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The appendices are organized as follows. In Appendix A, we derive the exact expressions for the expected utilities
under SM, PM, PC, and PH. In Appendix B, we present proofs for the results in the present paper. In Appendix C, we
provide supplementary results for Section 5.

Throughout the proofs, ¢(z) and ®(z) denote the probability density function (pdf) and the cumulative distribution
function (cdf) of the standard normal distribution at point z, respectively. f(x;u, o) represents normal pdf with mean p

and standard deviation o at point . Let Aux, Apy, and Ay denote:
Apx =pixa—pxp, Apy =pyas— iy, and Ap=wApx + (1 - w)AMY7 (A1)

where w is given with (2). Recall that we assume Apx > 0, Auy <0, and Ap < 0. Furthermore, let us introduce &; and

o as:

7, =/ wirx + (1 —w;)?ry fori=1,2,and & = \/w?ry + (1 — 0)2ry, (A2)

where ry and ry are defined as:
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Ox L Ty
) Ty :

(A3)

Iy = —F——5—
0% +U§,X

o 3+ Jﬁ,y .

We finally turn to patients’ treatment choice model under PC or PH. Under PC, the doctor shares population-average
health outcomes (X + = lx: and Yt = py+), while under PH, the doctor shares individualized outcome predictions in (15).
The patient’s perceived utility Uu() is defined for PC and PH in (17). Here, ~;; represents type- patient’s random error,
assumed to be identically normally distributed with mean zero and variance o , /2, where 0,,; and o, , capture levels of

patient irrationality. We assume that ~y;,’s are independent across treatments and patients, and from X,’s, Y;’s, £X’s, and

&Y ’s. The probability that a type-i patient selects treatment A is given by:

P =Py (it 2 Ui, ) =0 (PEAZ T LZ0IBmin)) - ag

Tp.i
where ®(.) is the standard normal cumulative distribution function.
Throughout the appendix, EUSM, EUYC, EU™ | and EUT* represent the expected utility of SM, PC, PM, and PH,
respectively. Finally, Z{ A} denotes the indicator random variable associated with event A that has value 1 if event A

occurs and has value 0 otherwise.
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Appendix A: Derivation of the Expected Utilities under SM, PM, PC, and PH
Lemma Al The expected utilities of SM, PC, PM, and PH, denoted by EUM, EUYC, EU"™, and EUY*, respectively,

are equal to:

EUM = pxp + (1 — ) py s, (A5)
EUPM — Apd <j“) + ¢>( > +@pxs + (1— @)y s, (A.6)
EUFC =pEUFC + (1 —p)EULC + wuxp + (1 —0)py 5, (A7)
EU™ =pBEU™ + (1 - p)EU; " + wpxp + (1 —0)py p. (A.8)

In (A7) and (A.8), EUFC and EUF" are equal to:

EUFC = Ap, @ <A’“), (A.9)
Upl

EUPH = Apu;® A.10

a <\/cv§6i2+azyi> V0357 +a <\/a 02402 ) (410

where Ay, Apg, Ap, 0; and & are given with (A.1) and (A.2), respectlvely, and ®(.) and ¢(.) are cdf and pdf of the
standard normal distribution, respectively.

Proof: Part I: Since under SM, doctors always choose treatment B, the expected utility of SM is equal to:
EUS]W :p]EXB»YB [leB =+ (1 — wl)YB] + (1 _p)EXBﬁyB ['I.UQXB =+ (1 — 'I,UQ)YB}
= wpxp + (1 — @) py g, (A1)
where the subscripts in the expectations indicate what variable the expectation is taken over. The first term in the first
equality corresponds to the event that the doctor sees a type-1 patient, whereas the second term corresponds to the event
that the doctor sees a type-2 patient. Furthermore, recalling that px 5 and py 5 denote the expectations of X and Y5,

respectively, the second equality follows from (2).

Part II: The expected utility of PM is equal to:

BU™™ = pEgx sy xo [ (w3 X+ (1= w)Y3) o (X4 = K) + (1= @) (V4 — V) 2 0) (A.12)
(00X + (1= 00) V) T{w(X = X) + (1 = @) (Vs — Vi) < 0}] (A.13)

+ (L= P)Bx, s sy [ (02X + (1= w)Ya) T{w(Xa = Xp) + (1 - 0)(Va — Vi) 2 0} (A.14)

(s X+ (1 —w,) Vi) T{(Xa — Xp) + (1 —@0)(Va — Vi) < o}} (A.15)

= Esf(,sf,xt,yt [(wXA + (1 - w)YA)I{w<XA - XB) + (1 - 7Ij)(YA - Y/B) > 0}
F(0Xp 4+ (1—0)Ye) T{w(Xa — Xp) + (1 — @) (Vs — V) < o}} , (A.16)

where the term in (A.12) corresponds to the event that the doctor sees a type-1 patient and treatment A is selected, the
term in (A.13) corresponds to the event that the doctor sees a type-1 patient and treatment B is selected, whereas the term
in (A.14) corresponds to the event that the doctor sees a type-2 patient and treatment A is selected, and the term in (A.15)
corresponds to the event that the doctor sees a type-2 patient and treatment B is selected. Furthermore, the second equality

follows from the linearity of expectation and from (2). For algebraic convenience, we will first derive the expression for
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the expected utility difference between PM and SM by combining (A.5) and (A.16), and then find the exact expression for
EUPM:

EUPY — BUSM =Egx o7 ., [(w(XA — Xp)+ (1 —@)(Ya— YB))I{w(XA —Xp)+ (1 —@)(Va—Y5)> oH
=0 5y x, [(Xa = Xp)T{@(Xs = Xp) + (1 - @) (Vs — V) > 0}
+(1—D)Egx s v, [(YA —YB)I{w(XA — Xp)+ (1= @) (V4 — Vi) > o}]
]
o]

=wEgx sy [Ext [(X4—Xp)[S¥, 8] I{W(XA —Xp)+ (1—0)(Ya—Y5) > 0}]

=wEgx sv []EX,, |:(XA - XB)I{@(XA - XB) +(1— w)(yA - Y/B) > 0}

+(1—®)Egx o [Eyt {(YA - YB)I{w(XA X+ (L—@)(Va— Vi) > o}

+ (1= @)Esx sy [Bv, [(Ya—Y5) | 8X, 8] T{@(Xa— Xp)+ (1~ 0)(Va — Vi) 2 0}
= 0Egx sy | (EIXA | Y] ~ElXn | S3]) T {@(Xa = Xp) + (1 —0)(¥a — ¥5) > 0}]
T (1 —w)Esx sy [(E[YA | SX1—E[Ys | Sg])z{w(XA — Xp)+(1—w)(Ya—Y5) > OH )
(A.17)
where the second equality follows from linearity of the expectation, the third equality follows from the
law of iterated expectations, the fourth equality follows from the fact that when S and S} are given,

T {w(X A—Xp)+ (1 —w)(Ya—Yp)> 0} is not random anymore, and the fifth equality follows from the independence
of S and SY. In (A.17), using (14), (15) and (16), we can write X, — Xpand Y, — Yy as:

5 A o2 o2
Xa—Xp= ad%(sf - 51)3() + (1 - Oéd2_|_X2> Apx =Apx +aa/rxZx,

ox +0ix Ox T04x
Y-V, oy (S —SE)+(1 o A Apy +ag/ryvZ (A.18)
—Yp=0g—5——5— — — Qg = Qgy/T .
A B dU%/JrCTiy A B do_%/+o_§7Y 185% My avTly 4y,

where rx and ry are given with (A.3), and Aux and Apuy are defined in (A.1), and Zx and Zy are standard normal

random variables. Similarly, E[X 4 | S¥]| —E[X5 | Sp] and E[Y, | SY] — E[Y | S%] are equal to:

2 2
E[X,.|SX]—E[Xp|SX]= — 7% (§X _gX +<1—"X)A = Apix +7x Zx,
[ A| A] [ B| B] U§<+U§,X( A B) U§(+03,X Mx Hx TxZ4x
o2 o2
E[Y.|SX]-E[Ys|Sy]= mw% —Sp)+ (1 - M) Apy =Apy +/ryZy. (A.19)

Thus, EUP™ — EUM in (A.17) could be rewritten as:
EUPM _ RUSM
=wEzy 2y [(Apx +rxZx) T{w(Apx + aay/Tx Zx) + (1 —0)(Apy + aa/ry Zy ) > 0}]
+ (1 =w)Ezy 2y [(Apy + 1y Zy) T{w(Apx + cay/rx Zx) + (1 = w)(Apy + ay/Ty Zy) = 0}]
=Bz 2y (Ap+0vrxZx + (1= 0)y/ry Zy) T{Ap+ oa(0/rx Zx + (1 = w)/ry Zy) = 0}]
— B, [(Au+02)T{Ap+ a2 >0)]

:/jo (Ap+52)p(z)dz
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— Apd <A“) 156 (A“> , (A.20)
Qg0 Qg0

where Ay and 7 are given with (A.1) and (A.2), respectively, Z is a standard normal random variable, and ¢(z) is the pdf of

the standard normal distribution at point z. The first equality follows from substituting the expressions in (A.18) and (A.19)
for X4 — Xp, Yu — Y5, E[X4 | SX] —E[Xp | SX], and E[Y, | S%] — E[Y5 | S%] in (A.17), the second equality follows
from linearity of the expectation and (A.1), the third equality follows from plugging 67 for w\/rx Zx + (1 — 0)\/Tv Zy,
which are equal in distribution, the fourth equality follows from the definition of the expectation, and the fifth equality
follows from algebra. Finally, combining (A.5) and (A.20), we conclude that the expected utility of PM is given with
(A.6).

Part I1I: The expected utility of PC is equal to:

BU"C = pBx, v, | (i X+ (1= w)Ya) Py (s, pces i) & (01X + (1= w)Ya) (1= Py (s, pxes pove)|
+(1-pEx,y, [(WZXA + (1 —w2)Ya) Po(ws, pixss prye) + (0o X + (1 —ws)Yp) (1 - P2(w27/~LXt7/~l'Yt))j|
ZP((UM,U)M + (1 - wl),UYA) P (wh,uxuﬂyt) + (wl,UXB + (1 - wl)MYB) (1 - P (wlaMXh,LLYt)))

+(1=p)Ex, v, |:(w2//fXA + (1 —wa) iy a) Po(ws, pixe, frye)
+ (w2/~LXB + (1 - w2)MYB) (1 - P2<w27MXta,U/Yt)):|

:p(wl(,uXA —pxp)+ (1 —w)(pya— MYB))Pl(wlaMXh,U/Yt)

+(1—-p) (UJQ(MXA —pxs)+ (1 —wz)(pya — MYB))Pz(w%MXt’MYt)

+wpxp+ (1 —w)pyp (A.21)
A A
— A ( ’“) (- p) A ( “2) T Bpn+ (L D)y, (A22)
0?71 Up,2

where P;(w;, &, ;) is given with (A.4). The second equality follows from (A.1), the third equality follows from algebraic
manipulations, and the last equality follows from (3), and (4), and substituting the expression in (A.4) for P;(w;, &, 9;).

Part IV: The expected utility of PH is equal to:
EUTH =pEsx sy x,.v: {(leA +(1—w1)Ya) Py (w1, X, V)
+ (0 X+ (1= w)Y) (1= Pr(w;, £, 7))

+(1—p)Esx 57 x,.v4 {(ngA + (1= w,)Ya) Py(wa, X, V)

(WX + (1= w2)Yp) (1= Py(wy, %, Y,) )|
= PEsx sy v | (01 (Xa = Xp) + (1= w1) (Vs = Yp)) Pr(wy, %, Y2)
+(1-p)Esx sv x,.v, [(wQ(XA = Xp)+ (1 —w2)(Ya—Y5)) P2(w27Xtaf/t)}
s+ (1 — @)y s. (A.23)

For algebraic convenience, we will first derive the expression for the expected utility difference between PH and SM by

combining (A.5) and (A.23), and then find the exact expression for EUTH:

EUPH _ EUS]\/I
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= PEsx s¥ xov |(wi(Xa = Xp) + (1 —wy)(Ya — Vi) Py (w1, X, th)} (A.24)
+(1 _p)EStX,StY,Xt,Yt [(w2(XA = Xp)+ (1—wz)(Ya—Yg)) P2(w27Xt7}A/t)i|

w (X4 — Xp)+ (1 —w) (Y _YB)>

ag

=pEsx sv x, vs (wi(Xa—Xp)+ (1 —w)(Ya—Y5))® (

+(1 _p)Esf(,s{,XuYt l(“&(XA —Xp)+ (1 —w)(Ya—Y5))® (

p,1

)

W (Xa— Xp)+ (1 —ws)(Va — YB)>

ag

p,2
where the second equality follows from plugging the expression in (A.4) for P, (w;, X, }A’t) Following the same steps as
in (A.17) and (A.20) (i.e., applying the law of iterated expectations, plugging the expressions in (A.18) and (A.19) for
Xa—Xp, Vu— Y5, E[X4|SY]—E[Xp | SE], and E[Y, | S¥] — E[Y5 | S%]), we can write EUPH — EUSM as:

A 0174 A VA
EU™" — EUS™ = pE, {(Aul +5,2) D (’”‘”ﬂ +(1-p)E, [(Auz +5,2) P (‘”‘”)]
Up,l O'pyg
Rearranging above expression, we have:
EUPH _ EUSJW
e _ A,LLl + 012 > _ AH2+Oéd5'QZ
—p [ (Aum+ane (SN odi s (1-p) [ (Bt oa) @ (ST gza
—oo p,1 —oo P2

—p| A @ Ay n aq0; é Ay
N Vaioi+oZ, Vaioi+oZ,
A/JQ adﬁg A/JQ
T (1-p) | Ap® + , A25
( p)< = (mgagwg,z) Jateiror, \ Jameiro, (A:23)

where the first equality follows from the definition of expectation and the last equality follows from algebra. Finally,

combining (A.5) and (A.25), we conclude that the expected utility of PH is given with (A.8). |

Appendix B: Proofs of Results
B.1. Proof of Section 4 Results
Proof of Proposition 1: First recall (A.5) and note that EUM is equal to wpx g + (1 — w)py 5.

Recalling (A.17), for 0,1 = 0,2 =04 x =04y =0, EUPM™ — EUM js equal to:
EU™ — EUM = 0By, x, v,y [(Xa— Xp) T{0(X4 — Xp) + (1 —@0)(Ya - Y5) > 0}]
+ (1 =W)Ex, xpvavp [(Ya—Yp)IT{w(Xa - Xp)+ (1 -w)(Ya—Ys) >0}
=Ex, xpvavs [(0(Xa—Xp)+ (1 —w0)(Ya—Y5)) IT{w(Xa - Xp)+ (1 —w)(Ya—Ys) >0}
=Ex, xpvavp [([@0(Xa—Xp)+(1-0)(Ya—Y5))"]. (A.26)

Recalling (A.21), for o, = 0,0 =04 x =04y =0, EUP® — EUM is equal to:

EU"C — EUSM :p(wl(MXA —pxp)+ (1 —w)(pya— MYB))I{W1(MXA —pxp) + (1 —wi)(ya — pys) >0}
+(1—-p) (wz(MXA —pxp)+ (1 —wa)(piya — MYB))I{wz(MXA —pxp)+ (1 —wa)(ptya — pys) >0}
=Ew [(W(pxa—pxs)+ 1 =W)(pya —pyve)) T{W (uxa — pxp) + (1 = W)(pya — pys) > 0}]

=Ew [(W(txa—pxs)+ (1 —=W)(pya— ,UYB))+] ) (A.27)
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where W is a random variable that equals w; with probability p and w, with probability 1 — p.
Finally, recalling (A.24), for 6,1, = 0,2 =04x = 0ay =0, EU"" — EUSM is equal to:
EUP™ — BUM =pEx, x5,v4,vs [(W01(Xa = Xp) + (1 —w1)(Ya = Yp)) T{wi (Xa — Xp) + (1 —w,)(Ya — Vi) > 0}]
+ (1 =p)Ex, xp,vavs [(W2(Xa = Xp) + (1 —w2)(Ya — Vi) T{wz(Xa — Xp) + (1 —w2)(Ya — Vi) > 0}],
=Ex, xpvavew [(W(Xa—Xp)+ (1 =W)(Ya—Yp) {W (X4 — Xp) + (1= W)(Ya—Yp) >0}]
=Ex x5 vavsw [(W(Xa—Xp)+(1=W)(Ya—Y5))"] (A.28)
where W is a random variable that equals w; with probability p and w, with probability 1 — p.
It trivially follows from (A.26) and (A.27) that EUPM — EUS™ > (0 and EU"C — EUSM > ( hold. Comparing
(A.26) with (A.28), we obtain EUTM — FUSM < FUTHE — FUSM & EUTM < EUTH by Jensen’s inequality. Similarly,

comparing (A.27) with (A.28), we obtain EUFC — EUSM < EUPH — RUM & FUPCY < EUPH by Jensen’s inequality.
]

B.2. Proof of Section 5.1 Results
B.2.1. Proof of Section 5.1.1 Results

Proof of Lemma 1: The derivative of EUTM in (A.6) with respect to ay is:

OEUPM  Ap? (1 Ap
e N IC=]
day a5 \ ay e

It is obvious that % >0 forall ay < 1, and E’EBU%.:M < 0 for all ay > 1. Hence, EUPM is a unimodal function, which

reaches its maximum at ag = 1. |

Proof of Proposition 2: The derivatives of EUF in (A.6) with respect to rx and ry are equal to:

OEU™M _QBU™ 95 _@* 9EUTM OEUTM _9EU™ 95 _ (1—w)* 9BU" (A29)
orx 05 orx 20 05 T o 96 oy 2 9 :
where
PM 2
OEUTT (A (1 4\ q) (21, (A.30)
0o g 02 \ ay Qq0

Let oy > 1. The proof consists of two parts: In part I, we will investigate the monotonicity/unimodality of EUT* with

respect to ryx and ry, whereas in part I, we will analyze when PM outperforms SM.

uPM

Part I: Observe from (A.30) that when ay > 1, aEU;M <0forall g€ [O, Ap? (1 - 1)), and 2Z2— > 0 for all

5] ag ag I

o> % <1 - cfld) Hence, EUFM is a U-shaped function of &, which reaches its minimum at & = 1/ Aﬂ—‘f (1 — i)

Hence, recalling the definition of & in (A.2), it follows that for a given rx, we have:

. . . 2
EUPM increases in ry for all ry >0, ifry > LA (1 - i) ;

EUPM decreases in ry for all ry € {0, o (A“2 (1 — C%) — wzrx>),
2

1
w)2 a
7111))2 ( ag ( _i)_wQTX)aOO>’

. 2
if < L A (1 - L).
and EUPM increases in ry for all 7y €

(1
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Similarly, for a given ry-, we have:

. . . 2
EUTM increases in ry for all 7y >0, if ry > ﬁ% (1 — L) ,

EUPM decreases in ry for all ry € [0, L (A—“2 (1 - i) —(1 —w)QTy)),

d ad

if Py < iy A2 (1 _ i).
PM ; - a(ae® (1) (1 )2 o o
and EU increases in rx forall rx € — 1 (1—w)?ry),0),

Qg Qg

Part II: One can easily confirm from (A.5) and (A.6) that when 6 = 0, we have EUT — EUSM = (). Furthermore, as &
tends to co, EUT™ — EUSM goes to co. Since EUT is a U-shaped function of &, i.e., it first decreases, then increases
in & (recall part I), it follows that there exists a unique threshold ¢ > 0 such that if 0 < & < v, we have EUTM < EUSM |

and if & > 1, we have EUTM > EUSM  This, together with the definition of & in (A.2), implies that for a given rx, we

have:
EUPM > EUSM for all ry > 0, ifry >4,
EUPM < BUSM for all ry € {O,%), ) 2
;w Y if rxy < o2
and EUPM > EUSM for all ry € (w(;_# oo),
Similarly, for a given ry-, we have:
EUPM > FUSM forall ry > 0, ifry>%,
EUPM < EUSM for all ry € [0, w) , u:
w if ry < —w)2"

and EUPY > BUS™ forall rx € (=052 o0 ),
(¥ = (1 —w)*ry)” (¥ —w’rx)”

Yx(ry) = 2 ; Yy (rx) = T —ap

where 21 denotes max{x,0}. Using these definitions of ¢ (ry ) and ¢y (rx ), we conclude that, for a fixed ry, EUT <

EUSM if and only if rx < x(ry), and, for a fixed rx, EUPM < EUSM if and only if ry <9y (rx). Thus, EUPM <

EU®M when health-outcome heterogeneity (ox and o) is sufficiently low relative to doctor errors (o4 x and oy ). W
B.2.2. Proof of Section 5.1.2 Results

For the proof of Lemma 2, we first need the following lemma to establish the structure of EU* given with (A.10) with

respect to o,.

Lemma A2 (a) EU® given with (A.10) is a quasiconcave function of a4 in [1/2, min{ X; X %H
X Y

(b) If |Ap;| > /67 + 02, EU™ decreases in aq if aq > 1.

Proof of Lemma A2: (a) The derivative of EU/# in (A.10) with respect to ay is:

OEU" 5? a0 Ay
— = - 3/2 [A/ﬁ (20424‘712 - ad) +02,i:| ¢ % : (A3D)
oy (0262 +02,) ago;+o,, Vo362 +o2,

Pyt

Let us represent G, (7, aq) by:

Gl(a'“ad) :A,uf (0(5'“Old) 7Old)+0'2 (A32)

Pp,i?
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2-2
where 0(7;,aq) = % and for notational brevity, we suppress the dependence of G,(5;, ) and 0(G;, org) on o, ;.
d%i %,
The derivative of G, (G, org) with respect to a4 is:
8G1 (5'“ CVd)

60éd

d

< Ap? <jd; (1 - ;) - 1) = Ap? <261m - 1> , (A.34)

where the first inequality follows since 6(7;,a4)(1 — 6(7;,a4)) is concave in 6(5,,y) and reaches its

maximum value at 6(7;,cq) = 1/2. Furthermore, we have Ap? (t—l) < 0 for all ay > 1/2. Hence,

2 2
oy togy
P

o 0'2 0'2 . _ .
%ﬁl‘“d) < 0 follows for all oy € 1/2,min{ X:Q L H which means that G,(7;,a,) decreases in
X

oy

2 2 2 2
. ox+o oy +o . . . .
ay when o4 € 1/2,m1n{ Tt Sy H This confirms that EU[® is quasiconcave in oy when oy €
X Y
2 2 2
. oy +o oy +o
[1/2,mm{ X _dX X 2’“’}].
Ix 7y

(b) Setting oy equal to 1 in (A.31), the derivative of EUF* at ag = 1 is:

OEUH agiol, —Ap? Ap;
{] = B {2 a2 +1]¢ ) <o, (A.35)
daa Jom1 (52402 0; +0ps V0it0g,
where the inequality follows from [Ay;| > /57 + o} ;. Since the derivative of EU" at a; = 1 is negative by (A.35) and

0'2 0'2 0'2 0'2 . .
EUFPH is a quasiconcave function of oy for g € {1 /2, min { X; X % H by part (a) of this lemma, it follows
X Y

that EUFH decreases in o if g > 1. [ ]
Now, we are ready to prove Lemma 2 using Lemma A2.
Proof of Lemma 2: It follows from Lemma A2(b) that if |Ayu,| > /57402, and |Ap,| > (/05 + 02, hold, both

U2 0'2 02 02 . . . . .
EUTH and EUF*" decrease with oy for all ay € |1, min X; X Y; 4y }] This implies that EUTH given with
X Y

. . o2 +o o2 +02 . .
(A.8) decreases with o for all a; € {17 min { HeX Y dt H, and thus, EUPH reaches its maximum value when
X Y

g <l ie,a;<1. [ |

For the proof of Proposition 3, we first need the following lemma to establish the structure of FU/# given with (A.10)
with respect to &; given with (A.2), rx and ry-.
Lemma A3 Consider EUFC and EUF given with (A.9) and (A.10), respectively. Then:
(a) EUF® is quasiconvex in ;.
(b) Let |Ap;| > \/m and let T; denote the unique value of &; that satisfies the following equation.
Apiag (

% - 1) +a257 +202, = 0. (A.36)
aj07 + o2 ! Pt
Then:

(i) EUFH decreases in 7; if 3; < 7;, and it increases in G; if 5; > T;.

(ii) There exists a unique threshold n; > 0 such that EUP" < EUF if 0 < 5, < n;, and EUPH" > EUFC if 5, > n,.

Moreover, EUFH = EUFC when 6, =0 or 5; =,

Proof of Lemma A3: (a) The derivatives of EUF in (A.10) with respect to 7x and ry are equal to

OEUFM _OBEUMM 95, _ w? EUM™  OBUI™ _QBUI™ 95, _ (1—w))* OEUS™ A3
(97“X - 85} aTX a 26’, 661 67“y a 86’1 a?"y N 26’, 86’L ’ ’

"We show the existence and uniqueness of 7; in the proof.
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where
OEUFPH G 52 Au,
N e S Y (e Uy (A.38)
0a; (0252 +02,) aioi+op, ; Vogol o,
One can easily confirm in (A.38) that ApZay (% - 1) + a7 + 207, increases in 7;, and thus, EU/" is quasi-
d% p,i ’

convex in o;.

(b) Part (i): Let the expression in square brackets in (A.38) be denoted by

adﬁf

Gi(6,) =Aplay ( — 1) + o7 + 20127_’1..

o+ oy,
Under |Ap;| > /207 ;/aa, we have G (0) =207, — agAp? < 0. Furthermore, as established in part (a), G;(7;) is strictly
increasing in &;, and G;(7;) — oo as &; — co. Hence, there exists a unique 7; > 0 such that G;(7;) = 0, or equivalently,

such that (A.36) holds. For every &; > 0, all terms multiplying G;(7;) in (A.38) are strictly positive. Therefore,

OEUFH OEUTH
TJ<O fOI'O<5'i<Ti, ande>O foro; > 7.
0; 0;

Atg; =0, 0EU" /95, = 0. Thus, EUF" decreases in ; up to 7; and increases thereafter.

Part (ii): One can easily confirm from (A.9) and (A.10) that when &; = 0, we have EUF* — EUFP® = 0. Furthermore,
as &, tends to co, EUPH — EUFC goes to co. Since EUFH first decreases, then increases in &, (recall part I), it follows
that there exists a unique threshold n; > 0 such that if 0 < &; < n;, we have EU? < EUFC, and if 5; > 7;, we have
EUFPH > EUFC. m
Now, we are ready to prove Proposition 3 using Lemma A3.

Proof of Proposition 3: It follows from part (i) of Lemma A3(b) that if [Ap,| > /202, /og and [Aps| > /202 5/
hold, and if &; < 7, and G5 < 15, we have EU? < EUFC and EUFH < EUJC. Recalling (A.2), this means that
when [Ap, | > /202 [ag and |Ap| > /202, /g, we have EUPH < EUPC and EUPH < EUFC for all rx,ry >0
satistying w?rx + (1 —w;)?ry <n? and wirx + (1 — wy)?ry < n2. Then, from (A.7) and (A.8), it follows that EUTH <
EUFC forall ry,ry > 0 satisfying w?rx + (1 —w;)?ry <n? and wirx + (1 —ws,)?ry < n2, i.e., for sufficiently low 7x

and ry (or, equivalently, when ox and oy are sufficiently low relative to 04 x and g, y). |

Proof of Proposition 4:
The proof for EUTM — EUSM: It follows from Part I of the proof of Proposition 2 that for ag > 1, EUT™ first decreases
and then increases in ryx and ry. The rest directly follows from the fact that rx and ry increase in ox and oy; and

decrease in 04 x and 0,4y, respectively.

The proof for EUT" — EUC: First, it follows from part (i) of Lemma A3(b) that if [A,| > /202, /a, and [Ap,| >

202 ,/aq hold, and if 5, < 7y and 55, < 7o, EU" and EU " decrease with &, and &, respectively. Recalling from
(A.2) that both G, and &, increase with rx and ry, this means that when |Apu, | > \/m and |Ap,| > \/m,
both EUFH and FEULFH decrease with rx and ry for all rx,ry > 0 satisfying w?rx + (1 — w;)?ry < 72 and wirx +
(1 — wy)?ry < 72. Then, from (A.8), it follows that EU"H decreases with rx and ry for all rx,ry > 0 satisfying
wirx + (1 —wy)?ry < 72 and wiry + (1 — wy)?ry < 72, i.e., for sufficiently low rx and 7y. Second, it follows from

part (i) of Lemma A3(b) that if |Ap| > /207, /aq and [Aps| > /207, /aq hold, and if 61 > 7 and 65 > 7, EUTY
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and EULH increase with &, and ., respectively. Recalling from (A.2) that both &, and &, increase with 7x and ry, this
means that when |Ag, | > /202 | Jog and |Aps| > /202 , /iy, both EUPH and EUF™ increase with rx and ry for all
rx,ry > 0 satistying w?ryx + (1 — wy)?ry > 77 and wirx + (1 — wy)?ry > 73. Then, from (A.8), it follows that EU "
increases with rx and ry for all rx,ry > 0 satisfying wirx 4+ (1 —w;)?ry > 72 and wirx + (1 — wy)?ry > 73, i.e., for
sufficiently large rx and ry. The rest directly follows from the fact that rx and ry increase in ox and oy ; and decrease

in 04 x and 0,4y, respectively. [ |

Proof of Corollary 1: It follows directly from Proposition 4. ]

B.3. Proof of Section 5.2 Results

We now present the proof of Proposition 5, which follows from a sequence of lemmas stated and proved below.

Lemma A4 (a) 22U < 0 and 2EU" < 0 for all 0,,,, 0,5 > 0.

(b) For agU and BgU , we have:
Op,1 Op,2
(i) Ifozdz lorifag<1 andAuf < 7457, we have % <0 forall 0,, >0, whereas if ag <1 and Ap3 >
+
e 61, we have 22U < ifand only if 0, 1 > (adalwiijd&z — adal)

(it) If ag > 1 or if ag <1 and Ap3 < < ad 52, we have BBE;] <0 forall o,5 >0, whereas if ag <1 and Ap2 >

ol aEU ~o_ Auj a2\
T a2, we have <Olfand0nly ifo,s> (adazm—adog) .

Proof of Lemma A4: (a) The derivatives of EU”“ with respect to o, ; and o, , are:

EUPC Ap? A EUPC Ap? A
oLy =—p Mlgb< ul)<0,anda v =—(1-p) #2¢< u2)<0.

2 2
8Up,1 Op,1 Op,1 80’1%2 0p,2 Op,2

(b) We will prove only part (i). The proof of part (ii) follows the same lines and is therefore omitted. The derivative of

EUPH with respect to o, ; is:

OEUTY Tp1 045 ] Apy
oy Plarars g2 7 [A“f (0[2—24_12_1 — a0} | ¢ | = |- (A39)
Pl (aZ5% +07,) a0t + 03, Jazat + o2,

We consider the following two cases:

Case 1: oy > 1. One can easily confirm in (A.39) that when ay > 1, 28— U"™ < 0 holds for all op1>0.

ada%
252 2
adal+0p71

— 1 — a407 decreases in 0, 1, and thus, EU"#

p,1»

Case 2: oy < 1. One can easily confirm in (A.39) that Ap? (
is quasiconcave in o, ;. Now, we consider the following two subcases:

Case 2a: ApT < 74

2
2. First note that, if Ap? < lfid a2 holds, % <0ato,, =0.Then, EU”# decreases in o, ;
P,

forall o, ; >0 since EUP* is quasiconcave in o, ;.

2 2
Case 2b: Ap3 > lfi &2, First note that, if Au? > :Z &2 holds, the expression in square brackets in (A.39) is positive

dEUTY
90p.1

aEUT
9op1

at 0, = 0, and hence " >0 for sufficiently small positive o, ;. Furthermore, ” tends to zero from negative

values as 0, ; tends to oo. Then, since EU" is quasiconcave in o, ;, noting that % becomes equal to zero at 0, ; =

Ap? PH ;
\/adal AiTrage? a25%, we conclude that EUT# increases with o, ; forall o, ; € 02 A Md,g —a25? ), and

. Ap —
I 2=2
it decreases with Op,1 for all Op1 > \/adal T rage Q;07. |

We also need to establish the monotonicity of FUT and EUT# in (A.8) and (A.7) with respect to d,,.
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adéf

2-2..2
agoitoy

and 3, = 245 Then:

252 2
ado'2+crpY2

Lemma A5 Let us set 3, =
(a) EUFC increases in d,.

(b) EUT™ increases in d,, if we have either (i) 5, <2, and 3, <2, or (ii) $1 > 2, or 3, > 2, and d,, is sufficiently large.

Proof of Lemma A5: We introduce a new parameter a > 0, and express x4 — fbxp and gy 4 — fty g in terms of @ in the
following form:

a
1—w’

a
xa—ixp=Apu+ ey and pty 4 — iy g = Ap — (A.40)

where w is given with (2) and Ay is given with (A.1). Since Ap <0, x4 > pxp and py 4 < py p by assumption, we
need to have Ay + 2>0&a> —wApu. Replacing px 4 — pxp and py 4 — iy g in (3) and (4) with the expressions in

(A.40), Apsq, Apy and d, could be written in terms of Ay and a as:

— 1— — _
Apy =Ap+ —(wl — wz)(_ p) a, Apo=Apu— 7(11_)1 wi)pa, and d, = 7(1_01 w_2) a (A.41)
w(l—w) w(1l—w) w(l—w)
Since we have Ay, > 0 and Ap, < 0 by assumption, we need to have Ay + %a >0&a> %. Note

that we analyze the effect of a change in d,, by varying a while keeping p, w;, w,, and w constant.
(a) When we replace Ay and Ay, in EUTC in (A.7) with the expressions in (A.41), and take the derivative of EUY¢

with respect to a, we have:

OEU™C _ p(1—p)(w; — w,) l‘l’ (Am) N Au1¢ <Au1) _ & (A,uz) B A#2¢ <AH2>] >0,

da (1l — ) Opn Opi Opi Op.2 Op2 Op2
where Ay, and Ay, are given with (A.41), and the inequality follows from Ap, <0 < Apy.
(b) The derivative of EUTH in (A.8) with respect to a is:
OEUP" — p(1—p)(wy —ws)

da w(l —w)

o A + A <1 - 2—%15% 2 > ¢ B
Vagot+op Vaiot+op s 001+ 05, Vosoi+o2
—|@ = - (1—2‘?552 )cb T
\/aflag + 05 \/04303 +0ol, 005 + 0y \/m

. . . _ Apg _ Apg 1 —
wh:re;Aul and A, a;reflven with (A.41.). Settlr;i Z = 7\/W and z, = etiely’ and recalling that 5, =

WE;I, and B, = Wjib, we can rewrite % as:

OEUFH  p(1—p)(w; —w,)
- H (2, B,) — H(z, ] A42
Ja w(l—w) [ (Z1 51) (Z2 52) ( )
where H(z, 3) is equal to:

H(z,B)=®(2) +2(1 - B)¢(2). (A.43)

To investigate the sign of 613(19]% we consider the following three cases:

Case I: 3, < 1and B, < 1. Since Ap, < 0 < Apy, one can directly confirm in (A.43) and (A.42) that we have aEgaPH > 0.

Case 2: 5, <2, By <2, and 8; > 1 or B, > 1. First, note that when a,y > 0.5, 8; < 2 and 3, < 2 immediately holds, i.e.,

PH |,
a

ag > 0.5 is a sufficient condition for 8; < 2 and 3, < 2. Without loss of generality, assume that 5, < [3,. Then, % in

(A.42) could be rewritten as:
OEUFH _ p(1—p)(w, —w,)
da (1 — )

[H(2'1,52> *H(Z2,/32)+21(52 *51)(25(21)} (A.44)
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Since for 1 < <2, H(z, ) increases in z as per Claim 1(a) proved at the end of this lemma and z, < 0 < z; holds, we
have H (21, 5) > H (25, 3). Then, in (A.44), 22U () follows (recall that 8, > 3 and 2, > 0).

Case 3: 3, > 2 or B, > 2. Without loss of generality, we again assume that 3, < (. Then, f’Ef;% in (A.42) could be

rewritten as:
OEU™ — p(1—p)(wy —ws)
da w(1 —w)
As per part (ii) of Claim 1(b) proved at the end of this lemma, for a given 8 > 2, H(z,8) —1/2 > 0 for z > {,(8), i.e.,

(H(,8) = 1/2) = (H(z, ) = 1/2) + 2B = B)o(z1) . (A45)

for sufficiently large z, whereas H(z,5) — 1/2 <0 for z < (;(8), i.e., for sufficiently low z. Then, if z; > (5(52) and
2o < (1(Ba), i.e., a is sufficiently large, we have H (2, 32) —1/2> 0> H(z2, 32) — 1/2, and thus, in (A.45), % >0
follows (recall that 3, > (3, and z; > 0).

Claim 1: Consider H (z, 8) given with (A.43).

(a) For a given 8 € (1,2], H(z, 8) increases in z for all z € R.

(b) For a given S € (2, 00), we have:
(i) H(z,B) increases in z for all z € (—oo,— H} U [,/%,oo), whereas it decreases in z for all z €

(-VEE).
(ii) There exist two thresholds ¢, () and (5(5) with (;(8) < 0 < ((B) such that H(z,8) —1/2 < 0 for all z €
(=00, Gi(B)) U (0,¢2(B)) and H (2, 8) —1/2 =0 for all z € [(,(8), 0] U [C2(8), 00).

Proof: The derivative of H(z, 3) with respect to z is:

OH(z, [

WED) _[2-8-20-8)]o). (A46)
(a) One can easily confirm in (A.46) that when 1 < 5 < 2, w >0forall z€R.
(b) Part (i): Tt is straightforward to establish from (A.46) that the roots of % are z = — % and z = ./ %.
Furthermore, as z tends to —oo or co, H(z, ) goes to nonnegative values. Hence, w >0 forall z < — % and

z> %, whereas % < 0 for all z with —\/%< z< %.
Part (ii): First, note that H(z, ) — 1/2 goes to -1/2 as z tends to —oo, it goes to 1/2 as z tends to oo, whereas it is equal to
0 at z = 0. Furthermore, part (i) implies that for z € (—o0, 0], H(z, 8) — 1/2 first increases, then decreases in z, whereas
for z € [0,00), H(z, 8) —1/2 first decreases, then increases in z. Thus, for a given 5 > 2, there exist two thresholds ¢; (5)
and (;(B) with ¢, (8) <0 < (2(B) such that H(z, 8) —1/2 < 0forall z € (—o0,(;(8))U(0,((8)) and H(z,5)—1/2>0

for all z € [(,(3),0] U [(2(B),00). "

Now, we are ready to prove Proposition 5 using Lemmas A4 and AS.

Proof of Proposition 5: We argue separately for the two inequalities.

(i) EUPY < EUSM. Lemma A4(a) shows that EU"“ is strictly decreasing in both o, ; and o, », while Lemma A5(a)
implies monotonicity in d,. As 0,,1,0, 2 — 00, we have lim, | ;oo (EU"Y — EUM) = Ap/2 <0, where Ay < 0
is given with (A.1). Hence, as 0,,1,0,2 — 00, PC yields strictly lower expected utility than SM for any d, > 0. By
continuity, there exists a finite threshold such that EUYC < EUSM whenever 0, 1,0, » exceed this threshold.

(ii) EUTH < EUTM. By Lemma A4(b), for each i € {1,2} the function EU ¥ is strictly decreasing in o, ; either globally
rg5?

; then Lemma A5(b) implies that EUF* is increasing in d,,

or at least beyond some finite threshold a; ;- Let 8; = Zoliel
s ayo; U;n,t
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whenever (31, 82) <(2,2),1.e., 0,1 and 7, are sufficiently large. As 0,,1,0, 2 — 00, we have lim, | o, , oo (EUPY —
EUPM) = Ap (1/2 i) ( Lu )) ao ( Lp ) < 0, where Ap < 0 is given with (A.1). Since EUT is strictly decreasing
in each o, ; (at least beyond cr ) and continuous, there exists a finite, nondecreasing threshold function S(d,,) such that
if min{o,,1,0,.} > S(d,)—i.e., patient errors are sufficiently large relative to d,—then EU"# < EU"M.

Combining (i) and (ii) yields the claim.

Appendix C: Proofs and Supplementary Results for Section 5
C.1. Supplementary Analysis for Section 5.1

Here, we compare PH and PC when patients have weak preferences between treatments.

Lemma A6 If [Ap| <+\/202, /oy and |Aps| < /202, /aq hold, then we have EUT? > EUC.

Proof of Lemma A6: First, recalling (A.38), if |Ayu;| < /207 ; /a4 holds, the expression in square brackets in (A.38) is
positive at 7; = 0. Since this expression increases in &;, we have 9EU; " /95, > 0 for all &; > 0. Then, EU ¥ increases
in g, forall 3; > 0 since EU¥ is quasiconvex in &, as per Lemma A3(a). This implies that EU" increases with both rx
and ry (recall from (A.2) that 7; is an increasing function of both rx and ry). When rx = ry = 0, one can easily confirm
from (A.9) and (A.10) that EUF® — EUF® =0. Since EUF" — EUPY =0 for rx =7y =0, and EU* increases with
rx and ry, we have FEUP? — EUFPC >0 for all rx > 0 and ry > 0.

As a result, if [Ap;| < /202, /ay and [Aps| < /202 ,/a, hold, we have EUPH > EUPC and EUS™ > EUSC.
Then, recalling (A.7) and (A.8), we conclude that EUPH > EUPC forall rx,ry > 0. [ ]

Lemma A6 demonstrates that if patients have weak preferences between treatments (small |A g, | and |Ap,|), then PH
outperforms PC. The reason for this is as follows. When patients have weak preferences between treatments, it becomes
less clear a priori which treatment is most appropriate. In these cases, personalizing outcome predictions by providing

patient-specific information can significantly reduce this uncertainty and improve patient outcomes.

C.2. Supplementary Analysis for Section 5.2
In this subsection, we provide the formal analysis supporting the discussion in Section 5.2. We focus on the conditions

under which avoiding preference-based personalization and patient participation yields the greatest utility improvement.

Lemma A7 The utility gaps EUY° — EUS™ and EUP" — EUPM reach their minimum when (i) d,, is low, and (ii) o, 1,

Op,2 are high.

Proof of Lemma A7: The proof follows directly from Lemmas A4 and AS.

For PC, Lemma A4(a) shows that BE U -0 for all 0,,; > 0, and Lemma AS5(a) establishes that U PC increases in
d,. Since EU™ does not depend on patlent errors, the performance gap EU®Y — EUTC widens as o,,; increase and d,,
decreases.

For PH, Lemma A4(b) implies that EU " decreases in o, ; either globally or once o,,; is sufficiently large (equiva-
lently, when 3; <2 and 3, < 2). Moreover, Lemma AS5(b) ensures that if o, ; are sufficiently large (equivalently, when
b1 <2and 8, <2), then EUPH also increases in d,,. As EUT™ is independent of patient error, the gap EU — EUPH

is therefore largest when d,, is small and o, ;, 0, » are large. |



