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We consider the problem of eliciting truthful responses from agents in the absence of any known answers.
This class of problems, pioneered by the peer-prediction method and the Bayesian truth serum, is now quite
well studied in the literature. In this paper we propose new mechanisms that, unlike most works on this
topic, require no extraneous elicitation from the agents, and furthermore allow the agents’ beliefs to be
(almost) arbitrary. Moreover, these mechanisms have the structure of output agreement mechanisms, which
are simple, intuitive and have been quite popular in practice. These mechanisms operate under scenarios
where the number of questions is large, and are suitable for most tasks in crowdsourcing and peer-grading.

1. INTRODUCTION

Systems that leverage the wisdom of the crowd are ubiquitous today. Recommendation
systems such as Yelp and others, where people provide ratings and reviews for various enti-
ties, are used by millions of people across the globe [Luca 2011]. Commercial crowdsourcing
platforms such as Amazon Mechanical Turk, where workers perform microtasks in exchange
for payments over the Internet, are employed for a variety of purposes such as collecting
labelled data to train machine learning algorithms [Raykar et al. 2010]. In massive open
online courses (MOOCs), students’ exams or homeworks are often evaluated by means of
“peer-grading”, where students grade each others’ work [Piech et al. 2013].

A majority of applications in this domain involve a large number of evaluation tasks or
questions that need to be answered, and every “agent” performs a subset of these tasks.
For instance, a typical such tasks on a crowdsourcing platform such as Amazon Mechanical
Turk comprise of labeling a large set of images for a for machine learning application.
The problem of peer grading in massive open online courses (MOOCs) involves a similar
procedure where a large number of answers provided by all the students have to be graded.
We call these tasks “Massively crowdsourced evaluation tasks” or MCETs.

In this paper, we consider the strategic aspect of MCETSs, with a goal of designing mech-
anisms that incentivize the agents to report their answers truthfully. The literature on this
topic can largely be divided into two lines of research, depending on assumptions on the
existence of so-called “gold standard” questions [Le et al. 2010; Chen et al. 2011]. These
are a small subset of questions to which the principal either knows the answers apriori or
can verify them accurately. Incentive design with such gold standard questions is easily
facilitated by the use of proper scoring rules [Lambert and Shoham 2009; Shah et al. 2015].

The second line of research, that the present paper contributes to, makes no assumption
about the existence of such gold standard questions and is more realistic in many appli-
cations of interest. The work on the peer-prediction method [Miller et al. 2005] pioneered
mechanisms for incentivizing truthful reports in the absence of known answers under certain
assumptions. Several works have subsequently built on these ideas to construct mechanisms
with fewer assumptions, most notably the work on Bayesian truth serum [Prelec 2004;
Witkowski and Parkes 2012b; Radanovic and Faltings 2013]. Most of these works rely on
two critical drawbacks that seem to impede the widespread use of these mechanisms in
practice.

First, along the lines of [Prelec 2004], these mechanisms elicit data that is extraneous
to the question at hand. This extraneous information usually takes the form of predicting
other agents’ responses. From an agent’s point of view, providing this additional information
necessitates a two-fold or even higher increase in the effort. This increase may in turn also
proportionally increase the principal’s costs in crowdsourcing such tasks. Further, truth-
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fulness holds under the assumption that these predictions are computed using Bayesian
updates of subjective priors, which is arguably too much to ask from a typical agents, e.g.,
the workers on Mechanical Turk.

A second drawback is that most works assume “homogeneity” of the agents, which intu-
itively means that all agents are statistically similar in the way they answer any question,
e.g. they do not have any relative biases or difference in abilities. To be more precise, con-
sider a single question with options o1, ..., 0,,. Homogeneity assumes that conditional on
any option o; being correct, any two agents have the same likelihood of giving different
answers, and in particular of being correct or wrong. As we argue later, such an assumption
is reasonable in the case of surveys, where an agent’s answer to a question can be seen as
an independent sample of the distribution of the answers in the population. But is certainly
inappropriate in subjective evaluation tasks like rating movies or grading answers, in which
systematic biases may exist because of differences in preferences, effort or abilities.

In this paper, we present incentive compatible mechanisms for MCETSs involving both ho-
mogeneous and heterogeneous populations. In the homogeneous case, our mechanism elicits
truthful answers from the agents without asking any additional questions. In the hetero-
geneous case, for the setting of binary-choice questions, our mechanism achieves this while
making very mild assumptions on the structure of agents’ beliefs. In order to achieve these
objectives our mechanism leverages the typical characteristic of MCETSs of the existence of
a large number of similar evaluation tasks.

Our mechanisms share the structure of output agreement mechanisms (see [Von Ahn
and Dabbish 2008] and [Von Ahn and Dabbish 2004]) that are simple, intuitive, and have
indeed been quite popular in practice, but that suffer from a critical drawback of not being
truthful. In an output agreement mechanism, two agents answer the same question, and
they are both rewarded if their answers match. From the perspective of an agent, in the
absence of any extraneous information, this almost incentivizes truthful reporting, since in
most cases it is more likely that the other agent also has the same answer. But this is not
the case when the agent believes that the answer he has is relatively unpopular and that a
typical agent will have a different opinion. It is then tempting to report the answer that is
more likely to be popular.

Our mechanism overcomes this drawback by giving proportionately higher rewards for
answers that are relatively unlikely and lower rewards for answers that are more likely. These
rewards are designed in such a way that before looking at the question, an agent is roughly
indifferent between the different answers: a randomly chosen other agent is more likely to
have the popular answer for the question but there is a low reward for matching, while he
is less likely to have a relatively unpopular answer but there is a high reward for matching.
But as soon as the agent sees the question and forms an answer, the conditional popularities
from his perspective change in such a way that it becomes more profitable to report his
opinion truthfully. In order to design such rewards, only prior statistics of the popularities
are needed, which can be estimated from the answers to a large number of evaluation tasks.
These are the essential key ideas that underly the design of our mechanisms.

The remainder of the paper is organized as follows. Section 2 presents a formal descrip-
tion of the model considered in the paper. Given the model, Section 3 puts our work in
perspective of the existing literature. Section 4 and Section 5 contain the main results of
the paper. Section 4 presents a mechanism to incentivize truthful reports without asking
for additional information, assuming that the population is homogeneous. Section 5 then
extends the results to a setting that does not make the homogeneity assumption. The paper
concludes with a discussion in Section 6.
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2. MODEL

Consider a population denoted by the set M, with M agents labelled j = 1,--- , M. Consider
an evaluation task in which an agent j in M interacts with an object and forms an evaluation
taking values in a finite set § = (s1,-- , sk ). Examples of object and evaluation pairs are:
Movies/businesses — ratings (think of Yelp), images — labels (in crowdsourced labeling
tasks), Answers — grades (in peer-grading). An agent’s evaluation for an object is influenced
by the unknown attributes of the object and the manner in which these attributes affect
her evaluations, or in abstract terms, her tastes and preferences. Note that the attributes of
an object capture everything about the object that could affect its evaluation and as such
these attributes may or may not be observable/measurable. For example, in the case where
a mathematical solution is being evaluated in a peer-grading platform, its attributes could
be: elegance and conciseness: high, handwriting: poor, presentation: poor etc. Denote the
hidden attributes of an object by the quantity X, which we will simply call the type of the
object and assume that this type takes values in a finite universe H = {hq,--- ,h}.

Denote agent j’s evaluation for the object by Y; € 8. The manner in which an object’s
attributes influence her evaluation is modeled by a conditional probability distribution over
Y; given different values of X, ie., P(Y; = s|X = h) for each s € § and h € H. For
notational convenience, we will denote this distribution by p;(s|h) and we will refer to it as
the “filter” of person j.

Now consider a set-up where there are N statistically similar objects, labeledi =1,--- , N,
that being evaluated. The type of object i is denoted by X* and each X' is assumed to
be drawn independently from a common probability distribution Px over . Let M? C M
denote the set of persons that evaluate object ¢ and let W; be the set of objects that a
person j evaluates. We assume that [M!| > 2 and |[W;| < @ for all i and j, i.e., each
object is evaluated by at least two people and each person evaluates a maximum of @)
objects. We assume that the sets W; and M’ are fixed apriori. If an agent j evaluates
object i, let in denote her evaluation for that object. We assume that since the objects
are similar, the filters of the agents are the same for evaluating the different objects, i.e.,
P(Y} =s|X'=h) = P(Y} = s|X" = h) = p;(s|h).

We also assume that the evaluations YjZ by different j are conditionally independent
given X*. Finally, we assume that the sets of random variables {X*, {Y} : j € M'}} for the

different objects 7 are mutually independent. In particular this implies that Yj and YJ’/ are
independent for any person j that has evaluated objects ¢ and i’. Note that the random
variables {Y]’ : j € M'} need not be independent unless conditioned on X*.

Our goal is to design a payment mechanism that truthfully elicits evaluations from the
population. With MCETSs in mind, we are specifically interested in the case where @ is
small, |M|’s are arbitrary, and N is large. The mechanism designer is not assumed to
have any knowledge of Px or the filters of the different people in the population. Further,
we assume that every member of the population knows the structure of the underlying
generating model, in particular the existence of a single Px that generates the type for
each object, the conditional independence assumptions on the evaluations given the type
for every object, and the independence of the evaluations across different objects. But the
agents may not know, or may have different subjective beliefs about the values of Px, the
filters of others, and even their own filter. We present an example of this setting.

Ezxample 2.1. Peer-grading in MOOCsSs: Peer-grading, where students evaluate their

peers and these evaluations are processed to assign grades to every student, has been pro-
posed as a scalable solution to the problem of grading in MOOCs. An important component
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of any such scheme is the design of incentives so that students are truthful when they grade
others. For example, say that the answer of any student to a fixed question has some true
grade A, B or C, which can be taken to be the type of the answer. Suppose that apriori
there is a distribution over the grade of any answer that is common to all answers (to a
fixed question). Each answer is then graded by a few students (and in turn each student
grades a few answers), who, depending on some given rubric and their abilities, form an
opinion as to what grade should be assigned to the answer. Similarly there are thousands
of such answers that are graded by other students. It is natural to assume that conditional
on the true grade of an answer, the evaluations of different students who grade that answer
are independent. Also it is natural to assume that the grades given by the students to dif-
ferent answers are independent. One then wants to design a mechanism that incentivizes
the students to report their true opinions about the answers that they have graded.

Let q;- denote the person j’s reported evaluation for object i. A payment (or scoring)
mechanism is a set of functions {7; : j € M}, one for each person in the population, that
map the reports {¢} :7=1,--- , N, j € M’} to real valued payments (or scores).

Definition 2.2. We say that a given payment mechanism {7; : j € M} is detail-free
Bayes-Nash incentive compatible if for each j € M,

E[TJ({y; :iewj}7{yvji’ vi= 17 7N7 j/ EMia j/ 7&]}) | Y;L :ijv i€ Wj’ PX7 {pjl(8|h)}7]/ € M]
>Er({d, i e Wb {Y} ci=1,--- N, j e M, j" #j}) | Y] =y}, i € W}, Px, {pj(s|h)}, j' € M,

for each y; € 8 for i € W;, and for every specification of Px and {p; (s|h)} for j' € M. We

call it strictly detail-free Bayes-Nash incentive compatible if the above inequality is strict
whenever {y} :i € W;} # {q} : i € W;}.

In other words, for our model, a mechanism is detail-free Bayes-Nash incentive compatible if
truthful reporting is a Bayes-Nash equilibrium in the incomplete information game induced
by the mechanism, for every possible specification of the underlying generating model for
the evaluations that satisfies the independence assumptions discussed before: in particular,
the specification of Px and the filters p;(s|h).

We will consider two types of generating models inspired by two types of applications
encountered. This difference arises from the considerations for the variation in the tastes,
preferences and biases of the population, resulting in differences in the manner in which
they evaluate an object. We will in particular consider two cases:

— Homogeneous population: Consider a typical survey, e.g., suppose the government
would like to find out what is the chance that a visit to the DMV office in a particular
location faces a waiting time of more than 2 hours. This is a number X that can be thought
of as an attribute of the DMV and for simplicity, assume that it takes values in a finite
set, say [0,0.1,0.2,- - ,1]. The evaluation of any agent j, Y; is just a value {0,1}, with 1
denoting that she faced a wait time of greater than 2 hours. In this case it is natural to
assume that P(Y; = 1|X = h) = h, i.e., each person’s evaluation is an independent sample
of the hidden value X. This means that p;(s|h) does not depend on j, and is the same
value p(s|h) for everyone. In such a case, we say that the population is homogeneous, i.e.,
different agents form their evaluations in a statistically identical fashion, conditional on
the type of the object. We will consider this case in Section 4.

— Heterogeneous population: In most subjective evaluations, the manner in which agents
form evaluations differ considerably due to differences in preferences, abilities etc. So it is
natural to assume that the filters vary across the population. We will consider this case
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in Section 5. We will see that in general it is impossible to design truthful mechanisms
for this case unless some additional structural assumptions are made on the generating
model. We will propose a structural assumption for the case |§| = 2, i.e., in the case where
the evaluations are binary, and design a truthful mechanism under this assumption.

3. RELATED WORK

The theory of elicitation of private evaluations or predictions of events has a rich history.
In the standard setting, an agent possesses some private information in the form of an
evaluation of some object or some informed prediction about an event, and one would like
to elicit this private information. There are two categories of these problems. In the first
category, the ground truth, e.g. true quality or nature of the object or the knowledge of the
realization of the event that one wants to predict, is available or will be available at a later
stage. In this case, the standard technique is to score an agent’s reports against the ground
truth, and proper scoring rules (see [Gneiting and Raftery 2007; Savage 1971; Lambert and
Shoham 2009]) provide an elegant framework to do so. In the second category of problems,
the ground truth is not known. In this case there is little to be done except to score these
reports against the reports of other agents who have provided similar predictions about
the same event. The situation is then inherently strategic, in which one hopes to sustain
truthful reporting as an equilibrium of a game: assuming all the other agents provide their
predictions truthfully, these predictions form an informative ensemble, and with a carefully
designed rule that scores reports against this ensemble, one incentivizes any agent to also
be truthful. The present work falls in this category.

In this category, majority of early literature has focused on the case where a single object
is being evaluated. In a pioneering work, the peer-prediction method by [Miller et al.
2005] assumed that the population is homogeneous and the mechanism designer knows
the agents’ beliefs about the underlying generating model of evaluations. In this case
they demonstrated the use of proper-scoring rules to design a truthful mechanism that
utilizes the knowledge of these subjective beliefs. These mechanisms are minimal in the
sense that they only require agents to report their evaluations. In another influential work,
[Prelec 2004] considered a homogeneous population and designed an oblivious mechanism,
famously termed Bayesian truth serum (BTS), that does not require the knowledge of
the underlying generating model, but requires that the number of agents is large and
that they have a common prior, i.e., they have the same beliefs about the underlying
generating model and this fact is common knowledge. This mechanism is not minimal:
apart from reporting their evaluations, agents are also required to report their beliefs
about the reports of others. [Witkowski and Parkes 2012b] and [Radanovic and Faltings
2013] later used proper-scoring rules to design similar mechanisms for the case where the
population size is finite. These mechanisms are again not minimal, and in fact it is known
(see [Jurca and Faltings 2011], [Radanovic and Faltings 2013]) that no minimal mechanism
that does not use the knowledge of the prior beliefs can incentivize truthful reporting of
evaluations.

In the light of this impossibility, it is clear that any oblivious mechanism has to elicit
some form of beliefs from the agents, and hence the agents’ subjective beliefs about the
beliefs of others become important in the equilibrium analysis. This is not the case with
minimal mechanisms: one only needs to take into account an agent’s first-order subjective
beliefs about the underlying generating model. [Witkowski and Parkes 2012a] suggest a
way around this difficulty for non-minimal mechanisms when the evaluations are binary.

It is the case in many applications in crowdsourcing, that one is interested in acquiring
evaluations from a population for several similar objects. It is thus natural to explore the
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possibility of exploiting this statistical similarity to design better (e.g. minimal) mecha-
nisms for jointly scoring these evaluation tasks. This is the context of the present work.
Three major works in this area that have considered this case are [Witkowski and Parkes
2013], [Dasgupta and Ghosh 2013] and more recently, [Radanovic and Faltings 2015]. Both
[Witkowski and Parkes 2013] and [Dasgupta and Ghosh 2013] only considered the case
where the evaluations are binary. The former considered a homogeneous population while
the latter considered a heterogeneous population, while both making specific assumptions
on the generating model. [Radanovic and Faltings 2015] on the other hand have considered
both homogeneous and heterogeneous populations.

For a homogeneous population with multiple objects, [Witkowski and Parkes 2013] try
to utilize the statistical independence of the objects to estimate the prior distribution of
evaluations and use that to compute payments using a proper scoring rule. In spirit, we are
similar to this approach (and also [Prelec 2004]) in the sense that we use the law of large
numbers to estimate some prior statistics and we get asymptotic incentive-compatibility,
but we do not restrict ourselves to the binary setting. [Radanovic and Faltings 2015]
recently have also designed a mechanism that is truthful in the general non-binary setting
while requiring only a finite number of objects, again using proper scoring rules. In their
mechanism, for computing the reward to an agent for evaluating a given object, a sample
of evaluations of other agents for other objects of a fixed size needs to be collected, and
an agent’s reward can be non-zero only if this sample is sufficiently rich, i.e., it has an
adequate representation of all the possible evaluations. Although our mechanism needs
number of objects to be large, it has a much simpler structure.

For the case of heterogeneous population, [Radanovic and Faltings 2015] show that typi-
cally one cannot guarantee truthfulness with minimal elicitation. We prove a similar result
for our setting. Nevertheless, [Dasgupta and Ghosh 2013] have designed truthful minimal
mechanism for the case of binary evaluations for a very specific generating model: it is
assumed that H = 8§ and for each agent the probability of correctly guessing the true
type of the object is at least 0.5 and it does not depend on the type. Although we also
consider the binary evaluations, we allow HH to be arbitrary and our regularity condition
is considerably weaker. Again we come up with a much simpler mechanism, albeit for the
case where the number of evaluation tasks is large.

Another key aspect that differentiates the present work from others is that we do not use
proper scoring rules in the design process. In fact, as would be clear from this discussion,
proper scoring rules have been a ubiquitous and essential ingredient in most elicitation
mechanisms studied so far. Indeed in most cases, the ingenuity in their design lies in
cleverly proposing statistics that an agent’s evaluation can be scored against using a proper
scoring rule. Our mechanisms fall into a new framework that is a complete departure from
this approach.

4. HOMOGENEQOUS POPULATION

In this section, we will first consider the case where the population of agents is homoge-
neous. Consider the following mechanism: In the following theorem, we show that if N is
large, then truthful reporting of in is a Bayes-Nash equilibrium.

THEOREM 4.1. Suppose that N — oo and Q is finite. Then the mechanism is detail-
free Bayes-Nash incentive compatible. Suppose in addition that for any two evaluations
s and s;, there is no C € R such that p(sg|h) = Cp(si|h) for each h € H, then the
mechanism is strictly detail-free Bayes-Nash incentive compatible.

PROOF. Suppose that everyone but a person j is truthful. Now since N is large, and
/W;| < Q, which is assumed to be small, by the mutual independence of {Y} : j € M’}
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Mechanism 1 (Homogeneous population):
— The observations of all the people for the different objects are are solicited. Let these be
denoted by {q;:}, where qj- €s.

— From each population M?, choose two persons j; and j» randomly, and for each possible
evaluation s; € §, compute the quantity

FH(se) = Lgi =iy 1igt, =su)

Then compute

| X
i=1
— For each evaluation sy, fix a payment r(sy) that satisfies

T(Sl)f(sl) = T(Sz)f(SQ) == T(SK)f(SK)-

— For each person j in population M?, choose another person j’ from the same population.
If their reports match, i.e. if qj» = q;'-, = sy, then the person j gets a reward of r(sg). If
the reports do not match, then j gets 0 payment.

for the different objects i, we have by the strong law of large numbers (S.L.L.N.) and the
continuous mapping theorem,

Fsi) = VE(f(s1)) \/pr

heXH

The expected reward of person j for evaluating object ¢, if she reports q} = s; when her
true evaluation is sy is

>_nesc Px (h)p(sk|h)p(si|h)
Zheﬂ-( PX(h)p(sk‘h>

Thus P(Y}, = s1]Y} = sp)r(s1) < P(Y}), = s1|Y] = sp)r(sy) if

2_nesc Px (h)p(sk|h)p(si|h) >nese Px (h)p(sk|h)?

P(Y}) = si]Y] = sp)r(s1) = r(s1)

o PxWp(sill) S E L P plsel)
ie., if
ZPX Sk|h Sl|h ZPX 8k|h (( )7
heX heX s1)

or substituting, if

(h)p(si|h)?
ZPX( p(sklh)p(silh) < ZPX 5k|h — ZPX \/Zhef}f (h)p(si|h)
hex heX f heH \/Zhe}c (h)p(sk|h)
Z PX Sk|h Z PX 3l|h )
heX heH
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which is always true by the Cauchy-Schwarz inequality. Thus person j maximizes his
expected payment by reporting each of his evaluations truthfully. Note that the equilibrium
is not strict only when Cauchy-Schwarz inequality is not strict, which is the case if and
only if for some C € R, p(sx|h) = Cp(s;i|h) for every h € H.

O

Note that if the condition for strictness is not satisfied, i.e., if for some s; and s;, there
is a C such that p(sx|h) = Cp(si|h) for each h € H, then the evaluations s, and s; need
not be distinguished since they contain the same information about X. In particular,
P(X =h|Y; = sx) = P(X = hl]Y; = s;) for each h € K.

4.1. An alternative to the peer prediction method

In the case where the mechanism designer knows the underlying generating model, i.e.
Px and {p(s|h)}, the mechanism can compute the rewards for each evaluation directly,
without having to estimate statistics from evaluations for multiple objects. In order to do
so, for each evaluation s, one defines

glsk) = \/ S Py(hp(silh)?,

heXH

and defines payments r(sy) for the different evaluations such that:

r(s1)g(s1) = r(s2)g(s2) = -+ =r(sKk)g(sK).
In this case, our mechanism provides an alternative to the peer prediction method of

[Miller et al. 2005], while using the simple structure of output agreement mechanisms and
without using proper scoring rules.

5. HETEROGENEOUS POPULATION

We now consider the case of a heterogeneous population. In this case, we will be working
under the following assumption:

Assumption 1: For each j, {p;(s|h)} is a random stochastic matrix of size |H| x |§|
(recall that a stochastic matrix is one in which all the entries are non-negative and all the
rows sum to 1), and these filters are independently but identically distributed for all 7,
with some distribution Q defined on a support B, which is some subset of the set of all
stochastic matrices of size |H| x |§|.

We do not make any assumptions about the knowledge of this distribution: it may or
may not be known to the population or the mechanism designer. With this additional
assumption, we will modify the definition of a detail-free Bayes-Nash incentive compatible
mechanism.

Definition 5.1. Fix a subset B of the set of all stochastic matrices of size |H| x |§].
We say that a given payment mechanism {7; : j € M} is detail-free Bayes-Nash incentive
compatible if for each j,

E[TJ({y; S Wj}a{yjji’ t= 1a 7N7 j/ € Miv .j/ 7&]}) | YJZ = y_;7 (&S Wj7 {pj(5|h')}’ PX7 Q]
2 E[T]({q; RS W]'}7{iji’ S 17 7N7 j, S Miv j/ 7&]}) | Y? = y;a 1€ Wja {p](s|h)}7 PX’ Q]V
for each y; € 8§ for i € Wy, and for every specification of Py, of the distribution Q defined

on the support B, and {p;(s|h)} € B. We call it strictly detail-free Bayes-Nash incentive
compatible if the above inequality is strict whenever {y} :i € W;} # {q} : i € W;}.
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We will first show that in this case, unless additional structural assumptions are made, it
is impossible to design a strictly detail-free Bayes-Nash incentive compatible mechanism.

PROPOSITION 5.2. Suppose that B is the entire space of stochastic matrices of size
|H| x |8|. Then there is no strictly detail-free Bayes-Nash incentive compatible mechanism
for the resulting generating model.

PROOF. (sketch) Assume a movie is being evaluated. Suppose that its type is in the set
H = {Action, Drama} and that the set of evaluations is § = {Good, Bad}. Consider an
agent Bart who is an ‘action lover’, and another agent Lisa who is a ‘drama lover’, with
respective filters shown in the Figure 1 below. Now observe that the filters are such that

Action Drama Action Drama
06 0.6 0.4 | 0.6 06 [ o4
Good Bad Good Bad

Fig. 1. Two filters.

for any fixed distribution Q that contains them in its support, the conditional distribution
over the evaluations of all the other agents in the population from the point of view of Bart,
given that he evaluates the movie to be good, is the same as the conditional distribution
over the evaluations of all the other agents in the population from the point of view of
Lisa, given that she evaluates the movie to be bad. So any strictly detail-free Bayes-Nash
incentive compatible mechanism that strictly incentivizes Bart to report ‘Good’ when
his evaluation is ‘Good’ also simultaneously incentivizes Lisa to report ‘Good’ when her
evaluation for the movie is ‘Bad’. Hence there can be no mechanism that is strictly Bayes-
Nash incentive compatible. O

5.1. Regular filters:

The previous result intuitively implies that if the preferences of the agents in the popula-
tion varies too much, then designing a knowledge independent strictly truthful mechanism
is impossible. One thus needs to impose some uniformity or regularity on the population
filters for there to be any hope of designing such mechanisms. With this in mind, we look
at the specific case of binary evaluations, i.e., |S| = 2 and we impose a notion regularity
on the filters that we now define. Consider the following generating model:

(1) |8] = 2, i.e. evaluations take only 2 values. Let 8 = (s1, s2). We will call this the binary
setting.

(2) For each j, {p;(s|h)} is a random stochastic matrix of size |H| x 2 drawn independently
from some distribution Q defined on the support B, where B has the property that
each matrix in it satisfies the following regularity condition:

Suppose that there is a fixed ordering of types in the set H, and w.l.o.g. we assume
that it is

h1>—h2>-"'>-hL,
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such that for any filter {p;(s|h)} € B,

pi(sulh) = py(sul') i b W (1)
for each h # I/ € H. Note that this implies that p;(s2|h) < p;(s2]h’) if h = R'.
Intuitively, this means that the types that are higher in the ordering are “closer” to
s1 and those lower in the ordering are in some sense “farther away” from s;, and
vice versa for sg, so that an agent making a particular evaluation is more likely if the
object type is “closer” to that evaluation. Note that for any particular filter p;(.|.) one
can always define an ordering of the types such that this condition will be satisfied for
that filter. But the regularity assumption says that there is one such fixed ordering of
types for all filters in the support of the distribution. Although this distribution is not
needed to be known to the population, the fact that the filters in its support satisfy
this condition with respect to some fixed ordering of the types is commonly known. If
this condition is satisfied, then we will simply say that the filters are regular. We say
that the filters are strictly reqular if the above inequality is strict for each h, b’ € H.
Denote

E(p;(s[h)) = p(s|h).

We will call this the ensemble filter.
It is instructive to think about what regularity boils down to for the case where |H| =
|I8| = 2. In this case, w.l.o.g., we can assume that H = 8 = {hy, ho}. Then the regularity
condition will be satisfied if either:
—pj(hi|hy) > p;(h1lha) (and thus p;(ha|he) > p;(ha|h1)) or if
—p;j(halh2) > pj(halh1) (and thus p;(he|hi) > p;(ha|hs2)).
In the context of peer grading, the first condition intuitively makes sense. It basically says
that a person judging that the answer deserves a grade A is more likely if the true grade
is A, than if the true grade is something else. Note that this is different from saying that

pj(hilh1) = pj(halha),
which says for example that if the true grade is A, then it is more likely that a person thinks
it is A than it is something else. In fact, in this case, this condition of p;(hi|h1) > p;(h2|h1)
and pj(halha) > pj(hilhe) imply that p;(hi|h1) > 3, pj(halho) > 3, pj(halhi) < 3 and
pj(hi|hs) < 4.1t follows that p;(h1|h1) > p;(hi|hs), thereby proving that the condition (1)
is strictly weaker (in the case |H| = |8| = 2).
Consider the following mechanism: We then have the following result:

THEOREM 5.1. Suppose that N — oo and Q is finite. Also suppose that the filters are
strictly reqular. Then the mechanism is strictly detail-free Bayes-Nash incentive compatible.

PROOF. Suppose a person j in population 7 makes an observation in = s1. Since N is
large, and |W; < @Q|, which is small, by the mutual independence of {YJZ :j € M} for the
different objects i, we have by the S.L.L.N.,

Fsk) = E(f'(s1)) = ZPX(hl)p(Slez)
hy

for k = 1,2. Next we have

, . P A
PXT = h|Y] = 1) = x (ha)pj(s1 | )

2o, Px(h)p;(silhi) = Px(lu)t(s1, ),
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Mechanism 2 (Heterogeneous population with binary evaluations and regular
filters):

— The observations of all the people for the different objects are are solicited. Let these be
denoted by {q}}.

— From each population M?, a person j is picked at random. For each of the two evaluations
s1 and ss, define

filsk) = Lggizsy-

Then compute
_ 1 Y
flsw) =+ ;fi(sk)'

— For the evaluations s; and so, fix payments r(s1) and r(s2) that satisfy

r(s1)f(s1) = r(s2) f(s2)-
— For each person j in population M?, choose another person j' in the same population.
Then if q;'v = q;'-, = sy, then person j receives a payment of r(sy). If their reports do not
match, then person j gets 0 payment.

where we define

pi(s1| )
>on, Px (ho)pj(si|h)”

Because of strict regularity of the filters, we have that ¢(s1,h1) > t(s1, ha) > -+ > t(s1,hr)
and further ¢(s1,h1) > 1 and t(s1,hr) < 1.

Now from the point of view of person ¢, the distribution of the report of a randomly
chosen person j' is

t(sl,hl) é

P(Y}, =s|Y] =s51) =Y P(X" =Y} =s1)p(silh) =Y Px(h)t(s1, h)p(sa|h),
hl hl

and P(Y}, = s2|Y} = s1) = 1 = P(Y}, = 51|V} = s51). This holds because Y} for different

persons j are conditionally independent given the type X*. Next we have

P(Yj, = s1|Y] = s1) = f(s1) = Zp(suhz)(Px(hl)t(sl,m) - Px<hl>).

hy

We want to show that this quantity is positive, i.e. if an agent has an evaluation s; for an
object, then the posterior probability that another agent also has the same evaluation for
that object increases relative to the prior. Now since t(s1, h1) > t(s1, ha) > -+ > t(s1,hr)
and t(s1,h1) > 1 while ¢(s1,hr) < 1, there must be some [* such that ¢(s1,h;) > 1 for all
I < I* while t(s1,h;) < 1 for all I > [*. Then we have that

> Px(ha)(t(s1,h) — 1) > 0. (2)

Ryl <l*
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Further, since 3, Px (h;)(t(s1, ) — 1) = 0, we have that

Z Px(hl)( 817hl —1 Z PX hl Sl,hl)—l). (3)
hysl<t* hysl>1*
Now we have:

P(Yj’} = 51|in =51) — f(s1)
= D plsall) P (h) (t(s1,ha) = 1)+ D7 plsalhu) P () (t(s1, 1) — 1)

hyl<l* hyl>1*
> p(silhes) Y Px(ha)((s1,h) = 1)+ p(silhi-41) Y Px(ha)(t(s1,h) = 1)
hysl<l* hysl>1*
= (p(slhl*) p(s1lhi41) ) > Px(h)(t(s1, ) — 1) > 0.
hysl<l*

The first inequality follows from the fact that Px (h;)t(s1,h) — Px(hi) > 0(< 0) for I <
I* (> I*) and that p(s1lh1) > p(s1|he) > -+ > p(s1]hr) by the strict regularity of the
ensemble filter. The second equality follows from (2) and (3). Thus, we also have that

P( ji, = 52|Y;-i = 51) — f(s2) < 0. Hence the expected payoff if a person j reports s, if he

observes s is

bsilsy = P(Y}r = s1|Y] = s1)r(s1) > f(s1)r(s1)
= f(s2)r(s2) > P(Y}: = 82|V} = s1)r(52) = Psys, -
Thus being truthful maximizes his expected payment. O

6. DISCUSSION

In this paper, we presented mechanisms for obtaining truthful reports with minimal elici-
tation Our mechanisms support the setting where agents are assumed to be homogeneous,
and also support heterogeneous workers when questions are of binary-choice format. The
mechanisms rely on the existence of many questions, a feature commonly encountered in the
settings of crowdsourcing and peer-grading. Interestingly, our mechanisms are built under a
novel framework that is a significant departure from the traditional setup of proper scoring
rules.

Our broader objective is to construct mechanisms that incentivize truthful reports in the
absence of any ‘gold standard’ questions, that are also very viable in practice. The results
of this paper take a step in this direction by eliminating two of the critical assumptions
that were found in most earlier works. While most of our theory in this paper is asymptotic
in the number of questions, in the future, we intend to examine the effect of a restriction
on the number of questions. We hope to obtain analytical approximation guarantees, and
also perhaps a better understanding of these effects via empirical evaluations. A second
question left open in this manuscript is that of |§| > 2 in the heterogeneous setting. It
would be interesting to find the right notion of “regularity” of the agents’ filters that would
allow one to design a strictly detail-free Bayes-Nash incentive compatible mechanism in that
case.
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