 33%
30 2% 3% 4% 10% 20% 30 0% 1% 0% 19% 7%
60 3% 3% 4% 6% 10% 60 0% 0% 0% 1% 0%

Figure 8.8: This Figure shows the Preference Share when comparing the optimal crowd contribution task against different
combinations of pay level and estimated time to complete across unpaid contributors and paid crowdworkers (overall and those who
only submitted accurate edits). The teal cell with 50% is the optimal task per group. It is 50% because comparing Preference Share
across two identical tasks would result in a perfect split of preference. People with 100% accuracy prefer shorter task times but are
more willing to do 5 to 15 minute tasks for a lower pay level.

per hour and estimated time to complete a task. These two highly motivating attributes are easy to manipulate when

designing new crowd contribution tasks.

How does reducing estimated task completion time affect the pay level? We have a task that pays $12 per hour

and takes an estimated 30 minutes to complete. If we can reduce the estimated time to complete from 30 to 15 minutes,

what is the maximum we can decrease the pay level per hour to maintain the same level of motivation for this new task

that takes less time to complete?

The relative utility scores can be used to compute this trade-off. Figure 8.4 shows the relative utility scores for paid

crowdworkers and unpaid contributors.

For unpaid contributors, using the relative utility scores for the estimated time to complete, we note that reducing

the estimated time will increase the utility (user motivation) to complete the task by 5.5. How much should we modify

the pay level per task to maintain the same level of utility? Since the pay level’s relative utility scores decrease as the

pay level decreases, we can look at the difference in relative utility between $12 per hour and $8 per hour (the next

lowest pay level per hour). Going from $12 to $8 per hour will decrease utility by 3.8.

Equation 8.1 shows the trade-off for pay level per hour when reducing task completion time from 30 to 15 minutes

for unpaid contributors to Drafty. The numerator is the difference in the relative utility scores for the two levels we will

modify (i.e., estimated time to complete, 30 minutes to 15 minutes). The denominator is the difference in the relative

utility scores for the two levels we will modify (i.e., estimated time to complete, 30 minutes to 15 minutes). The result

of this fraction will be multiplied by the difference between the level for the attribute we want to know the tradeoff for
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(i.e., pay level of $4 per hour).

tradeoff =
|−2.0 − 2.5|
|5.0 − 1.2|

·$4 = $4.74 (8.1)

Suppose we can reduce the estimated time to complete by 15 minutes for a group of Drafty’s unpaid contributors.

In that case, we can also reduce the pay level per hour by a maximum of $4.74 per hour so the new task maintains the

same level of utility or motivation to the user. For paid crowdworkers following the same method, reducing estimated

task completion from 30 to 15 minutes would allow us to only reduce by a maximum of $3.35 per hour. That is because

the pay level per hour has a greater effect on paid crowdworkers’ motivation compared to unpaid contributors; see the

relative utility scores for $8 and $12 per hour in Figure 8.4. For paid crowdworkers, a reduction of $3.35 per hour from

a base level of $12 would still fit within Prolific’s fair payment guidelines.

How does reducing estimated task completion time for short tasks affect the pay level? One area where the

trade-offs for task completion time differ is following the Prolific guidelines and increasing an unfair pay level of $4 per

hour to $8 per hour for a long 60 minute task. To maintain the same level of motivation as before, we could reduce task

time for everyday users by around 14 minutes. For paid crowdworkers, we could reduce task time by 25 minutes. That

is a 79% increase in task time saved for paid crowdworkers when increasing the pay level per hour to a fair wage based

on Prolific’s guidelines.

How does changing a task from boring to interesting affect the pay level per hour? Maybe a requester has had

difficulty attracting paid crowdworkers for a task that appears boring even though it pays $16 per hour. If they spent time

to make the task interesting, they could decrease the pay level by a maximum of $3.23 per hour for paid crowdworkers.

Chapters 3, 5, and 7 show that unpaid contributors will make contributions matching their interests. If a task paying $16

per hour was redesigned to be more interesting to unpaid contributors, the pay level could be reduced by a maximum of

$16 per hour. For unpaid contributors who contribute their time and knowledge, this is the effect of task perception and

aligning contributions with their interests.

How does changing a task from boring to interesting affect task time? There could be a scenario where someone

is designing a public data system with lengthy tasks that the average contributor finds boring. If they made a previous

15 minute task interesting instead of boring, how much longer could they expect someone to spend on the task while

maintaining the same level of motivation? For unpaid contributors, the task could be 20 minutes longer, while for a

paid crowdworker, the task could be 10 minutes longer. Unpaid contributors are willing to spend twice as long on an

interesting task because they are more intrinsically motivated. Regardless, a requester could save time and money by

increasing a task’s interest level for paid crowdworkers.
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How does changing a task where an unpaid contributor works alone compared to collaborating with others

affect task time? Unpaid contributors have a strong preference for completing tasks where they collaborate with

other people to complete them. Whereas paid crowdworkers indicated little difference between working on tasks alone

or together, see Figure 8.7. Among unpaid contributors, those who only made accurate edits had a strong preference for

collaboration than unpaid contributors who did not. Unpaid contributors who only made accurate edits would be willing

to spend up to 18 additional minutes on a 15 minute task where they collaborate with others compared to working

alone. In contrast, unpaid contributors who did not make accurate edits would be willing to spend up to 8 additional

minutes on a 15 minute task where they collaborate with others compared to working alone. Unpaid contributors who

only made accurate edits are willing to spend over twice as many additional minutes if the tasks involve collaboration.

Thus, developing collaborative features in systems like Drafty should help groups of unpaid contributors work together

to accomplish longer tasks. This might explain how groups collaborated in classic group creation activities in 6-3-5

Brainwriting [189] and C-Sketch [204].

How does collaborating with other people versus AI affect the pay level per hour for paid crowdworkers who

complete tasks? In a system like Profilic, if paid crowdworkers have selected all available slots, no one else can accept

that task. Therefore, you want to create crowd contribution tasks that motivate paid crowdworkers to complete their

selected tasks. In our results, paid crowdworkers who edited data on Drafty preferred the possibility of collaborating

with AI compared to other people. This might be because AI could ideally decrease task time and effort. Based on our

previous results, introducing AI into the task to contribute could help reduce the pay level per hour. For example, if

you modify a $12 per hour task that a paid crowdworker would collaborate with others to allow them to collaborate

with an AI, you could decrease the pay level by a maximum of $0.90 per hour for paid crowdworkers who are more

likely to edit data. Compared to paid crowdworkers who are less likely to complete the task, you could only save

around $0.05 per hour. The reduction in pay level per hour is around 17 times greater for paid crowdworkers who

are likely to complete the task compared to those who are not. This result shows that a system focused on recruiting

paid crowdworkers could elicit more contributions if it focused on integrating AI versus other people to help the paid

crowdworkers complete their tasks. This contradicts the goals of many previous paid crowdsourcing systems that focus

on building a collaborative network of paid crowdworkers [64, 84]. We do not intend for others to use this result to

reduce crowdworker pay but to realize how new features to create an AI-driven collaborative network can increase paid

crowdworkers’ motivations for completing tasks.

If an unpaid contributor can see and edit their contribution, how does that affect task time? Drafty’s unpaid

contributors can immediately see and edit their contributions. This provides a sense of ownership often not provided

by pure paid crowdsourcing systems. While the paid crowdworkers who completed our survey preferred tasks where
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they could see and edit their contribution, there was no difference in the trade-offs among paid crowdworkers who

only submitted accurate edits compared to those who did not, see Figure 8.7. Compared to unpaid contributors who

submitted inaccurate edits, those who only made accurate edits had a stronger preference for tasks where they could see

and edit their contributions. Unpaid contributors who only made accurate edits would be willing to spend up to 8 more

minutes on a 15 minute task than unpaid contributors who did not make accurate edits if they could see and edit their

contribution. The ability to see and edit your contribution is a core design consideration for Drafty and Sketchy.

8.3.6 Paid Crowdworkers Motivations Across Different Pay-Levels

This section compares the trade-offs paid crowdworkers make based by splitting them into three groups based on the

pay level per hour they received on Prolific ($8, $12, or $16 per hour) to complete editing tasks on Drafty.

Across each group of paid crowdworkers who completed the survey, the attributes with the highest feature

importance are pay level per hour, the estimated time to complete a task, and the perception per task. Overall, paid

crowdworkers’ motivations are similar when paying them fairly based on Prolific’s guidelines of a pay level of $8, $12,

or $16 per hour. Across all paid crowdworkers, there was a negative effect on their preference for crowd contributions

tasks when the pay level per hour was below Prolific’s minimum of $8 per hour. This result shows Prolific’s pay level

per hour recommendations mirror the preferences among the paid crowdworkers who completed our survey.

The relative utility scores for hypothetical tasks paying $8 per hour are relatively stable across paid crowdworkers

regardless of how much we paid them to edit data on Drafty. However, these gaps increase when looking at the relative

utility scores for hypothetical tasks paying $12 or $16 per hour. There is a 6.3% increase in relative utility scores

comparing hypothetical tasks paying $8 between paid crowdworkers whom we paid $8 and $16 per hour. When

comparing the same paid crowdworkers (paid $8 and $16 per hour), there is a 13.8% increase in relative utility scores

for tasks hypothetical tasks paying $12 per hour and a 13.9% increase for tasks hypothetical tasks paying $16 per hour.

The more we paid crowdworkers, the more they preferred higher paid tasks.

Results show when recruiting paid crowdworkers, the higher the pay level per hour ($8, $12, and $16 per hour) they

were paid, they also preferred a slightly higher pay level. When increasing the pay level per hour they also preferred

shorter tasks. There is a 6.2% increase in the attribute importance for estimated time to complete a task between paid

crowdworkers paid $8 per hour versus those paid $16 per hour. If you reduced the task time from 30 to 15 minutes

for a task that pays $12 per hour, what is the maximum reduction in pay level per hour per paid crowdworker that

would not negatively affect their preferences? The pay level per hour could be reduced by a maximum of $3.04 per

hour for crowdworkers paid $16 per hour, $3.39 per hour for crowdworkers paid $12 per hour, and $3.68 per hour

for crowdworkers paid $8 per hour. The higher-paid crowdworkers are likely trying to maximize their earnings per

hour [101, 108]. Table 8.3 shows the lower the pay level per hour, the more likely paid crowdworkers used the money
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earned from completing paid crowdsourcing tasks on Prolific as extra spending money. Overall, our results mirror prior

research showing the pay level per hour is one of the most important attributes for motivating paid crowdworkers to

select a task [199].

Income earned from paid crowdsourcing is used for... $16 per hour $12 per hour $8 per hour

Extra spending money 50.0% 74.1% 82.1%
Helps pay some bills and expenses 40.0% 22.2% 17.9%
Helps pay the majority of bills and expenses 3.3% 0.0% 0.0%
Only source of income 6.7% 3.7% 0.0%

Table 8.3: Among the paid crowdworkers who completed the survey, the higher they were paid per hour, the more likely they relied
on the money from completing tasks to pay at least part of their expenses. Notably, half of the highest paid crowdworkers ($16 per
hour) relied on money earned from paid crowdsourcing to pay at least part of their expenses.

The more we paid crowdworkers per hour, the greater their level of interest per task affected their motivation.

However, the less we paid crowdworkers the more they preferred tasks that helped others. Paid crowdworkers,

compensated at $8 per hour, were the only group where a “boring” task did not negatively affect motivation. However,

the more we paid a crowdworker, the greater the difference in the relative utility scores between boring and interesting

tasks ($8 2.0, $12 4.1, and $16 4.8). For crowdworkers paid $16 per hour, the interest per task had a 2.4 times greater

effect on preference and motivation than it did for crowdworkers paid $8 per hour. If we look at the trade-offs for

task interest and pay level, if a task paying $12 per hour was modified to change it from boring to interesting, the pay

level per hour could be reduced by a maximum of $4.08 per hour for paid crowdworkers paid $16 per hour, and by a

maximum of $1.9 per hour for paid crowdworkers paid $8 per hour to maintain the same level of preference for the task.

One noticeable shift for crowdworkers we paid $8 per hour compared to $16 is their preference for tasks where their

contribution might help people they do not know. There is a 33% increase in their preference for tasks for this altruistic

motivation. This mirrors prior work showing that some paid crowdworkers are motivated by altruistic tasks and can

help others [159]. However, maybe the crowdworkers who self-select lower-paying tasks are the ones who gravitate

towards tasks they feel are altruistic.

8.3.7 Unpaid Contributors are More Accurate than Paid Crowdworkers

During the study period in 2023, unpaid contributors and paid crowdworkers also added and modified data within

Drafty. Table 8.4 shows that everyday unpaid contributors were more accurate across contributions to every type of data

within Drafty. Notably, the accuracy of edits for a professor’s join year made by unpaid contributors compared to paid

crowdworkers was 1.9 times greater. Also, the accuracy of edits for a professor’s subfield area of expertise made by

unpaid contributors compared to paid crowdworkers was 1.5 times greater. These results mirror Chapter 5, providing

more internal validity because all edits were submitted to Drafty during the same period. Overall all users of Drafty

in 2023 were more likely to submit accurate edits compared to paid and unpaid users from Chapter 5. This indicates
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the system design decisions to decrease the time and effort to make contributions made a positive impact on paid and

unpaid users of Drafty alike.

All Add Delete Full Join Sub-
Edits Row Row Name University Year field Bachelors PhD

Unpaid Contributors
Accuracy 96% 100% 100% 98% 98% 94% 96% 87% 98%

Edits Checked 341 46 7 41 48 50 52 54 43

Paid Crowdworkers
Accuracy 76% 73% 94% 98% 50% 63% 78% 79%

Edits Checked 340 63 46 46 46 46 46 47

Chi-Squared Test Comparing Unpaid Contributors and Paid Crowdworkers
p-value <0.001 <0.001 1.0 <0.001 <0.001 <0.001 0.370 <0.001

χ2 51.5 11.3 0 0 21.3 15.1 0.8 5.9

Table 8.4: Unpaid contributors (i.e., everyday visitors) to Drafty made accurate edits at a higher rate than paid crowdworkers. Paid
crowdworkers often misinterpreted a professor’s subfield area of expertise and submitted nothing or the incorrect year a professor
joined a university. The most common error among all users was leaving the Bachelor’s blank. Reviewing individual professor’s web
pages it was difficult to find this information. Finding what university granted someone’s Bachelor’s degree often required viewing
their CV or LinkedIn profile page. There were no tasks that required paid crowdworkers to delete rows of data.

Among unpaid contributors and paid crowdworkers, one common error was submitting nothing for Bachelor’s

degree when adding new rows of data. Hand-checking edits for Bachelor’s or join year often required visiting and

reviewing multiple sources, such as a professor’s webpage, CV, or LinkedIn profile. Thus, the increased effort to

find this information likely demotivated people to take the extra time to verify the correctness of their proposed edits.

Common errors among paid crowdworkers included:

1. Submitting another year from a professor’s webpage or materials as their join year.

2. Submitting blank values for where a professor received their Bachelor’s degree.

3. Confusing Artificial Intelligence and Machine Learning.

4. Unable to identify a primary research area among multiple reported research areas from a professor’s webpage or

materials.

5. Adding non-tenure track or emeritus faculty as new rows.

Some of these errors indicate a lack of effort to keep looking for the correct information. While other errors, especially

for subfields (i.e., primary research area), demonstrate a lack of domain-specific knowledge among paid crowdworkers.

While paying more money might provide the incentive to keep looking for difficult to find information, directly

integrating data sources into Drafty using services like WikiData or ChatGPT might prove to be more beneficial in

reducing the time and effort required to verify and submit accurate edits.
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Prior research shows there is a law of diminishing return when it applies to pay level and the quality of work

submitted by paid crowdworkers [152]. We compensated paid crowdworkers based on the pay levels per hour ($8, $12,

and $16 per hour) recommended by Prolific and enforced via their system’s user interface. Among paid crowdworkers,

the overall accuracy per pay level is 73% for $16 per hour, 76% for $12 per hour, and 79% for $8 per hour. When

comparing the number of correct and incorrect edits, a Shapiro-Wilk test for normality reveals the data is not normally

distributed. A Kruskal-Wallis H-test reveals no difference between the pay level awarded per paid crowdworker and the

accuracy of that group’s edits. There are also no noticeable differences across accuracy per data type among the different

pay levels. These results show that while paid crowdworkers indicated increased pay levels are highly motivating, this

did not result in more accurate contributions.

8.4 Discussion

The results from the discrete choice experiment align with Drafty’s system design considerations and prior work on the

motivation of paid crowdworkers and unpaid contributors [22, 159, 224]. There are universal attributes describing a

crowd contribution that motivate everyone (helping others, voluntarily choosing to contribute, low effort, contributing

specialized knowledge, etc.) are all highly motivating. However, the tradeoffs within each attribute (payment level, level

of interest, etc.) varies between paid and unpaid users. For example, increasing someone’s level of interest will increase

motivation more if they are an unpaid contributor compared to a paid crowdworker. Even among paid crowdworkers, it

can be common for the more experienced workers to have different motivations than novice workers [89]. However, our

studies contain experienced crowdworkers based on Prolific’s built-in pre-screening.

8.4.1 Drafty and Other Public Systems

Drafty is a public-facing system that focuses explicitly on maintaining evolving tabular data. There are many other sys-

tems where unpaid contributors complete tasks to provide and improve data quality, such as MovieLens, LabInTheWild,

Reddit, Stackoverflow, Wikipedia, and WikiData.

Two public research systems that mirror the ideas of public data systems, such as freely participating contributing

data, are LabInTheWild [186] and MovieLens [183]. MovieLens is another public system that mirrors many of the

ideas of public data systems. Visitors can freely contribute tags that describe a movie, and they can receive movie

recommendations from MovieLens. MovieLens motivates contribution through these recommendations and by showing

its visitors the “value” of their contributions towards its greater community of movie lovers [183]. LabInTheWild

motivates participation by allowing visitors who complete short online tests without monetary compensation to compare

their results with others [186]. Beyond comparisons, LabInTheWild also motivates participation by showing how an

individual’s participation and contributions can help others. This public system also allows anyone to participate freely.
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An area where Drafty differs from LabInTheWild and MovieLens is it is entirely anonymous. Thus, Drafty cannot

directly motivate visitors to contribute by using social comparisons [44]. However, Drafty aligns with this idea of

showing the value of contributions by integrating contributed data into other systems such as CS Open Rankings and

Did You Know.

Moving beyond public research systems, StackOverflow and Reddit are two popular online platforms where

individuals seek information and are motivated to contribute their time and knowledge. Similar to Wikipedia, these

contributions often come in the form of sentences and texts. Users of StackOverflow are often motivated to contribute

by providing their domain expertise or knowledge to help others [48]. Expert contributors to StackOverflow are

often intrinsically motivated [144], aligning with our results showing that Drafty’s highly accurate paid and unpaid

contributors are also more intrinsically motivated than their less accurate counterparts. This same research by Lu et

al. also highlights that gamification mechanisms do not motivate expert contributors, mirroring our results from the

discrete choice experiment [144]. Compared to StackOverflow, people on Reddit answer questions that range from

opinions to answers requiring domain-specific knowledge. Bogers et al. show that people who contribute to Reddit are

motivated by the recreational value and customization of content, and unlike StackOverflow, they are not motivated by

gamified awards [23]. Their methods to elicit preferences (i.e., motivations) use Likert scale questions. In contrast, our

study uses a discrete choice experiment, which prior research shows is more effective in determining trade-offs between

preferences. Unlike prior research on Reddit [23], our results show that unpaid contributors are highly motivated by

collaborating with others and helping friends and family. By constructing contribution tasks that align with these ideas,

unpaid contributors are likelier to spend more time on contribution tasks. While Drafty’s users come from a specific

demographic interested in Computer Science, other research on Reddit shows collaboration and connecting with others

is a positive motivational factor [158].

Vandalism of data is a threat to the data quality for many public systems where people freely make contributions,

ranging from Reddit [158] to Wikipedia and WikiData [92]. Our results for paid crowdworkers show multiple cases of

people intentionally submitting bad data. For example, the professor was not a real person, or they were missing more

than half of the data points. Our results for unpaid contributors showed no evidence of vandalism or laziness. The most

common mistake for contributions in 2023 was not including the university where a professor received their Bachelor’s

degree. It is possible Drafty’s everyday unpaid contributors do not vandalize the dataset because of the value of its raw

data towards their community.

So while Wikipedia has been perpetually attracting unpaid contributions for longer than Drafty, people who

vandalize its articles often do so because of boredom, amusement, and ideology [206]. Because Drafty is anonymous

and lacks conversational features around debating edits, this eliminates the idea that vandals can engage in trolling

behaviors to ease their boredom through their amusement [206, 215]. Compared to the isolated articles of Wikipedia,

Drafty hosts a singular large tabular dataset of Computer Science professors. Drafty has a single focus on serving
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the Computer Science community; it might be that this community does not want to engage in editing behaviors that

would hurt its competition (i.e., other universities). Thus explaining why Drafty’s unpaid contributors do not engage in

vandalism related to ideology. By building CS Open Rankings and Did You Know from this singular large dataset, they

add value by sharing derived knowledge from a large tabular dataset. Thus, making it more appealing and potentially

increasing unpaid contributions [154].

8.4.2 Recommendations for Developing Hybrid Paid and Unpaid Public Data Systems

When building a public data system, it is essential to find users (whether paid or not) who believe their contributions

are ethical, will help others, and are interesting. They would prefer if other people could freely see and edit their

contributions, and the task requires them to learn something new and allows them to contribute domain-specific

knowledge. This builds on prior research showing how important intrinsic motivators and altruistic causes are to elicit

high-quality contributions [160]. People are also motivated by who is asking, mirroring those by Brady et al. [28],

showing that people are more likely to make accurate contributions when a friend asks. Beyond developing tasks

that increase these beneficial motivators, it does subtract from the long-held idea that shorter tasks to contribute will

motivate increased participation [125]. Compared to prior work, this chapter studies these attributes simultaneously

using a discrete choice experiment [51, 192]. Thus, this chapter’s results can compare the trade-offs made across a

greater variety of motivators and ground these results by observing the real-world editing behaviors of Drafty users.

Prior research shows how mixing simple extrinsic and intrinsic rewards can improve the outcomes of tasks [31, 73].

This chapter provides evidence of attributes that universally motivate extrinsically motivated users (paid crowdworkers)

and intrinsically motivated users (unpaid contributors). Building on these findings, we developed the following

recommendations to help future system designers and requesters develop fair and equitable crowd contribution tasks

and hybrid systems for paid crowdworkers and unpaid contributors:

1. Engage with your potential contributors to continuously understand their motivations and needs.

2. To build a community of contributors, find people with hobbies, interests, and specialized knowledge that align

with your system’s tasks to contribute.

3. Demonstrate how someone’s contribution will help others. Immediately after someone contributes, show them an

insight or the positive impact their contribution will have.

4. Communicate clearly how someone’s contribution is ethical and will be used to help others and create ethical

technologies and outcomes.

5. If possible, allow people to learn something new through engaging with and contributing to your system.
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6. Reduce the effort to contribute to encourage unpaid contributors to freely contribute and maximize paid crowd-

workers’ time.

7. When asking someone to contribute, ensure a person or a public system is asking (not a bot or a company); if

possible, the person asking should be known to the community.

8. If you can provide monetary compensation for a contribution, ensure the hourly pay level is a minimum of $8 per

hour.

9. Paid crowdworkers will produce quality contributions when they require less effort and do not require domain-

specific knowledge.

10. If you cannot provide monetary compensation for contributions, the intrinsic rewards must outweigh the lack of

pay.

11. For unpaid contributors, ensure the system enhances the sense of collaboration among the community.

12. For paid crowdworkers, they might be open to AI-assisted tasks to contribute. If so, ensure the AI decreases task

completion times and reduces effort.

13. Avoid adding badges, credits, or reputation points for contributions. Instead, focus on developing intrinsic rewards

for contributing.

14. Keep contributions anonymous and request as little personal information as possible from contributors. If possible,

request none.

15. When someone contributes, automatically accept the contribution and ensure the contributor and others can see

and edit each contribution.

As a public data system, Drafty mirrors these recommendations. It has always appealed to a community of users

interested in Computer Science profiles and data. Students go to Drafty to find advisors; others use its data to analyze

hiring trends in different research areas. While paying crowdworkers garnered good contributions for easy-to-find

and challenging to interpret data, developing low-effort methods to contribute motivated Drafty’s everyday unpaid

contributors to edit and maintain this type of data. Drafty accomplishes this by allowing anyone to freely come in and

edit anything, creating a sense of community and collaboration. We developed CS Open Rankings and Databaits to

ensure people’s contributions were used towards something that benefited and engaged the larger Computer Science

community. We believe these extensions are ethical and help others find advisors or evaluate schools to attend. Above

all, we have modified the system over time to allow user autonomy over their actions and have only directly asked for

contributions through personal means and not through automated methods or AI. In this sense, this is how we slowly
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built a public data system over multiple years, hopefully creating a like-minded community who care about maintaining

the data because it helps them and helps others too.

8.5 Limitations

There are many possible ways to describe a crowd contribution. This research combines ideas from prior research,

previous chapters of this dissertation, and a pilot study to select attributes and their associated levels to run the survey.

While the paid crowdworkers we recruited could be considered expert workers because they had high acceptance rates

and completed hundreds of tasks, future work could replicate our study design to answer the call for future research to

study the differences in motivation between novice and expert paid crowdworkers [89].

Future work should explore additional attributes and associated levels as our motivations evolve. Likewise, every

person who took the survey had some interest in Computer Science professors as they either freely visited Drafty or

chose to complete a paid task posted on Prolific. This study design decision was intentional, so their stated preferences

from the survey could be compared with their real-world behavior within Drafty. Future work could study how the

motivations might differ based on different tasks and datasets that attract people to complete the survey.

8.6 Conclusion

This chapter shows how different attributes that describe a crowd contribution task (pay level, estimated time to

complete, data ownership, helping others, interest, providing personal information, etc.) universally motivate paid

crowdworkers and unpaid contributors to contribute. However, highly accurate contributors are more motivated by tasks

with intrinsic qualities (helping others, their level of interest) where they freely choose to contribute, or people or public

systems ask them to. Even highly accurate unpaid contributors are motivated by the prospect of receiving monetary

compensation for exceptional work. These results suggest a hybrid system that mixes extrinsic and intrinsic motivators

is possible and can appeal to highly accurate unpaid contributors and paid crowdworkers. This chapter also directly

compares the accuracy of contributions made by paid crowdworkers and unpaid contributors using the same system,

showing that unpaid contributors are more accurate while controlling for the confounding variables present in the case

studies from Chapter 5.

The survey participants are everyday users of Drafty, both paid crowdworkers and unpaid contributors. This study

design decision to mix and evaluate extrinsic and intrinsic motivators builds on how mixing extrinsic and intrinsic

rewards can improve the outcomes of contribution tasks [31, 73]. The results show that pay level per task, estimated

time to completion, and task perception (interest and potential impact of contributions) are the strongest motivators

for contributing. However, the study also highlights that paid and unpaid contributors make different trade-offs when
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considering these motivators. Paid crowdworkers prioritize pay level and time to complete, while unpaid contributors are

willing to complete longer tasks that pay less. Additionally, the study confirms that people are motivated by tasks that

align with their interests and allow them to contribute their specialized knowledge to help others. Notably, participants

who only made accurate edits within Drafty also preferred tasks that would pay less if they aligned with their interests

and allowed them to contribute their specialized knowledge to help others. This aligns with prior paid crowdsourcing

research [51] but expands this finding across everyday users of a public system. The utility scores presented in this

chapter can be used by people designing crowd contribution systems for paid crowdworkers, unpaid contributors, or

both. They better understand the potential positive or negative impact their system design decisions can have on their

users. Hopefully, this moves us towards a fairer and more equitable future when designing crowd contribution systems.

The results of this discrete choice experiment are by no means a stopping point. This study could be conducted

with users of other systems or recruited from popular platforms such as Wikipedia or StackOverflow. Do those users

share the same universal motivators as Drafty’s users? Do they make the same type of trade-offs when selecting tasks?

These limitations should be explored in the future as our motivations evolve. Moving beyond the present, future work

should explore how to streamline introducing new attributes and levels as society changes. While unpaid contributors in

our study did not prefer collaborating with AI, some paid crowdworkers had a positive preference. Notably, in our pilot

study in the Fall of 2022, people had a much stronger negative impression of collaborating with AI. Thus the idea that

we should all be fully integrating AI into the collaborative loop is changing rapidly. This small shift in preferences

highlights that as our data evolves, so will our preferences. Hence the continuous need to modify systems to match their

community’s evolving needs and preferences.
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Chapter 9

Conclusions, Insights, and Future Directions

9.1 Insights and Conjectures

9.1.1 Theoretical Framework: Motivating People to Make Accurate Contributions

This section reviews each chapter as it relates to the theoretical framework discussed in the Introduction. How does

each chapter provide evidence of how different external factors increase/decrease user motivation to contribute and the

accuracy or quality of those contributions?

Chapter 3 shows initial evidence over 7 months that everyday visitors to a public system will become unpaid

contributors by voluntarily making accurate contributions even when the pay level is $0 per hour. The User Interest

Profile shows that when user interest is high compared to low, people will make more contributions, and those

contributions are more accurate. However, this chapter shows that when a system (i.e., Drafty) asks someone for

contributions, that can increase accuracy but decreases the likelihood they will contribute. The system is also designed to

automatically accept someone’s contribution, which shows initial evidence of increasing the frequency of contributions.

Compared to later chapters, Drafty was not well known at this point. Thus it had not made a big impact on the Computer

Science community. These preliminary observations showed the potential for tasks that help someone’s peers or

community might have on increasing accurate contributions.

Chapter 4 shows that paid crowdworkers will accept tasks to edit a tabular dataset of Computer Science profiles

even when their interest is low. When data requires domain-specific knowledge, the number of contributions and

accuracy decreases. When data is difficult to find or interpret, then the number of contributions and accuracy go down.

This chapter also shows initial evidence that when the pay level is increased, so does accuracy. However, there is no

maximum pay level that ensures 100% accurate contributions. This chapter also shows the possibility that someone

might be paid for doing exceptional work (i.e., bonuses) will also increase accuracy and contributions. A lower initial
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pay level can be offered if there is a possibility that someone might be paid for doing exceptional work (i.e., bonuses).

Chapter 5 shows that Drafty’s tabular data evolve annually. It also shows how real-world events, like PhD application

season and new faculty hires, can increase motivation while the pay level stays at $0 per hour. This chapter’s case study

on unpaid contributors shows that when more effort and time are required to contribute (i.e., adding new rows of data),

the number of contributions decreases, but accuracy remains the same. This chapter replicates the observation from

Chapter 3 that when a system (i.e., Drafty) asks people for a contribution, this increases accuracy but decreases the

likelihood someone contributes. This chapter’s case study on paid crowdworkers shows that domain-specific knowledge

gained through completing tasks can increase the accuracy of contributions. Paid strategies where the time, effort, and

domain-specific knowledge to contribute are low increase accurate contributions. At the same time, paid strategies

that increase the amount of time, effort, and domain-specific knowledge increase the amount of money required to get

accurate contributions.

Chapter 6 studies contributions in the form of sketches that evolves quickly over four-minute sketching. This

chapter shows that when self-reported domain-specific knowledge increases, the quality of contributions also increases.

It shows that quality and contributions also increase when a system provides a sense of collaboration. This sense of

collaboration is also supported by how the Peek feature allows users contributions to help their peers and community,

increasing the quality and number of contributions. This chapter also shows that when unpaid users are provided

freedom and agency to interact with a system and contribute when they want will also increase quality and contributions.

The Peek feature within Sketchy allows people to learn something new while contributing, which increases the quality

and number of contributions. As the sketchy system involved, the pilot studies show that developing more interesting

tasks and reducing the effort to contribute also increase the quality and the number of contributions. Sketchy was also

designed to create crowd contribution tasks where only the user owns the contribution (they can see and edit it), and

their contributions are anonymous.

Chapter 7 builds on the lessons of Sketchy by redeveloping Drafty to reduce efforts to contribute while providing

everyday unpaid contributors the opportunity to learn something new from the data while contributing. This chapter

shows that reducing the effort and time required (i.e., adding new rows of data) to contribute compared to the old

version of Drafty increases the accuracy and frequency of contributions. The “Did You Know” feature and CS Open

Rankings show that providing insights from the source data helps users learn something new, know their contribution is

helping others, provides transparency over the ethical outcomes of their contribution, and helps increase interest around

the source data. All of these factors increase the accuracy and frequency of contributions. This chapter also uses these

dynamic and automatic recruitment methods to increase the accuracy and frequency of contributions compared to when

the old version of systems asked people to fix data. In addition, this chapter shows that asking friends or people in your

community to add data increase the likelihood of them contributing and the accuracy of these contributions. These

observations are made while keeping the pay level per task at $0.00 per hour over two years of natural usage of the new
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Drafty system.

Chapter 8 explores the various external factors (extrinsic and intrinsic motivators) observed from the previous

chapters within a discrete choice experiment. It shows that the pay level among paid crowdworkers and unpaid

contributors is highly motivating but a more influential motivator for paid crowdworkers. That higher pay does not

increase accuracy. In the absence of monetary compensation, unpaid contributors’ intrinsic motivators will increase

the accuracy of contributions. This chapter supports the previous observations that when people volunteer, or a friend

asks them to complete crowd contribution tasks, they are motivated by tasks that are automatically accepted, require

domain-specific knowledge, are interesting, quick to complete, require low effort, and will help others. They are also

motivated when a user or a community can edit their contributions. The final versions of Drafty and Sketchy were

developed and deployed over eight years. They represent many of these positive factors for increasing user motivation.

Maximizing user motivation allows users of these systems to maintain data over short and long periods. When designing

a new public data system, it is essential to develop crowd contribution tasks that integrate these positive motivators.

9.1.2 Recommendations for Building Public Data Systems and Crowd Contribution Tasks

This section features common insights, conjectures, and future work from this dissertation’s chapters. These are my

own thoughts based on my successes and failures in building publicly available data systems over eight years.

Understand the Anonymous Community of Contributors

The community of anonymous users can evolve as the data does. Continuously engaging with and listening to a public

data system’s community of users is essential to creating features that will sustain and improve user motivation. A

critical factor in improving Drafty and Sketchy throughout this dissertation is listening to their community of users

and then translating those conversations and observations into new features. For example, Drafty’s users continuously

emailed us to ask for the raw CSV data to create analysis and insights for themselves, their departments, or even public

use. These conversations and successes motivated us to create Computer Science Open Rankings and the Databaits API.

Chapter 7 describes how these add-on systems to Drafty increased visitors, their conversion rate, and the accuracy of

edits compared to our previous methods. For Sketchy, users in its pilot studies provided essential feedback on reducing

efforts to sketch (i.e., contribute) and requesting that sketches be randomly selected when a user initiates the Peek

feature.

Future work could explore user-driven methods where they can provide anonymous feedback and ideas to help

formalize this organic process of the user-to-creator communication loop. While this could use an active GitHub

issues list, something more organic built into the public data system might yield different results and better insights. A

simple method to better understand your anonymous community of users is to conduct a discrete choice experiment to
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understand people’s motivations and trade-offs when selecting tasks to contribute.

Identify the Constraints of a Public Data System

There are unavoidable system and task constraints that limit users of a public data system. For example, in Drafty, we

are constrained by a limited to non-existent budget. We can not pay everyday visitors who choose to contribute. Nor

could we continuously pay crowdworkers over multiple years. Thus, we focused on building systems like Computer

Science Open Rankings that could increase user motivation while the pay level per hour remained at $0. In Sketchy,

we had to drastically reduce the effort to contribute because each sketching task lasted only 4 minutes. Identifying

these constraints and then modifying the public data system to account for them will help make it sustainable over time.

The utility scores from Chapter 8 can be used to identify how specific constraints (pay level, the effort to contribute,

who is asking people to contribute, Etc.) can potentially increase or decrease user motivation. These results show

one way to overcome the potential de-motivating factors arising from a system’s constraints. Similar to the previous

recommendation, if you are building a new public data system, conducting a discrete choice experiment could be

beneficial to understand a new community’s motivations and trade-offs when they select tasks to contribute.

Paid Crowdworkers for Bootstrapping an Evolving Dataset and Unpaid Contributors for Maintenance

A public data system has a cold start problem. It requires a dataset to bootstrap itself and attract everyday visitors. This

dissertation shows strategies for paying crowdworkers to collect and bootstrap a dataset that can be cost-effective and

quick. However, paid crowdworkers need more domain-specific knowledge for difficult-to-interpret data. Also, the

faster a dataset evolves, the more often you must pay more crowdworkers to verify and improve the data. This is where

a public data system’s unpaid contributors who visit can make contributions to maintain the evolving data over time.

AI presents a new opportunity to bootstrap datasets, specifically large language models. Future research can

compare their accuracy and speed in the initial collection phase and the maintenance phase with both paid crowdworkers

and unpaid contributors. This research can directly influence how public data systems bootstrap initial datasets and

maintain the data long-term. Regardless of these results, large language models still need more recent data. Thus there

is still a future need for paid crowdworkers and unpaid contributors.

Understand your Data’s Subjectivity to Improve Accuracy

The more subjective the evolving data is, the more domain-specific knowledge is required to make accurate contributions.

Unpaid contributors, or everyday visitors to a public data system, often possess the domain-specific knowledge to

maintain evolving data that requires domain-specific knowledge accurately.

Future work could use paid crowdworkers behaviors to understand a dataset’s subjectivity. In one way, paying

194



crowdworkers to edit or label data could be an empirical method to understand the subjectivity of specific data points.

If they continuously misinterpret data, that indicates it might require someone with more expertise. Thus, if a dataset

requires domain-specific knowledge, developing a public data system to attract interested everyday visitors to become

unpaid contributors to improve the data is a good use case.

Recommend Randomized Examples when Data Shares a Common Theme

If you have a public dataset with a common theme: Computer Science professors, computer hardware set-ups for

gaming, universities with mask mandates, or sketches of logo designs, these will likely attract users with shared interests.

When this happens, you want to recommend diverse examples or information derived from the source data. Any of

these examples generally align with their interests and will motivate further interactions and contributions back to the

source data.

Future work should look deeper at when user interest and recommendation preferences shift. How does user interest

align with the diversity of a dataset? What if Drafty’s Computer Science professor dataset featured universities outside

the US and Canada? Would its everyday users still prefer randomized examples?

Develop Passive Rewards within the User Community to Motivate Engagement and Contributions A public

data system should reward the user visiting, engaging, and contributing to its data with something that has life and

meaning outside the system. For example, learning a skill. This is in contrast to gamified systems, where the systems

awards reputation points or badges for participation [153], the reward for users must be intrinsic, provide them with

immediate utility, and should benefit the community of users who engage with the system. For example, CS Open

Rankings automatically updates itself after a user contributes to Drafty. Thus, the updated rankings are a reward that

attracts the user in the first place and is passively updated after their contribution. This reward creates a feedback

cycle that benefits the user and the information. These contributions create high-quality sources of information for the

community.

In the future, researchers can engage in rigorous qualitative observations with members of a public data system,

chronicling how to employ human-centric design principles to build reward mechanisms from the source data. Are paid

crowdworkers a viable group to provide this kind of feedback, or does it require everyay visitors to a public system?

Devote Engineering Time to Develop Features that Reduce Time and Effort to Contribute Chapter 8 shows

how the perceived effort and estimated time to complete a task strongly affect the motivation of paid crowdworkers and

unpaid contributors. Unlike other motivating factors such as pay level, user interest, their prior knowledge, someone

designing a public data system has direct control over the time and effort required for a user to interact with the system

to complete a task and contribute. This is well-spent engineering time, as these improvements will help motivate users

to contribute regardless of pay level or other extrinsic rewards such as badges or reputation points.
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One future idea to help reduce the effort required to contribute is to integrate AI into public data systems. There is

no helpline or lengthy documentation for how to use most public data systems, as they are built for and appeal to smaller

communities of users. AI can help answer questions or, more directly, teach users the domain-specific knowledge

required to contribute. This dissertation shows that users abandon tasks where the correct answer or data is difficult to

find. If a large language model is trained on data from the internet, then tasks requiring searching the internet could be

automated to reduce the effort for paid crowdworkers and unpaid everyday users.

9.2 Conclusion and Future Directions

This dissertation develops two novel public data systems that demonstrate how to continuously develop new features

and extensions to motivate everyday users to make continuous contributions over short and long periods. Since 2016,

144,117 visits made at least one interaction with Drafty’s spreadsheet interface or contributed a sketch in Sketchy. This

does not include visitors who visit computer science open rankings, which attracted 12 times more visitors than Drafty’s

spreadsheet interface based on our web server logs from February 19th to March 8th of 2023. The number of total

visitors who view and read content to these public data systems is far higher than the reported 144,117 visits who made

recordable interactions.

In Chapter 3, I developed Drafty, an interactive web-based spreadsheet where anyone can freely see and edit existing

tabular data about Computer Science professors. This initial version of the system uses the geometry of a tabular dataset

to convert a user’s passive interactions into their User Interest Profile to predict their level of interest per row. Using

this interest profile, Drafty asks people to review data matching their interests, showing that interest leads to more

frequent and accurate contributions. Chapter 4 builds on studying how people verify and improve existing tabular data

by conducting paid crowdsourcing studies. It develops new paid verification strategies by studying novice requesters’

habits, successes, and failures. This chapter also shows initial evidence that increased payment per task does not directly

influence the accuracy of contributions. However, the possibility of being paid extra for doing exceptional work does.

Chapter 5 builds on previous chapters by running two case studies. The first case study uses Drafty from Chapter 3 to

study the accuracy and editing behaviors of Drafty’s everyday unpaid contributors over two and half years. In the second

case study, novice requesters use the paid verification strategies developed in Chapter 4 to study the accuracy and editing

behaviors of paid crowdworkers editing the same type of tabular dataset used in Drafty. Overall, paid crowdworkers

lack the domain-specific knowledge of everyday unpaid contributors when editing subjective or difficult-to-interpret

data. While everyday unpaid contributors to Drafty made highly accurate contributions, especially when prompted by

the system to fix data matching their interests, they often rejected edit requests from the system. They did not make

contributions that required more effort, such as adding new rows of data. How could Drafty be improved to increase

users’ motivations, thus garnering more frequent contributions?
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While I conducted the case studies on Chapter 5 I developed another public data system, Sketchy. Chapter 6

introduces Sketchy. Students in a User Interface User Experience course engage in voluntary sketching activities in

this public data system. They simultaneously contribute sketches and view their peers’ sketches evolve to maintain

a collection of inspirational stimuli during four-minute tasks. Sketchy shows that users with higher self-reported

domain-specific knowledge contribute better quality sketches. Notably, during the system development, it shows that

allowing users agency over their interactions to sketch and peek at their peers’ sketches leads to more engagement and

contributions. When Sketchy selects a sketch to show a user, users prefer a diverse set of random sketches instead of the

highest quality or most inspirational ones.

Building on these lessons from Sketchy, in Chapter 7, I develop a new version of Drafty that grants users total

freedom over their interactions with the system. This new version also streamlines and reduces the effort required

to edit single cells and add new rows of data. This chapter also develops new additions that use Drafty’s data, CS

Open Rankings (meta-ranking for Computer Science departments), and Databaits (an API to generate insights from

sentence templates and aggregate statistics using tabular data). Visitors from these sources make more contributions

at the same level of accuracy as asking people in the Computer Science academic community to edit Drafty’s data.

Also, this chapter shows Drafty’s unpaid contributors prefer to see a random insight created from Drafty’s six times

more often than seeing a similar insight to what they have already seen. Overall, CS Open Rankings and the Databaits

API provided automated methods to continuously provide updated insights about Drafty’s source data and motivate

everyday people to visit, engage, and contribute to the same source data.

What motivates people to contribute to public data systems like Drafty and Sketchy? Combining the quantitative

results and qualitative observations from the previous chapters, Chapter 8 conducts a survey-based study, a discrete

choice experiment, with Drafty’s everyday users, both paid crowdworkers and unpaid contributors, to answer this

question. This chapter shows that the strongest motivators for contributing are pay level per task, estimated time to

completion, and task perception (someone’s interest and the potential impact of their contributions). However, paid and

unpaid contributors make different trade-offs. Paid crowdworkers will forfeit task perception if the pay level is high or

the completion time is short. In contrast, unpaid contributors will complete longer tasks that pay less. This trade-off

aligns with the prior chapters’ observations, where people are universally motivated by tasks where they can contribute

their specialized knowledge that align with their interests.

Using public data systems to engage anonymous users in maintaining evolving data is an innovative approach that

develops features and systems that integrate individuals’ intrinsic motivations to contribute to a larger goal. This goal

aligns with the idea of maintaining a valuable source of data or information with real-world utility for a community

of like-minded users. This approach to fairly engaging and harnessing the knowledge of communities can be further

developed in the future and applied to other domains. By building systems that cater to a specific group, it is possible to

streamline the development process to attract everyday visitors to become unpaid contributors in ways popular platforms
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cannot. Future work can compare the efforts of unpaid everyday users in systems like Drafty to contributors in large

platforms such as WikiData. Future research can expand public data systems to integrate AI, such as large language

models, within the user-contribution loop to augment human behaviors further. As data evolves, engaging the right user

to maintain its recent data will be necessary, as large language models lack the accuracy and content for recent data.
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