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Abstract

In this supplementary appendix we provide additional results to Pram and Schipper (2025).

Incentivizing Raising Only “Relevant” Awareness

In the main text, Pram and Schipper (2025) introduced dynamic elaboration VCG mechanisms that
incentivize raising awareness to the pooled awareness level. One concern is that these mechanisms
also provide incentives to raise welfare-irrelevant awareness in the sense that the awareness raised
does not affect anyone’s valuation for outcomes. On one hand, agents may shy away from mech-
anisms in which other agents can “game” the mechanism by trying to gain additional payments
from them for raising awareness even though the awareness is raised is irrelevant to welfare. It
also poses practical challenges of disclosure overload. On the other hand, if no agent is fully aware,
an agent’s awareness may be highly welfare-relevant when pooled with another agent’s awareness
even though it looks completely welfare irrelevant to the agent himself. Thus, incentivizing raising
awareness, even if perceived irrelevant by an agent, may be desirable. In this note we address this
problem and show that our mechanisms can be modified such as to only reward welfare-relevant

awareness. It comes at the cost of additional notation.

EXAMPLE: In this example, we demonstrate the issue of raising welfare-irrelevant awareness.
Suppose that we are allocating a single indivisible good among two bidders. There are two awareness
levels, £ and ¢ ordered by ¢ = £. At each awareness level, each bidder can have one of two payoff
types. The payoff type spaces are depicted in Figure 1, left for bidder 1 and right for bidder 2.
We also depict in blue font the valuations for the object associated with the payoff types. Observe
that each bidder has a value for the good of either 1 or 2 no matter his awareness. That is, to both
bidders awareness is welfare-irrelevant. For instance, the event that bidders with awareness level

¢ are unaware of but are aware at £ could be “There may or may not be life on Mars.” The true
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Figure 1: Payoff Types in the Example
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payoff types of both agents are depicted in red. Bidder 1’s valuation at his true payoff type is 1;
bidder 2’s valuation at his true payoff type is 2. However, bidder 1’s awareness level is given by ¢
while bidder 2’s awareness level is given by £.

According to the dynamic elaboration Clarke mechanism of Pram and Schipper (2025), in the
first stage bidder 1 reports in

t] = “My value for the good is 1 and there may or may not be life on Mars.”
while agent 2 reports

ty = “My value for the good is 2.”.

The mediator pools awareness contained in both reports, i.e., “There may or may not be life on
Mars” and communicates it back to both agents. Consequently, in the second stage, agent 1 repeats

his first-stage report, ¢}, while agent 2 states

tg” = “My value for the good is 2 and there may or may not be life on Mars.”

Denote this last profile of reports by t2.
According to the dynamic elaboration Clarke mechanism, the good should be given to agent
2 as this maximizes utilitarian ex post welfare given the pooled awareness level. We compute the

transfers for bidders 1 and 2, respectively, by

=

(t3) + a1 (t4, %) = 2 — 2 + a1 (t', t?) = ay (¢4, ¢2)
Lt2) + an(t',82) = 0 — 1 + ao (', 82) = —1 + as(t, £?)

va(fo(t?),83) +
vi(fo(t?),81) +

fl(tla t2)

Y
f2(t1at2) Y

Apart from the awareness raising incentives, a;(t!, t?), these are the payments of the Vickrey second-
price auction. However, again 1 receives the transfer a;(¢',t?) = 1 while agent 2 additionally

receives as(t!',t?) = —ay(t',t?) = —1 bringing his total payment to 2. For agent 1, this is the



maximum difference that his statement regarding life on Mars could have made to his utility from
the subsequent second-price auction. To see this, recall that, since player 1 was the first to raise

awareness, 1 = i*(t!, ),

ar(t',t%) = mi(f) = max ( 1(fo(®), 1) + v2(fo(#), 12) + vi (L) —2 (fo(®),%;) — vi 752))

teTt teT?

The r.h.s. expression is minimized when t = (¢],t}) and t = (¢{”,t%’). In this case, the associated

vectors of valuations are (2,1) and (2, 2), respectively, so that the r.h.s. expression becomes
24+40—-1—-2+2=1.

The expression cannot be any higher than this, since for any teTE vi(fo(t),ty) +va(fo(t),ty) +
yf(zz) is at most 1 and for any £ € T, — 20 (fo(®), 1) —y¥(t) is at most zero. Hence m;(f2) = 1.
It follows that dynamic elaboration Clarke mechanisms (and dynamic elaboration VCG mecha-

nisms in general) in Pram and Schipper (2025) do give incentives to raise irrelevant awareness. []

The issue of raising welfare-irrelevant awareness can be easily bypassed by the following modified
version of the mechanism. First we define the partial order, =", by ¢ =" ¢/ if £ = (', X§ # Xgl or
vi(w,t;) # vi(w, 75 (t;)) for a some i € I, t; € T, x € X§. We interpret £ ="l {' as “( is relevantly
more expressive than ¢7. We will say that ¢ is “irrelevantly more expressive than ¢/, denoted
(Ui 00 but £ "¢ ¢, Note that the =" order is transitive, although =" is not necessarily
transitive. In the example just given, raising awareness of the possibility of life on Mars makes the
description of the payoff type irrelevantly more expressive, in the context of allocating the good in
question, since it does not affect the possible allocations (which are still just to allocate the good

to either agent 1 or agent 2), nor does this possibility affect either player’s value for the good.

Definition 1 (Modified Dynamic Elaboration VCG Mechanism) We say that the dynamic
direct elaboration mechanism implementing f is a dynamic elaboration VCG mechanism if fo is

utilitarian ex post efficient and transfers f; to agent i € I are given by for any (t',...,t") € T,

it ent™) = S0y (foE), 1) + 2@ + ag(t!, o t), (1)

J#i

where, for each £, y¢ : T*; — R is an arbitrary function satisfying y(t_;) =y (rh(t—;)) whenever
0= and ai(+) is defined by:

ms(A(E")) if i = (¢, ... t")
ai(th, .. ") = — iy (AEY) i = () £ (2)
0 otherwise



P*(th . ) =
{z’ el:3k<n ((A(tf) = X)) and 35 # i,k <k (A(t;?') = X(E") or X(#") &7 A(tﬁ)))}

and m;(¢) is defined recursively, as follows: m;(£) := 0, and for any £ £, if £ ="' then m;({) =

m;(¢'), otherwise

mi() =  max {<mi<e’>+w<fo<t’>,ti>+Zvj<fo<t'>,t;>

’ lp et 0
O<arelf t'eTt teT i

+yf (82) = > 0 (fo(t),t;) —yf(t—i)> ,0}- (3)
J
Theorem 1 The modified dynamic elaboration VCG mechanism truthfully implements in condi-

tionally dominant strategies a utilitarian ex post efficient outcome under pooled awareness.

PROOF. Using equations (1), (2), and (3) for transfers, rewrite the defining inequality of
conditional dominant strategy implementation as follows: For all agents ¢ € I, information sets
hi € Hi(o}), opponents’ strategy profiles o_; € X_;, initial profiles of payoff types t € T ") (as
perceived by i at h;), and initial profiles of awareness levels £ € L(\(h;))/! (as perceived by i at h;)
such that h; € H;(t,£, (0}, 0_;)),

Ui(fO(T*(t7£7 (0’;‘,0'_2‘))), ti(hi)) + Z ’Uj(f()(T*(t,f, (U;I(? o-—i)))ﬂ—;(t?& (O';'kv o))

J#i

oy D) (2 (4 0 (0% 0 0)) + ai(7(t £, (0F, 0 4)))

) —1

> 0i(fo(T*(t, £, (01, 0-))), ti(hi)) + Y v (fo(7*(t, £, (01, 0-4))), 7} (£, £, (01, 53)))

J#i

4y AT (x4 (00 00))) + ai(T(t, £, (01, 0-1))) (4)

7

for all o; € ¥;(h;).
We need to show that this inequality holds in the following cases:

Case 1: h; = h? € H;(o}) such that #j # i,k < n with )\(tg‘?) = A(h?) or A(hD) =" )\(t?).
That is, at stage n, nobody raised awareness to A(h!') (or an irrelevantly lower level) in any
previous stage and nobody other than ¢ raises it at the current stage n (and i can raise it at

the current stage with the truth-telling strategy).

Case 2: h; = h? € H;(c}) such that 3 # i,k < n with )\(tf) = A(h?) or A(hD) =" )\(tf) but
there 3j # i such that A(t]) = A(h}') or or A(h}') >"’”)x(ﬁ?). That is, at stage n, nobody raised
awareness to A\(h]') at any previous stage but there exists agent j # i who raises awareness

to A(R}') (or an irrelevantly lower level) in the current stage as well.



Case 3: h; = h}' € H;(o]) such that 35 € I (possibly j = i) and k < n such that )\(t?) = A(R})
or A(hD) =" )\(tf). That is, at stage n, somebody has raised awareness to A(h;) (or an

irrelevantly lower level) already in some earlier stage.

We deal with the cases one-by-one.

Case 1: We have i = i*(7(t,£, (0],0_;))) and a;(7(t, £, (0}, 0_;))) = mi(A(h;)).

Case 1a - Deviations within the same awareness level: o;(h;) € Ti)‘(hi). By definition, X(T*(t, L (cf,0_))) =
N7 (t, 2, (05,0_;))) = A(h;). Tt follows that in this case i = i*(7(¢, £, (0F,0-4))) =i*(7(¢, £, (0i,0-:)))

and a;(7(t, £, (0],0-;))) = a;(7(t, £, (04,0—_;))). Thus, these terms cancel out at both sides of in-
equality (4). Since the remaining terms represent utilitarian ex post welfare as anticipated at h;,

plus a term that does not depend on i’s report within the same awareness level, inequality (4) is

now implied by utilitarian ex post efficiency of the outcome function fj.

Case 1b - Deviations to relevantly lower awareness levels: a;(h;) € Tf for some £ =" \(h;). We

can rewrite inequality (4) as

mi(A(T* (8. £, (07, 04)))) — ai(7(t,£, (01,0 4)))
> 0i(fo(r*(t, L, (01,0-0))) ti(hi) + > v (fo(7* (£, £, (03,0 4))), 75 (£, £, (04,0 3)))
ji
+y§(7'*(t,€,(0'i,0'_i)))(Tii(t’ ¢, (0i,0.;)))
—0i(fo(* (8,2, (0F,0-0))), ti(ha)) = X, 05 (fo(T* (8, £, (0F,0-0))), 7 (t, £, (0}, o))
J#i

_y%\(T*(tye7(a;",07¢)))(Tii(t7 L, (a;-k, O'—i)))

)

Moreover, the left hand side is greater than or equal to m; (A(7* (¢, £, (of, o_i))))—mi(A(T*(t, £, (0, 0_3)))),
since either o; still results in player ¢ being the first to report the final awareness level as anticipated

by i at h; (i.e., i = i*(7(¢, €, (0;,0—;)))), in which case the a;(-)-term is m;(A(7*(¢, £, (04,0—-;)))), or

it does not (i # i*(7(t, %, (0;,0—-;)))), in which case the a;(-)-term is non-positive. Note that m;(-)



must be non-negative, by construction. Therefore, it is sufficient to show:

max ( () + v (fo(t), 1)) + Z v;(fo(t' ,)(tLi)
O <X (T (L, (0F 0 4))), J#i
t e T’,

e T;\(T*(tla(fff»f’fi)))

-2l ) - @) = MR (8 £ (07 o)

A At
> omax o <vi<fo<t'>,t;'> + 2503, 65) + 97 (¢0) = Do), 1) — 7" ><t’ii>>
e TAT (L loio—i))) i -
" e TANCF L, (0F o)) s !
= Ui(fO(T*(tae (O-Zaa-—l + Zv] fO (O'i,O'_i))),T;(t,E, (O'i,O'_i)))

J#i

+y?‘(T*(t7e7(ai7a_i))) (le (t7 ﬁ, (0’,‘, O'—i)))

7

_Ui(fO(T*(t7£7 (U;k’ U—i)))ﬂti(hi)) - Z Uj(fO(T*(tﬂev (0?7 U—i)))vT;’k(t?e? (U;'kv a—i)))

J#i

LT (x4 (o0, 04))

(2

The first inequality follows from the fact that \)/\(T* (t, £, (o;,0—;))) is in the set of awareness levels
we maximize over at the Lh.s. of the inequality. The second equality follows from the fact that
both 7*(t,£, (0}, 0_;)) and 7*(t, £, (0;,0—;)) are profiles of types we maximize over at the Lh.s. of
the inequality. That is, the r.h.s. is just an instance of the expression being maximized. Thus,

inequality (4) holds by construction of the mechanism in this case.

Case 1c - Deviations to irrelevantly lower awareness levels: o;(h;) € T for some £="" \(h;). Firstly
suppose that i = i*(7(¢,£, (0}, 0-;))) = i*(7(t,£,(0s,0-;))) and hence a;(7(t, £, (o], 0-;))) =
a;(7(t, £, (0;,0—;))). This occurs when the irrelevantly lower awareness level announced under o;(-)
is still relevantly higher than the level announced by any other player.

Note that, by the definition of =", letting I* be the i’s awareness level at this history and I

the misreported level:

vi(fo(T(t, £, (0%, 0-;)) )+ Zv] fo(T*(t,£, (0%, 0-4))), 7 (t, £, (0], 0-i)))

J#i

Xr*(t L, (0¥ o,
y ORI (x40 (0% o))

)

= Ui(fo(’l“g* (T(t7 £, (U ) U*i)))% ti hl)) + Z ’Uj(f()(’l“f* (T*(t7 2 (U*a U*i)))% 7“5* (T;k (t> L, (U;‘k’ U*Z))))

J#i

+ yf(rg* (Tji(tv L, (U;'kv 0*0)))7 (5)

which is the payoff that ¢ gets by reporting type rf*l (ti). Reporting any other type, ¢;, such that



A(t;) = £ gives payoff:

vi(f()(t;a Tii(t,f, (U;'kv U—i)))7 tl(hl)) + Z Uj(fo(t;7 Tg* (T*(t7£7 (0*7 U—i))—i)>7 Tg* (T;'k (tv& (O';k, U—Z))))
i
+ (g (75388, (0F, 0-4))))
= vi(fo(t], 7%;(8, £, (0 o)), ti(ha) + D v (fo(t], (T*(8, £, (0%, 0-)) -0)), 7 (£, £, (07, 0-4)))
Jj#i

oyl (T (4,8, (0F  o24)))

for some t” € Tf*. It follows by the definition of the modified dynamic direct VCG mechanism
that the two y;(-) terms are the same, and it follows by utilitarian ex-post efficiency of fy(-) that
the right hand side of this expression is less than or equal to the left hand side of (5). Therefore,
deviations of this type are not profitable.

Meanwhile, deviations to reported awareness levels such that player ¢ is no longer ¢* are not
profitable by the same argument as in case 1b.
Case 2a - Deviations within the same awareness level: o;(h;) € Ti)‘(hi). In this case, i*(7(t, £, (0;,0_;))) =
i*(1(t, 2, (0f,0-;))) = &. Thus, a;(7(¢, £, (0i,0-:))) = ai(7(¢, £, (0},0-;))) = 0. The same argu-
ment as in Case la shows that truth-telling is conditional dominant among deviations within the

same awareness level.

Case 2b - Deviations to relevantly lower awareness levels: o;(h;) € Tf for some £ =" \(h;). In
this case, there exists j # 4, such that i*(7(t, £, (05,0—;))) = j while *(7(¢,£, (¢},0-;))) = &. It
follows that a;(7(t,£, (¢}, 0-;))) = 0 while a;(7(¢, £, (05,0—_;))) < 0. To show inequality (4) in this

case, it is therefore sufficient to show that

0ol (8,8, (57,0 tilhi)) + 3 05 (fol7 (6., (07, 0-0))). 7 (1,8, (07, 71))
J#i
+yz)\( *(t,8,(oF, cr_')))(Tii(t L, (O'?k O'—i)))
vi(fo(T* (8, £, (05, 0_3))) )+ D> v (fol(T*(t, £, (05,0-4))), 7} (£, £, (01,0 5)))
J#i
. in(T*(t,e,(ai,a_i)))(Tfi(t L, (0i,0-4))) )

Since, in this case, some player has already raised awareness A(h;) = X(T*(t, L, (cF,0_;))), we have
that X(T*(t,ﬁ, (cF,0-))) = X(T*(t,2, (0;,0_;))). Therefore, inequality (6) holds by the usual ar-

gument that truth-telling is a dominant strategy in the VCG mechanism.

Case 2c - Deviations to irrelevantly lower awareness levels: o;(h;) € T for some £"" X(h;). Since
in this case, a;(-) will be zero and the social choice will still be implemented at awareness level
A(hi), the same argument as in case 2a applies.

Case 3: In this case, the a;(-)-terms on both the Lh.s. and r.h.s of inequality (4) cancel (as they have



already been determined, as far as player i is aware). Moreover, player i can only report a type in
A(hi)
T

; (types expressing more awareness are infeasible at h; and types expressing less awareness are

X(4n—1
ruled out by the requirement that the type announced in stage n must be in (¢£/"1)" 0 (Tf‘<lt ))T.
Thus, truth-telling is dominant now follows from the standard argument that the VCG mechanism

is dominant strategy incentive compatible with constant awareness.

Finally, with respect to all three cases, recall that deviations to higher or non-comparable aware-
ness levels are not feasible as agent ¢ has no further awareness in h; as A(h;). Therefore, we have

shown that a truth-telling and elaboration strategy is conditionally dominant in this mechanism.]

We demonstrate the modified dynamic elaboration VCG mechanism in the example discussed

above.

EXAMPLE (continued): In a thruth-telling and elaboration strategy, the bidders will report ¢}’
and t5 in the first stage and then ¢}" and ¢}’ in the second stage, as described earlier. Note that
¢ =7 ¢ and so neither bidder is i*. The ranking ¢ =" ¢ follows because Xg = Xg (namely, at both
awareness levels the possible outcomes are to give the good to bidder 1, to bidder 2, or to no-one),
and the valuation of each type in Tf is the same as the valuation of that type’s projection in Tf.
Therefore the a;(-) terms are zero and the transfers to the bidders are simply the second-price

auction transfers. In the modified mechanism that are computed as:

That is, bidder 2 gets the good and pays 1, bidder 1 pays 0. Note that bidder 1 is willing to
raise awareness to £ since it has no effect on the outcome of the mechanism. ]
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