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APPENDIX A: PROOFS AND ADDITIONAL THEORETICAL ANALYSIS

In the subsequent analysis, we omit the subscript i when referring to any student.

A.1 Proof of Proposition 4

The proof of Proposition 4, as well as several subsequent results, will use the follow-
ing lemma. Suppose that A!(x) and A?(x) are two probability mass functions (PMFs) of
distributions over the same discrete domain ¥, and that and A!(x) and A%(x) are their
corresponding cumulative distribution functions (CDFs). Let n(x) be the difference be-
tween these two PMFs, that is, n(x) = Al (x) — A%(x).

LEMMA 1. If there exists a threshold x € ¥ such that n(x) <0 for x < % and n(x) >0
otherwise, then A! first-order stochastically dominates A?, that is, A (x) < A%(x), Vx.

Proor. Denote the smallest and largest values in ¥ as x and x, respectively. Denote x™
as the smallest element in ¥ that is greater than x (for x < x). Given the definition of %,
we know that when x < x,

X
Al(x) = A(x)= ) n(x) <o.
x'=x
When x > x,

X
M) = A (x) =) n(x))
x'=x
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=2 )+ Y ()
X'=x x'=xt
X x X
<2 )+ D0 )+ 3 ()
x'=x x'=xt x'=xt
X
=) ()
x'=x
=0.

The last step is due to the definition of n(x). Therefore, we have Al(x) < A?(x), Vx. The
inequality holds strictly for some x as long as the two distributions are not identical.
Hence, A! first-order stochastically dominates A2. O

Now we prove Proposition 4.

ProoF. We write the expected utility for those unsearched universities in C \ C¥ as
m .
V(0)=> 100, a)u’
j=1

and the updated expected utility for the university relatively ranked yth in CS (y =
1,...,a+1)as

m

VY (@)= f(, a),
j=1
in which
1
0,: y_ +
[ (,a) = p
and

().
()

are the PMFs of the distributions over the set of cardinal utilities {u!, ..., u"};let FO(j, a)
and F?(j, «) be the corresponding CDFs.

f’}/(j, a) ==
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(1) We first show that V'!(a) > VV(0) foranya =1, 2,...,m — 1. Let g"%(j, a) be the
difference between the two PMFs f1(j, ) and f°(j, @), that s,

")

g"00, @) =f'0,a) — U, @) = —L — —.
m m
(a+1)

We can see from the above definition that (i) given « and m, gV'%(j, @) is decreasing in

jit () g40(m, @) = —L < 0; and (i) g"%(1, @) = %! > 0. Therefore, there exists an in-
teger j such that g1%(j,«) <0 when j < j<m, and g'%(j,a) >0Owhen1<j < —1.
1 2 j

Because u! > u? > ... > u™, ul is equivalent to the threshold % in Lemma 1. According
to Lemma 1, F1(j, «) first-order stochastically dominates F°(j, ), thatis, V!(a) > V(0)
foranya=1,2,...,m—1.

Next, we show Ve*l(a) < 1V(0) forany @ = 1,2, ..., m — 1. Let g»**1(j, @) be the
difference between the two PMFs f0(j, ) and f**1(j, a), that is,

(=)
()

We know from the above definition that (i) given @ and m, g>**1(j, ) is decreasing in j;?
(i) g% (m, a) = =2 < 0; and (iii) g**T(1, @) = % > 0. Therefore, there exists an inte-
ger /' such that g%**+1(j, @) <0 when j’ < j <m, and g”**'(j,a) >0when1<j<j —1.
Again, according to Lemma 1, FO(j, a) first-order stochastically dominates F**1(j, a),
thatis, V**!(a) < V(0) foranya=1,2,...,m — 1.

(2) We first show that VY (a) > V¥*(a) forany y=1,2,...,a+landa=1,2,...,
m — 1. Let g¥Y*1(j, a) be the difference between the two PMFs f?(j, a) and f**1(j, a),
that is,

1
g2, ) = £O0, @) — fAHL(, @) = —-

g1, @) = f7(j, @) — fr(, @)
j=1\[ m—j J=1) (m=i
'y—l a—y+1 Y a—Y
m m .
a+1 atl

Because f7(j,a) = f**1(j,a) =0 when j > m — a + y or j < y, we redefine f”(j, a),
f**1(j, @), and g”"*1(j, @) to be the PMFs over the set {u?, ..., u™ %7}, For y < j <

1f1(j, @) equals zero when j > m — a and is strictly decreasing in j when j < m — a.
2 fet+l(j, ) equals zero when j < « + 1 and is strictly increasing in j when j > o + 1.
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m—a+vy, fY(j,a) >0, fr*1(j,a) > 0,and
g7, @) o (m + 1)y = (@ +1)j.

Because gt (y,a) = f(y,a) —0>0and g¥" " '(m—a+vy,a) =0 — fY(m —a+
y, a) < 0, we know g»"*!(y,a) <0 if % <j<m-—a+yandg”"*(y,a) > 0if
y<j< (”;Jfl)“/. According to Lemma 1, FY(j, «) first-order stochastically dominates
FY*1(j, ), thatis, VY (a) > V(@) foranya=1,2,...,m — 1.3

Now we have shown that given any a = 1,2,...,m — 1, Vl(a) > V(0), V*t(a) <
1(0),and VY (a) > V¥t (a),Vy=1,2, ..., a + 1. Therefore, by the mean value theorem,
there exists a threshold y(«) at which (i) V'Y («) > 1V(0) for all y < y(«), and (i) V7" (a) <
V' (0) otherwise. O

A.2 Information acquisition under DirSD

In this section, we discuss the role of information and students’ information acquisition
strategy under DirSD in a one-tier market.

PropPoOSITION 5. In a one-tier market under DirSD, the marginal benefit of additional
information is nonnegative and can be nonmonotonic.

The proof of Proposition 5 will use the following two lemmas.
LEMMA 2. Foranya=2,...,m—1landy=1,2,...,a+1,VY(a) > V"Y(a—-1).
Proor. Suppose a student has completed (« — 1) steps of searching and is considering

the benefit of step o, « =2, ..., m — 1. When this additional search step is conducted,
the change in the expected value is given by

V@)=V a-1)=)_ (e =) f(j,a—

j=1 j=1

m—a+y—1 -1 _ 1 m—a+y -1 —
_ Z Y a—vy+ i Z Y a—y "

u

o)

Let /(j) be the difference between the two PMFs f”(j, @) and fY(j, « — 1), that s,

hN=f"0,e) = fr(j,e—1)

(m+1)y
at1

erlW] is the ceiling of

: . . . . (m+1)y
is not necessarily an integer, the threshold in Lemma 1 can be considered as u!" e ],

(m+1)y (m+l)
at+l ? +1

3Since
where [

that is, the smallest integer greater than
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j—1 m—j -1\ [(m—j
y—1/\a—y+1 y—1/\a—vy
a m m '
a+1 a

m—a+y—1
Whenj:m—a+y,h(m—a+y)=0—%<0 Whenj<m-—a+y-1,

o

h(j)x (m+ 1)y — (a+ 1)j.
We can see that (j) <0 if (m“)y <j<m—a+vyandh(j)>0ify<j< (mH)y . Accord-
ing to Lemma 1, FY(j, «) ﬁrst order stochastically dominates dlstrlbutlon F Y(j,a—1).
Hence, VY (a) > VY(a—1)foranya=2,...,m—landy=1,2,...,a+ 1. O

LEMMA 3. Foranya=2,...,m—landy=1,2,...,a,VY(a—1) > V" (a).

Prookr. The proof of this lemma is similar to the proof of Lemma 3. Givena =2, ..., m—
landy=1,2,...,q,

VY(e-1) =V a) =Y (G a—Dul = Y 4, ey
j=1 j=1

e () 05) e (3 05)
'y B> v
R

Let /' (j) be the difference between the two PMFs fY(j, « — 1) and f**1(j, a), that is,

RG)=f"Ga—1) =4, @)
J—1\(m—j J—1\(m—j
B y—1)\a—v \ a—vy
m m -
o a+1

—0>0.Whenj>vy+1,

(0 ;/)

" o)

When j=vy, h'(y) =

W (j)x(m+1)y — (a+1)j.

Therefore, 4'(j) <0 if ’”“)7 <j<m-—a+yand ' (j)>0ify<j< m“)y . According to
Lemmal, FY(j,a—1) ﬁrst order stochastically dominates FY*1(j, ). Thus V¥ (a—1) >
VY*tl(a)foranya=2,...,m—1l,andy=1,2,...,a. O
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Now we move to prove Proposition 5: under DirSD, the marginal benefit of additional
information (1) is nonnegative, and (2) can be nonmonotonic.

PRrOOEF. (1) Suppose the student submits a list £; under DirSD. Let QY be the probability
that she will be accepted by the 6th ranked university in =;. Recall that in each step of
DirSD, the student whose turn it is is assigned to the highest-ranked university in her
submitted list from those that still have vacant seats. Thus, for any probability distribu-
tion over one’s budget set, DirSD ensures that Q¢ > Q% if § < ¢, that is, a student is more
likely to be admitted by a university if it is ranked higher in her submitted list.

A student who stops searching at step « and chooses the optimal strategy of truth-
telling under DirSD, according to Propositions 4 and 1, would rank the unsearched
universities below the y(«)th-ranked searched university, but above the (y(a) + 1)th-
ranked searched university, and would rank the searched universities according to the
discovered relative preferences. Hence, her expected utility is given by

) ¥(a) Y(a)+m—a—1 m
uDlI‘SD(a) _ Z QOVO(a) + Z QBV(O) + Z Q6V67m+a+l(a) — ak,
0=1 0=y(a)+1 0=y(a)+m—a
in which «k is the total cost of information. For any « =2, ..., m — 1, the benefit of con-

ducting an additional search step under DirSD is given by A(a) — A(a — 1), where

Y(@) () +m—a-1 m
A=) 0V + Y. oVo+ ) QWi
=1 0=y(a)+1 0=y(a)+m—a
and thus
Y(a—1) y(a—1)+m—a
A== Y 0Ve-1+ Y QV(0)
6=1 =9 (a—1)+1
m

+ Z QOV9—m+a(a _ 1).

0=y(a—1)+m—a+1

Recall that y(«) is the threshold at which " (a) > V' (0) for all ¥ < y(a) and V7 («a) <
V' (0) otherwise. From Lemma 2, we know that 'Y («a) > VY (a — 1), Vv, therefore, we have
Y(a—1) < y(a).

First, when y(a — 1) = y(a),

Ala) — A(a—1)

¥(a) Y(a)+m—a—1
=> V) -Vla-D]+ > 0V -V(0)]
0=1 -0 0=Y(a)+1 -0

+ Q?(aH-m—a[V?(a)H(a) — V(O)]

<0
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m
0=y(a)+m—a+1 <0

In the above equation, [V%(a) — V(a — 1)] is positive according to Lemma 2, the second
term is zero, [V @+ (q) — 1V (0)] is nonpositive according to the definition of y(«), and
[V 0-mtatl(y) — p0—mte(y _ 1)] is negative according to Lemma 3. Since for any « the
total expected value of all universities is a constant equal to 37" u/, we have

Y(a)
V) - Via-1)]
0=1
- _ [V)A/(Dl)-}—l(a) _ V(O)] + Z [Ve—m-FCH-l (a) _ VO—m+a(a _ 1)] .
0= (a)+m—a+1

Because QY weakly increases as 6 decreases, the positive term outweighs the negative,
that s,

y(a)
>0V - Via-1)]

6=1
. _[grommepronin vy

+ Z QH[V07m+a+1 (a) _ V@*WH»O((a _ 1)] } .

0=y(a)+m—a+1

Therefore, we can conclude that 4(«) > A(a — 1) foranya=2,...,m—1.
Next, when y(a — 1) < y(a),

Ala) — A(a—1)
Y(a—1) Y(a)
_ 0T 0y 1700 Ory 0
= Y 0Va)—Via-1]+ Y 0V -V (0)]
6=1 ) =9 (a—1)+1 -0
Y(a—1)+m—a (@) +m—a—1
0 0 0—m+a
+ Z 'V -VO]+ 3 V) -V (@—1)]
0=y(a)+1 -0 0=9(a—1)+m—a+1 >0
+ Z QO[Vefl’IH»CH*l (a) _ V07m+a(a _ 1)]
0=y(a)+m—a <0

In the above equation, [V (a) — V?(a — 1)] is positive according to Lemma 2, [V (a) —
17(0)] is positive according to the definition of y(«), the third term is zero, [V (0) —
po-mteq — 1)] is nonnegative according to the definition of y(a¢ — 1), and
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[V O0-mtatl(y) — po-mta(q — 1)] is negative according to Lemma 3. Similar to the pre-
vious case, since the positive difference equals the absolute value of the negative dif-
ference but has more weight, we can again conclude that A(«a) > A(a—1) for any
a=2,...,m—1.

Lastly, when a = 1, we know from Proposition 4 that 1 (1) > 1/ (0) and V?(1) < V(0).
Thus,

m—1
A =0 )+ > 0V (0)+ 0"V (1)
6=2
m—1
>0 (0)+ ) 0V (0)+ 0"V (0)

6=2

=V (0)= A(0).

Again, the inequality is due to the fact that ' (1) =V (0) = —[V?(1) =V (0)] and Q' > Q™.

Therefore, we can conclude that A(a) > A(«') for any a > «'. That is, the marginal
benefit of additional information is nonnegative under DirSD.

(2) Under DirSD, the benefit of information is rescaled by the probabilities Q7.
Therefore, depending on the ex ante probability distribution of a student’s budget set,
the marginal benefit of additional information is not necessarily decreasing.

With Assumption 1 and uniform within-tier priors, each student knows that the
rank-order list submitted by any other student is equally likely to be any ranking in ().
Thus, from the perspective of student 7, she always has an equal chance at every univer-
sity, and this chance is given by {P;(B)} jcc- This makes the “name” of a university irrel-
evant to the student. Let { p;(8)}g=1,2,..,m be the probability distribution of the number
of universities in student i’s budget set, that is, p;(8) = Pr[|B;|=8], 8=1,2,...,m.4*
We thus have P;(B) = P;(B) = pi(B)/(’g) for all |B| = |B'| = B. That is, only the num-
ber of universities in a student’s budget set but not its specific composition matters
for her decisions under DirSD. For instance, consider a market with three universities
C = {c1, ¢, c3}, each of which has two seats. The budget set of the student ranked third
in the exam depends on the submitted rank-order lists of the two students ranked above
her. If, for example, they both place university c3 at the top of their lists, which occurs
with probability  x 3 = , then the budget set of the student ranked third contains only
c1 and cz. The same probability % should be assigned to all possible two-university com-
positions of her budget set: {c1, c2}, {c1, c3}, and {c2, c3}.

Suppose a student submits a list &= under DirSD. Then, given {p(B)}g=1,2,..,m, the
probability that she is accepted by the 0th ranked university in = is given by

m—0+1 B -1
o'~y

———P(B).
p=1  [m
B

4A student has at least one university in her budget set because we assume the total number of seats
exceeds the total number of students. This assumption simplifies our analysis, but is not crucial.
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If a student is assigned to her 6th choice, her budget set B has to include her 6th choice
and exclude the (6 — 1) universities listed above it. With probability p(8), B includes
B universities. One of them has to be her 6th choice and the remaining (8 — 1) ones
cannot be her top 6 choices, which means ('g:f ) out of the ('g ) possible compositions
can occur. Thus, QY sums up, for all possible values of B, the probability that the student
will be accepted by her th choice. We can see that for any probability distribution over
one’s budget set, DirSD ensures that Q > 0% if 6 < ¢/, that is, a student is more likely to
be admitted by a university if it is ranked higher in her submitted list. This, again, proves
the optimality of the truth-telling strategy stated in Proposition 1.

Now, consider our experimental market with one tier. There are six universities and
each one has two seats. The cardinal utilities of every student are determined by the
experimental payments {u!, u?, u®, u*, u®, ub} = {40, 34, 28, 22, 16, 10}.

For the student ranked first in the exam, {p(1), p(2), p(3), p(4), p(5), p(6)} =
{0,0,0, 0, 0, 1} and the marginal benefit of each additional step of searching is A(1) —
A0) =7, A(2) — A(1) =3.5, A(3) — A(2) =2.1, A(4) — A(3) = 1.4, A(5) — A(4) = 1,
which is decreasing.

However, for the student ranked 10th in the exam, {p(1), p(2), p(3), p(4), p(5),
p(6)} =~ {0, 0.57,0.43, 0, 0, 0} and the marginal benefit of each additional step of search-
ing is approximately A(1) — A(0) ~ 2.84, A(2) — A(1) ~ 1.42, A(3) — A(2) ~ 1.87,
A(4) — A(3) = 1.25, A(5) — A(4) ~ 1.14, which is clearly nonmonotonic.

This implies that under DirSD, the optimal information acquisition strategy is not
necessarily unique in the general setting. However, we ensure the uniqueness for every
student in each treatment of our experimental design. O

A.3 Information acquisition under SeqSD

In this section, we discuss the role of information and students’ information acquisition
strategy under SeqSD in a one-tier market.

PROPOSITION 6. In a one-tier market under SeqSD,

(1) the marginal benefit of an additional step of searching among available universi-
ties is non-negative and decreasing;

(2) the optimal stopping point o in a student’s search process is characterized
as (i) &SP =0 if V(1) — V(0) < k; (ii) %P =1 if V(1) = V(0) > k and V'(2) —
V(1) < k; and (iii) a595P solves [V1(a5¢5D) — 11 (a5¢95D — 1)] > k and (V! (5P +
1) — V1(a5¢95D)] < k otherwise.

SeqSD

Prookr. (1) First, we show that the marginal benefit of an additional step of searching is
non-negative.

Under SeqSD, each student, when being considered, is asked to select from all uni-
versities that still have vacant seats, that is, from all universities in her budget set B.
Obviously, a student would not search outside her budget set because the information
about unavailable universities cannot affect her selection. When searching within B, a
student who stops at step « and chooses the optimal strategy of truth-telling under Se-
gSD, according to Proposition 4, would choose the university with the highest expected
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utility. Hence, her expected utility at this point is given by V'! (a) — ak, in which ak is the
total cost of information.

Suppose that when a student is considered by SeqSD, there is only one university
left available, that is, her budget set includes only one university (|B| = 1). Thus, she
obviously has no incentive to invest in any information and the marginal benefit of ad-
ditional information is constantly zero.

Suppose a student is asked by SeqSD to choose from multiple universities (|B| > 1).
According to Proposition 1, it is an optimal strategy for her to choose the university with
the highest expected utility. Then the marginal benefit of conducting the first step of
searching is 1’1(1) — 7(0) and the marginal benefit of conducting an additional sub-
sequent search step is given by V() — V(e — 1), @« = {2, ..., |B| — 1}. According to
Lemma 2, we know that V1 (a) > V!(a—1) foranya =2, ..., m — 1, and we have already
shown that 1V1(1) > 1/(0) in Proposition 4. Therefore, V'!(a) > V1(«/) for any a > o
when |B| > 1.

Combining the cases of |B| = 1 and |B| > 1, we can conclude the marginal benefit of
additional information is nonnegative under SeqSD.

Next, we consider the change in marginal benefit during a student’s search process
under SeqSD.

We only consider a student with |B| > 2 because one with |B| < 2 would not conduct
multiple search steps. The difference in marginal benefits between an increase from (« —
1) to « and an increase from e to (« + 1), « =2, ..., |B| — 2 is given by

Vi) =V a-D]-[V'(a+1) - V(x)]
=2Vl (@) =V a+1) =V a-1)
m—a ) m—a—1 ) m—a+1 )
=2y fl,aw = Y fla+Du/ = Y flG,a—Du
j=1 j=1 j=1

Define x(j) as the corresponding difference in PMFs:

x(N=2f1G, @)= G, a+ 1) =1, a—1).

() G o)

() () ()

We can calculate that y(m —a+ 1) = ——— < 0, x(m — a) = 2—4— — %, and thus
(a) (a+1 (a
2 a+1

xm—a+1)+xy(m—a)= —
m m
) ()

xa+2—-—m<0.
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Therefore, the difference in CDFs is non-positive when j>m —a.Forl <j<m—a—1,

x(N o (j—D[2(m+1) — (a+2)j].

2(m+1) 2(m+1)

We can see that y(j) < 0 if <j<m-a—1land y(j) >0if 1 <j < el
According to Lemma 1, the dlfference in CDFs are nonpositive at any j, which indi-
cates first-order stochastic dominance. Hence, we conclude that [’ (a) — V(e —1)] >
Vi a+1)-V(a)foranya=2,...,|B| -

When «a = 1, the difference in marginal benefits between an increase from (« — 1) to
« and an increase from « to (« + 1) is given by

Vi) -vo)]-[r@e -rm]
m—1 m—2 1 m
_ Los J_ 1cs J_ — J
_ng(],l)u ;f(],Z)u mgu.

Define x!(j) as the corresponding difference in PMFs:

Ty — 1, I _l
xMN=2f0G,D-f0,2) -

m—j
=2m—j 2 1

When j<m -2,

(—D(2m+1)-3j)
m(m—1)(m—2)

x'()=
Therefore, x!(j) < 0 when 2””*” < j <m—2,and x'(j) >0 When 1<j< W We
can also calculate that y (m) ~L <0and y!(m-1) = m — 1. When m > 4,
x'(m—1) <0, and thus y!(j) <0 for 22D < j <mand x'(j) > 0for 1 < j < 2% Ac-
cording to Lemma 1, the difference in CDFs is nonpositive at any j, which indicates first-
order stochastic dominance, and thus [V1(1) =V (0)] > [V1(2) = V1(1)]. When m = 3, we
know V' (0) = 3 (u! + u? + ), V(1) = $u' + Lu?, V1(2) = u!, and thus [V (1) - V' (0)] >
V12) - vi as u' > u? > ud. When m = 4, we know V' (0) = F(u! + u® + u® + u),
Vi) = tul + Ju® + 3u3,V1(2) = 2u' + $u?, and thus [V1(1) = V(0)] > [V1(2) = V1(1)]
as u! > u? > u® > u®. Therefore, [Vl(l) - V(O)] > [V1(2) — V1(1)] holds for any m > 2.

To sum up, we can conclude that the marginal benefit of information acquisition
within one’s budget set decreases under SeqSD.

(2) Since the marginal benefit of an additional search step within B decreases and
the marginal cost is constantly k, it is optimal for a student to adopt another search step
as long as the marginal benefit exceeds the marginal cost, and stop searching otherwise.
Specifically, the optimal stopping point «5¢95P in the search process is characterized as:
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(i) %8P = 0 if V(1) — V' (0) < k;

(i) %8P = 1if V'1(1) — V(0) > k and V'1(2) — V(1) < k; and

(i) a5¢95D solves [V1(aS¢d5D) — p1(a5€aD — 1)] > k and [V!(aS9D + 1) —
1'1(a5€48D)] < k otherwise.

Due to the discreteness of the problem, under some parameters a student may be in-
different between two optimal stopping points if the marginal benefit of the last search
step equals k; here, we assume the student chooses the smaller one. Otherwise, the op-
timal stopping point is unique. d

A.4 Proof of Theorem 1

Proor. This proof does not rely on a particular search technology. We define student i’s
search decision as a choice s; from the set S; and denote its cost as d;(s;). For the search
technology specified in Section 2.3, student i’s search decision s; represents her stopping
point «; € {0, 1, ..., m — 1} and its cost is d;(s;) = a;k;.

According to Proposition 1, a student who adopts the optimal strategy of truth-
telling ranks universities according to the expected utilities from high to low under
DirSD and chooses the university with the highest expected utility under SeqSD. In both
cases, the student bases her submission strategy on her updated beliefs about her pref-
erences after search and is accepted by the university with the highest expected utility
in her budget set. The expected utility of this university, denoted as EU (s, B), is thus de-
termined by the student’s search decision and her budget set. With Assumption 1 and
uniform within-tier priors, the ex ante probability distribution of a student’s budget set
{P(B)} jcc does not depend on the search strategies of others and is the same under
DirSD and SeqSD.

Under DirSD, all students simultaneously submit their rank-order lists. A student
takes her search decision s based on the ex ante probability distribution of her budget set
{P(B)} icc and needs to pay the information cost d(s). Thus, the optimization problem
under DirSD is given by

{yDirsD _ max[(Z P(B)EU s, B)) - d(s)]
seS Iy
Bcc

Under SeqSD, a student selects the preferred university after the higher-ranked students
have made their choices. She therefore observes the realization of her budget set before
she makes her search decision. Thus, the optimization problem under SeqSD is given by

yseasd — y° P(B)masx[EU(s, B) —d(s)].
~ se
BcC

Therefore, we have

DirSD __ R By | _
U = I?EEEX[( Z P(B)EU s, B)> d(s)]

BcC
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= r?e%x[ Z P(B)(EU(s, B) — d(s))]
BcC
< Z P(B) I?E%X[EU(S, B) —d(s)]
Bec
— USeqSD'

Hence, we conclude that a student with any probability distribution for her budget set
is weakly better off under SeqSD than under DirSD. O

A.5 Alternative search strategy: Information acquisition under SeqSD

The optimal search strategy under SeqSD can be generally characterized as a stopping
rule in the proposition below.

PROPOSITION 7. In a one-tier market under SeqSD, student i’s optimal search strategy is
as follows:

(1) Suppose k; > %. The student does not acquire any information and randomly
selects a school from her budget set B;.

(2) Suppose k; < b_T” and there is more than one unsearched university remaining in
B;. The student stops only if L'tf > b—/2(b — a)k;, and selects university EiS . Otherwise, she
keeps searching by randomly choosing an unsearched university to investigate.

(3) Suppose k; < b%“ and only one unsearched university remains in B;. If ﬁf >b—
V2(b — a)k;, the student stops and selects Ef. Ifa+/2(b—a)k; < L'tf <b—2(b—-a)k;,
the student investigates that remaining university and selects the university with the high-
est utility among all universities in B;. If L‘tf <a++2(b—a)k;, the student selects that
remaining university without investigating it.

Proor. We omit the subscript i when referring to any student. A student observes her
budget set B before conducting a search under SeqSD. For exposition purposes, let us
assume |B| > 3.
Let U(«) be the utility of the student after she has conducted « steps of the search.
If the student does not acquire any information, she randomly selects a university and
receives the expected utility of
a+b

E[U0)] = 5

With a cost of k, she can conduct the first search step by randomly choosing a uni-
versity in B to investigate. Suppose that she investigates c; € B and discovers u¢!. Then
she would select c; if u“! > "T*'b and select an unsearched university otherwise. Thus, the

expected utility after the first search step is given by

E[U)] :E[max{ucl, a—;—b} —k]
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=Pr|:uCl > —a—;b]EI:ucl | u > _a—;b} -I—Pr|:uCl < _a+b]a+b —k

2 2
a+b b

1 5 % 1 a+b
=—-x + = x —k

2 2 2 2

3
_ a+5b_k‘

8

Therefore, the student will conduct the first search step if E[U(1)] > “TJ”b, which solves

Suppose k < bg—”. With another cost of k, she can conduct the second step of her
search. Suppose that she investigates ¢, € B and discovers u2. Then the expected utility
after the second search step is given by

st ol )

b b
= Pr|:uc2 > max{ucl, %”E[uc2 | u? >max{ucl, at H

2
b”max{ucl, a—;b} — 2k

a
+ Pr|:uc2 < max{ucl, +

b — max ucl,a+b max ucl,a+b +b
B 2 | 2
- b—a 2
max{ucl ﬂ}_a
2 a+b
+ 5 xmax{ucl, 5 }—Zk
—a

2
b2 —2amax{uc1, M} + <max{uc1, a+b}>
2 2 1ok

2(b—a)

Therefore, the student will conduct the first search step if E[U(2)] > U (1), which solves

max{u"l, ﬂ} <b—+2(b—a)k.

2

We already know that k < b%” and, therefore, b — \/2(b — a)k > %. Hence, the student
will conduct the second search step if u! < b — /2(b — a)k.

We can generalize the above argument as follows. Suppose the student has searched
a set of universities C5 ¢ B and discovered the highest utility i5. Suppose further that
there is more than one unsearched university remaining in B. Then the student will con-
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duct an additional search step if
_g a +b
max u”, 5 <b—+/2(b—-a)k.

That is, in this case the student stops only if iS5 <b—2(b—a)k.

Suppose now that the student has searched a set of universities C° ¢ B and only one
unsearched university ¢ 3 remains in B. The expected utility after the last search step is
given by

E[U(1BI)] = E[max{u‘®, &%} — |Blk]
= Pr[u® > @S|E[uc | u® > 5] + Pr[uc® < aS)as — |Blk

b—uS @+b @d-a

=S
= — |Blk
b—ax 2 +b—axu 1]
b2 — 240 -85\2
_ ai + (u°) _Blk.
2(b—a)

Therefore, the student will conduct the last search step if E[U(|B|)] > U(|B| — 1). Be-
cause

E[4(BI)] - 4(BI - 1)

_ <b2 —2ai’ + (@%)" |B|k) B (max{ﬁs, ﬂ} (Bl - 1)k>

2(b—a) 2

b2 — 24 + (i5)?
_ aw’ + (u°) —max{L'tS a+b}_k

2(b—a) ’
b—ib)
&—k ifﬁs>ﬂ’
_ 2(b—a)2 2
(a — ) _g_a+b
—k f < —
2(b—a) 2

we know that (i) if a + v2(b — a)k < % < b — /2(b — a)k, the student investigates cp,
and selects the university with the highest utility among all universities in B; (ii) if &% >
b — /2(b — a)k, the student stops before the last step and selects ¢° (the university with
the highest utility among the searched universities in C%); and (iii) if #® < a++/2(b — a)k,
the student selects ¢ 5| without investigating it. O

A.6 Alternative search strategy: Information acquisition under DirSD

As explained in the main text, instead of generally characterizing the optimal search
strategy under DirSD, we numerically calculate it for every student in our experimental
setup and illustrate the calculation process below. In our experimental market with one
tier, there are 12 students and six universities {ci, ¢, ¢3, c4, ¢s5, ¢cg}; each university has
two seats.
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Under DirSD, student i chooses her search strategy based on k; and the ex ante
probability distribution of her budget set {P;(B)} jcc- This can be used to calculate
{0%6=1,2,..,m» in which QY is the probability that i is accepted by the 6th ranked univer-
sity in her submitted rank-order list. The first simple case is that for a student in ranks 1
and 2, we know that {Q', 0%, 03, 0%, 0%, 0% =11, 0,0, 0, 0, 0}. They know for sure that
their budget set consists of all universities. Thus, only their first choice matters and they
search just like a student in SeqSD with B = {c1, ¢2, c3, C4, C5, c6} The second simple case

get set only contains one school and she is equally hkely to be accepted by any school
on her list. Therefore, she does not have an incentive to acquire any information.

Now consider a student in ranks 3 to 11. If the student does not acquire any infor-
mation, she ranks the six universities randomly and has an expected utility of

a+b
7

E[UWO)]=

With a cost of &, she can conduct the first step of her search by randomly choosing a
university to investigate. Different from SeqSD, under DirSD the student does not ob-
serve her budget set and can therefore investigate any university in C. Suppose that
she investigates c¢; and discovers u‘!. If u“l > #, she would rank c¢; above all the un-
searched universities. If 4! < ”+b , she would rank c¢; below all the unsearched universi-
ties. [f u1 = “+b , she would randomly rank the six universities. Thus, the expected utility
after the first search step is given by

6
b b b

E[UD)]= P1r|:uc1 > %}E[Qlucl + E 0% x a;t [ u > a: }

0=2

5
a+b g a+b 6 a+b
+PI‘|:MCI§T:|E|:§ 0 XT+Q LtclluclfT —k

Given the values of k and Q%s, the student conducts the first search step if E[U(1)] —
U(0)>0.

Suppose that E[U(1)] — U(0) > 0 holds for this student and she indeed conducts the
first step of her search.

o If the student investigates ¢; and discovers u“! > "Zlb With an additional cost of k,
she can conduct the second step of search. Suppose that she investigates ¢, and
discovers u“. If u® € [a, ”T“’], she would rank c; the first and ¢, the last, with the
unseached universities in between. If u“2 ¢ (”TJ“b, u‘l], she would rank c; the first and
¢ the second, followed by the unsearched universities. If u2 € (u‘t, b], she would
rank c; the first and c¢; the second, followed by the unsearched universities. Thus,
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the expected utility after the second search step is given by

a+b
a+——

5
E[U(Z)]=%<QIMCI+ZQ0Xa+b+Q6 2 )
0=2

2 2

a—l—b a+b a g
+ e QluC1+Q2 tu +ZQ0Xa+b
b_

2 2
— <
+(b - )(Qlu +b+Q2ucl+ZQ9 a;b)—zk.

0=3
b—a

o If the student investigates ¢; and discovers u‘! < “T”’. With an additional cost of %,
she can conduct the second step of her search. Suppose that she investigates ¢, and
discovers u. If u2 € [a, u“'], she would first rank the unsearched universities, and
then rank c; the fifth and ¢, the last. If u“2 € (u“, “zib], she would first rank the un-
searched universities, and then rank c¢; the fifth and ¢; the last. If u“ ¢ (%, b], she
would rank ¢, the first and ¢; the last, with the unsearched universities in between.
Thus, the expected utility after the second step of the search is given by

0 5.¢ , o3 TU
)(ZQ +0Q%u + 0 2)

E[U2)]= (

a—}—b_uc1 A u61+a+b
+ 2 ZQOXa+b+Q5 2 +Q6u61

b—a Pt 2 2

a+b
b 5

i1 2 + 0. “+b 6 ¢
— —£ — 2k.
+2<Q 5 +02=;Q +Q%u

Given the values of k and Q%’s, the student conducts the second search step if E[U(2)] —
U(l)>0.

Suppose that E[U(2)] — U(1) > 0 holds for this student and she indeed investigates
¢2. To determine whether the student would continue searching, we need to discuss dif-
ferent contingencies in terms of how u“? compares to u‘! and “T”’ When calculating
E[U(3)] in each of these contingencies, we need to consider different cases in terms of
how the realization of u“® compares to u, ut, and “T”’.

As we can see from the above analysis, information acquisition under DirSD is heav-
ily history-dependent. That is, whether a student should stop searching under DirSD
may depend on the utilities of all the universities she has searched (instead of only the
highest discovered utility L‘tf under SeqSD). As a result, the number of contingencies
grows rapidly as the student conducts each additional search step and it is much more
challenging to derive the optimal search strategy under DirSD than under SeqSD.
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APPENDIX B: ADDITIONAL EXPERIMENTAL RESULTS
B.1 Details on individual search strategies

We consider each environment separately, since optimal search strategies depend on
search costs and whether the preferences are tiered.® Figure 7 presents the average cost
of information acquisition by treatments when the cost is low at $0.5. The left panel of
Figure 7 presents optimal and actual search strategies for the two-tier environment. In
DirSD under low information costs, the optimal search strategy for all subjects (except
for subjects ranked 6th and 12th) is to invest $1 to obtain full certainty about their own
preferences in the respective tier. Note that subjects with score ranks 1-5 should only
consider the universities in tier A while subjects with score ranks 7-11 should only con-
sider universities in tier B. On average, we observe that subjects search too little, except
for rank 7 subjects who, on average, oversearch by investing in information about uni-
versities in both tiers. The excessive search by rank 7 subjects may be driven by optimism
that some of the subjects ranked 1 to 6 will be assigned to a tier B university, due to sub-
optimal preference submission.® In Cutoff, the behavior is similar to DirSD (p-value for
the test of difference is 0.32). Thus, the cutoff provision does not have a significant effect
on search strategies in the two-tier markets with low costs. On the one hand, the cut-
offs are informative due to the full uncertainty resolution in the equilibrium of DirSD.
On the other hand, the benefit of relying on cutoff information is relatively small, as the
total cost of optimal information acquisition is just $1. Thus, subjects might not risk sav-
ing $1 by relying on cutoff information. As for subjects with ranks 6 and 12, they should
not invest in information at all, as they both get the only free seat of the corresponding
tier in equilibrium. However, we observe a high degree of oversearch by these subjects.’
As for SeqSD, the actual search behavior of subjects is, on average, remarkably in line
with the theoretical predictions. The actual search costs are significantly lower than in
DirSD and Cutoff (the p-value for the test of difference is < 0.01 for both comparisons).
Thus, the optimal search strategy in SeqSD is more straightforward for subjects than in
DirSD. This is not surprising, as the optimal strategy consists of full investment in re-
solving uncertainty about one’s available universities, and the only deviation could be
undersearch or searching prior to the start of the allocation procedure, that is, before
one learns which universities are available to them.

The right panel of Figure 7 presents the predictions and actual search strategies for
the one-tier environment with low costs. In DirSD, the optimal search strategy for all
subjects (except rank 12 subjects) is to invest $2.50 to obtain full certainty about their
preferences. We observe that rank 1 to 11 subjects search too little, which is even more
pronounced for subjects with ranks 6 to 11 than for subjects with ranks 1 to 5. Note that

5As explained in Section 3.5, we do not derive point predictions for optimal search strategies in the Cutoff
treatment.

6In total, a rank-7 participant had the potential choice between universities in the top tier due to subop-
timal strategies of higher-ranked participants in only 1 out of 48 rounds of DirSD.

“Note that in our experimental setup all students had to submit the full rank-order list of universities
in DirSD and Cutoff, or had to choose one university in SeqSD, thus making it impossible to remain unas-
signed. Therefore, not searching is an optimal strategy for rank-12 students.
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FIGURE 7. Average costs of information acquisition with low costs by treatments.

the relative benefit of search decreases with the rank, thus it can be partially driven by
the risk aversion of subjects. Another possibility is that subjects perceive the preferences
as correlated, and thus overestimate the chances that the most-preferred universities
will be assigned to the higher-ranked subjects. In Cutoff, the actual search costs are sig-
nificantly lower than in DirSD for ranks 1 to 10 (p-value for the test of difference is < 0.01
for these ranks, and for all ranks). Again, cutoffs are informative due to full uncertainty
resolution in the equilibrium of DirSD. In the two-tier environment, the potential bene-
fit of relying on cutoffs for subjects is only $1. In the one-tier environment, the optimal
information cost is $2.50 and the potential benefit of cutoffs from the perspective of sav-
ing search costs is higher. As for rank 12 subjects, they should not invest in information
at all; yet, on average, they invest $1.08 in DirSD and $0.98 in Cutoff. This violates the
optimal strategy of not searching. As for SeqSD, the actual search behavior of subjects is
remarkably in line with the average theoretical predictions. The most substantial devia-
tion is the undersearch of the subjects ranked 1 to 5. Again, the optimal strategy in SeqSD
consists of obtaining full certainty about the ranking of all available universities, and the
only deviation could be undersearch or search before the allocation procedure started.
When the optimal strategy requires an investment of $2.50, and thus five search steps,
subjects often stop after four steps of the search, thus underestimating the probability
of the last university being preferred to the other five universities. This undersearch in
SeqSD is similar to the undersearch of rank 1 to 3 subjects in DirSD. Overall, the actual
search costs in SeqSD are significantly lower than in DirSD, but not significantly different
from Cutoff (p-value for the test of difference is < 0.01 and equal to 0.79, respectively).
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F1GURE 8. Average costs of information acquisition with high costs by treatments.

Figure 8 presents the average cost of information acquisition by treatments when
the cost is high at $2.30. The left panel presents predictions and actual search strategies
for the two-tier environment. First, in DirSD the optimal search strategy for rank 1 to 4
and 7 to 10 subjects is to invest $2.30 in resolving uncertainty about the relative ranking
of any two universities in the respective tier. Thus, in the high-cost treatments subjects
never obtain full certainty about the university rankings. Students ranked 5, 6, 11, and
12 should not invest in search at all. Unlike in treatments with low costs, we observe
significant oversearch in DirSD for all ranks. This finding is in line with previous experi-
mental findings on information acquisition (see Chen and He (2021), for school choice,
Bhattacharya, Duffy, and Kim (2017), for voting, and Gretschko and Rajko (2015), for
auctions). In Cutoff, the actual search costs are lower than in DirSD (p-value < 0.01)
with the highest difference for the lower-ranked students. Unlike the two-tier low-cost
environment when the potential benefit of relying on cutoffs saves subjects only up to
$1, in the two-tier, high-cost environment the optimal information cost is $2.30. Thus,
the potential benefit of cutoffs for saving information costs is much higher. Subjects rely
on the cutoffs following the higher potential saving of information costs. In SeqSD with
high costs, unlike in SeqSD with low costs where the actual search behavior of subjects
is mostly in line with theoretical predictions, we observe a high degree of oversearch for
students ranked 1 to 3 and 7 to 9. The oversearch for ranks 1 to 3 is even higher than in
DirSD. As for ranks 5, 6, 11, and 12, the behavior is more in line with the theory than in
the other treatments. Overall, in the two-tier, high-cost environment, there is no signifi-
cant difference in the average actual search costs between SeqSD and DirSD (p = 0.12),
and between SeqSD and Cutoff (p = 0.16).
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Finally, the right panel of Figure 8 presents predicted and actual search strategies for
the one-tier, high-cost environment. In DirSD, the optimal search strategy for rank 1 to
4 subjects is to invest $4.60 in resolving the uncertainty about the ranking of any three
universities. Similar to the two-tier environment with high costs, students ranked 1 to
4 oversearch relative to the optimal strategy. Ranks 5 to 7 have an optimal strategy of
investing $6.90 to resolve uncertainty about the ranking of four out of six universities.
Note that this is the only case where the lower-ranked subjects search more in theory
than the higher-ranked subjects. This pattern, however, finds no support in the data, as
the students ranked 5 to 7 search less than students ranked 1 to 4. As for ranks 8 to 12,
on average, they all invest around $4 in information acquisition, despite an optimum of
$2.30 for ranks 9 and 10 and an optimum of $0 for ranks 11 and 12. In Cutoff, the actual
search costs are lower than in DirSD (p < 0.01), with larger differences for the higher-
ranked students. Just as in the two-tier environment with high costs, subjects rely on
the cutoffs leading to lower information costs than in DirSD. Yet again, they ignore the
fact that in the high-cost environments, the cutoffs are less informative about the pref-
erences of the previous cohort than in the low-cost environments, as many submissions
of the previous cohort are made without resolving preference uncertainty. Note, how-
ever, that in both high-cost environments, in DirSD subjects overinvest in information
relative to the optimal strategy. Thus, the cutoffs are more informative than in equilib-
rium. As for SeqSD, we observe a high degree of oversearch for students ranked 1 to 6.
As for ranks 7 to 12, the behavior is more in line with the theory than in the other treat-
ments. Overall, in the one-tier, high-cost environment, the average actual search costs
in SeqSD are significantly higher than in Cutoff (p < 0.01), and not significantly different
from DirSD (p = 0.52).

B.2 Normalized efficiency by environments

TABLE VI. Average normalized efficiency by treatments and environments.

Treatment p-value for Test of Equality

DirSD SeqSD  Cutoff DirSD =SeqSD DirSD = Cutoff SeqSD = Cutoff
(€8] 2 3 “4) ®) (6)

Two tiers and low cost 74.0% 82.7%  75.6% 0.01 0.63 0.01
Two tiers and high cost 81.5% 88.1% 87.0% 0.00 0.01 0.51
One tier and low cost 83.7% 91.7% 82.3% 0.01 0.74 0.00
One tier and high cost  64.7% 76.2% 72.7% 0.00 0.00 0.08
All 75.9% 84.7%  79.4% 0.00 0.08 0.00

Note: For the tests in columns 4-6, we use the p-values for the coefficient of the treatment dummy in the OLS regression
of efficiency on this dummy with standard errors clustered at the level of matching groups and with a sample restricted to the
treatments that are of interest for the test.
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B.3 Order effects

TaBLE VII. Order effects.

Total Total Number of Number of Optimal Optimal
Payoff Payoff Searches Searches Strategy Strategy
Order —0.00 —0.00 0.06 0.06 0.00 0.00
(0.41) (0.29) (0.10) (0.07) (0.06) (0.02)
SeqSD 2.05 —0.38 0.26
(0.36) (0.07) (0.02)
Cutoff 0.90 —-0.47 -0.14
(0.43) (0.10) (0.02)
Tiers -3.17 —1.19 0.09
(0.49) (0.12) (0.03)
Cost of search -2.34 —0.44 —0.03
(0.12) (0.03) (0.01)
Period 0.07 0.04 0.01
(0.10) (0.03) (0.01)
Observations 3384 3384 3384 3384 3384 3384
R 0.00 0.09 0.00 0.22 0.00 0.16

Note: Results of OLS regressions with clustering of standard errors on the level of matching groups. Order is a dummy
variable equal to 0 when Low cost preceded High cost, and equal to 1 when High cost preceded Low cost. SeqSD is a dummy
for treatment SeqSD, Cutoff is a dummy for treatment Cutoff. Tier is equal to 1 in one-tier environments and equal to 2 in
two-tier environments.

B.4 Alternative search technology: Information acquisition under Cutoff

TaBLE VIII. Probability of information acquisition about a university depending on the cutoff.

Dummy for Search (2) Dummy for Search (2)
(1) 2)
Cost of search —0.121 -0.29
(0.05) (0.05)
Higher cutoff, dummy —0.07
(0.02)
Higher cutoff, difference —0.006
(0.000)
Lower cutoff, difference —0.003
(0.000)
Observations 2304 2304

Note: Marginal effects of probit regressions regarding information acquisition about a university in Cutoff. “Higher cutoff,
dummy” is a dummy that is equal to one if the cutoff score of the university minus the student’s score is greater than zero.
“Higher cutoff, difference” is equal to the cutoff score of the university minus the student’s score if the difference is positive and
zero otherwise. “Lower cutoff, difference” is equal to the student’s score minus the cutoff score of the university if the difference
is positive and zero otherwise. Standard errors are clustered at the level of matching groups.
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