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Online Appendix to “Forgetful Consumers and Consumption Tracking”
by Ying Bao, Peter Landry, and Mengze Shi

B. Supplementary Appendix

In this appendix, we analyze several variations and extensions of our model.

B.1. Alternate Formulations of Consumer Forgetfulness

In our primary analysis, we modeled consumer forgetfulness in a rather particular way. Namely,
according to our model, a consumer who consumed at ¢t = 1 will believe, upon her arrival at t = 2,
that o is the probability that she did not consume at ¢+ = 1. Next, we will consider five potential

alternate formulations of consumer forgetfulness.

B.1.1. Binary Forgetting

In our original model with 0 < ¢ < 1, any consumer who consumes at f = 1 will “partially” forget
her t = 1 consumption in that, at = 2, she still believes it is possible that she consumed at t = 1.
Now, however, we consider an alternate formulation in which a consumer who consumes at t = 1
either fully forgets or fully remembers her past consumption, with @ now denoting the probability
that she fully forgets. Formally, in this binary forgetting model, a consumer who consumes at r = 1
has an o probability of arriving at + = 2 with an incorrect belief that Prj[dy =0]=1anda 1 — «
probability of arriving at + = 2 with the correct belief that Pr[d; = 0] = 0. (By contrast, in our

original model the consumer would always arrive at r = 2 with a belief that Pr[d; = 0] = a.)
Benchmark Analysis

Under this alternate formulation of consumer forgetfulness, and without consumption tracking,
a consumer who did not consume at t = 1 will still consume at = 2 with probability 1. That is,
Di(¢|dy =0) =1 for all ¢ > 0. If the consumer did consume at # = 1, then with probability a she
will forget and thus consume as she would with d; = 0; with probability 1 — a, however, she will
remember her past consumption and consume only if her = 2 valuation exceeds the penalty fee

¢. Given v, is uniformly distributed between 0 and 1, we can then verify

o B B _ a, o>1, ]
Dy(¢|ldy =1) =0+ (1 —o)max{l — ¢,0} {1_(1_a)¢,¢§1' (B-1)

Next, we can verify that a consumer’s t = 1 perception of her expected r = 2 utilities, conditional

on each possible dy, are:

N M2
in(old =0) =%, i(ola =1 =a(§-¢) LIPS g,
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Using our above work, while noting D = Pr|v; +u2(@|d; = 1) > uz(¢|d; = 0)], we can compute:

1+a
07 (P > 2aa7

Di(9)=¢ HE-ap, 1<¢<Ee (B-3)
1—g+ =00 5

The probability of consuming in both periods, Dj» = Dy - D (@|d; = 1), is then:

0, o >
Dp(¢) = o (HTO[ - &‘P) ; I<¢< lj_aa’ (B-4)

(1=(1-a9) (1-9+ 108 o<1,

2

Using p=V = 1+2D1

and Il = p+ D15 - ¢, we can express the firm’s profits as:

, ¢ > g
I1(¢) = %+ (1—a2¢-1))(1 - o2~ 1)+4a¢) 1<¢< %7 (B-5)
1y (2(1-¢)+(1-a)¢*)(2(1 él))(1+2¢) (1= 05+406)¢2) ¢ <1

= rol—

Y

From the above work, we can verify the optimal contract in the benchmark equilibrium with
binary forgetting as follows.

Remark 4. In the benchmark equilibrium with binary forgetting:
o(8—a—+/8(7-2a))

) Ifo> L , then ¢ =0 and pyry = 1;
.. ~  oa(8—a—4/8(72a)) (1 1
Gi) If & < v , then @y = % > 0 and plyy = ﬁ <1

Thus, the firm optimally uses a positive penalty fee when consumers are sufficiently naive (in

that o is below some threshold that depends on @) and otherwise sets its penalty fee to zero.
Analysis with Consumption Tracking

Now suppose consumption tracking is available to consumers. A consumer who consumes at
t = 1 but forgets her past consumption (as she would with probability o) will choose to use con-
sumption tracking if k < k;(1,¢); if she remembers her past consumption (as she would with
probability 1 — ), she will choose to use consumption tracking if k < k;(0,¢). Note here that
kz(a, @) is still as given in (3] for our original model, except with & set to 0 or 1 because — at the
time of the tracking decision — a consumer who completely forgets effectively has & = O (in the
original sense of &) while a consumer who completely remembers effectively has & = 1 (again in
the original sense of ). Crucially, however, (3)) implies k¢ (1,¢) = k;(0,¢) = 0. This means that

the consumer will never use consumption tracking, regardless of whether she remembers or forgets.
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Intuitively, this makes sense because the consumer — in both cases — believes she already knows,
with certainty, whether she consumed at t = 1. Furthermore, a consumer knows she will not use
consumption tracking conditional on either forgetting or remembering at t = 2 because, even with
o # o, she still knows she will either end up completely forgetting or completely remembering
her past consumption. Formally, this ensures D;=D;=0.

The fact that a consumer never uses or expects to use consumption tracking in the model with
binary forgetting means that the availability of consumption tracking does enter the objective func-
tions of consumers or the firm. It also means that the availability of consumption tracking cannot
impact on market behaviors or outcomes. This leads to the following characterization of the equi-
librium with consumption tracking.

Remark 5. With consumption tracking, the equilibrium under binary forgetting will still be iden-
tical to the corresponding benchmark equilibrium without consumption tracking.

In other words, the availability of consumption tracking is irrelevant (for all parameter values)
under the presently considered variation of our model with binary forgetting. The optimal contract

will therefore be given by ¢* = ¢y, and p* = pyp, with ¢y, and p}; as given in Remark 4|

B.1.2. Inferring Past Consumption from Past Valuation
As another potential formulation of consumer forgetfulness, we now suppose that the consumer
cannot remember her t = 1 consumption d;, but can remember her ¢ = 1 valuation v; and forms

beliefs of d based her memory of v;.
Benchmark Analysis

Under this formulation of consumer forgetfulness, a consumer’s memory of v; will effectively
allow her to remember d;. This is because the consumer can simply infer d; based on whether or
not v; exceeds the threshold value of v; for consumption (assuming the consumer also remembers
this threshold). As a result, the consumer’s t = 2 consumption behavior will be the same as a
consumer in our original model with ot = 0.

Formally, the = 2 consumption probability is now given by
D, =max{1 —d;¢,0}, (B-6)

while the consumer’s t = 1 perceptions of her r = 2 utilities, conditional on each possible d;, are

. . 1-¢)4[p<1
Us|dy=0 = %> W|dy=1 = % (B-7)
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Note here that these perceptions are accurate since the consumer would correctly anticipate her
ability to infer her # = 1 consumption.
Given v is uniformly distributed between 0 and 1, we can compute the + = 1 consumption

probability and the probability of consuming in both periods as
_1+(1—-¢)’1[¢<1]

D 5 , (B-8)
1-¢)(1+(1-9))1[¢p<1
pyg = A=)+ (1gP)tlp<1] ©9)
~ 2
Given p=V = H(f U° and [T = p+ D120, we can then derive benchmark profits:

| (B0=0)+3¢%0> ¢
M(¢) = { ’ ¢ (B-10)

2, ¢ > 1.

By inspection, we can see I1(¢) < 1 for all ¢ > 0. Thus, in the absence of consumption tracking,
the zero-penalty equilibrium with ¢* = 0 and p* = 1 must arise when consumers can infer their

t = 1 consumption from their memory of v;.
Analysis with Consumption Tracking

Since consumers can, under this variation of the model, perfectly infer their # = 1 consumption,
there will be no demand for consumption tracking. Formally, k; = Zf =0, implying D; = lNDT =0.
That is, consumers will never use nor expect to use consumption tracking regardless of the size
of the penalty fee ¢. As a result, the optimal contract will still be given by ¢* = ¢y = 0 and
p* = pyr = 1, while all aspects of equilibrium behavior will be unaffected by the availability of

consumption tracking.

B.1.3. Inferring Past Consumption from o

As our next potential formulation of consumer forgetfulness, we now suppose that the consumer
cannot remember her ¢+ = 1 consumption d; (or her + = 1 valuation v{), but can infer her t = 1
consumption probability based on her perceived forgetfulness & on which her r = 1 consumption

decision was based.
Benchmark Analysis

Under this formulation of consumer forgetfulness, the consumer’s belief, held at r = 2, of her
t = 1 consumption is given by the unconditional # = 1 consumption probability D;. As a result,
in the absence of consumption tracking, the consumer consumes at t = 2 if and only if her t =2

valuation exceeds the penalty fee weighted by her expectation of having consumed at t = 1, i.e.
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if and only if vy > D1¢. Given v; is uniformly distributed between O and 1, the consumer’s ¢ = 2

consumption probability is given by
D, =max{1—D;¢,0}. (B-11)
Next, we can express the consumer’s expected ¢ = 2 utilities conditional on her # = 1 choice as
a-0=D2(1-5),  Gya1=Ds(1-F9). (B-12)

Given v; is uniformly distributed between 0 and 1, we can compute the t = 1 consumption

probability as:
1
Dy =1-(1-D19)¢ =13, (B-13)
which implies D, = max{1 —D;¢,0} = ﬁ from as well as
1
D12:D1D2: <1+¢)2 (B-14)

Noting V =V = Dy (E[v;|d; = 1] +1t)q,—1) + (1= D1)itp)q,—o, We can then verify that a consumer’s

initial valuation of a subscription reduces to

V= (B-15)

1
1+¢-
Since the firm optimally sets p = V, we can compute the firm’s benchmark profits under this

formulation of consumer forgetting as

1 I 142¢ 0 \2
H:1+¢+(1+¢>.¢:(1+¢)2:1—<m). (B-16)

By inspection, we can see II(¢) < 1 for all ¢ > 0. Thus, in the absence of consumption tracking,

the zero-penalty equilibrium with ¢* = 0 and p* = 1 must arise when consumers infer their ¢ = 1
consumption probability from . Note, however, that & does not appear in the above expressions,
nor does it affect the optimal contract. This makes sense considering the true forgetfulness parame-
ter @ no longer matters if consumers base their = 2 consumption decisions on their unconditional
t = 1 consumption probability, Dy; since o has no meaning under this formulation of consumer

forgetting, the consumer’s initial perception of a, i.e. @, also becomes irrelevant.
Analysis with Consumption Tracking

With consumption tracking, a consumer’s t = 1 perception of her r = 2 utilities conditional on

not using and on using consumption tracking are given by

2
D+ =PIy oy,

Dl_k7 ¢>17

D, _

ﬁz\dfzo = D2<1 ) D1¢>, L72|d7:1 = (B-17)
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which allows us to compute the threshold monitoring cost (i.e., the cost of using the consumption

tracking technology to remember past consumption):

_ _H)\2
- D1+<1 D])z(l ) —Dz(l—%—D1¢>,¢§1,

Dl—Dz(l—%—Dﬁb), ¢>1

If the consumer does use consumption tracking, d; = 1, her t = 1 expectations of her # = 2 utilities

(B-18)

will be given by 1 (1_¢)21[¢<1]

Ul =0 = 5 —k, W=1="""5 — —k (B-19)
In this case, u3|4,—o — Ua|q,—1 Will be the same as in the benchmark analysis, implying Dy = ﬁ
still holds. Her valuation of a subscription will then be given by V =V = D; (1 — % + U4 =1) +
(1 =Dy)uz|4,—0, which reduces to

| _ 2420029 o<1

v 1) — 2(1+¢)?
V(d)‘d’b'_l)_ 1— 1+¢+¢2_k ¢ > 1 (B'ZO)
2(1+¢)? ’ '
Noting that D1 = D1Dy 4,1, D1 = ﬁ, and D, = max{1 — ¢,0}, we can verify that total profits
n=V + D1, ¢ are given by:
12007 g g <1,
(|d: =1) = 21+6)7 - (B-21)
|- lHetor ko> 1
2(1+¢)? ’

Observe IT < 1 in both cases. Furthermore, the case with d; = 0 is identical to the benchmark anal-
ysis without consumption tracking. This implies that, even when consumption tracking is available,
the optimal contract still entails ¢* = 0 and p* = 1 under the present formulation of consumer
forgetfulness in which consumers base their t = 2 consumption decisions on their unconditional
t = 1 consumption probabilities through their memory of ¢. In other words, consumption tracking

is (once again) irrelevant.

B.1.4. Memory States with Bayesian Updating

As our next potential formulation of consumer forgetfulness, we now consider a variant of our
model in which a consumer may enter two possible memory states at t = 2: recall and not recall.
Formally, we let r € {¥, N} denote whether a consumer recalls consuming at # = 1 upon their arrival
att =2, where r =Y corresponds to “yes” (as in the consumer does recall) and r = N corresponds to
“no” (the consumer does not recall). If the consumer consumes at t = 1, the probability of entering
the “no” state is presumed to be «. If the consumer does not consume at ¢ = 1, the probability of

entering the “no” state is presumed to be 1. Formally,

PI‘[I’ZY]Z(l—OC)dl, Pr[I”:N]Zl—(l—OC)dl.
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Given a consumer’s memory state, the consumer uses Bayes’ Rule to form expectations on her
probability of having consumed at ¢ = 1. These expectations (conditional on the realized state) are:

oD

Note, here that the consumer is certain she consumed at # = 1 when she enters memory state r =Y

because memory state r =Y can only be reached following consumption atr = 1.
Benchmark Analysis

Without consumption tracking, a consumer’s probability of consuming at t = 2 conditional on

her memory state is then

D2|r:Y = PI'[VZ > (p] = max{l - ¢7O}7

(XDl([) :| — max {1 OCD1¢ } . (B'22)

Dajry =Pr [Vz = aD+1-D; ~aD+1-D;

Noting Dj4,—g = Daj—y = and D|q,—; = @D,y + (1 — &)D;),—y, we can compute the # = 2

consumption probabilities conditional on the r = 1 choice as

aD
(1—a)(1—¢)+ 220l 9=1 (B-23)
1-Di(1—oa(1— 1—-(1—a)D
D2|d1:1 = 06( l—l((l—oco;g)l ¢))’ <9< ((xD?) X
0’ (p > 1 OZ)D]

D,
Next, we would like to compute the consumer’s ¢ = 1 perception of her expected r = 2 utility con-
ditional on her t = 1 choice (and = 2 memory state). Using u5|4,—o = Pr[dz = 1|r = N]|E[v2|d> =
Lr =N, 34,1 y—y =Prlda = 1|r =Y|(E[n2|d2 = 1,r =Y] = ¢), and tp)g,—1 ,—y = Pr[d2 = 1|r =

N](E[v2|d2 = 1,r = N] — ¢), we can derive

" 2 "
1 aDi¢ 1—(1—a)Dy
~ s 1=13 1, > ’ ¢ < 0 )
U|d,—0 = 2 ( <06D1+1 D1> 1_(??&) 1 (B-24)
0, 9= —%p,
(1-9)
- —, 0 <1,
U|dy=1,r—y = 2 o ¢ (B-25)
0, ¢>1.
(1—01(1—55(1—¢;))(( —(1-a)Dy)(1-2¢)+aD;9) ¢ 1—(1;)56)131
~ _ 1 ) )
W|dy=1,r=N = (-0 0 DD1)* 0> p(ié)Dl (B-26)
? - &Dl '
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Noting i34, —1 = (1 — ®)Ua|g, 1 y—y + Xlhp|q,—1 ,—n- the latter two equations imply

(1-a)(1-9)* " a(1-D;(1—a(1—9)))((1—(1—a)D; ) (1-2¢)+aD; ¢) o<1
2 R 2(1-(1-a)Dy)? ) -
|y =1 = a(lfDl(1foz(1fq;)()l)g((llf_(é)*lgi))?l)(172¢)+aD1¢), 1<¢< 17(1;)?)1)1,
0, 0 > > 1 1D‘:5)D1
(B-27)

It is then readily verifiable that a consumer’s willingness-to-pay for a subscription is given by

= D} | aD; ¢ 2 1—(1—a)D
_ 1_ 1 _ 1 ) L 1 2 )
V=lhu-0t3 =3 ((1 <&D]+1_Dl) I{qb <D, } +D7|.  (B-28)

Remark 6. In the memory state model without consumption tracking, the optimal contract is given

by ¢yr =0 and pyr = 1.
To verify the optimality of ¢y, = 0 and py, = 1, first suppose that the actual optimal contract

entails ¢y > 0. To demonstrate that ¢y, > 0 cannot in fact hold, we need to consider two cases.
Case 1. oy > 1

Noting IT = V+D 12¢, we can use our above work to verify the following upper bound on IT

~ 2
m<s (1 _ (%) +D%> +Doa (1 _ %) (B-29)

It is then readily verifiable that the right-side expression is decreasing in &. This ensures that IT is

given ¢ > 1:

bounded above by the value of the expression when evaluated at & = 0. That is,

<1 aD ¢
n< 2(1—|—D )+Digo (1— 1—(1—O£)D1) (B-30)
Letting A(¢) = 5 (1+D}) + D1« (1 - %), we can then verify that ¢ = ¢A = —17(2151‘2”1

solves A’'(¢) =0and A" (¢) = _1%?—?)

that, given ¢ > 1, A((p) is maximized at ¢ = ¢4 if D} < ——

< 0, while ¢ > 1 if and only D; < —— T + - This implies

1+(x andat¢—11fD1>— For the

I+o”
342D} —(1-a)D 92%A .
1+ , 1fl.Smce agﬁ ):1>O A(9A|Dy) is

maximized at either D; =0 or D| = 1+_a Next, A(¢4|D; =0) == < 1 and A <¢A|D1 1+oc) =

4
we can compute A(1) = ( 1+D3+ %)

case with D} < ——, we can compute A(¢A)

1— 2(1+a)2 < 1. For the case with D| < —

and aAszla) = (1(_1(71D'O)C)D1)2 > 0, implying A(1|et) is maximized at o = 1. Next, observe A(1|a =

)
1) = 1+2D21 i and aAngll D) _ —D; >0.Thus, A(1|a =1,D;) is maximized at D; = 1, while

A(lla=1,D; =1) = 1. Since I1 is bounded above by A(¢), IT > 1 cannot hold with ¢ > 1. Since

1+’

IT=1 with ¢ =0 and p = 1, the optimal contract cannot entail ¢y, > 1.
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Case 2. ¢y < 1

Noting IT = V+ D179, we can use our above work to verify the following upper bound on IT

given ¢ < 1:

_ 2
1 oD 2 _aDip
<5 (1 . (1_(1_&)01) +D1> + D¢ ((1 —a)(1—¢)+a (1 - 1_(1_a)D1)> . (B31)
It is then readily verifiable that the right-side of (B-31]) is decreasing in . This ensures that IT is

bounded above by the value of the expression when evaluated at & = 0. That is,

1+D3 oD
I<— 1—|—D1(]) ((1—a)(1—¢)+a(l—ﬁ)). (B-32)
- - . _h2
Next, given ¢ < 1, a = 0 implies uy4—o = % and upq—1 = “T(p) implying D; = Pr[v; >
_ 2 _ )2
U2|d, =0 — g =] =1~ (% _d 2¢ )> = 1+(12 or Substituting this expression into (B-32)), we can

—0)2 201 (1—_h)2 9
see [1< B(9) =3 (1+ (F55) 4 (14 (1= 0)) (01— 0) + o argp))- Next. 5 =
(12+(§1+7a¢_)i)1¢_2é1)(,](_1;§))22)2 > 0, implying B(¢|o) is maximized at o = 1. In turn, B(¢|oe = 1) = (1+
201 (1 a\2
(1-0)2) (01— )+ =525, while B'(plor=1) = (1= 9)(1 — (1 — 9))(2(1 )+ ?) >

20142 2\ 4d(2_~p2
0 given ¢ < 1. Therefore, B(¢|oe = 1) < B(l|a = 1) ) (2+£ JHOT3207) 1 for 0 <

¢ < 1. Thus,since IT<B(l|la=1)<1for0< ¢ < 1, yetIT=1 with ¢ =0 and p = 1, the optimal

contract cannot entail 0 < ¢y, < 1. Furthermore, with case 1, considered above, we can now see
that ¢y = 0 and py; = 1 must hold in the benchmark equilibrium under the present formulation

of consumer forgetfulness.
Analysis with Consumption Tracking

With consumption tracking, a consumer will only potentially use consumption tracking if she
arrives at t = 2 in memory state r = N (since a consumer can perfectly infer her # = 1 consump-
tion when r =Y). Using utq,—o -y = D2 <1 — % —E[d|r= N]q)) and 1|41 ,—n = E[di|r =
Nlutp\4,—1 + (1 = E[d1|r = N])up|4,—0 — k, a consumer’s perceived ¢ = 2 utilities conditional on not

using and on using consumption tracking in memory state r = N are given by

U\ d,—0,=N = D2 (1 — % —Eld||r= N](])) = %(1 — %)2, (B-33)
C(1_h\2
U|g,—1 = % (1 — aD1¢(11_((11_0q£)))D11[¢<1])) —k (B-34)

This implies the threshold monitoring cost is given by:

D 1-Dy)¢?
ke — 2(1—(016—106)01) (1 —0+ 1(—(1—103)D1> <1,
T a¢D; (1-D; (1+a(p—1)))
l2(1—(1l—<x)1)1)2 ; ¢>1

(B-35)
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Remark 7. In the memory state model with consumption tracking, the optimal contract is (still)
given by o5y =0and p* = 1.

To verify the optimality of ¢y, = 0 and p* = 1, first note that the potential equilibria with
consumption tracking can be divided into four types: a planned use equilibrium (with D;>0and
D > 0), an unplanned nonuse equilibrium (with lN)T > 0 = D), a planned nonuse equilibrium
(with 5T = D; = 0), and an unplanned use equilibrium (with Bf = 0 < D). Note, however, that
the firm’s profits in a planned nonuse equilibrium will take the same form as in the case without
consumption tracking, and as we’ve already established, IT > 1 cannot hold under this scenario.
Next, in an unplanned use equilibrium, it is readily verifiable that the applicable profit expression
only differs from that given in our benchmark analysis through the difference in D, |4, — resulting
from the consumer’s unplanned use of consumption tracking, and that D4, —; is lower (all else
equal) with d; = 1, ensuring profits in an unplanned use equilibrium cannot exceed the equilibrium
profits without consumption tracking. Thus, IT > 1 cannot hold in this case either. This leaves us

with the first two cases to consider.
Case 1. Planned Use of Consumption Tracking (5r > 0and D; >0)

A tedious yet straightforward derivation of the firm’s equilibrium profits (following the same

steps used in prior derivations) under planned use of consumption tracking yields:

(

1—(1—¢)92 — otk — k(l—&)wzz—k(l—&)) 3¢4’ 0<1, k< 1—(( —a))2,
2
1—k+o(1—9¢), o<1, k> 100
=1 | i . 201-a) (B-36)
§<1—2k+(§+(1—0‘)k) >, N
1_k7 ¢>1,k>m

It is readily verifiable that the third and fourth expressions in (B-36) are decreasing in k and
satisfy IT < 1 at k =0, implying I'T < 1 must hold for all k in these cases. It is also verifiable that the

~ ~ 2_
first expression is decreasing in «, while its value at & = O satisfies IT=1— (1 — )% — M —

1-(1-9)°
(1—06)

only need to consider the second case in (B-36). In turn, it is readily verifiable that the restriction

3¢ <1 given its restriction k <

, thus ensuring IT < 1 for all « in this case. Thus, we

k < ((1 3)) in this case implies uyq,— < Up|q,—1, and thus Dy = 1. However, D = 1 implies

kf = k; = 0, thus precluding the possibility of planned use. Therefore, this case cannot apply in

equilibrium. Thus, given our work above, a planned use equilibrium with ¢ > 0 must entail IT < 1.
However, ¢ =0 and p =1 yields II = 1, thus ensuring that a planned use equilibrium cannot arise

under the current formulation of consumer forgetting.
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Case 2. Unplanned Nonuse of Consumption Tracking ( D;>0=D;)

A tedious yet straightforward derivation of the firm’s equilibrium profits (again following the

same steps used in prior derivations) under unplanned nonuse of consumption tracking yields:

- zk+¢ (1 9)’+2(1-0)k) (ap (1-(1=9)>~2(1-G)k))
1=(1-9)?=2(1-&)(1-a)k+a(l+(1~9)?)) | k< e 072 .
<1+<1f¢> (=002 | 9(1=)(1=(1-9)>+2(1-&)k) ¢ < 2(1 @
+ 8 + 2 )
1—(1—¢)2
I —k+0(1—9), o<1, k>0
_ ) 12 e(2(1-ak)(14+2(1-a)k) -
= 2 2(1-2(1-a)(1-a)k+a) 1-2(1-&)(1-a)k+ o (B-37)
(1+2(1—a)k)? | a¢(1+2(1—&)k) <9< a(1+2(1-a)k) k< = 2(1-a)’
+ 8 + 2 ’
1-2k ;| (1+2(1—@)k)? 1-2(1-a)(1- a)k+a
-+ 8 ) ¢>max{1 a(1+2(1-a)k }k<21a)
1
| 1-k, > 1, (Tt

It is then readily verifiable that the ﬁrst expression in is decreasing in o and satisfies
M=1—k—9¢2+2¢3— 13 4 659 ~ | given k>0 and 0 < q) < 1. Thus, IT < 1 must hold
in this case. It is similarly Verlﬁable that the second expression in ( also yields IT < 1 given
¢ <1 and k > ((1—‘7))) along with 0 < a < 1. Next, it is verifiable that the third and fourth

expressions in (B-37) are both decreasing in k, with IT = g < 1 when evaluated at k = 0 given ¢ <
1-2(1-a) (1—a)k+a ap(l—a(¢—1))

in the third expression and IT= 3 2 4 when evaluated at k = 0 given

a(lr2(1—a)k) 2(1+a)
o> =X 11 f;)((ll :))klﬁa in the fourth expression. Meanwhile, IT= 3 2+ W 1s maximized at
= 1ta ,at which I1 = bta . Thus, IT < 1 must always hold in the third and fourth expressions
2a 8 y p

of (B-37). By inspection, IT= 1 —k < 1 in the last case as well. Thus, IT < 1 must hold for all cases
in (B-37). This, along with our prior work, ensures that ¢* = 0 and p* = 1 indeed holds (giving

IT = 1) under the present formulation of consumer forgetting.

B.1.5. Symmetric Forgetting

In our primary model, consumers may be forgetful of past consumption but not past abstinence.
Thus, when t = 2 arrives, a consumer who did not consume at ¢t = 1 perfectly remembers her past
abstinence, or put differently, she is certain that she did not consume at t = 1. As discussed in
Section 2 (see footnote [ and surrounding discussion), this “asymmetric forgetting” formulation is
compatible with empirical evidence that individuals are much more likely to forget an event that
did occur than to falsely recall an event that did not occur. That said, it is still interesting to consider
an alternate formulation. In this appendix, we consider such a formulation whereby consumers are

symmetrically forgetful of past consumption as well as past abstinence. Namely, a consumer who



Author: Forgetful Consumers and Consumption Tracking
Article submitted to Management Science; manuscript no. MS-MKG-23-00522.R2 55

did not consume at t = 1 may now be forgetful of past abstinence in that, when ¢t = 2 arrives, she
believes she did not consume at # = 1 with probability 1 — & and that she did consume at7 = 1 with
probability o. Thus, regardless of whether the consumer consumed (d; = 1) or abstained (d; = 0)
att = 1, she assigns probability & to the incorrect belief and probability 1 — ¢ to the correct belief.

As we recall, in our original model a consumer’s memory was entirely uninformative if o = 1.
That is, with @ = 1, her perceived likelihood of having consumed at t = 1 was the same (in this

case zero) regardless of whether she consumed or abstained. With symmetric forgetting, however,
1

2’
her perceived likelihood of having consumed at # = 1 is the same (in this case %) regardless of

a consumer’s memory of past consumption is entirely uninformative if o = % That is, with o0 =

whether she consumed or abstained. Meanwhile, o > % would represent “negative memory,” in
which a consumer’s belief regarding her past consumption is negatively correlated with her true
consumption. To avoid such nonsensical cases, we restrict o < % in our analysis with symmetric
forgetting.

We now provide a more detailed characterization of consumers’ consumption decisions in the
model with symmetric forgetting. To start, in the symmetric forgetting model without consumption

tracking, a consumer’s probability of consuming at ¢ = 2 conditional on d; = 0 is
D2(¢|d1 = 0) = PI‘[VQ > Otd)] = max{l — (X(P,O}. (B-38)

If di =1, then at t = 2 the consumer believes there is 1 — o probability that d; = 1, implying
the expected penalty fee from consuming at t = 2 is (1 — &)¢. Since v, is uniformly distributed

between 0 and 1, the consumer’s probability of consuming at = 2 conditional on d; = 1 is
Dy(¢ldy =1) =Prjv, > (1 — a)¢] = max{l — (1 — a)9,0}. (B-39)

Next, we would like to compute the consumer’s t = 1 perception of her expected r = 2 utility
conditional on her ¢t = 1 choice. If d; = 0, the consumer knows she will be free to consume at ¢t =2
without risk of incurring the penalty. This implies the following r = 1 expectation of her ¢ = 2

utility, conditional on d; = 0:
_ ~ ~ 1—02¢? 1
ir(¢]dy = 0) =Prlvy > a¢]-E[va|vy > a9 = ———-1[¢ < =]. (B-40)

If di = 1, the consumer expects to consume at ¢ = 2 (and thus incur the penalty fee) if and only if

vy > (1 —)¢. Thus, her # = 1 expectation of her ¢ = 2 utility conditional on d; = 1 is:

i (9]dy = 1) = Prlvy > (1— @)0] - Elva — 9[va > (1 — @)¢] = L=0=0 y1g - L] (B.a1)
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Using (B-38), (B-39), (B-40), and (B-41) while noting D;(¢) = Pr[v; + ur(¢|d; = 1) >
w(¢ldy =0)] and D2(¢) =D1(9)-Da(9|d1 =1)+ (1 —D1(9))-D2(¢|d; =0), we can now derive

the unconditional probabilities of consuming at eacht = 1,2:

14+(1—¢)? 1
T2 ¢<15

1-o
Di(p)=q HLC Lyl (B-42)
L, 0> 73
1— OC¢ . (1+(1_¢)§)(1_2a)¢7 ¢ < ﬁ7
(1+a%e?)(1-2a)¢p 1 1
N T e A R e (B-43)
2 (1-ag)(1-a*9?) gl
2 ) - < (P a’
1
L 0, o> o

Next, we can express a consumer’s maximum ¢ = 0 willingness-to-pay for a subscription as
V(9) = i(9ldr = 0) + D1 (9) - (E[vi|vi > A] = A) given A = iiz(9|dy = 0) — iz (¢]dy = 1) > 0.
Since v; is uniformly distributed between 0 and 1, we can verify that a consumer’s willingness-to-

pay reduces to:

el ¢§ﬁ
- 1—a262 2 _
%7 0>5

The probability of consuming in both periods, i.e. Di2(¢) = D;(¢) - D,(¢|d; = 1) — and thus,
the probability of accruing the penalty fee — is then:

(1+(1-¢)*)(1-(1-a)9) 1
o 21 1 s ¢ < 1—a’
0, o>
By substituting in ¢ for each of o in (B=42)), (B-43), and (B-43)), while applying max{1 — (1 —
a)¢,0} =0 given ¢ > 7~ we can also derive the perceived consumption probabilities:
L+(1-9)
be JSTE
n _ 1+a-¢ 1 1 -
Di(¢) =¢ —+, m<¢§5, (B-46)
1, o> <.
~ (1+(1=¢)*)(1-2a)¢ 1
SN B S
— —ag)(l-a 1 1 )
D2(¢) - 5 , - << 5 (B-47)
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(14+(1-9¢)*)(1-(1-a)9) ¢ < _1
Y —_ l_a’

512((])) = (2) (p S 1
’ 1-a

With consumption tracking in the symmetric forgetting model, if d; = 0 a consumer may now

(B-48)

believe that there is a risk of accruing the penalty fee if she consumes at # = 2. Thus, there may
now be an incentive to incur the monitoring cost k to use consumption tracking even if she did not
consume at r = 1. If she does not use consumption tracking following abstinence, her probability of
consuming at ¢t = 2 is still Dy(¢|d; = 0,d; = 0) = max{1 — a¢,0}, as in (B-38)), while u,(¢|d; =
0,d: =0) = 1= a 02 1[p < }, as in (B-40). If she does use consumption tracking following

abstinence, her probablhty of consuming att =2 is then D,(¢|d; =0,d; = 1) = 1, while up(¢|d| =
0,d; =1)=E[n]—k= % —k. If di = 1 and d; = 0, the consumer’s probability of consuming at
t =2 is still Dy(¢|d) = 1,dr = 0) = max{l — (1 — a)¢,0}, as in ( ,and up(9|d, = 1,d; =
0) = M 1[¢ < =], as in (B=41). If d; = 1, she will know d; = 1, in which case her
probability of consuming at ¢ = 2 becomes D> (@|d; = 1,d; = 1) = max{1 — ¢,0} and up(¢|d; =
Lde=1) =92 1jp < 1] —k.

Next, the probability of consumption in the second period following a decision to use consump-
tion tracking is simply D> (¢ |d; = 1) = max{1 —d; - ¢,0}. In turn, the perceived r = 2 utility given
the consumer expects to use consumption tracking would then be

iy (]dr = 1) = {00} (B-49)

Drawing on our work thus far, the following result summarizes four consumption profiles that
can arise in the symmetric forgetting model without consumption tracking.
Proposition 3. For a consumer who subscribes to the service in the symmetric forgetting model

without consumption tracking:

~2 42
(1) [future abstinence-based avoidance] if ¢ > é, then D| = min{ H—Oz‘ 0 , 1}, D>, =0, and Dy =
Dy =0;

1+a2¢2 | D, = U=e9)(i-0%¢?)

(i) [memory-based avoidance] if é > ¢ > ﬁ, then D| = 5 , and
D2 =D =0;
5242 ~2 42 _
(ii1) [unintentional accrual] zf s o> > T then D= +a 0 ,Dy=1—0¢ — (1+a¢ %(] 2a)¢’
2
Dy = (1+a%¢ )(2 (1-a)9) >0, andD12 :0,
—_o)2 _
(iv) [intentional accrual] if ¢ < _~ then D1 = +(12 9) ,Dry=1—0¢ — (+0 ¢)2)(1 20)¢ ,Dip =
(1+(1-9) )é —(1-a)¢) >0, andD12 _ (1+(1-9) )2( —(1-a)¢9) < 0.

Proof of Proposition
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Part (i). The expressions for Dy, Dy, D1y, and 512 given ¢ > é follow from (B-42), (B-43)),

(B-43), and (B-48). Note here that the first-period consumption probability reduces to D; =
. 1+a%¢? .. 1. 1. ~ 1

11111212{‘1)27, 1} in light of the fact tlhat ¢ > - implies ¢ > = given 0 < @ < o < 3 and that
(04 . .

—— >lholdsifand only if ¢ > =.

Part (ii). The expressions for Dy, Dy, D>, and 512 given ﬁ <o < é again follow from (B-42),

(B-43)), (B-45), and (B-48)), while also noting that ﬁ <o < é implies ﬁ <o < é since ﬁ <

ﬁgégégivenogﬁgagé.

Fart (iii). The expressions for Dy, Dy, D12, and 1312 given ﬁ <9< ﬁ again follow from

(B-32). (B-43). (B-43), and (B-48), while also noting that ¢ < - implies ¢ < = since - < =

. ~ 1
glvenogagagz.

Part (iv). The expressions for Dy, Dy, D, and D> given ¢ < ﬁ again follow from (B-42),
(B-43), (B-45), and (B-48). O

By comparing Proposition [3|to Lemma I, we can see that the symmetric forgetting model may
give rise to qualitatively distinct consumption profiles in comparison to our original model with
asymmetric forgetting. Part (1), for instance, describes a consumption profile characterized by fu-
ture abstinence-based avoidance of the penalty fee. Here, the penalty fee is sufficiently large to
deter the consumer from consuming in the second period even if the consumer did not consume
in the first period (and thus would not be at risk of incurring the penalty fee). As a result of such
abstinence, the consumer is therefore always able to avoid the penalty fee, though here it is absti-
nence in the second period that guarantees penalty avoidance as opposed to the abstinence-based
avoidance profile from our original model (Lemma [I] part ii), in which the consumer always ab-
stains in the first period to avoid incurring the penalty fee. Interestingly, the assured abstinence in
the second period may or may not be anticipated. If ¢ is sufficiently large (¢ > é), the consumer
correctly anticipates that she will abstain in the second period regardless of her first-period con-
sumption choice and thus always consumes in the first period knowing it is her only opportunity
to attain value from the service. Otherwise (i.e. if é > ¢ > é), the consumer incorrectly believes
that if she abstains in the first period then she might still consume — and thus attain value from the
service — in the second period. As a result, the consumer might make the mistake of abstaining
in the first period (as well as the second period), in the false hope of attaining a higher value from
consumption in the second period.

Next, part (i1) describes a consumption profile characterized by memory-based avoidance of the

penalty fee. Here, the consumer will have a sufficiently strong memory of first period consump-
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tion to ensure that she does not mistakenly consume in both periods. Unlike the case of future
abstinence-based avoidance in part (i), however, now the consumer might consume in the second
period if she abstains in the first period. That said, the consumer may still unnecessarily abstain in
the second period following first-period abstinence, based on a misplaced concern that she might
have consumed in the first period. The possibility of abstinence in both periods distinguishes the
present case from the memory-based avoidance consumption profile seen in our original analysis
with asymmetric forgetting (Lemma [I] part i). The present case also entails a higher probability
of consumption in the first period. In turn, the consumption profiles characterized by unintentional
and intentional accrual of the penalty fee described in parts (iii) and (iv) of Proposition [3|likewise
feature higher probabilities of first-period consumption compared to the analogous consumption
profiles from our original analysis (Lemmal(l] part iii and iv).

In addition to its influence on consumers’ consumption decisions, symmetric forgetting can also
alter consumers’ decisions of whether or not to use consumption tracking, if available. These latter
effects are apparent in the following lemma, which characterizes a consumer’s tracking decision in
the model with symmetric forgetting.

Lemma 3. In the symmetric forgetting model, a consumer chooses to use consumption tracking
(d: =1)ifand only if k < k:(at, ¢|d}), where:

( a(l—a)p?
0‘((1—0‘)05%—(‘1’—71)2) ’ ? §
> , 1<o< o’ di =0,
k(o 9ldy) = e 0>, di=0,
(1—a)(ap?—(9—1)) 1 _
> , 1< (P < T—o d = 1,
o 1
\ 5 o> T—a’ dy=1.

Proof of Lemma 3]

A consumer with d; = 1 has the same ¢t = 2 beliefs in the symmetric forgetting model as in the
original model with asymmetric forgetting. In light of this, the expression for k¢(c, ¢|d; = 1) in
Lemma 3] is equivalent to, and can be derived in the same way (see proof of Lemma [2) as the
expression for kz(a, @) in (3). Suppose Consumer A has d; = 0 and o = o4, while Consumer
B has di = 1 and a = op. Then, in the symmetric forgetting model, Consumer A’s ¢ = 2 be-
liefs are equivalent to Consumer B’s ¢t = 2 beliefs if and only if &4 = 1 — ag. The expression for

kz(a,¢|d; = 0) in Lemma [3| can then be confirmed by substituting 1 — o for & in the expression
for k- (a,9|dy =1). O
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As in our original analysis (see Lemma|2), a consumer still chooses to use consumption tracking
if the monitoring cost k is below some threshold that depends on the consumer’s forgetfulness o
and the penalty fee ¢. Note, however, that the threshold in Lemma [3]now also depends on the first
period consumption choice dj, as the consumer may now use consumption tracking even if she did
not consume in the first period. Naturally, a consumer in the original asymmetric forgetting model
would, due to her perfect recollection of past abstinence, only consider tracking her first period
consumption if she did, in fact, consume in the first period. With symmetric forgetting, however,
she may now choose to use consumption tracking even if she abstained in the first period. In such
cases, the consumer is worried she might have consumed in the first period, while choosing to use
consumption tracking assures her that she can consume in the second period without penalty.

The next result characterizes the market equilibrium — which is much simpler than before — in
the model with symmetric forgetting.
Proposition 4. In the symmetric forgetting model, the zero-penalty benchmark equilibrium neces-
sarily arises in that 9* = 0 and p* = 1 regardless of &, &, and k; in this equilibrium, D1, = D=1
and D; =0, while I1 =1 and CS = 0.

Proof of Proposition
To prove Proposition 4, we will show that an equilibrium with ¢* > 0 cannot exist. In this proof,
we will often make use of the fact that the expression for k¢(ct, ¢|d; = 0) in Lemma 3| given

~ 1. .7 =~ =~ ~
0<a<a< 5 1mphes. kT‘dlzl < kﬂdlz()’ k’L‘|d1:1 < kT|d1:1’ and k’t‘dlz() < kﬂd1:0'
Case 1: k < %r\dlzl

Suppose k < %ﬂdl:l in equilibrium with ¢* > 0. This implies dNﬂdlzo = d~f|d1:1 =dgq=1 = 1.
Using (B-49) with Dy = Pr[v; > up(@|d; = 0) —ua(@|d; = 1)], while noting that a consumer’s
maximum 7 = 0 willingness-to-pay for a subscription would be given by V(¢) = (¢ |d; = 0) +
Di(9)- (E[vi|vi > A] —A) for A = uy(¢|d; =0) —u(¢|d; = 1) > 0 and with v; uniformly dis-
tributed between 0 and 1, we can verify that in this case a consumer’s willingness-to-pay and

probability of incurring the penalty fee would be given by:

_h)\2 N2
V(¢):§_k+(1 9) (2+(§g 0))g<1)

_ _ M2
Dua(p) = U=OUL+(1_9PMlo<1] ®50)

(B-50)
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We can express the firm’s maximum expected profits from a given consumer as

o b2(1 — b 30
[(4) = 1—k ¢5(1 ¢+5), ¢ <1,

g—k, ¢217

(B-52)

which uses I1(¢) = p+ D12(¢) - ¢ along with p*(¢) = V(¢). We can then see IT < 1 must hold.
Since the firm can always earn IT = 1 by setting ¢ = 0 (with p = 1), the firm cannot earn higher
profits than would be attained with ¢ = 0 given k < 7;1\ di=1-

Case 2: 7</’C|d1:1 <k< 751‘\(11:0 and k < k’L’|d1=l

Suppose %ﬂdl:l <k< %ﬂdl —o and k < kq4,— in equilibrium with ¢* > 0. This implies dNTw1 0=
L, dgjg,—1 =0, and dy,—; = 1. Using with Dy = Pr[v; > i2(9]d) = 0) — ia(¢]d) = 1)],
while noting that a consumer’s maximum ¢ = (0 willingness-to-pay for a subscription would be
given by V(¢) =i (¢|d; =0)+D;(9) - (E[v|v; > A] —A) for A= (¢|d) =0) — il (¢]dy = 1) >
0 and with v uniformly distributed between 0 and 1, we can verify that in this case a consumer’s

willingness-to-pay and probability of incurring the penalty fee would be given by:

~ 1—|— 5 — @ ) ¢ < —o’

V(‘P) = 2 k 1_k8 o (B-53)
s 9> 1%
Di2(¢) =0. (B-54)

Note, we do not need to consider ¢ < 1 in the above expressions since ¢ < 1 would imply %ﬂ dy=0 =

kz|@,=1, thus precluding Eﬂdl:r <k< %ﬂdlzo

Next, we can express the firm’s maximum expected profits as

1-a (B-55)

which uses I1(¢) = p+ D12(9) - ¢ along with p*(¢) =V (9).
(172
For ¢ < ﬁ, it is then readily verifiable that IT1(¢) > 1 requires k > (])(1 + M) +
_(1_7~2
\/ 2(;) 1+2 (1 * >¢) and that this threshold is increasing in ¢ for ¢ < 71~2 and decreasing in (p

for ¢ > 5 ~2 Furthermore the threshold is equal to 5 3 if ¢ =1 and equal to Ha +V1+o? > 5

if 9 = _~ Thus, k > 3 3 must hold for IT > 1 in thls case. However, k < kr|d1 P with 1 < ¢ <
(1- )(O“P2 (9—1)%)

1
o requrres k <

1 < ¢ < 1= Lastly, by 1nspect10n we can see that I1(¢) =

< > < 7 < —. Thus, I1(¢) > 1 cannot hold in this case with
5 k(l k)
8

o > m. Thus, I1(¢) > 1 cannot hold in this case with ¢ > ﬁ.

< < 1 in this case given
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Collectively, the above work shows that IT < 1 must hold. Since the firm can always earn IT =1
by setting @ = 0 (with p = 1), the firm cannot earn higher profits than would be attained with ¢ =0
given kg =1 <k <kgg=oand k <kqg—1.

Case 3: ;ﬂdl:l <k< EEM:O and k> kg|q, -

Suppose %ﬂdl:l <k< %ﬂdl —o and k > kq4,— in equilibrium with ¢* > 0. This implies dNTw1 0=
L, dgjg,—1 = 0, and dy,—; = 0. Using with Dy = Pr[v; > i(9]d) = 0) — ia(¢]d) = 1)],
while noting that a consumer’s maximum ¢ = O willingness-to-pay for a subscription would be
?((p) =u(¢|d; =0)+D1(@) - (E[vi|vi > A] —A) for A = u(¢|d; =0) —ur(d|ldy =1) >0
and with v; uniformly distributed between O and 1, we can verify that in this case a consumer’s

willingness-to-pay would be given by (B-53)) with

(1= (1—a)p)(1+k—¢+ =200

<1Z&
Dis(¢) = (1-(1—a)p)(s+k), = <q>l <aﬁ, (B-56)
0, 0> .
Next, we can express the firm’s maximum expected profits as
1— &22¢2 + (2k+(1;562)¢2)2 _ (1*06)¢2(2(1*¢>2+k)+(140?2)<152)7 ¢ < ﬁ’
M(g) = S M L (- (1 - @)9) (3 +4)9, s <o<in BSD)
- 0=

which uses I1(¢) = p+ D12(9) - ¢ along with p*(¢) =V (9).
1 (1+6>—2a)¢>

For ¢ < =, it is readily verifiable that TI(¢) > 1 requires k > ———— +

o/ 1+02—2a+(1—(1 —Oc)q))2 However, %r\dl 1 <k< ’]gﬂdl _o cannot hold with ¢ < 1 be-

cause ¢ < 1 implies %r\dlzo = r|d1 1. In turn, k < kﬂdl —o With 1 < ¢ < & requires k <
a((l—&)¢22—(¢—1)2) , which is less than this threshold. Thus, IT1(¢) > 1 cannot hold in this case with
<15

For 7~ < ¢ < 7, it is readily verifiable that IT(¢) > 1 requires k > § - 2¢(1 —(1—a)9).
We can demonstrate that this threshold is higher than Z. To see this, note that 3a ( —2¢(1—(1—
o)P) — %) =— —2(]) < 0, implying this difference, i.e. —2(])(1 —(1-a)¢)— 2,

at o = 2 given o < 5, in which case the difference reduces to 2204 ¢> = Z + (¢ — 1) > 0.

is minimized

Thus, T1(¢) > 1 requires k > 3 —2¢(1 —(1— )(])) >3 but k < ETIdFO requires k < 7. As a
result, I[1(¢) > 1 cannot hold in this case with —= 7~ < (]) < 1—4- Lastly, by inspection, we can see

(
II(¢) = %— K1k < < 1 in this case given ¢ > — Thus I'I((Z)) > 1 cannot hold in this case
with ¢ > m.
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Collectively, the above work shows that IT < 1 must hold in case 3. Since the firm can always
earn [1 =1 by setting ¢ =0 (with p = 1), the firm cannot earn higher profits than would be attained
with ¢ = 0 given Er|d1:1 <k< %r\dlzo and k > ke|g,—1-

Case 4: k > ;r\dlzl

We can break this case down into subcases depending on whether k < kg, —1 or k > kgjg,—1-
Either way, \7((])) will be the same as its benchmark value, while D, will be less than or equal to its
benchmark value. Thus, the firm cannot increase its profits from trackers relative to the no-tracking
benchmark if £ > %ﬂ d4,=1- In conjunction with our prior work, we see that it is never possible for the
firm to increase its profits relative to the benchmark without consumption tracking. It then follows
that ¢* = 0 and p* = 1 must hold in the symmetric forgetting model, while ¢* =0 and p* =1

imply Djp =D, =1,D; =0,I1=1, and CS = 0. O

Thus, with symmetric forgetting, it is never optimal for the firm to use a positive penalty fee.
Note that this does not depend on the costs or availability of consumption tracking. In this way,
the model with symmetric forgetting is not helpful for understanding the empirical use of penalty
fees. Furthermore, since consumption tracking is irrelevant in the absence of penalty fees, the
result also suggests that the model with symmetric forgetting — as with the other, previously
considered alternate formulations of consumer forgetfulness — is not helpful for understanding
recent advances in consumption tracking technologies. With that said, these empirical limitations
are not too concerning in light of the fact that they are based on a symmetric forgetting formulation
that lacks empirical support (as discussed earlier). Rest assured, and as illustrated by our prior
analysis, our original model with asymmetric forgetting does offer a useful lens for understanding
the incidence of penalty fees as well as the recent proliferation of (and demand for) technologies
that help consumers track their consumption as a means to avoid penalty fees.

Lastly, we may also consider a model in which consumers are heterogeneous with regards to
the symmetry of their forgetfulness. In particular, suppose that a A share of consumers are asym-
metrically forgetful, as in our original model, while the remaining 1 — A share are symmetrically
forgetful, as in the model variant considered above. In this case, it will once again be possible that
the firm optimally sets a positive penalty fee and will also once again be possible that the avail-
ability of consumption tracking leads to a different equilibrium than the corresponding benchmark
equilibrium. In other words, our model can have some symmetrically forgetful consumers while
retaining its ability to explain the use of positive penalty fees and predict meaningful effects of

consumption tracking on market behavior.
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These possibilities (i.e., that the firm optimally sets a positive penalty fee and that the availabil-

ity of consumption tracking can lead to a different equilibrium) are established in the following
example.
Example 3. In the model where consumers are heterogeneous in whether they are symmetrically
or asymmetrically forgetful, as described above, suppose k = % and that A = % is the share of
asymmetrically forgetful consumers. Also suppose that these asymmetrically forgetful consumers
have o0 = % and o0 = 28 Then the availability of consumption tracking compels the firm to impose
a penalty fee that would not otherwise exist, * > ¢z = 0, regardless of the values of & and o for
the 1 — A share of consumers who are symmetrically forgetful.

To verify that the availability of consumption tracking would compel the firm to impose a penalty
fee that would not otherwise exist in Example [3] it helps to note that this example uses the same
parameter values from Example with the exception of A. As we saw in Example |l ¢y, = 0 was
optimal in the benchmark equilibrium when all consumers were asymmetrically forgetful. From
Proposition 4, we know that ¢y, = 0 would also be optimal in the benchmark equilibrium if all
consumers were symmetrically forgetful (for any o and @). In the current setup with both types of
consumers, setting ¢y = 0 (with py = 1) thus maximizes profits within each segment and must
therefore still be optimal in Example 3] leading to ITy7 = 1.

To verify that ¢* > 0 must hold in Example [3| suppose the firm uses the contract that was
optimal in Example I i.e. with p = and ¢ = 2. In this case, the minimum profit attained from
symmetrically forgetful consumers is simply zero (which would be realized if these consumers
choose not to subscribe). Given the equilibrium proﬁts in Example Bl we can then see that the

expected profit from all consumers must satisfy IT > 10 3(3) 383 + 10 0= ggg’ggé > 1 =Ilyr with

P=3 > and ¢ = 2. Since setting ¢ = oy =0 and p = pyy = 1 would once agam lead to IT =
IIx7 = 1, which is less than the lower bound on the total expected profit with p = and o =2,
the optimal penalty fee when consumption tracking is available cannot be zero, ensuring ¢* > 0.
Thus, the availability of consumption tracking does compel the firm to impose a penalty fee that
would not otherwise exist. (Note here that this conclusion holds even if ¢* # 2 and, once again,
does not depend on the levels of forgetfulness and sophistication among symmetrically forgetful

consumers.)

B.2. Alternate Assumptions on the Timing of Decisions to Use Consumption Tracking
As we recall, consumers with access to consumption tracking in our model could decide whether to
use the technology upon their arrival at # = 2. As discussed in Section[5] however, this assumption

is only suited to a particular class of consumption tracking technologies (such as mobile banking
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apps) on which our study is focused. For other consumption tracking technologies, such as au-
tomated text alerts requiring consumers to “opt-in” well before receiving any potential alerts or
technologies which require consumers to manually input their past consumption, it may be more
natural to model consumers’ potential decisions to use consumption tracking as occurring prior to
t = 2. Here, we consider three such variations of our model: one in which consumers’ decisions to
use consumption tracking occur at t = 0 (i.e., at the same time as the ¢ = 0 subscription decision),
one in which consumers’ decisions to use consumption tracking occur at the beginning of t = 1
(i.e., immediately before learning v1), and one in which consumers’ decisions to use consumption

tracking occur at the end of t = 1 (i.e., after choosing d).

B.2.1. Decisions to Use Consumption Tracking at r = 0

We now analyze a variation of our model in which consumers with access to consumption track-
ing decide whether to use consumption tracking at t+ = O instead of at ¢t = 2. To start, we may
note that the timing of any hypothetical decisions to use consumption tracking is irrelevant when
consumption tracking is not actually available. Thus, our benchmark analysis is unaffected by
changing the timing of consumers’ decisions to use consumption tracking. For this reason, we can
proceed directly to our analysis with consumption tracking.

With decisions to use consumption tracking at t = 0, a consumer decides whether to use con-
sumption tracking in conjunction with her subscription decision. As before, the firm will always set
pF= 17(¢)*) to ensure the consumer subscribes in equilibrium. In turn, the consumer’s willingness-
to-pay for a subscription, \7(¢*) can be separated into two cases. If the consumer perceives that it
is optimal to use consumption tracking given the size of the penalty fee, i.e. if V(¢*) =V (¢*|d; =
1) > V(¢*|d; = 0), then she will in fact choose to use consumption tracking while her r = 1 and
t = 2 consumption decisions will be identical to those of a consumer with perfect memory (i.e. with
o = 0) in the absence of consumption tracking; however, her willingness-to-pay will be reduced by
k relative to the consumer with perfect memory who does need to use consumption tracking. If the
consumer perceives that it is optimal not to use consumption tracking, i.e. if \7(¢*) = \7((;)* |d; =
0) > V(¢*|d; = 1), then she will in fact choose not to use consumption tracking while her t = 1
and ¢ = 2 consumption decisions will be the same as in the benchmark model without consumption
tracking.

Remark 8. In the model with decisions to use consumption tracking at t = 0, the firm’s optimal
contract with consumption tracking is the same as its optimal contract in the benchmark equilib-
rium without consumption tracking: ¢* = ¢nr and p* = pyp. Furthermore, the equilibrium will

be identical to the benchmark equilibrium without consumption tracking.
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To verify the irrelevance of consumption tracking with decisions to use consumption tracking at
t =0, as asserted in Remark (8] let ¢; = argmaxy{I1(¢) : dr = 0} denote the optimal penalty fee
(with corresponding optimal price pj = \7(¢(’;)) conditional on the penalty fee being at a level for
which the consumer chooses not to use consumption tracking. Similarly, let ¢;" = argmaxy {I1(¢) :
d; = 1} denote the optimal penalty fee (with p} = ‘N/((pl*)) conditional on the penalty fee being at
a level for which the consumer chooses not to use consumption tracking.

Next, from our benchmark analysis (Proposition , we know that if ¢y = 0, a consumer will
consume in both periods; if ¢y > 0, a consumer consumes with probability % att = 1 and initially
believes she will consume at + = 2 if and only if she did not consume at ¢ = 1. Importantly, for
both ¢y = 0 and ¢y > 0, the consumer believes she will make the same choices, for the given
value of ¢y, that would be made by a consumer with & = 0. As a result, she believes she will
receive the same total value (in expectation) from a subscription that she would receive with o = 0.
Therefore, if the firm offers its benchmark equilibrium contract, the consumer would not be willing
to incur any positive monitoring cost to use consumption tracking as a means of “endowing” her
with o = 0, while her willingness-to-pay for a subscription would be the same as before. This
implies I1(¢y,) = IIn7 (957 ), and since ¢y, maximized profits in the absence of consumption
tracking, ¢; = ¢y, must hold.

Since the use of consumption tracking allows a consumer to enter the t = 1,2 consumption de-
cisions with ¢ = 0, her valuation of a subscription conditional on her use of consumption tracking
— and hence, the optimal price for a given penalty fee — will be reduced by the monitoring cost k
relative to the case in which she truly has & = 0 and consumption tracking is not available. Further-
more, from Proposition |I| we can see ¢y = 0 when o = 0, in which case Ilyr = 1. Thus, given
the consumer optimally tracks her consumption at ¢, I1(¢;) = IIy7(¢;|a = 0,d; = 1) —k <
Iy7 (0ot = 0,d; = 1) —k = 1 — k. Next, since Iy7(¢yy) > 1 > 1 —k, and recalling ¢; = @y
with TI(93) = I1(¢y;) = Inr (937 ), we can be assured that TI(¢;) > I1(¢;). In turn, this guar-
antees ¢ = ¢; = ¢y along with p* = py,. Moreover, since the consumer does not track (or
expect to track) her consumption, it follows that this equilibrium will be entirely identical to the
corresponding benchmark equilibrium without consumption tracking.

Thus, as we can see, the potential availability of consumption tracking becomes irrelevant if
consumers’ decisions to use consumption tracking occur at t = 0 instead of at r = 2. Intuitively,
consumption tracking becomes irrelevant in this case because, at the time of the + = O tracking
decision, a consumer in the benchmark equilibrium already expects to receive just as much value

from the subscription as the value the she would receive with perfect memory of her past consump-
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tion. As a result, the consumer has no incentive to use consumption tracking as a means to help her
remember her past consumption. Moreover, the firm has no incentive to adjust its contract from the
benchmark equilibrium given the lack of consumer demand for consumption tracking.

Of note, with consumers’ decisions to use consumption tracking at t = 0, the availability of

consumption tracking may again be relevant if we allow consumers to be heterogeneous in . To
formally consider this possibility, suppose a A share of consumers have & = oy, and a 1 — A share
of consumers have @ = ay, with0 < A < 1 and a7 < &y > o. (Note here that A now parameterizes
a different type of heterogeneity than the type considered in Appendix [B.1.5]) We now consider a
very simple numerical example, in which the equilibrium with consumption tracking differs from
the equilibrium without consumption tracking:
Example 4. Let o0 = oy = %, o =0, k=0, and A = %. (Note this means that consumers
in the smaller, size 1 — A = % segment with & = Qg are fully sophisticated, consumers in the
larger, size A = 1% segment are naive, and the use of consumption tracking is costless). Then,
assuming equilibria that yield higher profits are selected over equilibria that yield lower profits,
the optimal contract with consumption tracking will entail p* = % and ¢* = 5. In this equilibrium,
all consumers subscribe to the service, while consumers with &t = Oy = 19—0 (but not consumers
with o = oy, = 0) choose to use consumption tracking.

From Proposition[I} we can verify that the equilibrium contract in Example []is the same as the
contract in the benchmark equilibrium for the case in which A = 1 instead of A = 19—0. From our
prior analysis, we can verify that this benchmark equilibrium would have entailed IT = % + % (1 —
(1—35)5)5 =%, implying this would also be the expected profit for a consumer with & = &, =0
and A = % when consumption tracking is available in light of Remark Meanwhile, the expected
value of a subscription for a fully sophisticated consumer would be X7(5 la=0,d;=1)=p*—k=
% = p* if the consumer uses consumption tracking (noting that a consumer for whom consumption
tracking endows them with a perfect memory would expect to derive as much gross value from the
service as a naive consumer with &, = & = 0) and V (5|& = 55,dz = 0) = § < p* if the consumer
does not use consumption tracking (since this consumer would always set di = 0 and d» = 1).
Thus, a fully sophisticated consumer is willing to pay for a subscription at p* and will necessarily
choose to use consumption tracking as means of avoiding the penalty fee (with certainty). The
expected profit from a fully sophisticated consumer will then simply be equal to the subscription
price, p* = %. With our above work, the total expected profit in this equilibrium will then be
IT = 1% . 18—5 + % . % = 47‘1- Importantly, this equilibrium must be different than the corresponding

benchmark equilibrium without consumption tracking because fully sophisticated consumers will



Author: Forgetful Consumers and Consumption Tracking
68 Article submitted to Management Science; manuscript no. MS-MKG-23-00522.R2

actually use consumption tracking to avoid penalty fees — a behavior that would not be possible
had consumption tracking not been available.

We can readily verify that this equilibrium is indeed optimal. In particular, first suppose 1 <
¢* # 5. In this case, the profit per naive consumer must be less than with ¢ = 5 because we know
that ¢ = 5 maximizes expected profits when all consumers are naive (with or without consumption
tracking). As in the case with ¢ =5, a fully sophisticated consumer will still be willing to subscribe
to the service while using consumption tracking as a means of avoiding the penalty fee, provided
p < %. Thus the expected profit per fully sophisticated consumer is bounded above by %. Since
expected profits are lower in both segments (and strictly lower in one segment), the total expected
profit with ¢* must be less than with ¢ = 5, precluding the possibility that 1 < ¢* = 5. If instead we
suppose ¢* < 1, it is then verifiable from our prior work that the maximum expected profit per naive
consumer (i.e., that attained with p* set equal to naive consumers’ valuation of the subscription)

(4=49-3¢)9* V33-3
10 6

would be given by 1 — 3 ~ 457 and increasing for

0> VR

, which is decreasing for ¢ <
~ .457, and is thus maximized at ¢ =0 or ¢ =1 given ¢ < 1. Inserting these values

into our prior expression we see that the maximum profit per naive consumer in this case is attained
(4-4(1)-3(1%))(1%)
10

with ¢ =1, and is equal to 1 — = %. From our prior analysis, we also know
that the zero-penalty benchmark equilibrium arises with fully sophisticated consumer, yielding a
profit of IT = 1, thus implying the maximum expected profit from a fully sophisticated consumer
given ¢ < 1 is 1. With our above work, we can see that the maximum total expected profit satisfies
II< % . % + 11—0 1= % < %. This ensures that ¢* < 1 also cannot be optimal, thus confirming

that ¢* =5, with p* = %, is indeed optimal in Example

B.2.2. Decisions to Use Consumption Tracking at the Beginning of = 1

Next, we consider the case in which consumers’ potential decisions to use consumption tracking
are made upon their arrival at = 1. As in the case with decisions to use consumption tracking at
t = 0, we can proceed directly to our analysis with consumption tracking because our benchmark
analysis is the same regardless of the timing of consumers’ decisions to use consumption tracking.
Remark 9. In the model with decisions to use consumption tracking at the beginning of t = 1,
the firm’s optimal contract with consumption tracking is the same as its optimal contract in the
benchmark equilibrium without consumption tracking: ¢* = @y and p* = pyr. Furthermore, the
equilibrium will be identical to the benchmark equilibrium without consumption tracking.

As it turns out, the model with decisions to use consumption tracking at the beginning of # = 1
is quite similar to the model with decisions to use consumption tracking at t = 0. Of particular

importance, in the benchmark equilibrium a consumer will still believe upon arrival at t = 1 —
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and not just at # = 0, as noted above — that she will act identically to a consumer with o = 0; as a
result, the consumer has zero demand for consumption tracking. This means the firm can earn the
same profits as before, i.e. IT(@y,) = IIyr > 1, as long as it maintains its benchmark equilibrium
contract. Moreover, any contract for which a consumer would choose to use consumption tracking
will, as in the case with decisions to use consumption tracking at ¢t = 0, still be bounded above by
1 —k < 1 <TI(¢ys). It therefore follows, as in the prior case with decisions to use consumption
tracking at t = 0, that the benchmark equilibrium contract remains optimal when consumption
tracking is available and with decisions to use consumption tracking at the beginning of ¢ =1,
resulting in identical market behavior and outcomes.

The fact that consumers and the firm effectively face equivalent decisions, resulting in identical
behavior, in the model variants with decisions to use consumption tracking at = 0 or at the begin-
ning of + = 1 implies that other aspects of the former variant would carry over to the latter variant.
This includes the previously-established feature of the former variant by which consumption track-
ing can once again matter in equilibrium if we allow heterogeneity in . In fact, the equilibrium
with consumption tracking in Example 4] would — and the fact that it cannot arise without con-
sumption tracking — also apply in the present case with consumers’ decisions to use consumption
tracking at the beginning of t = 1 (with all logic from the discussion and mathematical derivations

that follow Example 4] carrying over to this setting).

B.2.3. Decisions to Use Consumption Tracking at the End of r = 1

Lastly, we consider the case in which consumers’ potential decisions to use consumption track-
ing are made at the end of = 1, immediately after their # = 1 consumption decision. Once again,
here we can proceed directly to our analysis with consumption tracking because our benchmark
analysis does not depend on the timing of consumers’ potential decisions to use consumption
tracking.

With decisions to use consumption tracking at the end of # = 1, a consumer’s choice of whether
to use consumption tracking now depends on her perceived forgetfulness & instead of her true
forgetfulness o. That is, the consumer now tracks her consumption if k < k¢(o, ) but not if k >
k:(0,9). Note that this means the consumer’s actual use of consumption tracking must now align
with her prior expected use of consumption tracking.

Proposition 5. In the model with decisions to use consumption tracking at the end of t =
1, the equilibrium with consumption tracking will entail planned nonuse (lN)T = D; = 0).

The firm’s optimal contract in this equilibrium is given by ¢* = ¢y and p* = pyr if k >
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(1-82)¢:)>—4a2
8(1—0c)+4(1-a2) 2

ke(C, 95) and otherwise given by ¢* = ¢r-T|oe>1—
(1+((1—¢*)2—(5¢¢*g2)1[¢*<(1—56)71])2.

< Oy ana’p*:%—i—

Proof of Proposition[3]

With decisions to use consumption tracking at the end of t = 1, D{(¢) is still given by (A-13),
while Dy (¢|d; = 0), D2(¢|dy = 1,d; = 0), and Dy(@|d; = 1,d; = 1) are still given by (A-I),
(A-2)), and (A-12)), respectively. Given these relationships, it is still true that the equilibrium with
consumption tracking cannot entail D; > 0, as established in the proof of Proposition 2] Now,
however, we must have D; = 131 since the consumer’s expected and actual thresholds for con-
sumption tracking are both k¢ (¢, ¢). Thus, the equilibrium with consumption tracking must entail
D; = D; = 0. As a result, the firm’s equilibrium profits at ¢ = ¢* will take the form given in
(A-T4). Since ¢ = ¢y, maximizes profits as given in (A-14), ¢* = ¢y, (along with p* = py) will
hold as long as k > k(o ¢51). Furthermore, as established in the proof of Proposition |1} I1(¢)
as given in (A-T4) is increasing in ¢ for all ¢ < ¢, such that II(¢) > 1. Thus, if k < kc(@, 957)
and TI(¢*) > 1, it must be the case that ¢* = max{¢ : k < k;(&,¢)} = ¢. Meanwhile, we can

use (A-14) to confirm that TI(¢;) > 1 in this case if and only if a@ > 1 — 8((1(1_;%22)12:;25;;2. This
(1-5)5:—4@2 )

S0 a0 < oy if k < kz(, @37 ). The expressions for

~ 2 ( H*
p* in each case then follow from p* =V (¢*) = H_DT‘((M with D; as given in (A-3) for the case

(that must apply in this equilibrium) with D; = D =0. 0

ensures that ¢* = 51 -1 [(X >1-

As Proposition [5| demonstrates, only a planned nonuse equilibrium can arise when consumers’
decisions to use consumption tracking occur at the end of r = 1. Here, it makes sense that an
unplanned equilibrium is no longer possible because the consumer’s actual use of consumption
tracking must now align with her prior expected use of consumption tracking (as both are now
based on ). Naturally, without the possibility of an unplanned equilibrium, the potential counter-
intuitive effects of consumption tracking in an unplanned equilibrium (Corollary (1) are no longer
possible. More specifically, with decisions to use consumption tracking at the end of r = 1, the
availability of consumption tracking can only lead to a decrease in the equilibrium penalty fee
(0™ < ¢xr), a decrease in the firm’s equilibrium profits (IT < Ilyr), and an increase in consumer
surplus (CS > CSnr).

B.3. Other Model Variations and Extensions

B.3.1. Time-invariant valuations
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As noted in the main text, we follow the precedent of |Grubb|(2015) in assuming that consumers’
valuations v; and v, are temporally independent. To help us better understand the role of this
assumption in our analysis, this appendix considers an alternate version of our model that lacks
temporally-independent valuations. In particular, and as a simple benchmark for comparison, we
now consider an opposite formulation in which consumers’ valuations are the same in both periods
as opposed to being independent.

Formally, we now impose v| = v, while maintaining that this (now common) valuation is drawn
from a uniform distribution between 0 and 1. Note that the realization of v is now fully informative
of v2, in contrast to our original specification in which the realization of v; has no bearing on v;.
Thus, with time-invariant valuations a consumer essentially learns v, at r = 1 instead of at t = 2
(as in our original model).

The following lemma characterizes consumer decision-making for a given penalty fee when
consumers have time-invariant valuations.

Lemma 4. For a consumer who subscribes to the service in the model with time-invariant valua-

tions, dy =1[vy > @], d» =1, and d; = 0. Thus, D) = D =Dy = max{1l —¢,0} and D, = D, =1.

Proof of Lemma

As in our original model, with time-invariant valuations, a consumer who subscribes to the ser-
vice will always choose d, = 1 and d; = 0 in cases with d; = 0; if d; = 1, the consumer will
choose both dy =1 and dy =0 if vo > ¢. If vi = vy > ¢, it then follows that choosing d; =1
yields a total expected payoff of vi +v, — ¢ while choosing d; = 0 yields a total expected payoff
of vo < vy +vy — ¢, implying the consumer will choose d; = 1 — followed by d; =0 and d» = 1
—ifv; > ¢. If vi < ¢, choosing d; = 1 yields a total expected payoff of vi — (¢ —vp)I[vy > (1 —
a)@|(1 —d;) — k- d; while choosing d; = 0 yields a total expected payoff of v) =v; >v; — (¢ —
vo)I[va > (1 —)9]|(1 —dr) — k- dr, implying the consumer will choose d; = 0 — again followed
byd; =0and d, =1 —if v{ < ¢. Given vy is uniformly distributed between 0 and 1, it follows that
D; =max{l —¢,0}. Since d, =1 givend; =0 and d, = 1 given d; = 1 and v| > ¢, while v; > ¢
must hold given d; = 1 since d; = 1 itself only holds if v{ > ¢, we can then confirm D, = 52 =1.
Lastly, D; = max{1 —¢,0} and D, = D, =1, ensuring Dy = Dy =Dy = max{1—¢,0}. O

From Lemma 4] we can see that, with time-invariant valuations, a consumer who subscribes to
the service always consumes att = 2. Anticipating this, the consumer consumes at # = 1 if and only
if her valuation v; = v, is higher than the penalty fee ¢. Intuitively, she knows she will consume at

t = 2 regardless of her t = 1 consumption choice, which means consuming at t = 1 will be worth
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it if and only if the value the consumer derives from consumption exceeds the penalty fee that
will inevitably be incurred following a choice to consume at t = 1. Note here that the consumer’s
consumption choices do not depend on her memory parameters ¢ and Q.

Lemma [] also reveals that a consumer will never use consumption tracking in the model with
time-invariant valuations; in effect, consumption tracking is irrelevant in this version of the model.
As the next result shows, penalty fees likewise become irrelevant when we look at the full equilib-
rium under time-invariant valuations.

Proposition 6. In the model with time-invariant valuations, the zero-penalty equilibrium neces-

sarily arises in that ¢* =0 and p = 1.

Proof of Proposition|[0]

Using Lemma 4] we can derive a consumer’s willingness-to-pay for a subscription as \7((])) =
Di-Elvi|d; =1]+Ds-E[va|dy = 1]—k-D;—Dip- ¢ = max{1—¢,0} - £ 4+ 1.2 k.0~ max{1 -

_ 2 ~ ~ ~
9,0} - ¢ = =00 hich used Dy = Dy = max{1 — 9,0}, Dy = D, = 1, and D; = D; = 0.
Again using Lemma 4| while setting p = V, we can then derive the firm’s maximum expected
~ _ 2
profit for a given penalty fee as I[1(¢) =V (¢) +Dy2- ¢ = M + max{l — ¢,0}-¢ =
min{1,¢?} min{1,¢?} .
1 — —5"—. We can then observe I1(¢) = 1 — —>— < 1 for all ¢ > 0 and I1(0) = 1. This
S 1H+max{1-0,0}>

ensures ¢* = 0 with p* =V (0) = ————— = 1. O

To understand Proposition [6's implication that the firm would never set a positive penalty fee
under time-invariant valuations, recall from Lemma [4] that a consumer accurately perceives her
consumption choices in this version of the model; that is, l~)1 = Dy, 52 = D», and most notably,
lN)lz = Dj,, which means a consumer has accurate expectations regarding her likelihood of in-
curring the penalty fee. Due to the consumer’s accurate perceptions, any potential revenues from
penalty fees to the firm will be offset by an equal-sized reduction in a consumer’s willingness to
pay for a subscription. In turn, a consumer’s willingness to pay for a subscription with a positive
penalty fee will be further diminished by the fact that the penalty fee might deter the consumer
from consuming in the first period, thus preventing the consumer from realizing the full value of
the service in both periods. As a result, the firm’s expected profits when using a positive penalty

fee must be less than the expected profits without a penalty fee.

B.3.2. Heterogeneous monitoring costs
Up until now, we have assumed that all consumers face the same monitoring cost k. In this
appendix, we consider the possibility that that consumers face heterogeneous costs of using con-

sumption tracking. In particular, we now suppose that a A share of consumers face a monitoring
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cost of k = k while the remaining 1 — A share of consumers face a monitoring cost of k = k", with
0 < k' < k. Thus, the size 1 — A segment may be understood as being comprised of consumers who
face a relatively high monitoring cost in comparison to consumers in the size A segment. (Note that
A now represents a different form of heterogeneity than the forms considered in Appendix
and Appendix B.2.1])

Naturally, potential heterogeneity in monitoring costs is irrelevant if consumers do not have
access to consumption tracking. Thus, the benchmark analysis will be the same as before. With
consumption tracking, however, new predictions may emerge. That said, the equilibria with het-
erogeneous monitoring costs may often still resemble, in several key regards, the equilibria from
our original analysis with consumption tracking.

Remark 10. In the model with heterogeneous monitoring costs:

o if A is sufficiently large, the firm’s optimal contract will be the same as the optimal contract
given in Proposition with k=k';

o if A is sufficiently small, the firm’s optimal contract will be the same as the optimal contract
given in Proposition with k=k"

These observations are not surprising since they are trivially true in the limiting cases as A — 0
and A — 1. In any event, Remark |10| implies that “traditional” planned and unplanned nonuse
equilibria can still arise, with the caveat that these designations may only reflect the perspectives
of low-k consumers with sufficiently large A and of high-k consumers with sufficiently small A.

In the case that the equilibrium entails planned nonuse from the perspective of low-k consumers
with A sufficiently large, the equilibrium will in fact be identical to the corresponding equilibrium
with a homogeneous monitoring cost and k = k’. This is because high-k consumers (and not just
low-k consumers) will also not use or expect to use consumption tracking in this equilibrium, im-
plying high-k consumers will behave identically to low-k consumers. If, however, the equilibrium
entails unplanned nonuse from the perspective of low-k consumers, high-k consumers may not be
willing to pay the firm’s subscription price, leading these consumers to decide against subscrib-
ing to the service. Thus, with large A, the firm may not serve high-k consumers in an unplanned
nonuse equilibrium (where nonuse is “unplanned” from the perspective of low-k consumers). This

possibility is illustrated in the following example, which is a slight modification of our original
Example [I}]

23 Since Exampleis equivalent to Exampleas A — 1, ¢* and p* are not affected, while I, CS, and D; are simply
scaled by the share of low-k consumers (1), provided high-k consumers do not subscribe. Indeed, we can verify that

high-k consumers do not subscribe since V' (2[k = k") = 1 (1+ (4 fk)zl[k <ki(3.2)=73£]) <31+ (5- %)2 =
11,369

200000 = P* given K> kL
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Example 5. Let a = 1%, o= %—g, and k' = %, with sufficiently large A > 0 and any k" > k’. Then

0" = ¢:(a, k") =2 and p* = ;(1):88(9). In this equilibrium, only consumers with k = k' subscribe to
the service, while I1 = %, CS = —31’067%, and D; =0 < 137 = %.

As for the case in which the equilibrium entails planned nonuse from the perspective of high-k
consumers with A sufficiently small, this equilibrium may differ from the corresponding equi-
librium with homogeneous monitoring costs and k = k" (even though the optimal contract is the
same). As one possibility, low-k consumers may not be willing to pay the firm’s subscription price,
leaving these consumers unserved in equilibrium. As another possibility, low-k consumers may
still subscribe, but will now choose to track their consumption in equilibrium. Thus, we can now
attain an equilibrium in which some consumers do make use of consumption tracking even with
the firm optimally adjusting its penalty fee and subscription price relative to their benchmark lev-
els. Moreover, this possibility, i.e. that low-k consumers may choose to track their consumption in
equilibrium, can also exist in the case where the equilibrium entails unplanned nonuse from the

perspective of high-k consumers.

B.3.3. Premium Subscriptions with Heterogeneous monitoring costs

Our prior consideration of the model with heterogeneous monitoring costs presumed that the
firm could still only offer one contract in equilibrium. Under this extension, however, different
consumers may differ in their willingness-to-pay for a subscription. As a result, the firm could
conceivably earn a higher profit if it offered two contracts instead of one. Building on this idea, we
now consider the possibility that the firm can offer two subscriptions: a “premium” subscription
with no penalty fee and a “basic” subscription with a positive penalty fee.

As we find, there are many equilibria in which it remains optimal for the firm to offer a single
contract to all consumers. For instance, if k¢ is sufficiently large, then consumption tracking will
be prohibitively costly for consumers with k = k’ as well as for consumers with k = k" > k’. As
a result, the benchmark equilibrium contract with ¢ = ¢y and p = py will maximize profits
within each consumer segment, implying it is optimal for the firm to offer its benchmark equilib-
rium contract to all consumers (and thus not exercise its option to offer two contracts). Naturally,
this scenario could either entail a single “premium” subscription if @y, = 0 or a single “basic”
subscription if @y > 0. It is also optimal for the firm to offer a single contract if k" is sufficiently
small. This is because, with sufficiently small k& (implying k* < k" is also sufficiently small), the
firm would maximize its profits within each consumer segment by setting its penalty fee to zero
(see Remark [3] and surrounding discussion). In other words, a single “premium” subscription is

optimal with sufficiently small k”.
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With all that said, there are scenarios in which it is optimal for the firm to offer two subscriptions.
Our next remark highlights one of these scenarios.
Remark 11. In the model with heterogeneous monitoring costs, suppose k" is sufficiently large,
k' > 0 is sufficiently small, and On7 > 0. It is then optimal for the firm to offer a basic subscription
with ¢ = ¢yr and p = pyp as well as a premium subscription with ¢ = 0 and p = 1. In equilib-
rium, consumers with k = k" choose the basic subscription and consumers with k = k' choose the

premium subscription.

Proof of Remark|I 1]

With sufficiently large k", Proposition [2| implies that the firm maximizes profits among
consumers with k = k" by setting ¢ = ¢oyr and p = pyp, while consumers with k = kb <
ke (e, ¢5p) must have \7(¢1>{,T) < pir since consumers with k = k" expect to follow memory-
based avoidance in this equilibrium, identical to the expectations that would be held by a con-
sumer with perfect memory (a), implying V(;ir|k = k) < V(¢irk = 0) = V(dirla = 0) =

\7(¢]§T|k =k = py7- From Proposition [2| it is also readily verifiable that o < min{a,l —
(1_a2)2(min{¢r7$r})2_45‘2

8(1—min{¢z,Pc })+4(1—a2)(min{¢, s

profits among consumers with k = k’ by setting ¢ = 0 and p = 1. As a result, the firm maximizes

e } must hold for sufficiently small k, ensuring the firm maximizes

its profits by offering a basic subscription with ¢ = ¢y, and p = py, as well as a premium sub-
scription with ¢ = 0 and p = 1. Note here that consumers with k = k”* are indifferent between the
basic and premium subscriptions, but it is assumed that higher-profit equilibria are selected over

lower-profit equilibria, ensuring consumers with k = k" still choose the basic subscription. 0

While the above scenario describes a case in which consumers with k = k¢ are served with the
premium subscription, the following example shows how it may also be optimal to provide the
premium subscription to consumers with k = k”.

Example 6. Let ox = 1%, o= %, and k' = %, with sufficiently large A > 0 and any k" > k.

11,369
20,000

as well as a premium subscription with ¢ = 0 and p = 1. In this equilibrium, consumers with Kt

Then it is optimal for the firm to offer a basic subscription with ¢ = ¢(a ,kg) =2andp =

choose the basic subscription and consumers with k = k" choose the premium subscription, while

_20,000+3,2094 73261 - = 37
= ""5000 €S = —36.000° and D = 0 < Dz = 155

Example [6] considers the same scenario as Example [5] except now the firm can offer more than

one subscription. Here, the firm still offers the same basic subscription to low-k consumers. Now,

however, the firm also offers a premium (no fee) subscription. In doing so, the firm is able to serve

: s L . 20,000+3,2094 23,2094
high-k consumers while increasing its total profits (since Il = 20000 > 20,000 for A < 1).
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Thus, we have seen how offering an additional premium contract (with no penalty fee) can allow
the firm to increase its total profits, both as a means of serving consumers with k = k and as a
means of serving consumers with k = k. In both cases, consumers served by the premium contract
may have otherwise been excluded from the equilibrium if they comprised a sufficiently small
share of consumers (such that the firm would optimally focus on exclusively serving the other
segment). As we noted earlier, however, there are many also cases in which both segments are

optimally served by the same (single) contract.

B.3.4. Account Freezing

In this appendix, we explore the possibility that a consumer can have her account “frozen” before
incurring a penalty fee. Formally, we now consider a variation of our model in which a consumer
is prevented from choosing d; = 1 — in effect, having her account frozen — in cases where d| =1
and ¢ > () The following result describes the potential consumption profiles that can arise in the
model with this account freezing feature.

Proposition 7. For a consumer who subscribes to the service in the model with account freezing:
(i) [unrestrained use] if ¢ = 0, then Dy =Dy =Dy =Dy = 1;
(ii) [avoidance] if ¢ > 0, then Dy = 3, Dy = 3, and D12 = D3 =0.

Proof Proposition|7}
Part (i). If ¢ =0, account freezing is inactive. It then follows from our original analysis without

account freezing in Appendix that Dy =Dy =D, = l~)12 = 1 in this case.

Part (ii). If @ > 0, account freezing is active. This is equivalent to taking ¢ > 0 to be sufficiently
large in our original benchmark model without account freezing (or consumption tracking), or
more specifically, taking ¢ > O to be large enough to ensure that the consumer never consumes and
never expects to consume at t = 2 conditional on having consumed at t = 1. This corresponds to

part (1) of Lemma which yields D; = Dy = % and Di; = 1312 =0, as desired. L]

Proposition [/|is fairly straightforward. From part (i), if there is no penalty fee, account freezing
is irrelevant and the consumer is free to consume in both periods. From part (ii), with a positive
penalty fee account freezing would take effect following consumption in the first period. Antic-
ipating this, a consumer consumes in the first period if and only if her # = 1 valuation is above
average (i.e. at least %). Naturally, if she consumes at ¢ = 1, her account is frozen, preventing her

24 Since account freezing would not be relevant for a subscription that provides two units of consumption without
penalty, here we assume that an account can only be frozen if ¢ > 0.
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from consuming at t+ = 2; however, if she abstains at # = 1 she is then free to consume at t = 2
without penalty.

The next result describes the market equilibrium with account freezing:
Proposition 8. In the model with account freezing, the zero-penalty benchmark equilibrium neces-
sarily arises in that 9* = 0 and p* = 1 regardless of &, &, and k; in this equilibrium, D1y = Dp=1
and D; =0, while I1 =1 and CS = 0.

Proof of Proposition|[8]

Suppose ¢ > 0. The consumer would consume at# = 1 if and only if v > % while consuming at
t =2 1if and only if d; = 0. The consumer’s valuation of a subscription would then be \7(¢ ¢ >0)=
Pr[v; > %] -E[vi|v > %] + (1 —=Pr[y; > %]) -E[n] = % 34+ % : % = %. The firm’s maximum profits
from setting p =V would thenbe [I =V + Dy, -¢ = % +0-¢ = % since D1 =0 given ¢ > 0 from
part (ii) of Proposition Since ¢ = 0 and p = V(0) = 1 (noting V (0) = E[v;] +E[v,] = % + % =1
given ¢ =0) imply [I=1 > %, ¢* =0 and p* = 1 must be optimal with account freezing. [

Proposition (8| shows that with an account freezing feature it is never optimal for the firm to
use a positive penalty fee. To understand why, recall that with a positive penalty fee a consumer
would only consume once (and only expect to consume once), and thus never incur the penalty
fee (Proposition |/}, part i). Without a penalty fee, however, the consumer consumes (and expects to
consume) in both periods. As a result, the consumer is willing to pay more for a subscription in the
absence of a penalty fee, and since the firm would not collect any penalty fees even with a positive
penalty fee, the firm will attain higher profits (through a higher subscription price) if it does not
use a positive penalty fee.

While our preceding analysis described the implications of an exogenously-imposed account
freezing feature, it is also worth considering whether (or under what circumstances) such a feature
may be implemented in the first place. To do this, we now suppose that the potential implemen-
tation of an account freezing feature is endogenously determined. In particular, we now model a
decision of whether or not to implement account freezing, which is made prior to all other de-
cisions in the model. As for the question of who gets to make this decision, we consider three
possibilities: (i) the firm, which seeks to maximize its expected profits, I1; (ii) consumers, who
seek to maximize their subjective expectation of consumer surplus, i.e. CS except calculated based
on « instead of a; and (iii) a “social planner,” who may be thought of as a benevolent regulator

and seems to maximize total welfare, given as the sum of IT and CS.
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Since the zero-penalty equilibrium that arises with account freezing (Proposition [§)) also often
arises in the original model without account freezing, the decision-maker (whether the firm, a
consumer, or the social planner) will often be indifferent regarding the potential implementation of
account freezing. For this reason, our analysis of endogenous account freezing focuses on the less
trivial cases where the decision-maker is not indifferent.

Proposition 9. In the model with endogenously-implemented account freezing, in cases where the

decision-maker is not indifferent:

(1) if the firm gets to decide, it will never implement account freezing;

(i1) if consumers get to decide, they will never implement account freezing;

(iii) if the social planner gets to decide, it will always implement account freezing.

Proof of Proposition[9}
Part (i). With account freezing, IT = 1 must always hold from Proposition [§] Without account
freezing, Il = 1 is always attainable by setting ¢ = 0 and p = 1; therefore, IT > 1 without account

freezing. The result then follows by comparing IT with and without account freezing.

Part (ii). With account freezing, CS = 0 must always hold from Proposition |8 In addition, CS =
CS = 0 must hold since consumers have accurate initial perceptions of their future behavior (i.e.
5} =D = 52 =D, =1and 51 = D; = 0) in this (zero-penalty) equilibrium with account freezing.
Without account freezing, consumers would never expect CS < 0 because CS = CS = 0 can always
be realized by simply choosing not to subscribe. Thus, CS > 0 without account freezing. The result

then follows by comparing CS with and without account freezing.

Part (iii). With account freezing, expected total welfare is given by II4+CS =140 = 1, as implied
by Proposition |8l Noting that payments of p and ¢ only amount to transfers that do not affect
total welfare, without account freezing total welfare can be expressed as I14+CS = D -E[v;|d| =
1]+ D, -E|va|dy = 1] —k-D; < D;-Elvi|d) = 1]+ D3 -E[n|d, = 1] < E[v|d| = 1] +E[wn|dr =
1= % + % = 1. Thus, total welfare must satisfy [1+CS < 1 without account freezing. The result

then follows by comparing II+ CS with and without account freezing. [

As Proposition [9]demonstrates, the potential endogenous implementation of an account freezing
feature hinges on who gets to make this decision. From part (i), the firm will never choose to imple-
ment account freezing (in cases where it is not indifferent). This makes sense from the standpoint
that account freezing guarantees the zero-penalty benchmark equilibrium with IT = 1. Since it is

always possible for the firm to attain IT = 1 by setting its penalty fee to zero, any other equilibria
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that might arise without account freezing — and would thus be prevented by the implementation
of account freezing — would entail higher profits.

From part (ii) of Proposition 9] consumers would also never choose to implement account freez-
ing (again in cases where they are not indifferent). Intuitively, account freezing guarantees the
realization of the zero-penalty equilibrium, in which consumers attain — and expect to attain —
zero surplus as the firm sets its subscription price equal to a consumer’s willingness-to-pay. Mean-
while, a consumer who does not subscribe to the service also attains — and expects to attain — zero
surplus. Thus, in other equilibria that can arise without account freezing, if a consumer chooses to
subscribe while expecting nonzero surplus then it must be the case that she expects positive sur-
plusE] As a result, a consumer would never expect to benefit from — and may sometimes expect
to be hurt by — the implementation of an account freezing feature.

Even though the firm and consumers would never choose to implement an account freezing fea-
ture, part (iii) of Proposition [9]implies that an account freezing feature can only improve total wel-
fare — and would thus be implemented by a social planner (or regulator) who seeks to maximize
total welfare. To understand why, recall that the implementation of account freezing guarantees the
zero-penalty equilibrium in which all consumers consume in both periods while never using —
or incurring a cost from using — consumption tracking. Meanwhile, total welfare is maximized
when consumers consume (thus deriving value from the service) in both periods while never incur-
ring the monitoring cost@ By guaranteeing the zero-penalty equilibrium, the social planner would
therefore choose to implement an account freezing feature (in cases where the social planner is not
indifferent) as this can only lead to higher total welfare than would otherwise be attained.

The prediction that an account freezing feature could increase total welfare despite mutual op-
position by the firm and consumers can be reconciled in light of consumers’ potentially inaccurate
expectations. Namely, in these cases an account freezing feature leads to an increase in total wel-
fare through an increase in consumer surplus that consumers fail to anticipate. In other words, our
analysis indicates that an account freezing feature can only help consumers even though consumers

incorrectly expect to be hurt by such a feature.

25 Specifically, this can happen (in the original model without account freezing) in cases where trackers and non-
trackers are both served yet differ in their initial willingness-to-pay for a subscription. In these cases, consumers in the
higher willingness-to-pay segment will expect positive consumer surplus.

26 This is true because all other determinants of the two inputs in total welfare — i.e. IT and CS — are simply transfers
(whether through p or ¢) that only affect the distribution of total welfare. Formally, this can be seen from the fact that
total welfare reduces to IT+CS = E[dv| + davs — dk].
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