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Abstract

A firm seeking a business partner, or an individual searching for a life partner, can use an on-
line matching platform not only to efficiently search for available candidates, but also to address
two related challenges. First, a match-seeker may not know what candidates would be com-
patible with them. And second, particularly in the online setting, candidates may misrepresent
their credentials. In this paper, we model and analyze whether an online matching platform’s
decisions should enhance search with a positioning capability that helps match-seekers determine
the subjective compatibility of potential matches (horizontal differentiation), and also whether
it should offer an authentication service that enables match-seekers to reliably signal their ob-
jective quality (vertical differentiation). We analyze the equilibrium behavior of match-seekers
in the presence of uncertainty about both compatibility and quality of potential matches, and
show how this behavior impacts the optimal strategy of the platform with respect to positioning
and authentication. For instance, positioning and authentication reinforce each other (act as
complements) for some levels of market quality and the platform’s positioning capability, while
they detract from each other (act as substitutes) in others. These results also help us develop
guidelines for the platform’s pricing decisions. Our findings provide valuable practical insights
for owners and operators of match-making platforms, by helping them understand the interplay

between these two important and orthogonal features in online matching.
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1 Introduction

A firm seeking a business partner, or an individual seeking a life partner, faces two kinds of uncer-
tainty about potential matches. First, the match-seeker (firm or individual) may not be sure what
subjective criteria they should focus on. Second, the match-seeker may be unsure of the objective
quality of each potential match. As a result, it may be difficult for the match-seeker to obtain a
suitable match, and may require them to consider multiple candidates over time. For instance, while
the firm wants a high-quality supplier, it may start out looking for a supplier that offers a low price
and may not realize that in its specific circumstance it may be more important to find a supplier
that meets relevant scheduling constraints. Match-seekers can thus benefit from resources to not
only improve the efficiency of their search, but also mitigate these uncertainties.

Online matching platforms have emerged as a useful resource for match-seekers in both the
consumer and business space. Such platforms can aggregate demand and enable match-seekers to
find available candidates more efficiently. A number of matching platforms recognize the importance
of match-seekers’ subjective preferences, and enhance search with features such as questionnaires
and algorithms that help a match-seeker better focus their search on the “right” type of candidates.
For instance, in the business-to-business or industrial space, matching platforms such as Catalant
and Powerlinx! help companies determine the type of partners they should seek, and then connect
them to high-quality business partners of that type across the World. Even in the consumer context,
matching platforms such as eharmony and match.com help match-seekers better position their search
for partners.

When the matching process is conducted online, there is an additional authentication problem
that becomes significant due to the informational asymmetry inherent in an anonymous online envi-
ronment. The virtual nature of the online environment makes it difficult to ensure that participating
entities are being truthful in their online representation. So it is easy for companies or individuals
to misrepresent their attributes and credentials. The significance of this problem has been widely
recognized, and a variety of online authentication mechanisms have been described in the litera-
ture (Kalakota and Whinston, 1996; Basu and Muylle, 2003; Basu et al., 2019). Online matching
platforms can help match-seekers find the “best” candidates by offering authentication services that

ensure that the information provided by participants on the platform is genuine and reliable. A

!Powerlinx provides a feature to help customers identify their business needs (https://www.powerlinx.com/pricing).



number of matching platforms in both business and consumer markets offer authentication services
as an option. For instance, Upwork lets job-seekers authenticate their credentials from a list of
approved certifications and display a ’verified badge’.? Upwork also verifies employers, by validating
them against third party databases, checking government or legal documents.? In the consumer
space, the eharmony platform offers match-seekers a premium service called relyID?* to authenticate
their features and credentials. It places a badge next to authenticated profiles, to increase their
perceived value to potential matches.

When match-seekers can differ along both objective and subjective dimensions, an online match-
ing platform can enhance its search capabilities with a positioning feature to determine the compat-
ibility of potential matches, as well as offering an authentication service. However, it is not always
obvious whether the platform should support each or even both. For instance, the matching plat-
forms eharmony and match.com are both used by individuals to search for life partners. However,
they have made different choices regarding support for positioning and authentication. Match.com
provides enhanced search that includes positioning but offers very little authentication, while ehar-
mony provides a proprietary algorithm to help match-seekers position their search, as well as an
optional authentication service (relyID) to verify credentials.

In this paper, we model and analyze an online matching platform’s decisions regarding position-
ing and authentication, in a setting where match-seekers’ preferences vary across both objective and
subjective dimensions. In addition, we examine how the optimal fees charged by the platform are
impacted by key market parameters and the platform’s positioning capability. We show that when
the platform’s positioning capability is modest, an increase in this capability increases the value of
authentication (i.e., positioning complements authentication). However, when the platform’s posi-
tioning capability is high, the value of authentication becomes lower as the positioning capability
increases (i.e., positioning and authentication become substitutes); that is, narrowing the search to
only high-value candidates through authentication can lead to a restricted choice set that excludes
some compatible candidates. Furthermore, this interaction between authentication and positioning
is also affected by the quality of the market. Thus, despite the orthogonal dimensions of positioning

and authentication, we find that both are not always beneficial for the platform.

2Upwork also has a list of verifiable certificates that it encourages job-seckers  to
pursue. (https://support.upwork.com/hc/en-us/articles/215650138-Add-Certifications)

3https://community.upwork.com/t5/Freelancers/pointless-re-verify /m-p /660859

“https://www.eharmony.com /dating-advice/using-eharmony /new-feature-relyid /



Our work contributes to the field of online matching in important ways. To begin with, our
analytical models and game-theoretic analysis of online matching platforms in the presence of both
vertically and horizontally differentiated preferences are novel in the field. We show how online
matching can be represented by a parsimonious model that captures the key features driving the
behavior of match-seekers, as well as key decisions of platform operators with regard to positioning
and authentication. The results of our analysis provide new insights into the interactions of two
orthogonal dimensions of match-seeker differentiation, and into profit-maximizing strategies of plat-
form operators under various market conditions. And in terms of managerial impact, our results
provide valuable practical insights for owners and operators of online match-making platforms such
as Powerlinx and eharmony, by helping them understand the interplay between positioning and
authentication, and by providing guidelines for pricing decisions.

The paper is organized as follows. We start by reviewing the relevant literature in section 2. In
section 3, we describe our setup and explain the equilibrium concept and approach. We then lay
out our models for each setting in Sections 4 and 5, and analyze the behavior of match-seekers in
each of them. Then in Section 6, we identify and characterize the optimal strategies of an online
matching platform. Finally, in Section 7 we conclude with key observations and directions for future

work.

2 Relevant Literature

Much of the past research in bilateral matching markets has been on two key areas: 1. the design of
matching mechanisms, including issues related to pricing and market coverage and 2. the structural
features of matching platforms (Roth and Sotomayor, 1992; Adachi, 2003). Our research builds upon
this literature by studying the interaction of two services offered by an online platform — positioning
and authentication of prospective matches.

The literature on matching mechanisms (Gale and Shapley, 1962; Shapley and Shubik, 1971;
Roth, 1989) focuses on designing efficient algorithms to provide stable matches. Match-seekers’
behavior have been explored in markets where consumers have strong class (quality) preferences
and such preferences are similar across all match-seekers (McAfee, 2002; Damiano and Li, 2007;
Damiano and Hao, 2008). A number of papers have also examined how class preferences among

match-seekers can lead to different equilibria (McNamara and Collins, 1990; Chade, 2001; Smith,



2006).

The traditional matching literature (e.g.,Burdett and Coles 1997; Smith 2006) assumes that
in the absence of a match-making intermediary, match-seekers find compatible matches through a
random process. Boudreau and Knoblauch (2010) impose an additional restriction on the timing of
match-seekers’ choices and use simulation to study markets where only certain match-seekers can
make proposals. By allowing match-seekers to create a sub-group of potential matches, Jacquet
and Tan (2007) show that assortative matching can be an equilibrium outcome. A related stream
of literature in “club theory” that followed the work of Buchanan (1965) focuses narrowly on the
role of externalites on the formation of such sub-groups. Platforms that facilitate efficient search
and matching take into consideration match-seekers’ class preferences (Cosimano, 1996; Burdett
and Coles, 1997; Damiano and Li, 2007), in their pricing decisions. The advent of Internet has
allowed for increased search efficiency as a result of which online matching platforms can facilitate
match-seekers to target their types and narrow their search space (Xu and Yang, 2019).

While the Internet enables a faster matching service, it also creates authentication challenges
where a low-class match-seeker may imitate its high-class counterpart. By investing in authentication
services (Ghani et al., 2014), a firm can mitigate such problems. Basu et al. (2019) show that
an online matching platform may offer an authentication service as a loss leader when optimally
pricing both search and authentication, and a superior authentication service may not justify higher
authentication fees. Match-seekers may have not only commonly accepted preferences along the
vertical dimension of attributes but also taste preferences along a horizontal dimension that allow
them to value potential matches differently (Buss and Barnes, 1986; Boyd et al., 2003; Figueredo
et al., 2006). In such settings, (Halaburda et al., 2018) show that restricting the choice set of
match-seekers can be beneficial for a platform.

Several other papers have also considered the impact of subjective preferences on matching
outcomes. Hitsch et al. (2010) empirically show that the impact of certain attributes (e.g., income,
physical attributes) of match-seekers in an online dating market differs by gender while being similar
across other dimensions including race. Such similarities in match-seeker preferences could also be
motivated by strong societal biases (Banerjee et al., 2013). Other researchers have shown that
match-seekers sequentially searching across different attributes can use the same attribute in both

horizontal and vertical dimensions (Bruch et al., 2016). Gomes and Pavan (2015) find that a



matching platform may find it optimal to induce negatively assortative matches in the vertical
dimension as long as such matches are compatible along the horizontal dimension.Similar issues
have also been considered in a number of studies on information disclosure and information sharing
in settings that do not involve bilateral matching (Gu and Xie, 2013; Hao and Tan, 2019; Sun and
Tyagi, 2020). As shown by Arora et al. (2020), such advisory activities by a service provider are
valuable in non-profit settings as well.

In this paper, we explore a matching market where match-seekers have preferences over both
vertical and horizontal dimensions. We consider the possibility that match-seekers have uncertainty
about their subjective preferences which may result in matches with incompatible candidates. Such
uncertainties may be alleviated if the matching platform includes a positioning feature that helps
match-seekers understand their preferences in the matching process. Further, since a higher quality
candidate is strictly preferred by all match-seekers, authentication also becomes an important issue
in such settings. However, there is little research on online platforms that offer both positioning
and authentication, even though many existing platforms (e.g., eharmony, Powerlinx, etc.) provide
them. Our formal analysis of pricing and features offered by such platforms addresses this gap in

the field.

3 Model and Analysis

Our modeling approach is consistent with and builds upon the approach in Basu et al. (2019),
which examines online matching among match-seekers differentiated only in terms of a vertical
quality dimension. As in that paper, we consider a two-period setting in which match-seekers (firms
or individuals) seek matches with other match-seekers within a given population, since the two-
period setting allows simpler exposition and analytical tractability while being sufficient to capture
the temporal element associated with the matching process.

We also adopt the approach of Basu et al. (2019) in modeling the search process undertaken
during online matching. That is, for every active match-seeker, we assume that one potential
candidate from the overall population (who is also an active match-seeker) becomes available in
each period. If the two parties detect each other, they can consider a match. If the match is
not accepted by either party, the match-seeker waits for a candidate that becomes available in

the following period. The population from which candidates become available is assumed to be



sufficiently large that a match-seeker does not encounter the same candidate in both periods. To
account for the fact that each match-seeker would like to find a match as soon as possible, the value
of a match achieved in the second period is discounted by a factor ¢ (0 < 0 < 1) for any match-
seeker.” This discount factor 6 can be interpreted as the level of patience of the match-seekers in
the market. Also, § is assumed to be sufficiently high to ensure that the second period is a viable
option for all match-seekers.

Match-seekers can search in one of two modes - either directly (offline), or through an online
matching platform.% As in Basu et al. (2019), we model the efficiency of search as the probability
that a match-seeker detects the available candidate in any period and denote it using the parameter
u (where p < 1). In direct search, match-seekers seek out and propose to potential matches, who
can then accept or reject the available candidates. However, direct search is inefficient, in that
the match-seeker may not always detect the available candidate (i.e., u < 1). On the other hand,
the online platform enables efficient search by ensuring that the match-seeker always detects the
available candidate (i.e., u = 1). We assume that match-seekers who use the online platform have
to pay the platform an access fee p (Angerer et al., 2018).

We allow match-seekers to have both subjective and objective preferences. As an example,
consider a placement search setting in which firms are looking for new professional hires for a
specific role, from a pool of two types of candidates, specialists and generalists. Furthermore, both
candidates and roles can be of either high or low quality. While both firms and candidates would
prefer high-class to low-class matches, both the candidates and the firms may be uncertain about
the type of match they need. Thus, the matching process involves consideration of both dimensions,

which we define as follows:

1. Type: This is a horizontally differentiated dimension in which there is no single ordering of
preferences across all match-seekers. Match-seekers can be either compatible or incompatible
with each other, and a priori, cannot assess this compatibility by themselves. In the context
of the above example, if a firm is matched with a compatible candidate, they will obtain the
value associated with the match. The same is true for the candidate with which they match.

On the other hand, if a firm is matched with an incompatible candidate, they realize no value

A detailed table of notations (Table 4) is provided in the appendix.

5We focus on online matching platforms because the dual problems of positioning and authentication are particularly
significant in the online setting. Consistent with prior literature, we make the simplifying assumption that match-
seekers do not simultaneously use direct search and the platform (Bloch and Ryder, 2000; Basu et al., 2019).



from that match. In our example, while each hiring firm would value a high-quality candidate
more than a low quality one, it would not benefit from hiring a generalist for a role that needs
a specialist, regardless of their quality. Similarly, while each candidate would like to accept a

high-quality role, a generalist would not get any value from a specialist role, and vice versa.

We assume that for any match-seeker, the probability that an available candidate is compatible
with them is 1/2. The compatibility of a match becomes evident to each match-seeker only
after they have accepted a match and exited the platform. When a match-seeker matches with
a compatible candidate, they would receive a value of either vy or vy depending on the class
of the other match-seeker. However, if the match is incompatible, neither party would realize

any value irrespective of their class.

2. Class: This is a vertically differentiated dimension in which there is a single ordering of
preferences across all match-seekers. As in Basu et al. (2019), we simplify this dimension
into two classes of match-seekers: High-class (H-class) match-seekers and Low-class (L-class)
match-seekers. In the context of the hiring example above, both candidates and positions can
be objectively classified as being of high or low class. Consistent with the notion of a bilateral
match, the value derived by a match-seeker from a match depends on the match-seeker they
are matched with. Specifically, we assume that a match-seeker who matches with a compatible
H-class (L-class) candidate receives a value of vy (vy), where vy > vy, (we use ) to denote
the ratio va/vy). This implies that when an H-class match-seeker matches with a compatible
H-class candidate both parties receive a value of vy. In contrast, when the same H-class
match-seeker is matched with a compatible L-class candidate, the value that the H-class’
derives from the match is vy, while the L-class derives a value vg. It follows that a match with
a compatible H-class is preferred by all match-seekers. Let o (0 < o < 1) be the proportion
of H-class in the population. Thus the probability that any candidate that becomes available
from the overall population is of H-class will be a, where « is an exogenous characteristic of

the overall population.®

"For brevity, we use the term “H-class (L-class)” to refer to H-class (L-class) match-seekers and candidates.

8When both classes are in the population (i.e., a < 1), a match-seeker will not be able to match with the available
candidate if either the latter is not detected (e.g., in direct search), or if they choose a different search mode. For
example, if only the H-class uses the platform, and if the available candidate in period 1 is an L-class, the H-class
match-seeker would not be able to match with this L-class candidate since the candidate is not using the platform for
their search.



Combining the two dimensions, we assume that a match-seeker would realize a value of vy (vr,) from
a match with a compatible H-class (L-class), and a value of 0 otherwise. Note that this value is
realized only after the matched pair has exited the matching market. These utilities are assumed to
be non-transferable, based on the notion that the value derived by each match-seeker is determined
solely by the fixed value corresponding to their match.

We assume that irrespective of whether the search is direct or through the platform, each match-
seeker is initially uncertain about their preferences, so the probability of finding a compatible match
is 1/2 as stated earlier. To mitigate the risk of incompatible matches, the platform can enhance
its search by providing a positioning feature. For example, positioning may be implemented using
a questionnaire or algorithm that match-seekers can use (as in eharmony and Powerlinx). This
feature provides the match-seeker with a signal on whether a match with the available candidate is
compatible with them. The efficacy of the positioning feature is characterized by the parameter A
(0 < X < 1), which we call the platform’s positioning capability.” This capability is determined by
available technologies, and the platform incurs a fixed cost cp to develop it. The probability that
the platform’s signal of compatibility is indeed correct is (1 4+ A)/2. Thus positioning enables the
match-seekers to reduce their uncertainty about match compatibility.

Although the online platform overcomes the inefficiencies of direct search, authentication of
match-seekers is harder in an online setting, where match-seekers can easily misrepresent their
credentials and attributes. The matching platform can mitigate this problem by offering an au-
thentication service. Since every match-seeker would want to be viewed as an H-class, the goal of
this authentication process is to classify only true H-class match-seekers as being of that class. If
the platform offers this service, match-seekers who want to authenticate themselves can purchase it
for an additional fee ¢q. It costs the platform c4 to authenticate each match-seeker. As mentioned
earlier, we assume that this authentication problem does not arise in direct search.

The process by which candidates become available is a function of the population and is thus
external to the platform. The platform does not increase the availability of candidates, but rather
ensures that available candidates are detected by match-seekers. Positioning helps the match seeker
determine whether the available candidate is compatible with them. And authentication enables

the match-seeker to determine whether the available candidate in each period is what they claim

9We assume that A represents the platform’s capability to correctly identify both compatible and incompatible
matches.



they are (H- or L-class).

As described previously, a match requires acceptance by both match-seekers. In the first period,
match-seekers can choose to reject any L-class candidate (since both classes prefer H-class matches)
or not.'0 If the match-seeker is willing to accept an L-class match in the first period, this reduces
their expected value, but it increases the chances of finding an acceptable match. In our setup,
the second period is the terminal period, so the match-seeker would accept any candidate that is
available, as that is still no worse than exiting without a match. We assume that when match-
seekers exit the market, they are replaced by identical match-seekers, thus keeping the distribution
invariant over time.

Given the bilateral nature of the matching process, we use the equilibrium concept of fulfilled
rational expectations to determine the equilibria in the participation of match-seekers to ensure
that they do not regret their choices (Bloch and Ryder, 2000). Otherwise, there can be coordination
failures due to unfulfilled expectations, and that might result in multiple equilibria. Specifically, for a
given access fee p and authentication fee ¢, match-seekers’ actions are based on rational expectations
regarding the participation of other match-seekers (both H- and L-classes). In equilibrium, these
rational expectations are fulfilled. Figure 1 shows the timing of events in the game. We also restrict
our attention to pure strategy equilibria for the match-seekers, which implies that all match-seekers
of a particular class would behave in the same way.

We start by considering the scenario in which the online matching platform provides positioning
in Section 4, and analyze its impact on the behavior of match-seekers, as well as on the platform’s
strategic choices. Then in Section 5, we examine how adding authentication impacts the decisions
of match-seekers and the platform. Finally, in Section 6, we analyze the optimal strategy of the
platform and characterize the conditions under which it is optimal to provide either or both services.
In particular, we seek to understand the interconnected roles of authentication and positioning in

online matching platforms.

4 Online Matching with Positioning

Without the help of a matching platform, match-seekers conducting a direct search face two chal-

lenges. First, their search is potentially inefficient, and an available candidate would be detected

0Note that the L-class can match with an H-class only if that H-class is willing to accept a match from an L-class.
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Figure 1: Timeline of events

with probability u only, where g < 1. And second, they may not know the type of match they should
be seeking, which can result in an ineffective search. In other words, there is a 50% likelihood that
the candidate match ends up being incompatible.

We start by considering the setting in which the matching platform offers search enhanced
with positioning, to address these challenges. First, as in every setting we consider, the platform
enables efficient search, so that the match-seeker detects the available candidate in each period
(whereas without the platform, the candidate would be detected with probability g only). The
candidate will be an H-class with probability «, and an L-class with probability (1 — «). Second,
the platform’s positioning capability increases the probability of correctly identifying a compatible
match to (1 + X) /2, where 0 < A < 1. Thus even when p = 1 (i.e. direct search is as efficient as the

online platform), the online platform offers additional value due to its positioning capability.

4.1 Match-Seeker Behavior

In this setting, in order to determine the equilibrium match-seeker behavior, we have to consider
several distinct scenarios, based on the choices made by match-seekers. First, both classes of match-
seekers have to choose whether to use the online matching platform and pay the access fee p, or
avoid the fee and conduct direct search. Second, match-seekers have to decide whether to accept
the match in the first period. These scenarios are analyzed in the following subsections, followed by
an analysis of the conditions under which each scenario occurs, and the optimal pricing strategy of

the platform.

4.1.1 Both Classes Choose Direct Search

There are two possibilities to evaluate when both classes use direct search depending on whether

match-seekers accept L-class candidates in the first period. Here, given « (the proportion of H-
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class candidates in the population) and p (the probability of detecting the available candidate),
match-seekers face three types of uncertainty - first, they are uncertain about the compatibility of
the available candidate (with probability 1/2); second, that candidate could be an L-class (with
probability 1 — «), and third, they may not detect the candidate (with probability 1 — x). In this
setting, the expected value of a match-seeker from a compatible match is p (cvg + (1 — ) vr), and
is 0 if the match turns out to be incompatible. If they do not find a match in the first period (because
that candidate was not detected with probability (1 — u)), they move to the second period, where
they receive a value du (avyg + (1 — «) vr) from a compatible match, and as before, 0 if the match
turns out to be incompatible. Based on these, we can express the value function for match-seekers

of both classes when they are willing to accept a match of any class in the first period as

Viw =Vie = »lu(avm + (- a)op)] + = (1 - ) [op (avy + (1 - a) v)]

N =D =

2
(6 (1 —p) e+ p) (avg + (1 —a)vg) (1)

Now consider the case in which the H-class match-seeker accepts only H-class matches in the first

period. In this case, their expected value is

Vo — % (g + 6 (1 — ap) (v + (1 — @) v) ()

Comparing the equations 1 and 2 above, an H-class would reject L-class candidates in period 1 if

1—(1—a)dp

1 = vu /vy, is sufficiently high i.e. n > ng = o

With respect to the expected value function of the L-class, if they choose to accept a match with

L-class candidates in the first period, their value function will be

(1 =) pvr + dpa (1 — p) (ave + (1 — @)vr)) 3)

DN |

Vora =
and if not, it will be

Vo = L (avn +(1 - a)un) @

The above value functions incorporate the fact that an L-class is unable to match with the H-class

in the first period because the H-class rejects all L-class candidates in that period. Comparing

11



the equations 3 and 4, it can be shown that Vor, < Vorp when > ng. So the optimal policy of
the L-class is also to reject an L-class and wait for a second period match if the optimal policy of
H-class was to reject an L-class candidate, consistent with Basu et al. (2019). So the value function
of the L-class when the H-class match-seeker accepts only H-class matches in the first period will

be
op
VQL = ?((X’UH—F (1 —Ot) UL) (5)
Given this, the value function of a match-seeker of class k € [H, L] can be defined as follows:

Vi  when n < ng

ng 0. W.

where the superscripts refer to the fact that both classes are using direct search.

If either or both classes decide to use the platform, they have to decide whether to accept the
available candidate in the first period. This depends upon whether both classes are using the online
platform, and if so, whether the H-class match-seekers are willing to accept L-class matches or not

in their search. It also depends on how well the match-seekers are positioned in their preferences.

4.1.2 Both Classes Use the Platform

Let us now consider the case in which both H and L-class match-seekers use the platform. Without
any authentication, it would be optimal for the L-class to pretend to be H-class, so every candidate
will present themselves as H-class. This implies that in this setting, a match-seeker can have no
assurance of being successful in getting an H-class match.

However, the platform’s positioning capability can help the match-seeker increase their chances
of finding a compatible match. If the platform’s positioning capability is A, the platform’s signal
that a match with the available candidate is compatible will be correct with probability (1 + \) /2.
For A > 0, it is clearly optimal for the match-seeker to accept a match that the platform signals as
compatible.

If however, the signal is that the match is incompatible, the match-seeker has to balance the

decision to match with that candidate against the option of waiting until the second period and
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possibly obtaining a compatible match then. The optimal decision of the match-seeker in this
situation thus depends on the comparison between the expected values from each choice, which we
examine next.

With regard to the first option, with probability (1 — A)/2, a match that the platform signals
as incompatible would turn out to be compatible with the match-seeker. Thus, if the match-seeker

chooses to accept that match, their expected value is given by

opp = U - N vy + (1= a)vr) (7)

As for the second option, it is optimal for the match-seeker to accept any candidate in period 2,
since that is also the terminal period. Thus the expected value from this option is given by

VIPB = g(avH—i—(l—a)vL) (8)

Comparing v1pg and vopp in equations 7 and 8 respectively, gives us the optimal policy of a match-

seeker as a function of A, the positioning capability of the platform, as in the following proposition.

Proposition 1. The optimal policy of the match-seeker is as follows:

(i) If the candidate match is signaled as compatible, accept the match.

(7i) If the candidate match is signaled as incompatible, there exists a threshold App such that if
A < App, accept the match. If not, wait until the second period to accept the match.

Furthermore, App is decreasing in 9.
Proof. All proofs are provided in the Appendix. O

This proposition shows how the match-seeker’s behavior is influenced by the platform’s position-
ing capability. When A is low, the match-seeker is better off accepting any match in the first period.
However, when A is sufficiently high, the match-seeker gains sufficient confidence in the platform’s
positioning capability to reject a match signaled as incompatible in the first period, in the hope of
getting a better match in the second period. Furthermore, the willingness to wait till the second
period increases with the value of 4.

Given the optimal policy described above in Proposition 1, the value functions of the match-

seeker can be derived as follows:

13



In the first period, with probability 1/2 the available candidate will be compatible with the
match-seeker. In the presence of positioning, with probability (1 + A) /2, the platform will cor-
rectly signal that this match is compatible. If the match-seeker wants to accept only matches
that are signaled as compatible, the expected value from period 1 associated with this case is then
3 [(%) (awp 4+ (1 — @)vr)]. On the other hand, the match-seeker will reject the period 1 match
and wait till the second period: first, if the available candidate in period 1 is compatible, but the
platform signals that it is incompatible (with probability (1 — X) /2); and second, if the available
candidate is indeed incompatible and this is correctly signaled by the platform (with probability
(14 X)/2). Combining these cases, the discounted expected value to the match-seeker from waiting

1\ 1o

till the second period is (%) [§ (cwm + (1 — @) vy)]. So the total expected value from both periods

together of matching with only candidates signaled as compatible (in period 1) is given by

Vipg = % |:<1—’2_)\> (avH + (1 - CV) 'UL):| +% I:g (C“JH + (1 _04) UL)
= %(1+A+5)(avH+(1—&)vL) (9)

In contrast, if the match-seeker is willing to accept a match in period 1 regardless of the platform’s
positioning signal, their total expected value is given by

Vaps = % (avm + (1 — a)vp) (10)

It follows that the total expected value of the match-seeker of either class in this scenario can be

stated as

Viee if A > App
Vag =Var, = (11)

VépB o.wW

4.1.3 Only One Class Uses the Platform

We next consider the setting in which either the H-class or L-class match-seekers use the online
platform, while the other class uses direct search. When only H-class match-seekers use the platform,
they implicitly would match with only H-class candidates (because the only candidates that will

become available in the online platform will be of H-class). As in the previous case, if an H-class
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candidate is available in the first period (with probability «),!! the match-seeker has to decide
whether or not to accept that candidate depending on the platform’s positioning signal. On the
other hand, the available candidate will be L-class with probability (1 — «), and will therefore not
appear in the online platform, so that the H-class match-seeker will have to wait till the second
period.

Consider the case in which an H-class match-seeker accepts only matches from candidates sig-
naled as compatible. As before, with probability 1/2, the available candidate in each period would
be compatible, and with a probability (1 4+ A) /2, that candidate would be signaled as compatible.
Since the probability of the candidate being an H class is «, the expected value from period 1

1

associated with this case is 5 [(#) (avH)]. Additionally, if the available candidate in period 1

is an H-class signaled as incompatible (the probability of which is (1 - %)), then the match-seeker

would wait until the second period and receive a discounted expected value of (1 — %) [g (o H)] . So

the total expected value from both periods of matching with only candidates signaled as compatible

(in period 1) is

Vi = 5 |(552) o] + (1-5) 3 tcom)]

_ o (“;Ma(l_‘;)) (12)

If an H-class match-seeker, in contrast, also accepts matches in period 1 from candidates signaled as

incompatible, they would accept a match with any H-class candidate that becomes available (with

probability ). The expected value of this case is [*3%]. If the available candidate is of L-class

(with probability (1 — «)), the H-class match-seeker would have to wait until the second period,

and the expected value would be § (1 — «) [M?H] Thus the total expected value from accepting a

candidate of either type in the first period is

b = [52]) 50— [ 2]
- C“;H (1+6(1—a)) (13)

"Note that the candidate who becomes available from the population in each period may be of either class, and
will be H-class only with probability «. If the available candidate of L-class, that candidate will not appear in the
online platform.
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Since L-class match-seekers are the only ones using direct search, they too are limited to matches
within their class. As before, a match-seeker using direct search would detect an available candi-
date with probability p only. Since the available candidate in each period will be of L-class with
probability (1 — «), using the same reasoning as for the H-class above, the total expected value to

an L-class is

Vi = S (—a)por(1+0(1 -1 —-a)p)) (14)

N |

Next consider the case in which only L-class match-seekers use the online matching platform, while
the H-class uses direct search. Using similar reasoning as before, the total expected value to an
L-class from matching in period 1 with only candidates signaled as compatible is

(1—-a)vy,

(AN (L) (15)

‘/E’—JLCL

and the total expected value to an L-class from matching with any available candidate on the

platform in the first period is

Vsy = u_;)%(1+50) (16)

Finally, the total expected value to an H-class (which would be using direct search in this setting)

is
1
Vsn = goapvm (1+6(1—ap)) (17)

Proposition 2. When only one class uses the platform, the optimal policy of the online match-
seeker is as follows:

(i) If the candidate match is signaled as compatible, accept the match.

(ii) If the H-class (L-class) uses the platform and the candidate match is signaled as incompatible,
there exists a threshold Apg (Apr) such that if A < Apg (A < Apr), the match-seeker should accept
a match. If not, they should wait until the second period to accept the match.

Furthermore, Apr, Apr, are decreasing in 0, and both are greater than App.

Proposition 2 illustrates that the behavior of match-seekers in the online platform is influenced by
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H-class
Direct (d) | Online (o)
Direct(d) | Vad vid | ydo ydo
Online(o) | Vg4, Vel | Ve, Vee

L-class

Table 1: Payoffs for online matching with positioning

the platform’s positioning capability in the same way as when both classes use the platform. When
A is sufficiently high, a match-seeker of either class would, in the first period, reject a candidate
signaled as incompatible, though the threshold values of A\ for H- and L- classes are different. It is
interesting to note that when only one of the classes uses the platform, the threshold on positioning
capability above which a match-seeker would reject a candidate signaled as incompatible is higher
than when both classes use the platform. The reason for this is that when only one class uses the
platform, there is a greater risk of not getting any match at all in the second period, which causes

the match-seeker in the first period to be more willing to accept candidates signaled as incompatible.

4.2 Choices of Match-Seekers in Equilibrium

As mentioned earlier, both classes of match-seekers have to choose whether to use the online match-
ing platform and pay the access fee p, or avoid the fee and conduct direct search. We next analyze
the conditions under which each choice is optimal for the match-seeker in equilibrium.

The payoffs from these choices can be organized as in Table 1. Each of these value functions can

be derived from the value functions that are defined earlier. For example, when A\ > Apjy,

Vi = Viga—p
Vie = Vi

Lemma 1. There exists thresholds on p1p and pap on p, and Aa and Ag on \ such that:

i) If p > pap, neither class uses the platform

it) If p1p < p < pap and A > Mg, only H-class uses the platform, and in period 1 accepts matches
with only candidates signaled as compatible.

itt) If pip < p < pap, and 0 < X\ < A4, only H-class uses the platform, and accepts any match in

period 1.
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w) If p < pip and A\p < X\ < 1, both classes use the platform and in period 1 accept matches with
only candidates signaled as compatible.

v) If p < p1p and XA < Ap, both classes use the platform and accept any match in period 1.

There are two important implications of Lemma 1. First, L-class match-seekers use the matching
platform only when the H-class does so as well. In other words, L-class match-seekers would be
willing to pay the access fee to use the online platform only if there is a possibility of matching with
an H-class in that setting. Second, the platform could potentially discourage L-class match-seekers
from using it, by charging a very high access fee. The higher quality of the resulting market may
still motivate the H-class to pay the high fee as well in equilibrium.

It is also worth noting that the positioning capability of the platform also influences the match-
seeker’s equilibrium choices. When the capability is very high, a match-seeker using the platform
would accept only a candidate signaled as compatible, whereas they would accept a match with
any available candidate if the capability were low. In other words, there is a threshold value of A
above which match-seekers leverage the positioning capability of the platform. Interestingly, when
the positioning capability is in the intermediate range (i.e., A < A < A\4), the willingness of an
H-class match-seeker to accept a match with a candidate signaled as incompatible depends on the
access fee. When the fee is very low, both classes use the platform and in the first period a H-class
match-seeker accepts only a candidate signaled as compatible. However, when the fee is higher
and L-class match-seekers choose not to use the platform, the H-class match-seeker in the online
platform accepts any available match in the first period. The reason for this is that with only H-
class match-seekers in the online platform, these match-seekers perceive a higher risk of not finding
a match in the second period, which motivates them to accept any match in the first period (which

at least will be an H-class match).

4.3 Optimal pricing strategy of the platform

Having characterized the equilibrium search behavior of match-seekers, we now examine the optimal
pricing strategy of the matching platform in this setting. The key question is whether the platform
should charge a high access fee that attracts only H-class match-seekers, or instead charge a low fee

that motivates both classes to use the platform.
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Proposition 3. The optimal pricing strategy of the platform results in both H- and L-classes using
the platform. In addition, the optimal access fee p* is increasing in A\, decreasing in u and non-

monotonic in n, Q.

In a setting limited to vertical differentiation, Basu et al. (2019) show that without authenti-
cation, it is optimal for online matching platforms to set an access fee that attracts all classes of
match-seekers. The above proposition shows that this result holds even when the platform supports
positioning. In a high-quality market characterized by high values of « and 7, the matching platform
may be motivated to focus on H-class match-seekers. However, such a market is also attractive to
L-class match-seekers, particularly since the online platform includes positioning. And without any
authentication mechanism, L-class match-seekers will use the online platform pretending to be H-
class match-seekers. Given this, the platform is better served by charging an access fee that attracts
both classes.

As shown above, both classes have to be motivated to use the platform and hence the access
fee that the platform can charge is determined by the minimum of the willingness to pay of both
classes. Since better positioning capability A increases the value of the platform to both classes,
higher values of A result in higher access fees. On the other hand, higher values of y result in lower
access fees due to the increasing threat of the direct search option (Fig. 2). However, the effect of
n and « are different. When n is low, the L-class’s progressively increasing willingness to pay to
use the platform drives the platform’s pricing decision. On the other hand, for high values of 7,
direct search becomes a more attractive alternative for H-class match-seekers resulting in decreasing
access fee. For similar reasons, the market composition parameter « also has a non-monotonic effect

on the optimal access fee (Fig. 3).

5 Online Matching with Positioning and Authentication

We next consider a setting in which the online matching platform offers both authentication and
positioning. In this setting, the platform provides an authentication service that enables match-
seekers to increase their ability to match with higher quality candidates. The platform continues to
charge an access fee p, and in addition, charges an authentication fee g if a match-seeker purchases

it.
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5.1 Match-seeker Behavior

In the first period, if the match-seeker purchases authentication,'? they encounter and have to

evaluate a potential match from one of the following four possibilities:
1. An H-class, candidate signaled as compatible
2. An L-class, candidate signaled as compatible
3. An H-class, candidate signaled as incompatible
4. An L-class, candidate signaled as incompatible.

Of these, the optimal decision in case 1 would be to accept the match. Similarly, the optimal
decision in case 4 would be to reject the match and wait till the second period if the match-seeker
purchased authentication in order to match with an H-class. The optimal decision in the other two
cases, however, depends on the positioning capability A of the platform. The optimal decisions of

an H-class who has purchased authentication can be characterized by Lemmas 2 and 3.

Lemma 2. (i) There exists a threshold Apy such that if X < Ap1, an H-class who is matched with

an H-class candidate signaled as incompatible, will accept the match.

(ZZ) )\31 > )\pB

As before, if the capability of the platform is sufficiently high, the match-seeker would be confi-
dent that the candidate signaled as incompatible would indeed turn out to be incompatible. It is only
when the platform’s positioning capability is sufficiently low i.e. (A < Ap;p) that the match-seeker
would be motivated to accept any H-class match in period 1.

To understand the impact of authentication on this decision, we compare Agy to App, which was
the threshold below which the match-seeker chose to accept a candidate match in Period 1 when the
platform did not offer authentication. For instance, a candidate signaled as incompatible could be
either H- or L-class. With authentication being available, the match-seeker can determine the class
of the candidate. If the available candidate is an H-class (even though it is a candidate signaled as
incompatible), without any assurance that they would encounter an H-class in the second period,

the match-seeker would be motivated to accept the first-period match. In other words, they would

12Given that there are only two classes of participants, when at least one of the match-seeker classes purchases
authentication, the classes of all participants are implicitly known.
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be willing to reject the match with a candidate signaled as incompatible only if the platform’s

positioning capability is even higher, i.e. Ag1 > App.

Lemma 3. (i) There exists a threshold Apa such that if A > Apa, an H-class facing a match with
an L-class candidate signaled as compatible will accept the match.

(ii) Ap2 > App iff a is sufficiently high.
Corollary 1. There exists a threshold ao such that if o > g, Apa > Ap1.

We know that an H-class would always reject an L-class candidate signaled as incompatible.
However, Proposition 3 shows that there are conditions under which that match-seeker would accept
an L-class if that candidate is signaled as compatible. If the platform’s positioning capability is
sufficiently high, the match-seeker’s higher level of confidence in the platform’s positioning capability
would prompt them to accept that match even though the resulting value is lower (i.e., vy) rather
than risk getting matched with an incompatible candidate in period 2.

Again, it is worth comparing the optimal policy of the match-seeker to the setting in which the
platform does not offer authentication. When authentication is available and an H-class is faced
with an L-class candidate signaled as compatible, the potential to be able to match with an H-
class candidate signaled as compatible in the second period should encourage the match-seeker to
reject the L-class candidate. However, this would result in a compatible H-class match only if the
proportion of H-class (i.e., «) is sufficiently high. When « is low, delaying the decision only defers
the same outcome i.e. of getting matched with an incompatible L-class.

It follows that the optimal policy of both classes will be as stated in Propositions 4 and 5.

Proposition 4. A) When 0 < o < « then the optimal policy of an H-class is to accept any can-
didate. Otherwise

B) When a; < a < g, then the optimal policy of an H-class is as follows:

(i) If 0 < X\ < A1, accept any H-class.

(i) If A1 < X < Ao, accept any candidate and class other than a L-class candidate signaled as
incompatible

(iii) If X > A2, accept only a candidate signaled as compatible.

C) When ay < a < 1, then the optimal policy of an H-class is as follows:
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(i) If 0 < X\ < A1, accept any H-class.
(ii) If A1 < A < Az, accept only an H-class candidate signaled as compatible.

(7ii) If X > A2, accept only a candidate signaled as compatible.

Proposition 4 above illustrates the interesting interaction between positioning and authentication
as a function of the quality of the matching market (as represented by «) and the positioning
capability of the platform (as represented by A). When the positioning capability of the platform is
either very high or very low, the optimal policy of H-class match-seekers is relatively straightforward.
Specifically, when A is very low (A < A1), H-class accepts matches from only H-class candidate
regardless of the platform’s positioning signal. In other words, positioning is not valuable for the
H-class. Similarly, when A is high (A > Ag), the H-class accepts candidates of both classes but
only candidates signaled as compatible; in other words, even though positioning offers value for the
H-class, authentication does not.

However, when A is in the intermediate range (A1 < A < Ag2), the match-seeker’s optimal policy is
further moderated by the quality of the market. In this range of A\, when « is low (a1 < a < ), H-
class match-seekers hedge their risks by accepting any match other than L-class candidates signaled
as incompatible. However, when « is higher, the confidence of H-class about the market quality
justifies a more selective policy. Thus we see an interesting progression in the preferences of H-class,
based on market quality and the platform’s positioning capability. In a low-quality market, as the
positioning capability improves, H-class goes from accepting only H-class matches to also accepting
L-class matches but still restricting themselves to only candidates signaled as compatible. However,
in a high-quality market (o > «a3), the H-class goes from being selective on the class dimension
to being selective on both dimensions to eventually being selective only about compatibility. The
reason for this interesting final shift is that the H-class gains enough confidence in the platform’s
positioning capability to accept an L-class candidate signaled as compatible, rather than waiting

for the second period where they may only meet an incompatible candidate.

Proposition 5. The optimal policy of an L-class in period 1 can be characterized as below
A) When 0 < a < a; , then accept any candidate.
B) When a1 < a < ag and A\ < XA < Ag, accept any candidate other than a L-class candidate

stgnaled as incompatible.
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C) When X > \a, accept any candidate signaled as compatible.'®

D) Otherwise, wait till second period.

The optimal policy of the L-class is dictated by the choices of the H-class. When « is very
low (o < aq), the H-class accepts any candidate and so the L-class also follows the same policy.
Similarly, when the values of o and A are such that the H-class finds it optimal to match with all
candidates other than L-class candidates signaled as incompatible (o) < a < ag and A} < A < Ag),
the L-class also accepts any candidate other than L-class candidates signaled as incompatible. This
is also the case when A > Ao. If any of the above 3 conditions are not satisfied, the H-class finds
it optimal to reject matches from any L-class. In the absence of the possibility of a match from
H-class in period 1, the L-class now finds it optimal to wait until the second period.

These interactions have useful implications for platform operators. They indicate that when the
quality of the matching market is low, the platform should focus on its positioning feature, since
that is what will lead to more accepted matches. On the other hand, when the quality of the market
is high, the platform should focus on authentication, since that is what will lead to better quality

matches.

5.2 Choices of Match-Seekers in Equilibrium

As before, both classes of match-seekers have to choose whether to use direct search or use the online
matching platform and pay the fee p. In addition, they can purchase authentication for an additional
fee q. We now analyze the conditions under which each choice is optimal for the match-seeker in
equilibrium.

The payoffs from these choices can be organized as in Table 2. When the H-class buys authen-
tication and the L-class does not, the value functions of both classes would be determined by the
optimal policies of both classes as characterized in Lemma 3, which in turn depend on the posi-
tioning capability of the platform. Again, we provide detailed expressions for these value functions
in the Appendix. When neither class purchases authentication, the value functions are identical to
the situation in which the platform does not offer any authentication (and are discussed in Section
4). The following lemma characterizes the equilibrium behavior of both classes when the platform

supports both positioning and authentication.

13Note that when A > A2, a1 < 0
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H-class

Direct Search | Online Search only | Search +Authentication
Direct Search vid ydd Vo Ve Va yda
L-class Online Search only Vel VLOd Ve, vyee Vg, vpe
Search+Authentication Vl‘f,d, VL“d Vge, Ve Vg, v

Table 2: Payoffs for matching with positioning and authentication

Lemma 4. There exist thresholds p1g, pap and qg such that for any access fee p and authentication
fee q, the equilibrium behavior of the H- and L-classes will be as follows:

i) If p > pap, both H- and L-classes engage in direct search.

it) If p1 < p < pap, only the H-class uses the platform but does not purchase authentication.

iii) If p < p1p and q > qp, both H- and L-classes use the platform, but neither purchases authenti-
cation.

w) If p < p1p and q < qp, both H- and L-classes use the platform, and the H-class also purchases

authentication.

As in the previous case, Lemma 4 indicates that there are only four pure-strategy equilibria in
this setting. This is because the L-class does not purchase authentication, since that reveals their
true class. Furthermore, the H-class finds authentication useful only when they want to match with
only H-class candidates and both classes use the platform. Thus there is an equilibrium in which
both classes use the platform and pay the access fee p, while the H-class also pays the additional

fee q to purchase authentication.

5.3 Optimal Pricing Strategy

Having identified the equilibrium behavior of the match-seekers, we now turn our attention to the
platform’s pricing strategy when the platform offers authentication. In formulating this strategy,
the platform has to consider the following: (i) the costs of positioning and authentication, (ii) the
profits from offering authentication to the H-class, and (iii) the value from motivating the L-class
to use the platform.

Specifically, we examine how the pricing strategy is impacted by the market composition and the
platform’s positioning capability. We restrict our attention to the setting in which both classes use

the platform and the H-class purchases authentication. The profits of the platform under this case
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would be m1p = p+ a(q — ca) — cp where p < p1p and g < gp. Note that the platform’s access fee
decision is driven by its desire to motivate both H- and L-class match-seekers to use the platform.
Thus, the access fee has to be lower than the willingness to pay of both classes. On the other hand,
the authentication fee choice is determined by the additional value that the H-class can obtain by
being able to search only for H-class matches, while the platform is also constrained by the total
fees, t, that it can charge (where t = p + q).

Let p* and ¢* be the optimal access and authentication fees of the platform. As we saw earlier, the
platform’s positioning capability influences the behavior of the H-class match seeker (Proposition
5). Recognizing these patterns, the platform sets the access and authentication fees to both motivate
participation and maximize profits, and these fees can be determined by examining the implications
of the match-seeker choices on the profitability of the platform. We derive the optimal access and
authentication fees for various ranges of the platform’s positioning capability in the appendix as
Lemma 5. Using a numerical analysis, we illustrate the relationship between these fees and two key
factors, the platform’s positioning capability and the quality of the matching market, as shown in
Figure 4. Additionally, we conduct a comprehensive sensitivity analysis in Proposition 6 to better

understand the relationship between these factors and the optimal fees.

Proposition 6. (i) The optimal access fee p* is non-decreasing in \ if X\ > A\p. Additionally, it is
non-monotonic in o and 1.

(i) The optimal authentication fee ¢* is non-monotonic in A\, and 7.

Sensitivity analysis of the optimal access and authentication fees reveals interesting effects due
to the interaction between the market quality and the platform’s positioning capability. An increase
in A implies that the value provided by the platform is greater, and thus match-seekers of both
classes would be motivated to use the platform, so the platform can charge a higher access fee. In
contrast, an increase in the platform’s positioning capability does not always lead to higher optimal
authentication fees. When A is low, positioning and authentication are complementary to each other,
so that an increase in positioning capability leads to higher authentication fees. In this region, an
increase in A enables the match-seeker to increase their ability to recognize a compatible candidate,
and authentication provides an added benefit.

However, beyond a point, the relationship between authentication and positioning switches so

that they become substitutes, and an increase in A may decrease the value of authentication and
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Figure 4: Optimal access and authentication fees

lead to lower optimal authentication fees. For high-values of X\, the H-class is already predisposed
to reject a candidate signaled as incompatible even if that candidate is of H-class. Thus there
is less value in detecting the true class of a candidate signaled as compatible as the match-seeker
would rather match with any candidate signaled as compatible than a H-class candidate signaled
as incompatible. As A increases, this effect is even more pronounced and the value of authentication
decreases. This non-monotonic relationship is illustrated in Figure 5. As for the effect of u, the
efficiency of direct search, the increasing threat of direct search when u increases leads to the access
fee being monotonically decreasing in pu, as shown in the right of Figure 5.

We also find a non-monotonic relationship between the optimal access and authentication fees,
and the market composition parameters a and n. When « is low, an increase in « improves the
market quality and makes it attractive to both classes of match-seekers. The platform can take
advantage of this by increasing both the access and authentication fees. However, when « is very
high, the chances of an H-class match is already high, reducing the additional value from authen-
tication. But the threat of direct search still is a concern for the platform. So in order to prevent

the H-class from moving to direct search, the platform has to offer authentication but for a lower
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Figure 5: Optimal access and authentication fees

fee. Furthermore, the stronger threat from the direct search also reduces the platform’s ability to

increase its access fees. The effect of n on the access and authentication fees are similar, as shown

in Figure 6.

6 Optimal Platform Strategy

Having developed the optimal fees of the platform, we now turn our attention to the optimal strategy
of the platform i.e., what the platform should offer under various conditions. Thus, the four potential

strategies that the platform can pursue are as follows:
1. Online matching with no positioning or authentication.
2. Online matching with only positioning.
3. Online matching with only authentication.
4. Online matching with both authentication and positioning.

To analyze the situation in which the platform supports neither authentication nor positioning,
we can set A = 0 in the value functions derived in section 4 where the platform supports only
positioning. The third option, in which the platform supports only authentication, was analyzed

in Basu et al. (2019), in a simpler setting in which the dimension of subjective preference was not
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Figure 6: Optimal access and authentication fees

considered. We summarize this scenario here for the sake of completeness but relegate the details
of the analysis to the Appendix.

Similar to the case when both positioning and authentication are supported by the platform, it
is never in the interest of the L-class to purchase authentication. Thus, the optimal fees charged by
the platform are influenced by two factors. First, the access fee should motivate both classes to use
the platform rather than using direct search. Second, the authentication fee has to be sufficiently
low to encourage the H-class to purchase authentication. These constraints ensure that neither the
authentication fee nor the total fee (the sum of access and authentication fees) get too high. The

optimal access and authentication fees are therefore as follows:

p% = min [;5(0&)}1—1-(1—0()1)1) —%(1—&)5MUL(1—(1—a)u)—%(1—oz)/wL,
_%aé/wH (1 —au)— a,u2vH + % (avg + (1 —a)d (avg + (1 — «) vL))}

¢y = min B (acvg + (1 —a)d (avg + (1 —a)vr)) — % (1 —a)vr + avy),
—%a(sle (1—au)— oz,usz + % (acvg + (1 —a)d (avg + (1 —a)vyp)) —pjﬁl}

Finally, the optimal profit of the platform in this setting is 7% = p% + a (¢} — ca).

Having considered all four possible strategies, we now analyze the optimal strategy of the plat-
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form. We start by considering the situation in which p = 0, i.e. there is no threat for the platform
from direct search. The following results characterize the optimal strategy of the platform in this

scenario.

Proposition 7. When pu = 0, there exists thresholds Ax and Ay such that the optimal policy of the
platform is as follows:

(i) If X < Ax, support neither authentication nor positioning.

(ii) If Ax < X < Ay, support both authentication and positioning.

(iii) If X > Ay, support only positioning.

Corollary 2. When u =0 and cp,ca = 0, there exists a threshold aq such that
(i) If o < aa, Ax < App < Ay.

(ZZ) If a > au, Ax = Ay = App.

The optimal strategies of the platform are illustrated in Fig.7. The first part of proposition 7
indicates that the platform supports positioning only if its positioning capability exceeds a minimal
threshold. When the platform’s positioning capability is low, match-seekers would ignore the plat-
form’s positioning signal and accept any match in period 1. Thus the positioning capability does
not provide any value, and therefore the platform does not support it. It is interesting to note that
under these conditions, it is optimal for the platform to not offer authentication either.

However, when the platform’s positioning capability is above the minimum threshold, match-
seekers follow the platform’s positioning signal in the first period and reject a candidate signaled as
incompatible, waiting until the second period in the hope of a better match. This value provided
by positioning allows the platform to support it and charge a higher access fee.

The platform’s optimal strategies with respect to authentication are more nuanced in this setting
(i.e., p = 0). First, it is optimal for the platform to offer authentication only if its positioning
capability is in the intermediate range (i.e., Ax < A < Ay’). Second, it is not optimal for the platform
to offer authentication unless it also supports positioning. To understand these results, it is useful
to examine match-seeker behavior when the platform offers them.

Recall that the benefits of authentication are realized only by H-class match-seekers. Addition-
ally, without authentication, the H-class may choose to use direct search to be able to match only

with H-class candidates. In the same vein, because the L-class will not be able to match with an
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H-class in the presence of authentication, their willingness to pay the access fee to use the platform
goes down when the platform enables H-class to recognize and reject L-class candidates. In general,
the threat of direct search motivates the platform to offer authentication, and the higher total fee
from the H-class compensates for the lower access fee from the L-class. However, in the absence of
direct search (u = 0), this threat no-longer exists. When A < Ax,the platform finds it optimal to
discard authentication as well and charge both classes more for search.

As )\ increases, the positioning offered by the platform can improve the chances of finding a
compatible match and thus its value increases, particularly for the H-class. In fact, H-class match-
seekers find value in being able to reject incompatible L-class candidates, which is possible only
if the platform offers both positioning and authentication. When the positioning capability of the
platform is very high, the H-class prefers to reject even H-class candidates who are incompatible,
which reduces the value of authentication. Thus the platform finds it optimal to charge a high
access fee that is attractive to both classes, by supporting positioning without authentication. It
is worth noting that the absence of authentication increases the value of the platform to L-class
match-seekers as they now have the potential to match with H-class candidates as well. Thus the
platform’s optimal strategy is driven by the anticipated behavior of match-seekers in equilibrium as
characterized in Propositions 4 and 5 (Section 5).

An interesting implication of the above results is that positioning and authentication can be
complements or substitutes, depending on the platform’s positioning capability and market quality.
When the platform’s positioning capability is low, positioning and authentication are complements in
that an increase in the positioning capability increases the value of authentication. Additionally, as
illustrated in Figure 7 and in Corollary 2, when « is sufficiently low, the availability of authentication
can motivate the platform to support positioning at a level of A that can be even below Apg. On
the other hand, at very high levels of X\, positioning and authentication are substitutes, in the sense
that an increase in A reduces the value of authentication. Indeed, when A is very high (A > Ay),
the platform ceases to offer authentication altogether and only supports positioning.

Characterizing the platform’s optimal strategy when g > 0 is complex because we need to
account for several variations of the match-seeker behaviors and different pricing responses from
the platform for each of those cases (as illustrated in Propositions 4 and 5, and Lemma 5). Thus,

analytical results are harder to derive for this setting. Instead, we conduct an extensive numerical
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Figure 7: Optimal Platform Strategy in the absence of direct search (u = 0)

analysis which shows that the patterns with respect to positioning and authentication strategy of
the platform are consistent with the special case of = 0. These results are summarized in Fig 8.
This numerical analysis illustrates two important aspects of the platform’s optimal strategy. First,
we see that when A is sufficiently low and « is sufficiently high, offering authentication without
support for positioning can be an optimal strategy for the platform. In this region, the real threat
of direct search motivates the platform to offer authentication as a means to retain the H-class
match-seekers. However, as before, when the platform is able to acquire only a low positioning
capability is low, it is no longer attractive to enhance search with positioning.

Second, when « is sufficiently high, an increase in the positioning capability of the platform
results in a shift from supporting only authentication to supporting both positioning and authen-
tication. Eventually, when the platform’s capability is very high, the platform’s optimal strategy
reverts back to supporting only positioning. Thus, the complement vs. substitute relationship be-
tween positioning and authentication that was analytically characterized in Proposition 7 is not
peculiar to that special case when there is no threat from direct search, but also holds in a more

general setting.
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Figure 8: Optimal Platform Strategy when p > 0

Note that these strategic choices are similar to those analyzed in the special case of u = 0.
Furthermore, Figure 8 illustrates the sensitivity of the platform’s optimal strategy to the efficiency
of direct search by comparing the strategy space for two values of . Here, as p increases from 0.45
to 0.6, it can be seen that the two choices of (i) authentication only and (ii) both positioning and
authentication become optimal under a broader range of conditions. In other words, the value of
authentication increases when the threat of direct search as an outside option is greater.

To summarize, we have used the case of y = 0 to illustrate the fundamental trade-offs driving the
platform’s optimal strategy, and use the extensive numerical analysis to illustrate the robustness of
these findings. The results of this analysis show that the fundamental trade-offs between positioning
and authentication are consistent with what we analytically derive for the special case in which
# = 0. In other words, the impact of positioning and authentication on the equilibrium match-
seeker behavior is what drives the platform’s optimal strategy (rather than the presence or absence

of direct search).
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7 Discussion and Conclusion

In this paper, we examine some key issues in the design of online matching platforms when match-
seekers are looking for matches that are both compatible (i.e., “right”) as well as of the “best”
quality. Prior research has examined how online platforms can offer appropriate authentication
services to address the quality problem. In this paper, we examine the first problem, namely
the correct positioning of an online match-seeking process, and examine how an online matching
platform’s decision to support such positioning features interact with any authentication services
it may want to offer. To the best of our knowledge, this is one of the first papers to use a game
theoretic analysis to characterize match-seeker behavior, and derive optimal platform strategies in
the presence of both objective and subjective dimensions of match-seeker preferences.

Our analytical models and game-theoretic analysis lead to some valuable insights, about both the
choices of match-seekers as well as the online platform owner/operator. We consider a general setting
in which match-seekers can choose to search broadly or narrowly along objective and subjective
dimensions. First, we show that the value of authentication can be significantly impacted by match-
seekers’ ability to better position their search. And second, consistent with prior research, we show
that both higher and lower quality match-seekers can play pivotal roles in the platform’s decisions
about offering and pricing its services.

Our analysis also yields key insights into the optimal strategies of the online matching platform
with respect to offering authentication and positioning in addition to its basic search. To start with,
we show the important role that the availability of an outside option such as direct search plays
in determining match-seekers’ behavior, and in turn, the online platform’s optimal strategy. For
instance, we show that without an outside option, it is never optimal for the platform to offer au-
thentication unless it also supports positioning. Even in the presence of the outside option, we show
that authentication and positioning have interesting interactions, so that under some conditions,
the platform would view them as complements, while in other situations, they act as substitutes.
Specifically, they complement each other only when both the market quality and the platform’s po-
sitioning capability are either very high or low. For intermediate values of both factors, the services
act as substitutes. This underscores the value of our models in providing online matching platform
operators with valuable guidance in their strategic choices regarding such services. These insights

from our analyses can be used by a matching platform in deciding whether to support authentication
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and positioning, as well as how the platform’s prices are impacted by factors such as the quality of
other options, the composition of the market served by the platform, and the positioning capability
of the platform.

The findings from our models are applicable to both consumer matching platforms such as online
dating and marriage platforms such as match.com and eharmony, as well as business matching plat-
forms such as Powerlinx and Catalant. In the B-B setting, the Powerlinx platform provides clients
with a dedicated advisor to help with positioning their searches, and also offers an authentication
service (the Powerlinx Verified Badge). This is consistent with the strategy guidelines from our
model (Figure 8) regarding the impact of increasing positioning capability of the platform.

In the consumer setting, while the casual dating platform Tinder does not offer any authentica-
tion service to its customers, Bumble (another dating app where women take the initiative) suggests
customers take and upload a “selfie” in a pose randomly selected by the platform, which is manually
reviewed by the platform. In the marriage-oriented matching market, the eHarmony platform uses
a proprietary algorithm driven with input from an extensive survey (called the Personality Profile)
that new match-seekers have to complete (Piskorski et al., 2008), to focus the matches provided by
the platform to the priorities of each match-seeker. In addition, eharmony also offers match-seekers
the ability to authenticate themselves from publicly available data and government issued docu-
ments, through an optional service (relyID). On the other hand, while match.com does not have any
significant authentication mechanism, it does support a positioning feature that answers questions
such as “What type of woman/man is truly right for me?”.!* A possible reason for this is that the
positioning capability of match.com is relatively high for the dating market where match-seekers
are looking for short-term commitments. In such a situation, our model suggests that the platform
should support only positioning without any authentication, as reflected in match.com’s approach.

While we believe that this work is an important step towards understanding the economic
behavior of online matching platforms, there are several opportunities for additional work in this
general area. For instance, we have considered positioning as an up-front feature that match-seekers
use when initiating a search process. As mentioned in the introduction, this is effectively the
practice in several platforms, such as eharmony and Powerlinx. However, we have not considered

the additional process of experiential learning that match-seekers obtain through repeated match

“https://www.iac.com/media-room /press-releases/matchcom-launches-matchcom-advisors-only-expert-advice-
network-be-offered
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attempts. Such learning can complement both the authentication and positioning supported by
the platform. However, it is different in that it does not require any investment from the matching
platform, beyond the ability to repeat match attempts. Also, if the platform’s positioning capability
is not determined by available technologies but instead is a function of its investment, it might be
useful to also determine the optimal level of investment. Another possible direction for further study
is the restriction of positioning to a subset of match-seekers. And yet another direction for future
work is empirical analysis of the performance of online matching platforms, comparing platforms
that offer both positioning and authentication, with platforms that offer only search (and perhaps

also authentication).
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Appendix: Proofs

Proof of Proposition 1

i) and ii) To determine the threshold, we compare V3z, and V3p from equations 7 and 8 respectively.
This gives us that vipgp > vopp iff A > App = 1 — §. Additionally, it is easy to see that A is

decreasing in §.

Proof of Proposition 2

i) and ii) First consider the case in which only the H-class uses the platform. In this case, we can
compare Vi, and Vg, from equations 12 and 13 respectively to determine the threshold above

which Vige > Vigs. It can be seen that this happens when A > Apyg =1 — ad.

For the case in which the L-class uses the platform, we compare V51, and Vs, from equations

15 and 16. This gives us that Vs, > Vspp if A > App =1— (1 — ) 6.

Finally, it can be seen easily that both Apg and Apy, are greater than App, and that these thresholds

are decreasing in §.

Proof of Lemma 1

First note that when only the L-class uses the platform while the H-class uses direct search, the
value functions must satisfy the conditions Vﬁd > Vi° and V,—f’d > V;‘éd. Depending on the value of
A, we need to consider three cases viz., 1) A > Apy, and 2) App < A < App and 3) A < App. Let us
consider these cases separately:

1. Case 1: A > Apr. Here, for an equilibrium strategy, we will require that

p > pla=- (g (2—20p(1—ap)+0—2u)+ (1 —a)(d+2)v)

N N

p < pog = ((1—a)vL(6(a+2u2—2,u+1)+)\—2,u+1)—QQMUH(é(l—M)+1))



Comparing the upper and lower bounds p; and ps, we have that

Dla — DP2a = (ovp (2(a — Dop? +6+ X+ 1) + (o — Dvp(ad 4+ 2u(d(pn — 1) — 1))) > 0

F

when 0 < a, pu, 6 < 1. It follows that this cannot be an equilibrium solution in this range.

2. Case 2: Apg < A < App. Here the conditions simplifies to

p > pra=-(avg(2—20u(1—ap)+0—2u)+ (1 —a)(d+2)v)

p < po=5((1=-a)vg(ad+(p—1)(6p—1)) —apoy (6 (1 - p) +1))

DO s | =

Again, comparing the upper and lower bounds, we have

=

Pla — P2 =

when 0 < a, i, 6 < 1. It follows that this cannot be an equilibrium solution in this range.

Case 3: A < App. Here, the condition simplifies to

p > pu= % (avy (adp® — (5 + L)p+1) — av + vg)
p =< pw= %(a/wH((S(u —1)—1) = (a—Dvp(ad + (p — 1)(dp — 1)))

Similar to before, the comparison of upper and lower bounds gives us

(vi (a0 — (1 —a)adp®) + (1 —a)vp (u(5 (1 —p) +1) —ad)) >0

N

Pib — P2 =

when 0 < a, p,0 < 1. It follows that this cannot be an equilibrium solution in this range. So the
L-class using the platform and the H-class using direct search cannot be an equilibrium. So we
focus on the remaining cases.

Both classes of match-seekers use direct search if ng > Vlfllo and Vde > VLOd. This results in the

(avH(Z(a—1)5u2+5+)\+1)+(a—1)vL(5(204—|—2u2—2,u—1)—)\—2,u—|—1))>0



following condition:

Vi > max [Viga, Vams] — p

Vi > max [Vsra, Vsrs] — p

Thus direct search is an equilibrium when p > pip where

pp = max |max [Viga, Vags) — VA, max [Vsza, Vars) — Vi<

The H-class uses the platform while the L-class uses direct search if Vg" > ng and VLdO > Vo
From equations 6, 7, 8, 12, 13 and 14, we have the following condition depending on the value of A.

Consider A > Apy. Here the condition simplifies to

Vi = Vig,—p>VH
Vi = Vi >Vag —p

So this case is an equilibrium only if Vg — Vir < p < Vig, — Vﬁl[d. Additionally, since A > Apg, an
H-class will choose to match only with candidates signaled as compatible.

Similarly, when A < Appr, we require

Vi = Vim—p > Vi
Vi = Vi > max|Vay, Var] —p

which results in the condition max [Vag, Var] — Var < p < Vigp — Vf[d. Here since A < Appg, the
H-class match-seeker will accept a match from all candidates.

When both types use the platform, their value functions must satisfy V5° > Vj}d and V70 > Vfllo.
Therefore the access fee p must satisfy the following conditions, depending on the value of A. Suppose

A< ApB

Ve = Vi —p>VEe
Ve = Vap—p>V¥



which results in the condition p < max [VgL — Vﬁd,VgL — Vg"]. Here too, since A\ < Appg, both
classes of match-seekers will accept matches from all candidates.

Finally, when App < A < App, the access fee conditions reduce to

VE = Vag—p>Vg§
VP = Vag—p> V[

This results in the condition p < max [V; H— Vfld, Vag — Vg"}. Finally, since A > Appg, both classes
of match-seekers will accept matches only from candidates signaled as compatible.

This characterizes all the thresholds on A and p for the equilibrium behavior of all match-seekers.

Proof of Proposition 3

As shown in Proposition 1, the participation behavior is such that either (i) only the H-class uses
the platform or (ii) both classes use the platform. When the access fee is p, the profits under
the case (i) in which only the H-class uses the platform is 7pgy = ap — c¢p while that in case (ii)

in which both classes use the platform will be 1pp = p—cp. Let us look at each of these cases in turn.

Case 1. A < Appg:
Here, mpy = « (V4Ha — max [n‘%,%‘ﬁ}) —cp and mpp = V37, — max [V"d,VEd] — cp. First note

that when n > npy, Vedg > Viﬁ. We will compare profits when n > .

In this case, there are two possibilities depending on the relative values of Vfld and Vl‘fd. First,

suppose fod < VL"d. The difference in profit for the two cases is

(avg (a?6 (p* — 1) — (6 + 1) (u — 1) — 1)

(1—a)vr ((e®+a—1)0p> +p (1l —ad+3) — 1))

TPH —TPB =

O(mpa — TpPRB)

3 (a(l—p)(I=6(ap+a—1))—1)<0
VH

oIS 4 ol

Since mpy — mpp is decreasing in vy, the highest value occurs when vy = vy, where

TPH — TPBlyy—y, = v (—a?6+a? (1+6—p) —ap(1+26 (1 —p) — (1 —p) (1 —6u)) <0



Now suppose Vﬁd > Vfd. The difference in profit for the two cases is

TpH — TP = (1;04) (avH (5(a+ufoz,u2)+,ufl)va(lJra(s,u(lfa,u)))

First, note that the co-efficient for vy is negative. So, the above expression is positive only if
the co-efficient of vy is also positive i.e. ((5 (a +p— a;ﬂ) +u— 1) > 0. i.e only if a > }5(1‘17”;2’;.
Additionally, for high-class only using the platform to be feasible, we require that p1p < p < pap,

where

pip = (OéUH‘f‘(l—Oé)UL(1+(1—04)5M2—(1+5)M))

— N =

pop = o (avg (1— ) (5 (~ap—a+1) +1) - vy (1 - a) (1 - ap))

\V)

Comparing p1p and pap, we see that

Dep — PP = %(OéUH(5(1—,u)(1—Oz,u—oz)—u)—vL(l—oz)(,u—(l—2a)5,u2—1))
e =) S5 ) (1 ) - )

Thus 8(7025’7;7’“3) < 0 when o > ‘;as_i”/;‘)‘ . So the maximum value of pop — p1p will occur when

vy = vr. In addition, the coefficient of vy is negative when o > %' Since pap — p1p can be

positive only if vy is sufficiently high, it is sufficient to verify only the sign of the coefficient of vy,

_ d-du— 2 12 (8(n—1)2—2p)
at a = ﬁ. It can be see that (p— (1 — 2a)6p® — 1)‘(1:2(_157‘:2;; ——— = tur-1<0.

Since }S(_l‘sf/:z’; > ga‘i";’; , it follows that when Vﬁd > VLOd, then pop < p1p. It follows that offering
the platform only to H-class is infeasible. This eliminates all cases in which only the H-class using

the platform is optimal for the platform for A < App and n > ng.

Finally, when n < n, the value of mpyg would only be lower; hence H-class only using the platform

cannot be optimal even then.

2. App < A < App: In this case, the fee when only the H-class uses the platform is the same as under
the previous case, but the fee in the case in which both classes the platform is V3 — max [V"d, Vfd}

which is greater than the fee in the previous case. It follows that mpp > mpy in this range as well.



3. A > Apg : In this case, the fee in the case in which only the H-class uses the platform is
Vara — Vijljl , while the fee in the case in which both classes use the platform is V3 — max [Vﬁd, VL"d]

. Let us compare Vg, and Vzg. We have that

Vsg — Vaga = (1_04)('0L(1+5+)\)—O£5’UH)

0 (Vag — Vara)
A

S = ]

v (1—a)>0

Thus the difference is increasing in A and the difference is the least when A\ = Apy. But when
A= Apr, Varra = Vagy . From case 2, we already know that when Vypy is used in the H-class only
fee, the profits when both H and L-class use the platform is higher. Thus, this should continue to

be true when A is even higher.
Thus it is never optimal for the platform to price such that only the H-class uses the platform.

Sensitivity analysis of optimal access fee

1. Effect of A

It is optimal for the platform to set its access fee at p* so that both classes can use the platform
as described above where p* = min [VgL — max [V}‘}d, VLOd] , Vi — max [Vﬁd, VL"dH. Both Vﬁd and
VL"d are independent of A and V3y and V3 are increasing in A. Additionally, Vs > V31 when A

sufficiently high. So the optimal fee is increasing in A.

2. Effect of a:

Let pPiPB = ‘/3H — max [Vﬁd, VLOd] and PopB = Vv?)L — max [V}O]d’ VLOd]

First consider the case when A < App. Here, the optimal fee is pop. In this region,

o (vl - vg)

— = (14 6) (vm + 1) — 20 (1 — o)z + avir)) > 0

This implies that when « is sufficiently high, the optimal fee p* = Vi — V}OId; otherwise it is

p* = Va1, — VL"d. Let a4 be the threshold on « above which p* = V3, — Vﬁd.



When a < ag, we have that

op*
Oa

%(UH +or(p2(a—1)0p+6+1)-1)) >0

Further, when o > ay, p* = Va1, — VLOd, and

82 p*

0 vdp? >0

which implies that p* is convex in « in this range. Additionally, we have that

op* 1
a]; = 5 (200pvy — (04 Dpon +vir = vr)

Op* . Spt+pu—1)+
Notethat%>01fa>am=%#

and % > 0if a < ayy,. If follows that when o < oy,
p* is increasing in a. When i < a < a4y, p* is decreasing in a and when a > ay,, p* is increasing

in a. This establishes the non-monotonicity of the optimal fee w.r.t a.

3. Effect of n:

To determine the sensitivity with respect to 7, note that

oV =Vvi') _ ap

In addition

oo —VEY) _ a_,
on 2
OWVaL-VE) _ 1,
_— =7 = - — 1 1
o Qa(aéu (6+1)u+1)
o(Var,—Vg?) o . . . od odl -
Note that = — < 0 if § is sufficiently high. So p* = min [V;),L —VE, Vap = V7 } is non-

monotonic in 7.

4. Effect of p

For the sensitivity of p* with respect to u, note that Vs and V3p are independent of . so we can



restrict our attention to Vfld and Vfd

ovpd 1

o §’UL(17&)(1+5(172(17Q)/£+1))>0
vyt 1

o §UH04(1+6(1—20¢M))>0

So p* = min [Vg L=V Vs — VL"d] should be decreasing in p.

Proof of Lemma 2

When an H-class meets a candidate signaled as incompatible in period 1, the probability that the

14+ A
candidate is indeed incompatible is <—i2_> and the probability that the candidate is compatible

1+ A
is1— (;) . So the value from accepting the match would be

1+ A
Va = (1—;)0}[

The value from waiting until the second period in the hope for a better match is

1 1 A

v, = 5(2 <1_2(1+A)>+Il) (v + (1 — a) vr)

Comparing V, and V3, we have that V, > V; iff A < Ap1 where

1—a)é
)\Bl = 1- 04(5 — &
Ui
In addition, we have that
1—a)d(n—1
ABl — App = ( 04)77(77 ) >0

Proof of Lemma 3

When an H-class meets an L-class candidate signaled as compatible in period 1, the probability

1
that the candidate is indeed compatible is (—;)\> and the probability that the candidate is



14+ A
incompatible is 1 — <—i2_> So the expected value from accepting the match would be

14+ A
i = (1)

Alternatively, the expected value from rejecting the match and waiting till second period is

1 1 1+ A

Voo = 0(=z(1—-z(1+XN)+—)(avg+(1—a)vr)

2 2 4

Comparing them, we see that Vi1 > Vio iff A > Apo where
Apz = d+ad(n—1)—1

In addition,

A2 — App = (5((1(7]—1)+2)—2
which is positive only if « is sufficiently high.

Proof of Corollary 1

The proof follows directly from the fact that Agy > App and that Aps is greater than App only if
« is sufficiently high.

Proof of Proposition 4

Consider an H-class match-seeker who meets a candidate in period 1. Given the different possibili-

ties, there are only 5 possibilities with respect to a match in period 1:

1. Accept the match only if the candidate is an H-class signaled as compatible. Let the value

from this case be V}
2. Accept any H-class candidate. Let the value from this case be V5

3. Accept any candidate signaled as compatible. Let the value from this case be V3



4. Accept any candidate as long as that candidate is not an L-class signaled as incompatible.

Let the value from this case be Vy
5. Accept any candidate. Let the value from this case be V3

These value functions can be written as below:

Vi = o+ Dom+ g (1-5) davn + (1 - a)or)

Vo = S (-a)(avn + (1 - a)u)

v = ié(avH +(1—a)or) + i(x +1)(avm + (1 — a)or)

v, = “"’TH + 3(1 — a)d(avy + (1 — a)vg) + %(1 —a)(A+ 1)
Vo= (avy+(1—a)ur)

First let us examine when V3 is the highest of the values which will ensure that accepting any
candidate match is the optimal policy of an H-class match-seeker. Comparing Vj; and Vs, it can be

seen that V5 > V4 when a < «q, where

(1—6—2A)
6(n—1)

In addition, the following are also true:

Ve>Vs if A< Aco < Ap1

Vi>Vy if A< Ap

So, this implies that V5 > V3. Also,Vs > V5 if a < ay. Finally, Vo > V] when a < « implying that
V5 > V1 when a < «7. It follows that when o < a1, the optimal policy of the H-class match seeker

is to accept all matches.
Now let us focus on the range where o > «ay. First, note that 1) V4 > Vo and V3 > Vi if A > Apy

and 2) Vi > V3 and Vo > Vy if A < Apy. This implies that when A < Ay = min[Ap1, Ap2],

Vo > max [V1, V3, V4]. So in this range, the optimal policy is to match with only H-class candidates.

10



Similarly, when A > Ay = max [Ap1, Ap2], V3 > max [V}, Vo, Vy]. Thus when A > \g, the opti-

mal policy is to match only with candidates signaled as compatible. Also, Ay > A1 by definition.

Finally comparing Ag; and Apo, we see that, we see A\g1 > Ap2 when a < as where

((2—=0)n—9)

Qay = —5(772_1) > o

So when a < ag, A\; < A < Ag is equivalent to Aga < A < Ap; and Vj > max [V1, Va, V3]. Thus, the
optimal policy in this range would be to match with all candidates other than L-class candidates

signaled as incompatible.

Similarly, when a > ag, A1 < A < Ay is equivalent to Ay < A < Ay and V; > max [Va, V3, Vy].
It follows that the optimal policy in this range would be to match with only H-class candidates

signaled as compatible.

Proof of Proposition 5

The value functions of the L-class depends on the optimal policy of the H-class.

Case 1: First consider the case when the H-class accepts only matches from an H-class candi-
date signaled as compatible i.e. « > asand Ap; < A < Aps. Here, the L-class match-seeker can
pursue three options:

a. Accept matches from everyone other than L-class candidates signaled as incompatible: The value

from this policy would be

Via — ;(1—1_20‘>5(MH+(1—a)vL)+i(1—a)(A+1)vL

b. Accept matches from all L-class candidates: The value from this policy would be

1 1
Vi, = 5045 (avg + (1 — a)vr) + 5(1 — a)vg,

11



c. Reject all matches in period 1 for a better match period 2: The value from this policy would be

1)
Vie = §(OZUH+(1*04)UL)

Comparing these values, it can be seen than Vi, > Vi if @ > ay. In addition, Viz. > Vi, if
A < Aps. So the optimal policy of the L-class in this case would be to reject all matches and wait

for better one in Period 2.

Case 2: Suppose an H-class match-seeker accepts matches only from any other H-class candi-
date i.e. A < min[Ap1, Ap2|. Here again, the L-class match-seeker has the same three options as in
the previous case. The value functions from these cases are also identical. Since A < Aps in this

case, the optimal policy of the L-class remains wait until second period for a match.

Case 3: Suppose the H-class accepts only matches from candidates who are signalled as com-
patible i.e., A > max [Ap1, Ap2]. Here, in addition to previous options, the L-class can also choose

to accept all candidates signaled as compatible, the value of which is
Vara = V3g > Vira

Since A > Aps, the optimal policy of the L-class would be to accept a match from all candidates

signaled as compatible.

Case 4: Suppose the H-class will accept any candidate as long as that candidate is not an L-
class signaled as incompatible i.e. Ags < A < Ap; and a1 < a < ag. The options for the L-class
are the same as in case 1. However, the value function associated with accepting all matches other

than L-class candidates signaled as incompatible is
1 1
Vite = 15 (avg + (1 —a)vr) + 1()\ +1) (avg + (1 — a)vr) > Vipg

Since A > Apo,the optimal policy of the L-class would be to accept all matches other than with

L-class candidates signaled as incompatible.

12



Case 5: Suppose the H-class accepts all candidate matches, i.e. « < «aj. In this case. it is

optimal for the L-class also to accept all matches and the value from that match is V3.

Proof of Lemma 4

Several cases in the table can be eliminated as an equilibrium strategy as described below. First, the
L-class purchasing authentication is a dominated strategy. Second, since, Vlf[la > Vlfllo, so the case in
which the H-class purchases authentication when the L-class uses direct search is also a dominated
strategy. Finally, from Proposition 1, we know that the case where the L-class uses the platform
while the H-class uses direct search is also not an equilibrium. That leaves only the 4 cases which

are given in the proposition to be the possible equilibria. Let us examine these cases one by one.

1. Both classes of match-seekers use direct search if max [Vlfllo, Vg“] = Vgo and Vde > Vl‘fd. This

again results in the following condition:

VAT > max [Viga, Vams] — p

Vi > max [Vspa, Vsrs] — p
Thus direct search is an equilibrium when p > pop where
_ dd dd
pep = max |\max [Viga, Vame] — VE" max [VsLa, Vsrs] — V[ ]

2. The H-class uses the platform while the L-class uses direct search if Vlfl[O > ij,d and V]flo > Ve
In the proof of Proposition 1, we already showed that this case is an equilibrium only if V3 — Vi <

p < Vipga — fol[d when A\ > Apy, and if max [VgH,VgL] —Var, <p <V — ng when A\ < Apg.

3. Now consider the case when both classes the platform and neither purchase authentication.
Let Vpp be the value obtained by the H-class when they follow the optimal policy as described in
Proposition 4 and Vpy, be the value derived by the L-class when they follow the optimal policy in

Proposition 5.

13



As before, the value functions of both classes must satisfy Vj° > max [V"“,Vﬁd] and V72 >
max [VLd",VL"“] Again as described in the proof of Proposition 1, it results in the condition

p < max [max [Vag, V3] — VA%, max [Vag, Var] — VI,V — Vir].

In addition, the comparison of V5° and Vj* results in the condition on authentication fee. Since

Vi* = Vg — p — a this results in the condition that ¢ > Ve — max [V3p, V1]

4. Finally, when both classes use the platform and only the H-class purchases the authentication

service, V4" > max [V"", Vﬁd] and V74 > VLda = V. This results in the following condition

p < min |max [Vag, Var] - Vi, max [Var, Var] = VE°, Var, — Vi

g < min[Vpy —max[Vay, V], Ver — Var

Lemma 5. Let A\ =1 —-6(1+a(n—1)). Then the optimal access fee p* and authentication fee
q* can be characterized as a function of the firm’s positioning capability as represented in Table 8

below.

Proof of Lemma 5

The optimal access and authentication fee needs to be determined only for the case in which both
classes use the platform, but only the H-class purchases authentication. In this case, let p be the ac-

cess fee, ¢ be the authentication fee and ¢ be the total fee (the sum of access and authentication fees).

From the proof of Proposition 4, we know that for this case to be an equilibrium, we require

Vgt > Ve, Vi > Vfld and V74 > VLd“. This results in the following condition

p < pm=Ver— Vi
¢ < ¢m=Vpy —max[Vzy, V31]

t < tym=Veuy —Vsu

14
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In addition, the profits of the platform are 7 = p 4+ a (¢ — ca) — cp where p,q > 0, where p and ¢
satisfies the above constraints. Given that the profit function is increasing in p, ¢ and that 0 < a < 1,

the optimal fees has to be one of the following:
e If ¢, <0, then p* =pp, and ¢* = e~ 0
o If poy + g < tin, then p* = pp, and ¢* = gy
o If prp <ty < Pm + Gm, then p* = p,, and ¢* =t — P
o Ift,, < pm, then p* =t,, and ¢* = e = 0.

Since these values depend on the optimal policy of the match-seekers characterized in Proposition

4 and 5, the optimal fees will depend on the policy of the match-seekers.
Let us examine the values for each of these regions.

Case 1: H-class accepts all matches: This is optimal when o < «;. When this condition
is satisfied, A < A\ =1 =9 (1 + a(n—1)). Also, the optimal policy of the L-class is also to accept
all matches. The expected value of both classes are Vj* = V5 —p —q and VP* = V5 —p. This implies
that p,, = Vs — Vur, ¢ = Vs — Va1, = 0; t,, = V5 — V5. This implies that the prices have to be as

follows:

p* = min[Vsy — Var, Var, — Vsp|

_ min %(aUH_u_a)vL((Ha)ﬂ—(1—a)5ﬂz_1)),

[

(avg (adp? = 0+ Dp+1) + (1 —a)vg)

2
* 0

Case 2: H-class rejects only L-class candidates signaled as incompatible: This is optimal
when a7 < a < ag and Apz < A < App, which can be rewritten as max [A\p, Apa] < A < Apy
and a < as. The optimal policy of the L-class is also to reject all L-class candidates signaled
as incompatible. So, the expected value of both classes in this region are V3* = V4 — p — ¢ and

VP = Virq — p. This implies that pp, = Vire — Var, ¢m = Vi — max [Vag, Var] and t,, = Vi — Vs

16



Since A1 > App, (and recall that Vg > V31, when A > App) the optimal access and authentication

fees will be as follows, depending on \. If max [Ar, Ap2] < A < App, the optimal fees will be

p* = min[Vir, — Var, Vi — Vsu]

1
= minh(owH(oz(S(QuQ—l)—25u+5—2p—|—2)+(1—a)vL(1+)\—(1—a)5)),
1
Z(avH((5—|-)\+l)—|-(1—a)vL(5(2(1—oz),u2—2u+l)—i—>\—2u—|—1))
q¢" = min[Vy— V3, Vi — Vg — p7]
= min Lll (1 —a)(advyg + (1 — ) dvg, + Avg, —vp)

(aUH(aé(QMQ—l)—2(5u+5—2u+2)—|— (1-—a)or (1—a)d+A+1)) —p7]

B~ =

If A\pp < A < Api1, the optimal fees will be

p* = min([Virg — Var, Vi — Vs|

= min[i(owH(a(S(QuQ—l)—25u+5—2u+2)+(1—a)vL(1+)\—(1—a)5)),
1
Z(avH(é—l-)\—I-l)—I—(1—a)vL(6(2(1—a)u2—2u+1)+/\—2,u+1))
¢ = min[Vy — Vg, Vi — Vs —p’]

= min [ia (vp (1 —ad =) — (1 —«a)dvr),

(owH(a5(2,u2—1)—25u+5—2u+2)+ 1-—a)vr (1—a)d+A+1)) —p7]

=~ =

Case 3: H-class accepts only candidates signaled as compatible:
This is optimal when A > max [Ap1, Ap2]. The expected value of both classes in this region are
Vgt = V3 —p—qand VP = V31, — p. Here, A > App as well. This implies that p,, = Var, — Vi,

gm = Vs — Vg =0 and t,, = V3 — V5. So the optimal access and authentication fees will be

p" = min[Varq — Vir, V3 — Vsp|

1
= min 1(avH(2a5u2—25u+5+)\—2u+1) +(1—-a)v, (6+A+1)),

i(avH(é—i-)\—i-l)+(l—a)vL(5(2(1—a),u2—2u+1)+/\—2u+1))

¢ =0
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Case 4: H-class accepts only another H-class

This is optimal when A < min [Ap1, Ap2|. The optimal policy of the L-class is to wait until second
period in this case. So the expected value of both classes in this region are V3* = V5 — p — ¢ and
VP* = Vire — p. This implies that p,, = Vire — Var, gm = Vo — max [Vagy, Var| and t,, = Vo — Vg

If Apas < A < App, then V31, > V3 and so the optimal fees will be

p* = min[Vige — Var, Vo — Vsp]
1
= min[2(a(l—u)UH(l—l—(S(l—au—a))—i—(l—aﬁél@),
1
2(aévH—(l—a)vL(u—é(l—l—,u—(l—oz);ﬁ)))}
¢" = min[Vy — V3, Vo — Vs — p7]

= min [; (1 - ) (advyg + (1 — ) dvr —vr),

(a(l — g (1 =61 —ap—a))+(1—a)? 5UL) - p*}

N |

If App < A < min [Ap1, A2, then V3 > V31, and the optimal fees will be

p" = min[Vige — Var, Vo — Vsn]

= min [; <a(1—,u)vH(1+(5(1—au—a))+(1—04)25UL),

%(a&vH—(l—a)vL (u—5(1+u—(1—a)u2)))]
q¢" = min[Va — Vag, Vo — Vsg — p’]

~ min [i(avH(1—2a5+5—)\)—(1—a)vL(1+)\—(1—2a)(5)),

DN | =

(04(1 —pvg (=61 —ap—a))+ (1 —a)? 5vL> —p*]

Case 5: H-class accepts only H-class candidates signaled as compatible: This is optimal
when o > a9 and Apy < A < Aps. The optimal policy of the L-class is to wait until second period.

So the expected value of both classes in this case are V5* = V4 —p — ¢ and VP* = Vi, — p. This

18



implies that p,, = Vire — Var, ¢ = V1 — V3g and t,, = Vi — V5. The optimal fees will be

p* = min[Vire — Var, Vi — Vsn]

= min [; (advg + (1 —a)or, (1 —p+6((1—a)p?) —p)),

i(avH((S(Qa/ﬂ—a—Q,u—i-2)+)\—2u+1)+(0¢2—3a+2)6vL)]
¢¢ = min[Vi —Vay, Vi — Vsg —p7]

— min [i(l—a) (advg —vp (14X = (1 — @)d)),

el M

(owH(é(Qauz—a—Zu—l—Z)—l—)\—2,u+1) —I—(a2—3a+2)5vL)—p*]

Proof of Proposition 6

Sensitivity analysis of access fee with respect to A: First consider the range a > as. Here,
the ordering of the A thresholds will be as follows: 0 < App < Ap1 < Apz < 1. Let us look at each
of those regions separately.

1. 0 < A < Api: Here the optimal access fee is p5 = p} where p5 = min [Vir. — Var, Vo — V5] and
is independent of .

2. A1 < A < Apa: Here the optimal access fee is pf where pf = min [Vir. — Var, Vi — Vsu]. Also,

Vire — Vir is independent of A and

So p; is increasing in A

3. Ap2 < A < 1: Here optimal fees are p%, giwhere p5 = min [V31, — Vi, Va — Vs|. Also,

0(Vara)  (avg+ (1 —a)vr)
ai B 4 >0

d(Vz)  (avg+(1—a)vr)
on 4 >0

So p7 is increasing in .

Finally, note that V37, > Vire and V3 > V4 when A > Ao, As a result, optimal access fee can

only increase when going from one threshold region to another threshold region when A increases.
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It follows that p* is non-decreasing in A when o > as.
Let ayp, be the threshold on « above which Ags > App. Since Apg < A1, we will have oy, < as.
Now consider the range oy, < a < ag. The ordering of A thresholds in this region would be

0 < App < Apa < Ap1. As before, we can examine these regions separately.

1. 0 < A < Ap2: Here the optimal access fee is p5 = p} where p5 = min [Vir. — Vir, Vo — Vsu]

and is independent of A.

2. Ap2 < A < Ap1: Here the optimal access fee is pf where pf = min [Var, — Var, Va — Vsl

0(Vira)  (avg+ (1 —a)vr)
o 4 >0
oVy) = (Q—-a)v
o ;0

Thus p; is increasing in A.

3. Ap1 < A < 1: Here the optimal fees are p%, ¢%, where p¥ = min [Var, — Vi, V3 — Vsgl. Also,

0(Vara)  (avg+ (1 —a)vr)
on 4 >0

o(Vs)  (avg+(1—a)vr)
o 1 =0

So p7 is increasing in A.

Finally, note that Vi, > Vir, and V3 > V; when A > App; in addition, Vir, > Vire and Vy > Vo
when Apo < A < Apy. Thus, as before, the optimal access fee can only increase when going from
one threshold region to another threshold region due to an increase in A. It follows that p* is non-

decreasing in A when ay, < a < ap.

Now let us consider the region in which a < ayy,.
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1. Ap2 < A < App: Here the optimal access fee is p3 where p5 = min [Vir, — Var, Va — Vsl

0(Vire)  (avg+ (1 —a)vr)
O\ N 4 >0
oVy) = (1—-a)v
o 0

Thus p3 is increasing in A.

2. App < A < Api: Here the optimal access fee is p; = p3j which we have already shown ear-

lier to be increasing in .

3. A1 < A < 1: Here the optimal fees are p%, g7, which are also increasing in .

Again, due to the ordering of the value functions, the optimal fee only increases as it moves from

one region of A to a higher one. Thus, p* is increasing in A when a < ayy,.

This establishes that p* is non-decreasing in A when A > Ap.

Sensitivity analysis of authentication fee w.r.t to A: To realize the non-monotonicity of

q* with respect to A\, we can examine

g3 = min[Vy—Vay, Vi~ Vsy —p7]

g5 = min[Vy — V3, Vi — Vg — p7]

Differentiating each of these with respect to A gives us

OVa—Vag) = (I—-a)ug
o\ - TR
oVy) = (1—-a)vy
oN 4 >0
oVa—Vz)  avmg
B = 3 <0

It follows that ¢* is non-monotonic in .
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The non-monotonicity of the optimal access and authentication fees are illustrated through the

Figure 6.

Proof of Proposition 7

When p = 0, there is no direct search. Under this condition, we examine the profits of the platform

as function of different strategies

1. Neither Positioning nor Authentication: The expected profits are:

™ = V3L

2. Positioning only: The expected profits are

Vag —cp if A > App
Tp =
Vs, —cp  o.w.

3. Authentication only: The access fee has to motivate the L-class to participate and the

authentication fee should be such that the H-class should purchase it. This means that:

1
pt = 55 (awg + (1 —a)vr)
1
T = Z(l—a)(ade—I—vL((l—a)d—)\—1))
The expected profits are:
Ta = p Hal(q’—ca)

= %(a(l—F(X—aQ)(s’UH—(1—@)(0425—06(5-1-0(—5)’[)L)—acA

4. Both Authentication and Positioning: When both positioning and search are offered, the

profits can be characterized as follows:
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1. If A > A9, the profits are

Vag —cp—caqa if A > App
T™B1 =
Ve, —cp —ca  o.wW.

2. If X < Ay, the profits are

3. If M <

TRy = MA—Cp

A < A9 and a > ag, the optimal access and authentication fees are
. 1
pt = 55(0411H+ (1 —a)vr)
1
T = Z(l—a)(aéUH—I-UL((l—a)é—)\—1))

So the expected profits are

TB3

4. If App

= p'+a(q*—ca)—cp

= i(a(—a2+a+2)5vH+(a—1)vL(a25+0z(—5—|—)\+1)—25))—acA_CP

< A< Ay and ap < a < ao, the optimal access and authentication fees are
. 1
p* = Z(l—i—é—i—)\)(avH—F(l—a)vL)
1
¢ = Z(l—a)(aévH—i—vL((l—a)é—)\—1))

The expected profits are

B4 =

P +alg—ca)—cp

i(avH((—az—i—a—i-l)é—i-)\—i-l)+1)L(a35—a2(25+)\—1)—2a+6+)\+1))—acA—CP
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5. If A < App and a1 < a < ag, the optimal access and authentication fees are

(I+04+ N (avg+ (1 —a)vg)

(1—-a)(advg+ovL(1—a)d—A—1))

N N N

The expected profits are

*

TRy = +a(q" —ca)—cp

i

(avH((—a2+a+1)5—|—)\—|—1)+vL(a35—a2(25—|—)\—1)—2a+5+)\+1))—acA—CP

P

6. If o < a1, the expected profits are
e = VaL —aca—cp

We now compare the different profit functions. For the purpose of comparisons, we assume that
cA = cp = € &~ 0. This simplifies the functions but does not affect results. These comparisons show
the following:

1. When A > A\q, mp is greater than all other profit functions.

2. When App < A < A9 and a > ag, wp is greater than all other profit functions.

3. TNy > Ty > TR

4. When App < A < g and a1 < a < ag, mpy is greater than all other profit functions.

5. When A\ < App and a1 < a < aa, there exists a threshold X such that if ' < A\ < A\pp, g5 > 7y
where

avy ((o* —a—=1)6+1) —vg (6?6 4+ a*(1 —20) +6 — 1)

P
a avyg — a2
H — a‘vp + v

Proof of Corollary 2

The proof of the corollary follows directly from the thresholds derived in proof of proposition above.
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Parameter

Definition

« Proportion of H-class match-seekers in the population
) Discount factor

n Relative valuation of the H-class match-seekers
A Platform’s positioning capability

7 Efficiency of direct search

CcA Cost of authentication

cp Cost of positioning

P Access fee

q Authentication fee

t Sum of access and authentication fees
vy Value from a compatible H-class match

VL, Value from a compatible L-class match

Table 4: Table of Notations
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