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Abstract

Non-adherence to medication leads to reduced heatdtomes and increased health care costs.
More evidence and analysis is needed to underthardeterminants of non-adherence, particularly
the impact of the doctor-patient interaction. Thetationship is often characterised by conflict
during consultations. The aim of this paper imt@stigate whether a game theoretic approach can
explain the conflict during consultations that legétients to non-adhere to medical
recommendations. The game theoretic models constiiemploy the Psychological Expected
Utility theory. There is a distinction between infwation-loving and information-averse patients.
Doctors do not always know the type of patient thaye and on the basis of limited knowledge,
they need to decide how much information to pass\mrelax the assumption of perfect agency
and introduce the concept of the doctor’s effortcéltainty is resolved under various hypotheses of
bounded rationality. A complete resolution of tlaengs is offered, and comparative statics results
and economic interpretations are given. When aocddeiows with certainty the type of patient she
has, she will transfer adequate information angb#teent will adhere. If the doctor cannot recogniz
the patient’s need the outcome may be non-adhetemeeommendations. Doctors who understand
patients’ needs improve adherence rates. To enhaaterence, a number of policy

recommendations are made. Financial incentivelseg@aoctor do not benefit all types of patients.

Key words: doctor-patient relationship, non-adherence, Palpglical Expected Utility, non-

cooperative game theory, game tree, bounded réitygressessment equilibrium.



1. Introduction

Non-adherence to medication is generally definéthasextent to which patients take medications
asprescribed by their health care providers’ (Ostaglamd Blaschke, 2005). WHO (2003) describes
non-adherence in chronic illnesses as ‘a worldviadlem of striking magnitude’ as it leads to
reduced health outcomes and increased health ast®due to relapses and rehospitalisation. Yet,
more evidence and analysis is heeded to underftarmterminants of non-adherence, particularly
the impact of the doctor-patient interaction. Tielationship lies at the heart of medical careiand
characterised by conflict and tension during camasioin. This arises from the fact that the

expectations and needs of the two parties do ma@yal coincide.

In general, the existing theoretical models ofdbetor-patient relationship do not explain in depth
the conflicts of this interaction and the impacthias on a patient's decision to follow
recommendations. This is the objective we are pogsihrough our game theoretic models in this

paper.

The developing field combining Psychology and Ecoims, commonly called Behavioural
Economics, opens new ground to explain behaviooas traditional models fail to capture.
Particularly in the case of the doctor-patient treteship Behavioural Economics has made
significant progress in the last few years. Modetsis field that describe doctor-patient intei@ct
and patients’ behaviour have incorporated the naifdeliefs into the patient’s utility function@n
try to explain how these may lead to behavioursh s avoiding a visit to a doctor (Kdszegi, 2003).
These models are based on the Psychological Expélttiéty theory (henceforth PEU theory)
introduced by Caplin and Leahy (2001). The thesrgn extension of von Neumann-Morgenstern
expected utility theory to situations in which atgeexperience feelings of anticipation regarding
future states. This theory, when applied to hdadthaviour, allows for the patient’s utility funatio

to depend not only on physical outcomes but alsdoebiefs about future physical outcomes.
However, all the above attempts to model the dguatient relationship are based on the assumption
that the doctor is entirely empathetic to the patad maximises the patient’s utility functionfas

were his own.



Evidence from the medical literature demonstratestradictory results. The doctor-patient
relationship is often characterised by antagonismd eonflict. Both parties have different
expectations and agendas that they bring to theutiations, which are often in conflict, and when
they are not met they result to undesirable simatisuch as non-adherence to medical
recommendations (Britten et al., 2000). Of coutise,consultation is influenced not only by the
specific characteristics of the doctor and thegpaifbut also by the context and the setting where t

consultation occurs (Weinmann, 1997).

The models we develop in this paper extend previgeisavioural Economic models of doctor-patient
interaction to examine how the actions of the tadips change when the notion of effort is incoaped into
the model. Also, and most importantly, the modengine whether the introduction of the concepfffafre
may explain why consultations do not reach thesirdble outcomes, i.e. they lead patients todaikthere to

medical recommendations.

The paper is organized in the following way. Thetrezction summarises some motivating facts froen th
medical literature that show how conflicting asgeat the doctor-patient relationship influence gats’
decisions on whether or not to adhere to recomni&mda Particular emphasis is given to the supply o
information during the consultation and how thigefs communication. The paper then reviews maalels
doctor behaviour and the doctor-patient relatiomsihom both the fields of Health Psychology and
Economics, considering their ability to capturedbaflicts that occur during a consultation. Thetisection
then presents our game theoretic model, explaitiiegdoctor-patient interaction and conflict. Itaals
introduces new ideas, such as the notion of efisr§ new variable. Limitations as well as possibbertions
for future research are then discussed. Finallg, l&st section discusses the policy implicationd an

concludes.

2. Motivating facts

This section presents the motivating facts that teahe conceptualisation of the models presantsektion

3. It begins with evidence from the medical literatthat identifies differences between patient doator
needs during consultations and how these, when mmett may be linked to non-adherence to
recommendations. Particular emphasis is giversteis concerning the supply of information. It theefly
discusses the models of the doctor-patient relstigrto identify whether they can capture thesdicts) or
whether they can provide useful insights for oudsis. Finally, the section concludes with a disimrsef

the elements on which the game theory model wilhiié.



2.1 Empirical evidence

There is consistent evidence showing that the @ibmformation exchanged during a consultationdsyv
critical for the formulation of diagnoses and tingamisation of treatment (Lambert and Loiselle,ZJ00hus,
effective communication is necessary to ensureonbt that doctors understand patients’ problems and
concerns but also that relevant information on msgs and treatment is accurately and effectively
transferred to maximise benefits from consultatioput factors that influence the consultation irld both
aspects of the doctor’s and the patient's behaviotiralso the context and setting in which thisuosc
(Weinmann, 1997).

The literature shows that the patient’s emotiortslagliefs influence his decision on whether orta@dhere
(Horne et al., 2001). Itis also evident that mifation regarding patients’ health affects theiogons and
patients vary in their preferences regarding hovehmilney want to know about their health (Miller and
Mangan, 1983). Not all patients want informatierbenefit from it. For example, a study by Siminaffd
Fetting (1991) found that patients who did not atdeeir physician’s treatment recommendations wede

in more specific terms what the benefits of thattrent would be. The study therefore suggests that
provision of detailed information will not alwaysqvide desirable results and, in fact, may leatthévapy

decisions that are different to those that the joieys might have hoped for.

On the other hand, doctors’ communication stylepaasitively influence these beliefs and therefelto
better adherence to recommendations (Bultman aads@&d, 2000). However, they are often unable to
understand differences in patient preferences dagginformation and participation during consutias
(Elkin et al., 2007). They often fail to listen patients and explore their views on their diseast a
medication. Moreover, the doctor, just as the patedso experiences feelings during the consaitatich as
anxiety or anger which have been shown to decrdaseverall satisfaction of both parties with the

consultation and also patient’s adherence to recamdations (Waitzkin, 1984).

In addition, and more importantly for our modek transmission (supply) of information during tleetbr-
patient interaction, has been shown in the liteestioi be related to the clinical setting (WaitzKif84). Busy
clinical settings often imply that the doctor mag/ festricted in the time he can spend with evetiepa
However, the effect of time on consultation outcensecontroversial. Some studies show that more tim
does not necessarily lead to better outcomes wltiler researchers suggest that optimal patientigeov
communication requires longer consultations (Bra2@@4). Despite the debate, longer consultaticresigl

indicate that more information is transferred te patient.



To sum up the evidence from the medical literatiime supply of information is a very important issluring
the consultation. Patients vary in their preferemegarding how much information they want to reeaind
doctors often fail to recognise these variatiorss Tisconnection with patient’s needs may leadhtganted

results, such as decreased patient satisfactiéntétconsultation and higher rates of non-adherenc

2.2 Review of previous theoretical models
The models reviewed here that describe the doeest relationship and intend to explain the behanof

the two parties come from two main areas: HealitiRsdogy and Economics.

In Health Psychology three main models are commaaotgpted; paternalism, shared decision and infibrme
decision making. Despite their differences, the¢tmodels share a common characteristic. The abtes

two parties regarding the supply of information dedision making are clearly defined and do nowafior
antagonism between the doctor and the patient. éjehey do not allow for inconsistency and confiict
decision making and cannot explain how differertzesveen the two parties during the consultation can

affect patient’s decisions.

In Health Economics the doctor-patient relationgtfo is of central importance and theories to riesdt
have been a great challenge for researchers iaré@e The perfect-agency model has been very useful
understanding aspects of the doctor-patient relsltigp. However, it assumes that the doctor angdkient
have an identical utility function, and therefaaédd to capture conflicts between the two parttedso seems
unrealistic for the perfect agency model to workdtual medical practice as, apart from the pdiemteds,
the doctor also has other constraints during thswtation which must be taken into consideratiuth as

administrative constraints, time issues and petdnteaest.

Departing from the perfect-agency model, thereasgtansive literature on how physicians can acbbdy
only maximising the patient’s utility function (Ma@e, 2000, Evans, 1974). Scott (Scott, 2000) resite

model of GP’s behaviour and notes that economicatsaallow doctors’ behaviour to be driven not doyy
altruistic elements but also by other aspects siscvorkload, income, reputation and other selfrege

factors.

Le Grand (2006) in his influential work describles two different aspects of doctors’ behaviourraglitly
and knavish and notes that it is ‘perfectly possibl someone to be both a knight and a knaveishtd
have altruistic motivations for some of his actestor behaviour and self-interested ones for ethide also

argues that it is not only financial consideratisnsh as income that drive self interested behavizactors



want not only to improve their economic statusddab to have respectful working relationships whitbir
colleagues, limited tort liability, a varied andéresting day’s work and the ability to make clatidecisions
without undue interference. That said, doctordufaito be entirely empathetic to patients is moy driven
by individualistic elements but also by organisadiloconstraints, such as time pressure and docteesl to

see as many patients as possible.

On the patient’s side, the Health Economics litewats more limited in modelling patients’ behaviolihe
strongly emerging field of Behavioural Economics hesulted in models that offer useful insighte imhat
drives patients’ decisions by introducing the notd beliefs in patients’ utility functions. The BEheory
(Caplin and Leahy, 2001) has been used successtuldiescribe certain aspects of the doctor-patient
relationship (Caplin and Leahy, 2004) and patidmhaviour (Koszegi, 2003). However, these models
assume a perfect agency relationship between tberdand the patient, i.e. the doctor maximises the

patient’s utility as if it were his own.

To sum up, traditional economic models vary in Way they approach the issue of the doctor’'s utility
function but in general they include, apart from #truistic element, effort, a leisure-income adamas well

as reputation and organisational characteristiet, ¥hey do not allow for differences in informatio
preferences. On the other hand, Behavioural Ecar®omiodels using PEU theory capture variations in
information preferences; however, they assume fegeagency relationship between the doctor and the

patient.

The choice of Game theory approach

Game theory provides a formal means of explainiptintal strategies under conditions of uncertaiirty,
which the outcomes depend on the choices of maredhe individual. This is the reason why this apph
is proposed for the doctor-patient relationshifhadinal outcomes for both parties depend not onlyheir

individual actions but also on what the other pensdl do.

The potential use of game theory in describingdibetor-patient interaction has been receiving iasirey
interest from researchers the last few years. Vigerce from empirical studies that agreementtisieays
reached during a consultation has initiated thoaugint the potential use of game theory to desctilze t
phenomenon (Elliott et al., 2008). Tarrant et &l0@) discuss three main game structures; the Rnison
Dilemma game, the Assurance game and the Centgaede; however, this is more of a general discussion
and exploration of the opportunities and limitaiaf game theory and not at all the proposal afrenal

model. Although discussions on the new perspettiaegame theory provides for research into theicaéd



consultations are mainly theoretical debates, @itlagree on the potential of this new area ofaede Game

theory can provide the basis for empirically tektabodels of the doctor-patient relationship.

2.3 Combining health psychology and economicsin our models

Following the discussion above, four aspects oflthetor-patient relationship that affect non-adheecare
important for our model. First, information affegatients’ beliefs and these have an impact orepti
decision regarding treatment. Secondly, patientyg wratheir preferences regarding information. Some
patients want information, some others feel betteen they do not know much about their conditiod an
treatment. Models based on the PEU theory takeintosaccount. Thirdly, doctors do not appear to be
consistently able to predict patient preferencéss ihay be due to organisational constraints #sttict the
doctor from spending time with patients or may be tb a lack of adequate training or self-interiestally,

the doctor’s disconnection with the patient’s nemdy lead to unwanted results such as dissatisfawaiith

consultation and non-adherence to medical recomatems.

We now combine all these elements to develop ourcomperative game theoretic models which are a
development of previous Behavioural Economic modetioctor-patient interaction. They incorporate th
notions of anxiety, effort, etc. and relax the aggtion of a perfect agency relationship, in oraeexplain

conflicts that occur during the consultation whinhy lead to non-adherence to recommendations.

3. Themodels
3.1 Introduction
The models presented here, with a key number déblais and relations, attempt to capture the dalien

characteristics of a specific empirical area; thain is to make predictions.

We present three models of the doctor-patientactern to describe the supply of information by dleetor
during consultation. The models take the form game in an extensive form. They are all non-codpera
games between two players; the patient (‘he’) wldymptoms of an illness and visits the docttwe()sto
obtain a diagnosis. The doctor makes the diagmaosifas to decide how much information to pass timet
patient. However, patients vary in their preferanagarding the level of detail of the informattbey want

to receive and, following the work by Miller et 61987), are distinguished as either ‘blunters’, i.e
information-averse patients or ‘monitors’, i.e arhation-loving patients. After receiving infornatifrom

the doctor, the patient needs to decide whetheobto accept the recommendations and adhereitm the



The first two models are based on the assumptatdritie doctor knows perfectly the type of the pathe is
dealing with. The first assumes that the patieft idunter while the second assumes that the pasien
monitor. The third model presents a game closegdtity. In this case the doctor cannot tell widtainty
whether the patient is a monitor or a blunter. Erogi evidence shows that indeed doctors very dt#mo
capture the patient’s preference for informatiolkifizet al., 2007). Model 3 is the most involvedrgaof the
three but also the one that explains in the enddndactor’s failure to understand the patient'sgnence as

more detailed information may lead to non-adheréoder recommendations.

The models presented below draw upon the PEU tH&aplin and Leahy, 2001). The PEU, as mentioned
briefly in section 2 above, is an extension of exeé utility theory in situations in which agenigerience
acute feelings of anticipation prior to the resioinitof uncertainty. It has been used by Caplin laeehy to
explain supply of information during consultatiq@aplin and Leahy, 2004) and by K&szegi to undadsta
patients’ behaviour (Kdszegi, 2003). Kdszegi's aoes himself to a model that explains a patiergtssion

on whether to visit a doctor or not, when anxietiees his utility function. Caplin and Lealy (20(gtesent

an extensive form game in which the patient sigmadat type his is, and the doctor, being completely
empathetic, decides on how much information to pas$ his model does not allow the patient to plaart

himself in deciding whether to accept the informator not.

There are two aspects to the originality of therapph in the models presented in this paper. Hirsy, relax
the assumption of perfect agency that the mode@pfin and Leahy (2004) and Kdszegi (2003) actept,
that the doctor maximizes the patient’s utilitytgugh it were her own. In order to show that thetdr
cannot act as a perfect agent the models assutghthaeeds to put effort into supplying informatio the
patient. Secondly, they allow for interdependemiglens with an active role both for the doctorowteeds
to decide on how much effort to put into the int&i@ and for the patient who needs to decide wdreth

accept the doctor’'s recommendation.

The methodology adopted is that of game theoryclvianalyses interdependent decisions and their
optimality in contrast to a more narrow decisioadty approach which only looks at individual demns.

We set up extensive game trees, which explainrither an which players move, their available actighe
information they have regarding the game and fteioffs. In the case of Model 3, the uncertaingarding

the patient’s preference for information is resdluader various hypotheses of bounded rationaliiys is a
well-known approach in economics for modelling peohs with uncertainty so that progress in analyais

be made. The models offer, under specific but rese assumptions, a complete resolution of theegam

i.e. obtain results concerning how much effortdbetor will make and patient’s decision to adheréhe
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recommendations. They use comparative statistige, @conomic interpretations and finally allow for

discussion of the policy implications that emelgeitations of the game theoretic approach used,res

well as possible extension, are discussed aftgprégentation of the models.

3.2 Definitions and preliminaries

We explain here the notation used and, for the eakempleteness, the concepts employed in the Isode

discussed:

N denotes nature. This is a summary term which id tseenote all factors which determine the
type of patient that comes to the doctor.

There are two types of patients; blunters (B) inrmation-averse patients, and monitors (M), i.e
information-loving ones. These types were introdiuog Miller and Mangan (1983).

g is the probability with which the doctor beliewést nature chooses the patient to be a monitor

and1l- g to be a blunter. The case weje % corresponds to bounded rationality discussed below

However, more general distributions are considetgdpplies only in Model 3 where the doctor
does not know with certainty the type of patient.

sdenotes the health state of the patient. It ieefin the interva(sl, sz) with probability density
function f (S) In other wordss, is the lowest level the patient’s health can e gythe highest.

p denotes the probability that the patient will besiates, and1— p that he will be ins, .

| is a non-negative constant that denotes a lobhsaith of the patient if he does not follow the
doctor’'s recommendation. It is assumed to be confimioall types of patients, i.e. it is independent
of patient’s preference regarding information.

T andNT are the two actions the doctor can takedenotes that the doctor reveals the whole truth
to the patient about his state of health, i.e.telie the patient that the can be in statewith
probability p and ins,with 1— p . NT denotes that the doctor does not reveal the wiiclere

but simply tells the patient that his expectedestdthealth iss= p[$ + (1- p) [5,.

A and NA are the two actions available to the patiehtdenotes that the patient will adhere to
what the doctor recommends ahA that he will not.
u, andug are the utilities of a monitor and a blunter respely, while u,, is the utility of the

doctor.
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« & denotes the effort the doctor needs to make to grasise information to the blunter ajthe

effort she needs to put into the consultationef patient is a monitor. Both, and &, are positive
constants and are subtracted from the doctorigpftiinction every time the doctor decides to play
Itis assumed that, < &, ; i.e. more effort is needed to pass on informatiioa monitor, who is an

information-seeking person, than to a blunter, vghiaformation averse.
* adenotes the anger that is created if a monitorzesathat the doctor has not told him the entire

truth. It is assumed thatis a positive constant and it is subtracted baimfthe monitor’s and the
doctor’s utility. We assume tha > &, , i.e. the anger created if the doctor does nat pasall the

information is greater than the effort the doct@kes to do so.
* wdenotes the worry that a monitor experiences déwdes to follow the doctor’s advice although
he has realized that she has not told him the.titth accepted thaw is a positive constant and itis

subtracted from the monitor’s utility.

Non-cooper ative games: These describe situations in which each playerst®bis strategy independently
from the others with the aim of maximising his owayoff. The idea is to find a pair of equilibrium
strategies. In contrast, cooperative games allevpliyers to negotiate before the game startsgahe is
then played according to a binding agreement (Brem2007). The games in this paper are all non-
cooperative.

Extensiveform games: They refer to non-cooperative games. They desdrilzeprecise way, the role of the
players, the moves available to them, the ordemiich they can move and what information they rexary

time they have to move, and finally the payoffsieed when the game is over (Gibbons, 1992).

A gametreeis a graphical representation of the extensive fgames. On a tree the movement is always
downwards and a node is visited only once. Ustallynoves made by nature are made at the beginning.
These are the random moves.

A node denotes the point in the game that, when reaehddcision needs to be made by a player until the
terminal node is reached, i.e. the game ends.

A path is a unique way of going from the initial nodetlo¢ tree to a terminal. No two paths can intersect.
An information set is a collection of nodes such that the player,sehtoirn it is to act, cannot distinguish
among them. In other words, if an information seludes more than one node the player does not know

exactly at which of those nodes he is located.
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Games of perfect and imperfect information: A game is said to be of perfect information ifegy
information set of the game contains only a simglde, or in other words, no player will then evavd
doubts about what has happened in the game sBifan¢re, 1991).

Completeinformation requires all players to know everything aboutdtinecture of the game as well as the
strategies and the payoffs available to other ptaye

Gamesof perfect recall: In games of perfect recall none of the player émgets what he once knew about
the game (Glycopantis and Muir, 1996).

Purestrategies: A pure strategy of a player in an extensive fgame is a function that assigns an action to
each information set of the players (Binmore, 1994horne and Rubinstein, 1994, Glycopantis and Muir
1996).

Mixed strategies: A mixed strategy in an extensive form game is dabdity distribution over the pure
strategies (Glycopantis and Muir, 1996).

Behavioural strategies: A behavioural strategy assigns independentlath ef the players’ information sets
a probability distribution over the actions avaiéaht that set (Glycopantis and Muir, 1996).

Backward induction: Backward induction is a method used to solveraggal he method requires starting
from the end of the game and then working backwarits beginning. Suppose there are two players. T
last player chooses first what the best optiomiioris, knowing what the other player(s) has play¢siwill
select whichever of the actions gives him the rsglélity. The tree then folds up showing the ops left
for the first player. Similarly, he will now seletlie action that gives him the highest utility. il
eventually give the predicted solution for the game

Bounded rationality: It describes how a rational choice should be mddn the agent is constrained by the
amount of information available and by his compgotal abilities (Simon, 1957). Given this limited
information the players take optimal decisions taximising (expected) payoffs.

The principle of insufficient reason is based on the notion of bounded rationality. Tdt®nale is that if
there is no sufficient reason for a player to asstirat his opponent will be of a particular tyert he treats
all alternative types as equally probable (Glycdisaand Muir, 1994, Luce and Raiffa, 1957).

Optimal path: An optimal path describes a series of optimalgsiecs by the players and occurs with the
probability of the initial move. The payoffs of thiayers are attached at every terminal node. immmdels
they refer to the utilities of the doctor and thaignt and will be discussed extensively below.i@ak
decisions are reached in terms of expected usilitie

Nash equilibria (NE): A pair of strategies in a game of two playera dash equilibrium if each player’s
strategy is the best response to the other plagtrédegy (Binmore, 1991). The Nash equilibrium, or

Cournot-Nash equilibrium, is a confirmation of thiefs of the agents concerning each other siegeg
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Subgame: This consists of an information set which isragigton, i.e. a node, and the rest of the treetwhic
stems from that node (Gibbons, 1992, Binmore, 1991)

Subgame perfect equilibria: it is a Nash equilibrium for every subgame. laigefinement of a Nash
equilibrium. It safeguards the agents against ptessiistakes or the irrational behaviour of th@iponents.
Assessment equilibrium: This solution concept defines an equilibrium ndyamterms of what the players
do but also in terms of what they believe. It cetssof a pair of behavioural strategies and bel@fa/hich
two properties hold: a) the players, given thelidfg, always choose an optimal action and b) #iets are
updated using other beliefs and actions takenppilyang Bayes’ rule wherever possible (Binmore, 199
Perfect Bayesian Equilibrium (PBE): A PBE consists of a set of optimal behaviouraltsggs and a set of
players’ beliefs which attach a probability distrilon to the nodes of information sets. The stiategiust be
optimal given beliefs. The beliefs are formed bgaiing, using the available information, and musgiport
the optimal strategies. This concept must reallyubed when genuine Bayesian updating takes place
(Glycopantis et al., 2003).

3.3 The utility functions

The patient’s utility function is basically of thature proposed by Készegi (2003). It is a versidhe PEU
which is defined not only over physical outcomesdiso over beliefs about future physical outcorités.
assumed there are Periods 1, the present, anel f2ttine. The game is played in Period 1 when gy®fis
are also calculated. The patient needs to decié¢hehto follow the doctor’s advice according tocatvhe
believes his health will be in period 2. His vonudenn-Morgenstern type utility function depends
ultimately on his health state, the action he decides to take, and is conditiapain his attitude to
information. It takes the form:

U(E[s—1 | patient’s information preference]) . 1)

There are two types of patients; monitors, i.elimfation-loving and blunters, i.e. information-as&ones.
For monitors, the flow of high levels of informatiédrom the doctor to the patient lowers the anxietel

regarding future health, while it raises it for mtiers.

We first consider the case of an information-avgradient. Similar to a risk-averse individual, who
comparing utility to expected utility does not takkir gamble (Kreps, 1990) , an information aggratient
prefers to know the expected state his health eaather than knowing the probabilities with whinghwill

be in worse or better state. Or as Kdszegi (200%)iphe “dislikes bad news more than he likesdgoaws”.
Consequently, the utility function for the inforrmat-averse patient is (strictly) concave and déférable
(Figure 1 (a)).
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Knowing his expected healtk[s| gives him greater utilityu (E[S]) , than the utility he would get if he
expects to be in stats, with probability p and in states, with probabilityl— p, which reduces his utility

toE[u;(S)] . Concavity means that this holds for agy s, ands,, wheres[l[s],S,]).

For the information-loving monitor, the picturaéverse. He prefers to know the probabilities witich his
state of health will be better or worse than knanihe expected state. His utility function is caxve

throughout and differentiable (Figure 1 (b)). Krogvthe probabilities with which he could be inteta
s,ands, gives him a utility ofE[u,, (S)] while knowing the expected state of health redi®stility to

u,, (E[S]) . A (strictly) convex utility function implies thathis holds for anys, s and S,, where

sO[s;, 5]

u yM
w*(Es-1])
: Vi
e / - Efu” (9]
o (Efs 1)
S, s—1 g S, S s—1 s S

(@) (b)

Figure 1: Utility function for a blunter (a) and a monitor)(b

For the doctor’s utility function we make two asqiions. First, her utility increases as the patemealth
does, but she is information neutral to his pro&pethealth, i.e. her utilityl , is linear. Second, she takes

into account the effort she needs to make everg she transfers information, as well as the negativ
atmosphere, i.e. anger, and the worryw that are created if she does not pass on thafafimation to a

monitor. Effort, anger and worry are all measure¢dis)utility terms.

15



The calculations of the payoffs of the doctor alnel patient are conducted by taking into accourit the
preferences about information, the strategies echbgeoth players, the effort expended and theairtgb
anger and worry caused. Doctor and patient contii@ezffect of their own actions, taking into aceihe
choice of their opponent, with a view of maximizthegir individual utilities. Therefore, the games present

are non-cooperative.

We now consider the three models in more details.

3.4 Modédl 1: The patient isa blunter

In this game of perfect information and perfectikthe doctor knows she is dealing with an infotioma:
averse patient. A blunter is a patient whose apxereases with more information about his poss#thte
of health.

The extensive form of the game is illustrated tiglothe tree in Figure 2. Although it is not necegsia
includes, for later comparisons, Natuhé, which has chosen in the beginning of the gampdtient to be a
blunter. The doctor, Player 1, moves first andghgent, Player 2, can find himself at a node whbe
doctor has played , i.e. she has spent time and passed on all toemation, orNT , i.e. she has withheld

part of the information. The patient can then cleowmkether to playA (adhere), olNA (not adhere).

The strategies of the doctor are therefoI{, T }. The pure strategies of the patient ard{(NA), (A, A),
(NA, NA), (NA, A)}, where, for example, A, NA) means that if he finds himself at node 2 hepiéy A

and if at 2' he will playNA. Of course the players can also choose to mix fhee strategies.

The payoffs of each player depend on the strategiesen by both players and are given by the \&icidhe

terminal nodes. The first element refers to Pldyand the second is the payoff of Player 2.

If the doctor playsT , i.e. gives all the information to the patientddhe patient play#\, i.e. adheres, then
the doctor has a payoff &[u (S)] — &, whereg, is the effort she puts into supplying the inforimat The
patient’s payoff isE[ug (S)] . If the doctor playd , but the player play®A, i.e. he does not adhere, then the
health outcome will be reduced bygiven that the patient has not followed the ddst@commendations.

The payoffs for the doctor will ba, (E[S] — 1) — &, and for the patienti; (E[S] —1) .
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If the doctor playsNT and the patient play$ they have payoffsu, (E[S]) andug (E[S]) respectively.
However, if the doctor play®lT and the patient playBlA then their respective payoffs aug (E[s] —1)

andug (E[s] —1) . That s, both the patient and the doctor lodéyutiecause the patient’s health outcome is

reduced as he has not followed the doctor’s recamdat®ons.

(Elup (s)] — &, E[ug(9)])
(UD(E[S] -1) — & UB(E[S] =1))

(up (E[s]) , ug(E[s]))
(up (E[s] 1), ug(E[s] 1))

Figure 2. The doctor-patient game indicating the optimahgdodel 1).

Backward induction is used to solve the game. Ththad requires starting from the end of the gange an
then working backwards, through the optimal deaisiof the players, to the initial node. In our matle

suffices to reach singleton 1 as Nature is nothaigtng a payoff.

In the tree, the patient moves last having obsetivedction of the doctor. In the backward indurctitis

decision are considered first. Given that he ikuatbr, if the doctor play3 , then he will playNA, i.e. he
will decide not to follow her advice becausg(E[s—1]) > E[u; (S)] . On the other hand, if the doctor has
played NT , i.e. she has not spent much time and has noh gillehe information, then the patient will
decide to play A becauseug(E[s]) >ug(E[s] —I). Hence, the patient will adhere to the doctor’s

recommendations.

Following the optimal decisions of the patient, tiee folds up into the one presented in Figuiiehs now
indicates the possibilities available to the doc@wmparing her payoffs in the two alternative nsyshe

will decide to playNT and therefore not spend time with the patient.
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1 T (uD(E[S]_I)_gl'uB(E[S]_I))

N
T (L EY), wES)

NT

Figure 3: Backward induction (Model 1).

The first game theoretic solution concept availabtbat of Nash Equilibrium. It is defined hereagzair of
strategies such that given the strategy of oneepldne other cannot change and do better. Theteargure
strategies Nash equilibria in Model INTT ;( A, NA)}and { NT ; (A, A)}. Indeed, if the doctor playBIT

the patient cannot play any other strategy bectdnagevill result in him reducing his outcomes. Likiee, if

the patient playsA, NA) or (A, A) and the doctor changes her strategy fidih to T she will only be

worse off becaude[u, (S)] — &, < uy (E[S]).

The stronger solution concept of a subgame pedeatlibrium (SPE) is the outcome of the backward
induction. It requires a Nash equilibrium at evempgame. It safeguards the patient against thebiligs
that the doctor chooses her action by mistake @mowt observing the rationality principle of optima
decisions. In this game the SPE iNT ; (A, NA)}.

Model 1 shows that when the doctor knows with detyathat the patient prefers not to be aware ofiyna
details about his condition and treatment, asitici®ases his anxiety, it is optimal for her nagpend much
time and effort to provide all the possible infotioa. This seems to be quite an obvious observatibwill

be crucial for an understanding of the general dideussed below. Also, the patient having obsithiat
the doctor has not given him a lot of informatitwe, decides that it is optimal for him to play st
(A, NA). Therefore, the optimal path of the gamdNi§ - A shown in Figure 2. In other words, the doctor
will expend no effort and the patient will adhdtés precisely the fact that the patient is imfation averse
which implies that he will follow, on the optimadtt, the doctor’s instruction. He finds it reassgthat she

has not spent much time and effort to explain bedth conditions.
3.5 Model 2: The patient isa monitor

We now examine what happens when the patient lesdb®sen by nature to be a monitor, i.e. a pavion

likes information. Again, the structure and theqfés/of the game are common knowledge to the ptayer
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The extensive form of the game is illustrated igufe 4. As in Model 1, the doctor moves first bgidang
whether to spend time in providing informationtie patient T ) or not (NT ). Armed with the privilege of
knowing what the doctor has played, the patiem thecides whether to adher@ ) or not (NA). As in
Model 1, the pure strategies for the two playerthefgame are NT , T } for the doctor and {A, NA),
(A,A),(NA,NA), (NA, A)}for the patient, where for examplé\, NA) means that if he finds himself at
node 2 he will playA and if at 2' he will playNA. Of course the players can choose to mix theie pur

strategies. Again, the payoffs of each player ddperthe strategies chosen by both players argiame by
the vectors in the terminal nodes. The first elamefiers to Player 1 and the second is the paydéifayer 2.

If the doctor playsT , i.e. gives all the information to the patientddhe patient play#\, i.e. adheres, then
the doctor has a payoff dE[u, (S)] — &, given that supplying all the information requirort. The
patient’s payoff isE[u,, (S)] . If the doctor playd , and the patient playdlA, i.e. he does not adhere, then
the health outcome will be reduced lbgnd the respective payoffs for the doctor willgg(E[s] —1) — &,

and for the patientl,, (E[s] —1) . That is, both the doctor and the patient are ofgiven that the patient

has not followed the doctor’'s recommendations ana eonsequence his health has been reduced.

If the doctor playsSNT and the patient play8 , they have a payoff ai, (E[S]) —a andu,, (E[s]) —a—-w

respectively. This is due to the fact that the angeated because the patient does not receivbeall
information reduces the utility of both players.dddition, the patient's worry reduces his payofére

further. On the other hand, if the doctor plafd and the patient playSNA then their payoffs are

U, (E[s] -I)—a andu,, (E[s] —1) — a respectively.

2 A (E[us (9)] - ¢&,. E[uy (9
y 1/;/{
N (Up (E[s] =1) ~¢&,. uy (E[s] =1))
o A

- (o (E[S)) ~a. u, (E[s) ~a-w)
NA

(Up (E[s]-1)-a, uy (E[s] -1) —a)

Figure 4: The doctor-patient game indicating the optimahpgdodel 2).

Again, backward induction gives the solution toghaene. In the tree the patient moves last havisged

the action of the doctor. In the backward inducthi@actions are considered first. Given he is aitap(M),
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if the doctor playsl' then he will playA ; ie. he will follow her advice becaudgu,, (s)] > u,, (E[s] 1) .
On the other hand, if the doctor has play@dl then the patient will play NA, because

u,, (E[s] -I)—a>u,, (E[s]) —a—w. Hence, the patient will not adhere to the dost@tommendations.

Following the optimal decisions of the patient, tfee in Figure 4 folds up into the one presemigddure 5.
This now indicates the possibilities availablete toctor. SinceE[u, (S)] - &,> u, (E[s—1]) —a the

doctor will decide to playl .

(E[up ()] - ¢&,, E[uy, (9)])

T
M 1/

N
NT (up (E[s] 1) —a,uy (E[s] 1) -a)

Figure 5: Backward induction (Model 2).

There are two pure strategies Nash equilibriatfisrgame; {T ;( A, NA)}and {T ;( A, A)}. Indeed, none
of the players can change his/her strategies ghestrategy that the other has chosen and doeadiey [ he
subgame perfect equilibrium id{;( A, NA)}. It safeguards the patient against the possgititiat the doctor

is irrational or chooses her action by mistake.

Model 2 shows that when the doctor knows with ¢etyathat the patient is an individual for whom raor
information reduces anxiety, it is best for heptd in the effort to explain in detail the prosggefur his
health. Again, this appears to be an obvious cemmhu However it will be crucial for the understargiof
the later model. Therefore, the optimal path ofgaene isT - A shown in Figure 4. In other words, the
doctor will need to put in the effort and the patievill adhere. It is precisely the fact that thetipnt is
information loving that implies that he will follovon the optimal path, the doctor’s instruction. fithels

reassuring the fact that she has put in much timles#fort to explain the conditions of his health.

20



3.6 Moddl 3: The doctor does not know the type of patient
Let us discuss the third game which is the modistearepresentation of the doctor-patient intéi@ct In
this model the doctor does not know with certaihgytype of patient she is dealing with. The extenform

of the game is presented through the tree in Fi§ure

Nature (N ) moves first, at time 0, and selects the typdefgatient. The doctor does not know the type of
the patient she is dealing with. This is represttimidhe game tree by the information $eshown by the
dotted closed curve which contains the two nodekeldoctor finds herself ih and wishes to play a pure
strategy then it must be the same from both nddws.is the significance of the information $etThe game

described is of complete but imperfect informat perfect recall.

In order for the doctor to be able to take an acmd thus for the optimal paths to be calculatee attaches
a probabilityq that the patient is a monitor and a probabilityq that he is a blunter. As will be shown

below she can apply the principle of insufficiesson, an idea based on bounded rationality arig app

equal probability to the two events or a more galndistribution expressing her information and éksli

(E[up (9] -€,. Elu, (s)h

(Up (E[s] =1) = &,. uy, (E[s]-1))
(Up (E[s]) —a, uy (E[s]) —a-w)
(Up (E[s]=1)-a, uy (E[s]-1)-a)
(Elup (9)] = &4, E[uy (9)])

(up (E[s] =1) —&,, uy (E[s]-1))

(up (ELs]) , uy (E[s]) )

(up (E[s] =1), uy, (E[s]-1))

Figure 6: Extensive form of doctor-patient game indicatihg bptimal paths if doctor plays T
(Model 3).
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The doctor’s pure strategies arb{ , T }. Each pure strategy is played from both nodésformation set |.
The information sets of the patient are singletblis pure strategies are: A, NA, NA, NA),
(A,A,NA,NA), (A,NA,A,NA), (A,NA,NA,A), (A,A A A),(A,NA,A A), (A,ANAA),
(A,A,ANA), (NAAAA), (NA/NA/A/A), (NA,ANAA), (NA A A NA),
(NA,NA,NA,NA), (NA,A,NA,NA), (NA,NA,A,NA), (NA,NA,NA, A)}, where for example
(A,NA,NA, NA) means that the patient plays from node 2 and 2" andlA from nodes 2' and 2".

As in the previous models, the payoffs of eachgiagpend on the strategies chosen by both plagdrare
given by the vectors at the terminal nodes, wigfitst element referring to Player 1 and the sd¢orPlayer
2.

Of course, the information sdt implies that the doctor has to take the same mdtimm both nodes.
However, going down a particular path from thei@hmode to a terminal one we have the same pafjaffs
the doctor and the patient as going down the cporeding path in Figure 2 if the patient is a blurdge

Figure 4 if the patient is a monitor. Thus we abtifie payoffs and the terminal nodes of Figure 6.

Again, backward induction is used to obtain therogl paths of the game. The patient knows exabtty t
path which has been followed up to a node whesiis turn to decide. In particular he knows wheltleds a

blunter and the choice of the doctor.

If the patient is a monitor (M) and the doctor ga&n him the information he wants, i.e. she hagedl T ,
then the patient will playA since E[u) (s) >u} (E[s] —1) as shown in Figure 1 (b). So, in this case the
patient will adhere. However, if the doctor plald , i.e. she does not pass on all the informatiod,tha
player is a monitor, then he will get angry and wHpress his anger in his payoff. This reduces ot
utility of the patient and the doctor lay. In addition to this, the constamt is used to express the patient’s

worry if he accepts the treatment while he knoved the doctor has not given him all the informathen

wanted. This brings the patient's utility down het, in a way that it is assumed to imply:
uy (E[s]-1)—a>uy (E[s]) —a—w. In this case therefore, the patient will pN4, i.e. he will not

adhere to the doctor's recommendations.

Let us now consider the case of a blunter (Bhéfdoctor playd then as shown in Figure 1(a) the patient

will play NA, i.e. he will not adhere, becausg: (E[s] —1) > E[u7 (S)] . On the other hand, if the doctor has
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played NT , i.e. she does not give all the information, thie@ patient will decide to playA because

uy (E[s) >uy (E[s] -1).

Following the optimal decisions of the patient, titee in Figure 6 folds up to the one in Figur&his shows

the moves available for the doctor, along withghgoffs for every move for both the doctor andghgent.

(E[up (9)] - &, E[uy, ()
(U (E[s]-1)-a, uy, (E[s] -1) -a)
(up (E[s] =1) =&, ug (E[s-11))

(up (E[s]) , ug (E[S]))

Figure 7: Backward induction (Model 3).

As said above, the dotted closed curve shows Heatdoctor does not know which node she is under

following choice M or B. She will attach probal#i$, expressing her beliefg, that the patient is a monitor

and1- g that the patient is a blunter. Furthermore, thet flaat the doctor’s utility is linear implies that

up, (E[s]) = E[u, ()]

The solution of the game can be obtained by apgltie principle of insufficient reasons (Luce araiffR,
1957) which is based on the notion of boundedmatity (Simon, 1957, Glycopantis and Muir, 19943.e
shall see below, the doctor can apply the prinaplasufficient reason and give an equal probghbib the
two events of Nature choosing either a monitor lanter or a more general distribution expressing he
information and beliefs. If there is really no sci#nt reason to suppose that the patient is béeitype the
doctor will assign equal probabilities for the patito be a monitor or a blunter. We shall alscsater the
implications of the doctor believing, probably & tbasis of information collected, that the patismhore

probably of a particular type.

We now examine for whiclg, let us call itq* , the doctor is indifferent between playifigor NT . If the

doctor playsNT her payoff will be:
U, =qu, (E[s] -1) —a] + (1—q) L, (E[s]) - )
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If the doctor decides to playy her payoff will be:
U, =qUE[uy (9)] - &,) + A-q) Qu, (E[s] -1) —&]. ®3)

For the doctor to be indifferent betwe®T andT , payoffs of the two actions must be equal, orthreo

wordsU, =U,. Replacingl, andU, with their equivalents from (2) and (3) this is:

q Qug (E[s] -1) —a] + (1 - q) i, (E[s]) =q L{E[u, ()] - £,) + - ) Qu, (E[s] -1) —&]. (4)

The solution to the above equation, caligtl is given below:

o = Up (E[S]) —u, (E[s] - 1) + &,

= : (5)
2u, (E[s]) - 2u, (E[s] -1) +a+e —¢,

We bring equation (5) to a more manageable form:
o = U (E[]) — U, (E[S] -1) + & _ X
Up (E[S]) —up (E[s] 1) + & +u, (E[s]) —u, (E[s]-I) ta-&, X+Y

(6)

where:
X =u, (E[s]) —u, (E[s]-I)+& >0 and
Y =u, (E[s]) —u, (E[s]-I)+a-¢&,>0.

We now want to examine what the doctor will do unbleunded rationality. As mentioned above, under

bounded rationality the doctor does not hold afgrination regarding the patient’s preferences hackfore

applies equal probability to the patient being anitay or a blunter. In mathematical ternts= E

Under bounded rationality, the doctor is indifferbatween playind or NT wheng* = % . Equivalently,

we have:
X _1
X+Y 2

- —g =-a+tE, = £ +E,=a. (7)

! Calculations are omitted for the purpose of ojasitthe resultsDetailed solution to the equation is given in Apgien
Al
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We rewrite the above condition (7) in order to iptet the above conclusions:

e +e) =200+ a). ®)

For g* = 1 the left-hand side of the above equation (8)ésaverage disutility of effort if the doctor plays
2

T and the right-hand side is her average disultflgiie playsNT . When this holds, the doctor is indifferent

betweenU, and U, and therefore she is indifferent on whether ty plaor NT .

We now examine under which conditions the doctdirpday T or NT . Under bounded rationality, in the

case of insufficient reason, i.e. thm%, the doctor will playNT if U, >U, which is equivalent to

& t+eE,>a 2 This impliesg* > 5 Following the interpretation used above, this nsghat the doctor will

not pass on all the information to the patienthéd aiverage disutility of effort of providing thdanmation is
greater than her average disultility if she does Tio¢ patient will then playA, i.e. will adhere, if he is a
blunter or NA, i.e. will not adhere, if he is a monitor. Thisais assessment equilibrium as it is defined not

only in terms of what the players do but also imie of what they believe.

On the other hand, under bounded rationality, thetat will play T if U, <U, which is equivalent to

g te,<a 2 This impliesg* < E . That means that the doctor will pass on all thermftion to the patient

if the average disutility of effort of doing sol@ver than her average disutility if she does fibe patient
willthen play A, i.e. will adhere, if he is a monitor A, i.e. will not adhere, if he is a blunter. Agdiistis

an assessment equilibrium.

To sum up, under bounded rationality, i.e. wherdibetor attaches probabllug that the patient is a monitor

or a blunter, the following three cases are possibl

» The doctor will be indifferent as whether to pliyor NT when &, + &, = a,

» The doctor will playNT wheng, +¢, > a,

2 Calculations are omitted for the purpose of gJasitthe resultsDetailed solution to the equation is given in Apgian
A.2.
3 Again, calculations are omittebetailed solution to the equation is given in Apgiam.3.
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* The doctor will playT wheng, +¢&, <a.

We note that given the beliefs of the doctor, thénoal paths can be considered to be describingshN
equilibrium, since nobody can improve his payotegi the strategies of the other. However, sinceses
are taken under the doctor’s beliefs concerningntides inl it is more appropriate to use the concept of
assessment equilibrium which takes into accountihel beliefs of the doctor. We cannot realliktabout a

Perfect Bayesian Equilibrium because no updatingetiefs takes place based on Bayes rule.

For the casey* <% the optimal paths are shown in Figure 6 throughttlack lines from the nodes in the

information set to two terminal nodes.

From the above conclusions we derive thataand £, go up, i.e. the effort the doctor needs to make to

pass on information increases, she will be willaglay NT . On the contrary, whes, and &, decrease

then the doctor will playl .

On the other hand, whem increases, i.e. the anger created when the patiamhonitor and the doctor does
not pass on all the information to him, then threrfer is willing to playT . However, whera decreases then

the doctor will playNT .

These comparative statics results provide uses$igliris to understanding policy implications derifen

the models. These will be discussed later on thep

4. Limitations and directionsfor futureresearch

This section discusses the limitations as well@sible extensions of the model presented abovbegjim
with, effort is rather a general concept that isdus the model as a way of demonstrating thatitietor
cannot be expected to act as a perfect agentdgratient and maximise the patient’s utility fuoati Apart
from having her own utility function, she is ofteonstrained by her strength and desire to seruendar of
patients and by organisational factors. Effortieesn used here as a proxy for a set of factorsynamture
research their particular effect could be the dliéanalysis. For example, one could considerrseglg the
effect of the length of time than can be allocatedh patient, the working hours of a doctor or the

administrative support available to screen thecpati
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Model 3 presented a realistic situation in whighdloctor cannot tell the type of patient she isrémang. On
the other hand, the patient knows exactly his oype and the doctor’s choice of action. An extensiomd
be to analyse a model in which the patient willcofirse, know his type but will not be able to teith
certainty what the doctor has played. In other wpnd the extended model the patient will not bie &
identify whether the doctor has told him the wholgh or not. For example, the length of consultatime

will only be indicative but not decisive.

That would lead to a more involved game. It woulelte an extra two information sets with two nades

each. Beliefs per type of patient would have tatiached to these nodes, pure strategies woulcibe p
information set, and there would be no subgames. afipropriate equilibrium concept would be that of
perfect Bayesian equilibrium. The beliefs of théigret would be updated using Bayes rule. The arsalys

could reveal further aspects of the doctor-patiefationship.

An interesting point of conflict of interests beemgthe two parties is the different way they vgltesent and
future outcomes. Doctors are more future-orientatiwant to maximize patients’ health outcomes & th
future and are less interested in patients’ ardatoify feelings in the present. Their goal is toriowe patients’

health in the future rather than making a patieqgier now.

On the other hand, patients are more oriented tissae present and tend to discount the futurey phe
more weight on leading an easier life now rathantthinking of the consequences of their futurdthea
status. This is particularly true for life-styleHasiours such as smoking. In order to model thigli one
could build again on Caplin and Leahy’s Psycholabixpected Utility theory (Caplin and Leahy, 2001)
There would be two periods - the present (1) heduture (2). The total utility is the sum of titdities per
period. The conflict of time-preferences could bededled by allowing the doctor to put more weight o

health outcomes in the future, while the patientM@ive a higher weight to the present.

We assumed in our models that every agent hag/paef utility function that is concave, conveXioear.
Of course, one could also consider more generiglytinctions such as a Friedman-Savage functmn t
describe different attitudes to information conaegrbad and good news. Our approach was desigigaeeto

an explanation of features and findings of expenitalestudies.
Of course, more empirical testing of the models@ntéed could be the object of future research.mgomg

effort to collect more data and information condegrthe doctor-patient relationship could produagtfer

findings which could be analysed by an adjustmedtadaptation of the theoretical model analysed.her
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5. Discussion of findings and policy implications

The models developed here give concrete insightlotbors and policy makers to understand first how
patients’ information preferences and beliefs dffieeir decisions and also how specific intervamimay
improve the doctor-patient relationship and helpathieve adherence to recommendation. The policy
implications derived from the models will be disseid with respect to the doctor, the patient andhéadth

system.

The models presented in this paper capture thétfacpatients vary in their preferences regardmg much
information they need. Patients do not always wakhow everything regarding their condition antiife
state (Morgan et al., 1998). Too much informatimreases the anxiety of blunters and, if providesijlts in
non-adherence to recommendations. In contrastnration decreases the anxiety for monitors andshelp

them adhere to what the doctor suggests.

Therefore, interventions aiming to educate patian$ help them adhere to recommendations should be
tailored to the patient’s specific needs. Providifighe information will not always give desirabésults and

in fact, may lead to therapy decisions that aréedifit to those that the physician might have hdped
(Siminoff and Fetting, 1991). Indeed, the literatan tailored care has shown that interventiongdiog on

the patient’s individual needs increase satisfactiith care and improve adherence rates (Kreutat. et
2000). Leaflets and information material shouldjiven to those who seek information but not necégsa

those who do not.

The models also provide interesting and specifaulte regarding the doctor’s role and how it can be

influenced to improve adherence. We consider firsniecentives first by assuming that doctors can b

rewarded for their effort in supplying informatitmthe patient. We start aff* :% in which the doctor is

indifferent to playingT or NT . Financial incentives to reward effort imply thgtand&, are reduced as

part of them has been bought out through a monesrce

Model 3 showed that as, and &£, decrease the doctor tends to playi.e. she will tend to pass on to the

patient all the information. In other words, fin@idncentives that reward the doctor for her dffeould
have the result that she puts more effort intocthesultation. This would increase adherence ratemg

monitors, i.e. information loving patients. Howeyiéthe patients are blunters this has the oppafiect.
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Therefore, the policy implication is that financiatentives to compensate doctors for their effoet an

effective method of improving adherence only whatigmts are information loving.

It is interesting to see how doctors would behawten a different payment method system. Under Payme
by Results schemes, doctors are paid not only efdisis of the number of patients they see buttalso
taking into account improvements they achieve pagent’s health outcomes. Assuming that adherence
improves health outcomes it is interesting to skeatwhe model predicts regarding doctors’ behaviawur
model a constan® would be added to the payoff of the doctor wherptitient playsA . The model implies
that in terms of expectations, a payment in itsélfnot change directly the decision of the doctdowever,

indirectly, it might reduce the doctor’s disutilifyom the effort resulting in a reduction &f andg,, in

which case we get the same results as with finbincientives. In terms of policy implications thedels do
not seem to confirm a direct effect of the PaynimnResults scheme in improving adherence. It cdy on

have an indirect effect if it is seen as an altéveavay of rewarding effort.

Model 3 also shows that a doctor’'s decision togdtdrt into a consultation also depends ani.e. the
negative atmosphere created when a monitor redtiaethe doctor does not pass on all the infoonaiihe
constanta can be perceived as the lack of trust developeagithe consultation. I decreases, i.e. an

atmosphere of trust is created, the Model showstltizapatient reaches the same decision. Howedwer, t
doctor can move from the indifferent point to tlesgibles, + £, > a. In this case the doctor will plajT .

In other words, in situations where the consultaisocharacterised by trust the doctor can puss Effort,

i.e. can spend less time with the patient. As tbdehshows this benefits the blunter.

In addition, the doctor’s training could show siigant improvements in adherence rates. Doctorsldhme
educated to understand patients’ different needbaretter able to detect them. Knowing the typatent
she is diagnosing gives the doctor the privilegegtable to play a game of complete informatiothisicase
the implication of our analysis is that the dogiasses on to the patient the right amount of inédion and

therefore, as shown in Models 1 and 2, he will agllhe@ the recommendations.

Health system related interventions could alsoigevery helpful insights in terms of improving &dénce.
The models imply, as shown above, that if the ddatows the patient’s preferences then she plegame
with perfect information, thereby improving adhererrates. This is achieved through better trained

administrative support able to screen the patiefbrie the consultation. The patient could be asked
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complete a straightforward but appropriately destguestionnaire while waiting to see their dociatt)

the aim of staff being able to identify informatipreferences.

For this purpose, a number of instruments has hedidated and repeatedly been used to identify
‘monitoring’ and ‘bluntering’ preferences. The MitiIBehavioral Style Scale (MBSS) is one of the madt
known and frequently used instruments developedibigr, who introduced the concept of ‘monitors’dan
‘blunters’ (Miller, 1987). Completing this scaleadsles doctors, especially when seeing patienthiéofirst
time, to obtain information regarding the type afipnt they are about to meet and therefore cagraan
adequate level of information. Ideally, using thedal’s terminology, the completion of the questiaina

would enable the doctor to play the game as predliicy Model 1 or 2, depending on the type of patien

This simple intervention would lead to a situatigmere patients’ needs for information are moreyikebe
understood by the doctor and this would increasisfaation with the consultation and also a patgent

intention to follow recommendations. This is shoslearly by our Models.

To sum up, a combination of institutional inteniens and instruments to help the doctor and thiemat
such as incentive schemes and tailored care, pre@jate for improving adherence rates among pigtiend

this is predicted by our models.

6. Concluding remarks

The aim of this paper has been to investigate venedhgame theoretic approach that captures padtients
preferences for information about their health aodtors’ possible inability, for various reasons, t
understand these preferences, may explain whymafigil to adherence to medical recommendatiohs. T
review of the literature identified a gap in thiga as previous theoretical models failed to erplaéese

conflicts in the doctor-patient relationship.

The game theoretic approach used here offers amlegendent decision analysis which explains thimap
decision for both players. In particular, it expgiwhy the doctor may decide not to provide all the

information to the patient and the patient may deciot to adhere to recommendations.

More specifically, the paper presented an exterisive approach, expressed through game treesntiuxls

the supply of information by a doctor to a patietiten anxiety enters the latter’s utility functiondathe
former needs to put effort into supplying infornoati The models drew upon the Psychological Expected
Utility introduced by Caplin and Leahy (2001).
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The present models contribute to the literaturthat the doctor takes into account not only théepés
utility but also the effort required, as a proxyaaiumber of constraints, to supply information.rtaver, in
our models the patient is given an active role@rmake decisions, based on his payoff functidretiaer
to accept the recommendation or not. In the fisgt imodels, the doctor knows the type of patientishe
dealing with. In Model 3, which is more realistise doctor does not know with certainty the typpatient
and she acts under various hypotheses of bountiedaiity to resolve the issue of uncertainty (Simo
1957).

The models were built under specific but reasonabgimptions and offer a complete resolution of the
games, using comparative statistics analysis andgyeconomic interpretations. Their predictions also
reasonable. Models 1 and 2 show that when the d&otows with certainty the type of patient she will
transfer the adequate information and the patiédhadhere. In Model 3 the situation is more coroated.
The doctor does not know the type of the patiedtregeds to decide how much information to pasSba.

has to consider not only the patient’s utility laigo the effort she needs to put into supplyingrim&tion.

Our analysis shows that, in deciding whether tly fmfform the patient or not, the doctor will cormpaer
average disutility of putting in effort to the aage disutility of not doing so. The latter will stdrom the
anger of a monitor patient who realises that herntwadeen told the truth. This is an important riveal

condition of the type that is encountered througlemonomic theory.

Another result is that the patient will acceptdoetor's recommendation if she has successfullglggthe
information he wants regarding his state of hedtimonitor will be satisfied with full informatioand a

blunter with a less detailed explanation of hislttearospects.

Model 3 successfully predicts that consultationgretthe doctor does not recognise the patientd ard
fails to pass on to the patient the right informiatinay result to non-adherence to her recommendafidhe
analysis here is appropriate in situations wheeepidtient visits the doctor for the first time totain a
diagnosis, and there is no prior information regaydhe type of patient. This is often the casadute care,
where an urgent consultation is needed for a disigramd prescription. It can also refer to a icstsultation
for the treatment of a chronic condition. In thése the patient at some point will visit the dotgain,

possibly due to relapse or for continuing treatment
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It might then be possible for the doctor to dedhegpatient’s type based on the information impgréffort
that she put in previously and on the patient'ssghent state of health. Our analysis coversaisis as well.
Either Model 1 or Model 2 will now be appropriatestpply for subsequent consultations. This mayiadbrt

explain why visits to the doctor for longer periaday improve adherence among patients.

In summary, a measure of success has been achmeseastructing models with realistic assumptiond a
reasonable predictions. A number of policy impli@as to increase adherence rates can be made.ddedan
were developed to capture the basic features sfiegiempirical evidence. Of course, there is edri®
continuously update empirical investigations. Thespnt paper is part of the cumulative theoretical

knowledge in the area.
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APPENDI X
(Calculationsfor Model 3)

A.1 Theindifference point, g* .

The doctor will be indifferent in playindNT or T whenU, =U,. Replacing the payoffs this is

equivalent to the following equations:

q([up (E[s] -1) —a] + @~ a) [u, (E[s]) = q[(E[u (5)] — &,) + A~ a) [[up (E[s] 1) —&],
qUi, (E[s] -1) —qla+uy (E[s]) -ql, (E[s]) = qUE[u, (S)] -qLé; + Uy (E[s] -1) — &, —qlli, (E[s] -1) +ql&,,

ql[up (E[s] - 1) —a—up (E[s]) — E[us ()] + &, +up (E[s] -1) - &] = up (E[s] - 1) —up (E[s] - 1) —¢&;.

Recall that the doctor’s utility function is linedrereforeE[u, (s)] = u, (E[s]) . This results to:

o U (EIS) Uy (BT - +4,
T 2, (Els) - 20, (B - +a+ e, - &,

33



A.2 Thefunctions U, andU,.

up, (E[s])

Uy (E[s] =1) - &

UD(E[S]) —&,

up (E[s]-1)-a

(@) Casel: uy (E[s]—I)-¢& >uy(E[s]) —¢€, or &, > & +1.
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up, (E[])

U, (E[S]) - &,

UD(E[S] - |) —&

Uy (E[s]-1)-a

(b) Case 2: u, (E[s]-1)—&, <u,(E[S]) —&, or &, <&, +I.

A.3 Case 1: Thedoctor will play NT when U, >U,,.

Replacing the payoffs this is equivalent to théofeing equations:

qllu, (E[s] 1) - a] + (1-q) [u, (E[s]) > q[(E[up (s)] —&,) + 1 -a) [[up (E[s] 1) —&,] ,
qli, (E[s] -1) —qla+u, (E[s]) —ql, (E[s]) > qlE[up, ()] -qLé; +up (E[s] 1) - & — g, (E[s] -1) +qLé,,
qlfup (E[s] - 1) —a—up (E[s]) — E[up (S)] + &, +up (E[s] -1) —&,] > up (E[s] 1) —u, (E[s] 1) - &,

ql[up (E[s] 1) —a=up (E[s]) - E[up ()] + &, + U, (E[s] = 1) —£,] > u, (E[s] -1) —up (E[s] - 1) &, .

Recall that the doctor’s utility function is lineahereforeE[u, (s)] = u, (E[s]) . This results in:

Up (E[S]) ~ Uy (E[S] -1) +£,
2, (E[S]) - 2u, (E[8]-1) +a+é, —¢,

q<
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Or:

g< , Where:

X+Y

X =u, (E[s]) —uy (E[s]-I)+&, >0 and
Y =u, (E[s]) —u, (E[s]-I)+a-¢&,>0.

Under bounded rationality :% therefore:

e X+Y<2X o X>Y o g>a-¢& < %(£l+£2)>%(a+0).

A.4 Case 2: Thedoctor will play T when U, <U,.

Replacing the payoffs, this is equivalent to théofeing equations:

q([up (E[s] —1) —a] + @~ a) [u, (E[s]) < q[(E[up ()] — £,) + A~ ) [[up (E[s] 1) —&,],
qlu, (E[s] -1) —qla+u, (E[s]) —q i, (E[s]) < qlEu, ()] - qLé, +up (E[s] 1) — & —q i, (E[s] -1) +qLé,,
qlfup (E[s] -1) —a—up (E[s]) — E[up ()] + &, +up (E[s] —1) - &] < up (E[s] -1) —u, (E[s] - 1) - &,

qlfup (E[s] ~1) —a—u, (E[s]) — E[us ()] + &, + U (E[s] -1) — & ] < u, (E[s] -1) —u,, (E[s] -1) - &, -

Recall that the doctor’s utility function is lineahereforeE[u, (s)] = u, (E[s]) . This results in:

Up (E[s]) —up (E[s] - +&

q> :
2u, (E[8]) - 2u, (E[s] -1) +a+ ¢, —¢,

Or:

q> , Where:

X+Y

X =u, (E[s]) —uy (E[s]-I)+&, >0 and
Y =u, (E[s]) —u, (E[s]-I)+a-¢&,>0.
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Under bounded rationality :% therefore:

e X+Y<2X = X>Y

~

g >a-¢,

~

1
5(51 té&,

)>§(a+0).
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