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Adaptive Condorcet-Based Stopping Rules Can Be
Efficient

Omer Reingold' and Nina Narodytska?

Abstract. A crowdsourcing project is usually comprised of many
unit tasks known as Human Intelligence Tasks (HITs). As answers
to each HIT varies between workers, each HIT is often contracted
to more than one worker to obtain a reliable and consistent enough
answer. When implementing a project, an important design decision
is how to formulate HITs and how to aggregate workers’ answers.
These decisions have strong impact on the quality of results and cost
of elicitation process. One way to design an efficient elicitation pro-
cedure is to use adaptive stopping rules, which allows terminating
the elicitation process as soon as a high quality result is guaranteed.
Adaptively deciding how many times to issue a HIT is mostly well
understood for the case of binary-answer HITs, thanks to the work of
Abraham et al. [3, 2, 1]. In this line of work the authors focused
on plurality-based stopping rules and provided their theoretical anal-
ysis. As a decision rule (when many alternatives are offered), it is
well known that plurality may be inferior to other rules, such as the
Condorcet method. We argue that for large number of possible an-
swers, plurality-based stopping rules may also be terribly inefficient.
In other words, one may need to elicit answers from many workers
(at least linear in the number of answers) in order to get any reason-
able approximation of the plurality answer. Somewhat surprisingly,
we show that Condorset-based stopping rules may be much more
efficient (with the number of workers to find the approximate Con-
dorset winner depending only logarithmically on the number of an-
swers). Moreover, in an important case of restricted domains, namely
single-peaked domains, we show that the stopping time to find an ap-
proximate Condorcet-based winner does not depend on the number
of answers at all. Overall, our results suggest that both crowdsourcing
platform developers and HIT designers, should consider Condorcet-
based adaptive stopping rules as a useful tool in their toolboxes.

Introduction Crowdsourcing is a simple and efficient way to
gather information from a large population of people. A typical
crowdsourcing platform is a marketplace for two types of users: re-
questers and workers. The central notion at the marketplace is a hu-
man intelligence task (HIT). HIT is a unit task that can be allocated
to a worker. The requester formulates their question as a HIT and
assigns a monetary reward for answering this question. Each time
a worker answers a HIT, they receive the reward and the requester
obtains their answer.

Some of the most popular crowdsourcing tasks are data clas-
sification and data ranking [9, 14], e.g., labeling an image as
child-appropriate or adult-only, tagging tweets with relevant senti-
ments [7], ranking search results based on relevance, etc. Such tasks
are used, in particular, to provide input to analytics algorithms, in-
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cluding machine learning, natural language processing and informa-
tion retrieval algorithms. For example, image labeling is an important
preprocessing step for training deep neural networks, which typically
requires a training set of 1-2 million labeled images. Obtaining such
a set is a labor demanding task. Thanks to crowdsourcing platforms,
like Amazon Mechanical Turk or CrowdFlower, large volumes of
data can be processed efficiently and with reasonable budget.

Being a gateway to a large population of workers, the crowdsourc-
ing framework is unable to evaluate the qualification of workers or
to monitor the quality of their answers. Therefore, ensuring high-
quality answers is one of the first problems that any requester faces
in dealing with such frameworks. One natural way to improve the
quality of results is to obtain answers from many different workers.
Implementing such redundancy in practice can be costly as the re-
quester does not know in advance how many workers to assign to the
same task. In this context, Abraham et al. [3, 2, 1] studied adaptive
stopping rules that at each stage, given previous workers’ answers,
decide whether to stop or to ask for an additional answer. Stopping
as early as possible saves costs and is therefore highly motivated.
They focus on a single HIT stopping rule, where each HIT is a bi-
nary question and they perform a thorough theoretical investigation
of the proposed stopping rule.

In this work we consider non-binary or multi-answer HITs. Non-
binary tasks naturally occur in data classification and data ranking
problems. For example, a tweet tagging task requires the worker to
choose the most relevant emotional labels from a list of labels. An-
other example is to choose the most appropriate label for a picture.
Next we overview our contributions.

Approximate-Condorcet winner. The plurality-based stopping rule
proposed by Abraham et al. [3] has several disadvantages that can be
avoided when additional information about the structure of the pref-
erences is available. For example, if the probability of the plurality
answer is small then the rule is inefficient, even if the plurality answer
is twice as likely as any other answer. To overcome these issues, we
propose to natural extension of the plurality-based stopping rule to
a Condorcet-based stopping rule. We use the notion of approximate-
Condorcet winner which is defined as an alternative that wins or ef-
fectively ties with any other alternative. We say that an alternative
x effectively ties with another alternative z’ if the probability that a
random worker prefers z to z’ is at least % — p, where p is a pa-
rameter. Intuitively, if the probability that one alternative is preferred
to another is within a 1 circle of £, we decide that these alternatives
are equally preferred by the workers. We introduce this notion with
dual motivation. First, it allows us to determine a socially accept-
able answer even in cases where an exact Condorcet winner does not
exist. Second, it decreases the expected stopping time significantly.
To be able to find an approximate Condorcet winner and perform
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the search efficiently, we make two technical extensions of existing
stopping rules.

Extensions of stopping rules. Given a k-answer HIT, the Con-
dorcet winner determination procedure finds O(k?) outcomes of
pairwise comparisons between alternatives. Each of these compar-
isons can be seen as an independent competition between two corre-
sponding alternatives. Hence, we propose an extension of plurality-
based stopping rule [3] that can deal with parallel processes. We
show that the expected stopping time depends only logarithmically
on the number of parallel processes. The second extension helps
us to deal with cases when several alternatives are very close to be
Condorcet winners in workers’ preferences. These alternatives might
effectively tie in several pairwise competitions. Applying the exist-
ing stopping rule [3] to establish the winner in these competitions is
costly. In this case, we augment our stopping rule with the ability to
output the ‘too close to call’ answer. Such enchantment achieves a
significant improvement in the expected stopping time and allows us
to find an approximate Condorcet winner efficiently.

Single-peaked preferences. In the general case, when HIT’s an-
swers are unrelated, we cannot reduce the elicitation cost per worker.
However, for multi-answer HITs where possible answers are related
we can reduce the elicitation cost by requiring workers to provide
only their top choice, as in the case of plurality-based stopping rules.
In particular, we show how to reduce the stopping time needed to
identify approximate Condorcet winners in single-peaked domains
to be completely independent of the number of answers and only de-
pend on the approximation parameter.

Designing individual HITs within a larger project involves many
considerations, e.g. the attention span of a typical worker, budget
constraints, workers’ qualification. We suggest that the cost of reach-
ing a high-quality answer is another important consideration, and we
offer our quantitative analysis as a design tool for task requesters
to take into account. In particular, our results reveal that expected
stopping time to find (an approximate) Condorcet winner is not very
expensive and, in case of single-peaked domains, no more expensive
than finding the plurality winner (for binary HITs). In other words,
our results show that, especially in case of single-peaked domains,
the requester can find a Condorcet winner without the significant
budget overhead.

Related work The related work can be divided into two main cat-
egories. The first category is on adaptive stopping rules by Abraham
etal. [3,2, 1]. The main goal of this line of work is to reduce the total
cost of crowdsourcing procedure by using adaptive stopping rules. In
particular, the proposed algorithm decides whether to stop or to ask
one more worker at each round. The crowdsourcing platform stops if
it can provide a high-quality answer with high probability. The main
contribution of our work in to extend these plurality-based rules to
Condorcet-based rules efficiently.

The second related work category consists of finding sam-
pling bounds and aggregation procedures in computational social
choice [6, 10, 4, 12, 11]. The main difference from our work from
the work is that we focus on adaptive stopping rules for the elicita-
tion procedure. Hence, the main advantage of our work that we can
stop dynamically, often before reaching the requesters static bound
on the number of HIT assignments. For example, adaptive stopping
rules are particularly useful if the crowd significantly prefers x over
other alternatives and can efficiently produce the correct answer with
a high probability. Moreover, in most of the work, a different ac-
cess model to users’ preferences is considered, based on comparison
queries (the elicitor can ask an agent which of two alternatives they

prefer), while we assume that voters can provide their top choices.
Hence, we will briefly overview related work in this line of research.
Kruger et al. [10] considered several aggregation procedures, includ-
ing the plurality rule and the bias-correcting method. The authors
provided axiomatic analysis of these aggregation methods and con-
ducted an experimental study on Amazon Mechanical Turk. Procac-
cia et al. [13] present a new aggregation method that assumes that
workers’ answers are noisy. Lee et al. [12], introduced the notion
of e-approximate winners which is closely related to our approxima-
tion notion. They show how to elicit these approximations in time
O(klog(k)), where k is the number of alternatives. These methods
can return an approximate winner for e-Borda and e-Condorcet with
high probability. Our notion of approximate Condorcet winner is dif-
ferent from e-Condorcet [12] as we require that an alternative to win
or tie in all pairwise competitions rather than a fraction of them. Later
these results were extended to a larger class of voting rules [11].
Conitzer [5] focuses on elicitation of voters preferences in single-
peaked domains. He showed preferences can be elicited using only
a linear number of comparison queries if the underlying order with
respect to which preferences are single-peaked is known. Goel and
Lee [8] extended results of Conitzer [5] to the case when the single-
peaked axis is unknown assuming that candidates and participants
coincide.
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