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Abstract following form. Participants were presented with a comput-

In this work we explore a variant of a classic explore/exploi ~ €fized display showing three doors, which could be opened
dilemma based on a recent study by Shin and Ariely (2004). by clicking the mouse. Once a door was opened, further
We presented participants with a scenario in which they were ¢licks yielded rewards sampled randomly from a probabil-

forced to explore among 9 different options of unknown value . ST e
for some, o%tions left ?,lnexplored IoFr)wg enough disappeared. 'Y distribution not known to the participants. Each doodha

Contrary to expectations, the mere presence of additiqnal o~ a different distribution of rewards (though, unbeknowist t
tions did not substantially increase people’s ability tolkwa participants, the distributions had identical expectddes),

away from them. However, when options differed in value, .. . .
peogle were able to locate the morep\/aluable options and be- SO participants needed to investigate the three doors. How-

came much more willing to walk away from at least a few. Fi-  ever, since participants were only allowed a fixed number of

nally, our analysis of individual differences revealed tivile clicks in the experiment, and the opening of one door caused
people differ greatly in the strategies they approach tkk ta

with, almost every participant showed an “explore to extploi @l Other doors to close, engaging in search was a costly be-
shift over time. havior. Formally, this is an example of a three-armed bandit
Keywords: decision making; information search; explore- problem with switching costs, a problem that is well studied

exploit dilemmas in statistics (e.g., Robbins, 1952) and has begun to be stud-

“You got to know when to hold 'em, know when to fold ied in the gems!on-maklng literature (e.g., Steyvers,,l&e
‘'em, know when to walk away — and know when to run.” Wagenma. ers, |n.pre.ss). ) )

— The Gambler, by Kenny Rogers A novel mnpvatlon inthe _S_hln and Ariely (2004) stud_y was
the fact that, in some conditions, the doors could shrink and
. vanish if left unopened for a sufficiently long time, remayin
I ntroduction th : :

o . . _ that option for good. This matches the structure of many real
Atalmost any point in time, the set of possible actions avail world problems: if one does not study mathematics in high
able to a person is extremely large. When ordering lunch a§chool, for instance, the option of becoming a mathemati-
many sandwich delicatessens, for instance, several eiiffer cjan later in life eventually disappears. The results stibwe
types of bread, meat, salads and sauces lead to a combinajgat when an option threatens to vanish, people were willing
rial explosion in the number of potential sandwiches. Wheng expend resources to keep it viable, even though this is a
applying to a University, high school students have hunsliredmathematically suboptimal strategy for this task.
of poss_lble_mstltunons and degree structures to consider While switching costs and the threat of vanishing is an in-
such situations, people need to select the best course of g ating extension to the standard multi-armed bandhipro
tion from a very large numberpf possibilities, despite et f lem, the experiment in Shin and Ariely (2004) has some
that they lack the resources (time, effort, and money) te-tho shortcomings in terms of how well it maps onto the situations
oughly investigate all aspects of the domain. As a resut, th, o4 in real life

learner is faced with a classic “explore-exploit” dilemntize First, in many (probably most) situations in life, people

value of some of the options is known to them from PTEVI- are faced with more than the three options presented to sub-

ous experience, but the value of other possibilities remain . . ) ) : : .
known. Thus, a higher-level decision is required: what pro—JeCtS In the experiment; as the number of options incredtses,

portion of resources should be allocated to the problem OPecomes increasingly difficult to preserve all possibleret

. : . actions. However, given that reward-generating processes
searching for good options (exploration), and what propor- . X e
! : L real life also tend to be nonstationary (e.g., profits in fagn
tion to taking advantage of them (exploitation)? . . . .
i : alter as a function of climate), it would be unwise to follow
In a recent study, Shin and Ariely (2004) presented peo- s . e :
i . . L . the optimal “pick one and stick with it” strategy from the @ri
ple with a limited version of this dilemma, which took the . : . ) .
inal Shin and Ariely (2004) experiment. Are people sensitiv

OAuthors are listed alphabetically. to the total number of options possible, and are they more
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Table 1: Distributions of payment in the nine doors by exeéct
value condition. Following the approach used by Shin anelgri

Gowrdl | Gloer2 | Geard (2004), the distributions have different variances angpehan two
you are currently in door 3 conditions, the doors had equivalent expected value, whildie
other two conditions some doors were objectively betteragsthan
you have earned 27 gold pieces so far others.
ceofl (ool (Rdcod Constant Expected Value:
243 clicks remaining #doors distribution mean variance range
3 normal 3 25 Oto7
3 normal 3 064 1to5

door 7 door 8 door 9

3 chi-square 3 100 -2to10

Variable Expected Value:

1 normal 3 25 Oto7
Figure 1: Participants encountered doors to nine rooms) efic 1 normal 3 064 lto5
which they could click on to open the door. Once open, click- 1 chi-square 3 100 -2to10
ing again yielded a variable amount of treasure (sampled ftmt 1 normal 1 25 —2to5
room’s payoff distribution). Participants were allocatdotal of 1 normal 1 064 —1t03
300 clicks, and moving to new rooms cost them a click. Theal go :
was to maximize the treasure gained over the course of theriexp 1 chi-square 1 100 —4t08
ment. 1 normal 5 25 2t09

1 normal 5 064 3to7

1 chi-square 5 100 Oto12

willing to “know when to walk away” when there are more
than three available?
Second, in the Shin and Ariely (2004) experiment, partic-

: . ; eriment, there were nine. Each door was associated with
ipants were presented with doors (options) that were equ . o ) - :

: . . : . . a certain payoff distribution, which participants couldioh

in expected value. In real life, options differ widely in the

value to us: in choosing among future careers, “doctor” is ari)y clicking on the door. As in many real-life search tasks,

opon et more people want 0 preserve ha, s “garoaqle 6711, IS8 oS oo, etk s (0 iz ear
collector.” When options differ in value, the mathematigal gs by sp 9 Y- H9

optimal strategy is no longer to “pick one and stick with it”; a schematic depiction of the experiment as it appeared to our

rather, there must be sufficient exploration of all of the Op_palrtlct:rl]pants. . ¢ (imol ted in Visual Basi h
tions to be able to identify which are the most valuable. Fur-. n the experiment (implemented in Visual Basic) each par-

thermore, it may also be easier to walk away from some Opcipant was presentqd With nine doors, each of a different,
options when some are clearly better than others. random, color. Clicking with the mouse on a door (door-

In this paper we present and analyse an experiment, mo&-"Ck) aIIowgd .participants. to open th?‘t door and- enter Fhe
elled after the Shin and Ariely (2004) work, but with two room; once inside, each click (room-click) would yield a-dif

. . e ' .. ferent amount of payoff sampled randomly from that room’s
major differences. First, participants were presentet @it

doors (options) rather than 3; and in some conditions, thgayof“f distribution. It was not possible to claim treasuiithw

doors differed in expected value. Our results suggest thaf* room-click before the door was open, and upon leaving a

contrary to expectations, the mere existence of additiopal _rl_oh‘?;n tg;'(':k g.‘naegottger;?s fl;itts%or tgllﬁedtr?gr?mzttlceigh
tions did not make people more able to walk away from some IS was explal participa y tefling ) .

. . : door hid a pile of treasure, which they could claim by first
of them. However, when options differed in expected value,

. . opening the door, and then clicking on it to grab handfuls of
they were much more willing to abandon options, and per-t
formed quite similar to the conditions in which options did reasure.

not vanish with disuse. In general, these results indidete t d_fl:art|ct|pants V}/eref ;nformed th%ttﬁag?hdoqr m|]9ht Cr?';ta'r:j
people have trouble knowing when to walk away primarily ierent amounts of treasure, and that the Size of each-nan

when the options all appear quite similar. We discuss the imtm WO_Uld vary, becaqse some of t_he payoff d|sFr|but|ons
o P occasionally resulted in negative points, we mentioned tha
plications of this finding. : : B " . ,
some doors might occasionally “steal” a participant’s trea
Experimental Method sure when they reached |n Each person was aIIocat_ed a to-
tal of 300 clicks — three times as many as in the Shin and
The Task Ariely (2004) experiment, since there were three times as
Following the method outlined by Shin and Ariely (2004), many doors — and told that they would be paid in proportion
the overall structure of the experiment involved a seqaénti to the amount of treasure they gathered. The number of clicks
search task. In the original experiment, the alternativesew they had remaining, as well as their total treasure earnasl, w
represented as three doors on a computer screen; in our edisplayed prominently over the course of the experiment.
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Figure 2: Total number of switches made during the experifageach participant (x-axis), plotted against the averageber of points won
per click (y-axis). The panel on the left plots the data fraartigipants in the constant availability conditions (&), while the middle panel
plots data from the decreasing availability conditionsuéses). White markers denote participants in a variable&p value condition,
while grey markers plot data from the constant expectedevadmditions. The panel on the right summarizes the datadibiour conditions,
plotting means and 95% confidence intervals.

The Manipulations ity, variable expected value), DA-CE (decreasing avdlilgbi

There were two main manipulations to this experiment. Firstconstant expected value) and DA-VE (decreasing availabil-

as in Shin and Ariely (2004), we varied theailabilityof the Ity variable expected value).

d_oors. In_thG:ONST_ANT AVAILABILITY _condition, the d(_)ors The Participants

did not disappear if they were not clicked on occasionally.

In the DECREASING AVAILABILITY condition, the doors de- Thirty-two participants (7 male) aged 19-54, 8 in each con-

creased in size with every click that was not on them, and disdition, were recruited from a paid participant pool largely

appeared altogether after 15 clicks; once a door disap@ﬁareconsisting of undergraduate psychology students anddhbeir

it was forevermore inaccessible. If a door was clicked on beduaintances. The experiment took place as part of a series of

fore disappearing entirely, it was immediately restoreddso three unrelated studies, which took approximately 1 hour to

full size, and the process began again. complete. Payment varied as a function of performance on
The second manipulation was to vary the distribution of thethis task, but averaged $12 each across the hour. This experi

expected value of the payoffs assigned to individual doorsMent took approximately 15-20 minutes.

In three of the four original Shin and Ariely (2004) experi-

ments, all of the doors always had the same expected payoff,

although they varied in the variance and nature of the distriOverview

bution (some were Normal dis_tributions, and some were Chix, give a broad overview of the data, Figure 2 plots the to-

Squares}. In, our experiment, in th€ONSTANT EXPECTED tal number of door switches made by each participant against

VALUE condition, all of the doors had an expected value of 3,0 o erage reward received per click. In the panels on the

points per click, although (as before) they varied in thé-var ¢ and middle, each marker corresponds to a participant,

ance and nature of the dlstrltzjgt_|on). E’y Con]}r?]St'c'jnmE'a q and the type of marker indicates which experimental condi-
ABLE EXPESTEF VA']:UE con |t|on,|_tkreﬁ 0 thed 00rs had ti5n was involved. As one might expect, participants who
an expected value o 1 point per click, three had an expecteq| iiched frequently tended to have much poorer returns-per
value of 3 points per click, and three had an expected valugjicy  However, as is also clear from the aggregate plots
of 5 90”“3 per g:'Ck' l:artlc(;pgnts wc(ejre g|\{endthe .sa;?e 'Nshown in the right-hand panel, there are some significant dif
siruztyo;:zregarh zsr?ohcon ition, 3” Irece'llyebl n;> ":] na hferences between conditions. In agreement with the general
ofwhich doors had higher expected value. Table 1 shows t Pattern of results presented by Shin and Ariely (2004), the d
distribution of payments in the nine doors across the d'ﬁercreasing availability conditions (squares) tended to peed

ent .cond|t|0ns. Conditions were crossed in a 2x2 factona} ore door-switching behavior than their corresponding con
design: we denote the conditions as CA-CE (constant availz

bil dval c il Stant availability conditions (circles). However, as posed,
ability, constant expected value), CA-VE (constant ataHa the variable expected-value conditions tendedetrease the

11 the fourth, the payoffs were different, but only slightkang- ~ d0or switching behavior by a similar amount. Finally, as-pre
ing from 2.5 points to 3.5 points per door. dicted, people were able to explore the rooms in such away as

Results
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Figure 3: Average number of door switches within each blotk o Figure 4: Average number of doors that remain viable at thieafn
10 clicks in each condition. Average number of door switcises the experiment, for the decreasing availability condii¢squares).
indicated with the solid line; the dotted line indicatesnskard er-  For comparative purposes, an analogous measure is showimefor
ror at each block. Thg axis reflects the average number of door constant availability conditions (circles), which coutite number
switches, and thg axis indicates the block number (30 in total). In of unique doors clicked in the final 15 trials. Error bars depb%
the constant availability conditions, the Shin and Ariéd@@4) data  confidence intervals. Note that the variable EV conditicemult in

is plotted as a comparison (only extending 10 blocks bectnegie  fewer doors being kept viable, since participants are gdiyeaible
participants were only given 100 clicks, not 300). to detect bad options.

to find good doors and ignore bad ones: the variable expected . . - .
value conditions involve higher rates of return. Imately twice as many times as the participants in our other

conditions. This result came as a surprise because we had
Learning & Option Trimming hypothesized that if the number of options was increased sig

How did peop|e’s behavior Change as the experiment proniﬁcantly beyond three, they would be more Wllllng to walk
gressed? We calculate the average number of door switch@¥vay from at least a few of them. However, switching nearly
during each block of 10 clicks over the course of the 300kclic three times as often is what one would expect if there were
experiment, as shown in Figure 3. Several patterns emerge three times as many options and one’s willingness to walk
In all of the conditions, the average number of doora@way was almost the same. Thus, contrary to expectation, the
switches decreases over the course of the experiment. Thigimber of optionper se did not substantially affect partici-
is a replication of a result by Shin and Ariely (2004), and isPants’ willingness to let some options go.
quite sensible, since it reflects the change in the natutesoft The variable expected-value environments pose an
explore/exploit tradeoff as the experiment progresseshét explore-exploit dilemma for participants because disdoge
beginning of the experiment, participants have little tamo  good options requires engaging in some door-switching be-
formation about the nature of the payoff distributions aftea havior. By contrast, within the constant expected-value en
door, and thus it is more in their interest to explore each ofvironments — as in the Shin and Ariely (2004) experiments —
the doors, rather than to exploit the ones they know. As thall options are equally good. However, the participantsehav
experiment progresses, the expected benefit to exploring dao way of knowing which kind of environment they aredn
creases (since the experiment will end after 300 clickg), anpriori. Decreasing availability sharpens this problem consid-
the need for exploring also decreases (since the partispanerably, since participants must engage in a lot of effortrés p
already have some information about the payment distribuserve the ability to explore. Figure 3 shows that difference
tions of the doors). in the expected value of the distributions of the doors makes
Despite this general trend, participants in the DA-CE con-a difference in behavior. As we have seen, participantsan th
dition showed little decrease in the amount of door switghin DA-CE condition continued to switch relatively often, but
per block, especially relative to participants in the ott@n-  those in the DA-VE condition switched much more. In fact,
ditions. Even in the final block, when keeping options openeven when availability is constant, variable expected ealu
is no longer even remotely sensible, participants swite@red conditions switched less often than when all of the doorgwer
average four times — nearly three times as many as the partiequally valuable. Figure 4 shows this as well: people tended
ipants in the Shin and Ariely (2004) experiment, and approx{o keep 1 to 3 options in the variable expected value condi-
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tions and 4 to 6 in the constant expected value condition. Tavailability/variable EV condition (Figure 6) seven paiti
facilitate comparison, we also plot the analogous measure f pants find one good option, though in one case a low-level
the constant availability conditions: the number of diffier  exploration continues through the experiment.

doors clicked on in the last 15 trials of the experiment. Turning to the two decreasing availability conditions, the
. . same general strategies seem to be in play, but with the added
Individual Differences complication that people are required to switch more fre-
At this stage, we have evidence to suggest that the basic efiuently in order to preserve the ability to explore. In the
fects discussed by Shin and Ariely (2004) replicate: peoplélecreasing availability/constant EV condition, this istjza

do work to preserve their exploration options, and aremglli  ularly problematic for people, since there is in fact no use-
to take financial losses to do so. That being said, it is cleaful structure to uncover, but it is not easily searchable wue
that in general people do not attempt to preserve all optionshe enforced switching during search. As a result, the vari-
with few people keeping more than half of the doors viable.ous response patterns displayed in Figure 7 do show a slow
Moreover, we generalize the findings to show that people usgimming of options, but most participants are not able to
this exploration ability to improve their choices ininhog@  complete the process during the allotted time. In contrast,
neous environments, and show strong signs of learning duthe decreasing availability/variable EV condition (Figu8),

ing the process. However, one extremely important issue thahere is a genuine structure to be discovered, and so even in
remains unexplored is the matter of individual diffel’enCESspite of the enforced switching, all participants are able t
since it is well-known (e.g. Estes, 1956) that aggregate measensibly trim the options; in doing so, there is a strong tiias
sures can sometimes be highly misleading in the presence @im the bad ones. Most of the black marks migrate to the top

individual variation. of the panels across trials.
With that in mind, Figures 5-8 attempt to provide an ex- )
plicit representation of the entire raw data set. Each cf¢he Conclusion

figures displays the data from one of the four experimentahs in Shin and Ariely (2004), we found that people paid cer-
conditions, with each participant’s data correspondingite  tain costs in order to keep options open, even when there were
panel. The way data are displayed in each panel is as followshany more options (nine rather than three). However, our re-
the horizontal axis corresponds to trial number (runniogfr  suits support a more subtle and interesting explanationisf t

1 to 300), and the vertical axis corresponds to door numbegehavior, because they show that people were far less gillin
(running from 1 to 9). Doors with higher expected value areto keep many options open when some were clearly better
plotted at the top of the figure; if two doors have the samehan others. This suggests that the “keeping options open”
expected value, the higher variance one is plotted abowk; arproblem is acute only when the situation is structured sb tha
doors with identical distributions are plotted in a random o it js difficult to explore sufficiently thoroughly to tell time

der. Each black segment corresponds to a door click — so #part. Finally, an analysis of individual differences irates
the first door clicked on was the best one, there is a slim blackypstantial variety in the strategies people use; it is het t

line in the top left corner of the plot. If a participant cletk  case that everyone opts for irrational strategies, evehen t
on the same door on all 300 trials, the panel would show gnost irrationality-inducing of situations.

single black strip. In contrast, if they switched betwedr®al Acknowledgments We thank Xin Wei Sim and Steven Langford

doors very frequently, the display would look like a chaotic s, collecting the data, Nancy Briggs for her thoughts on ‘first

scatterplot. principal components of experimental methods”, and theghhup
Inspection of these figures illustrates that there are ver?ﬁf a series of discussions that helped shape the form arterdaof

R . . . is paper. We also thank the reviewers for their commendssag-

strong individual differences in this task, and moreovert th gagtions. DIN was supported by an Australian Researchwip

averaged performance measures act to hide the fundameRC grant DP-0773794).
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Figure 5: Raw data for the participants in the constant alidity—
constant expected value (CA-CE) condition. There are twaligu
tatively different strategies: six participants engagea ibrief ex-
ploration to find a good option but spent the majority of thaicks
on one door. The remaining two participants appeared toireima
“explore” mode for most of the experiment. (See main textdor
detailed description of the plots)

Figure 7: Raw data for the participants in the decreasing
availability—constant expected value (DA-CE) conditioAs ex-
pected given the Shin and Ariely (2004) data, many more @arti
pants engage in effort to keep more options viable.

L Illm ﬂun nn""nuhll‘lllﬂﬂllllllﬂﬂIlllllllnlllllmllllﬂllllllﬂllﬂllnlmuﬂlIlHflllnllllnlllllﬂllﬂﬂqlllllllnllllnﬂnlﬂnﬂhwuﬂﬂhnuﬂIl LTI RN RN ) Ww
D gl m""‘m ﬂ"nu"n LR n"”m Illl|| . u"nq\ T T T
[ i dl [ I n" |||l I wll nll mll | Plﬂﬂllﬂlﬂﬂlllﬂﬂﬂlﬂllﬂﬂﬂlﬂlllﬂllﬂﬂﬂlllﬂﬂlﬂlﬂlﬂﬂﬂllﬂﬂlﬂllllllllllllllllllll TIRRIIERERR R R
muummmmumummmumuuuumuummum Illllw !'III;III'III:III"":III'IIJII'II lllllHl llllI I'IIIIIIf Hlﬂﬂ ""nn" momenrmrnnremrrarennn -
1 IIII|l|lnlll,||||||ﬂ‘nlllllllﬂllldldlﬂlldlllllllﬂllldlll
| TR IR e
| I na o N I 7
f hia !
L Iln" |II'I|I| o I-I.-l..-ll- mfn"dy"nnnmn 0 Iy
iy [ m T
|I ||II ||II |
nIl TR Y — umﬂ |II| \'.'.FIJ nh| W" mu“ nu" uﬂulﬂl nnu ml: nﬂ ! mﬂ"u nn":h Ilhum uﬂmm umﬂmn nﬂﬂmlulmmmnnmmII
"n”“ﬂﬂﬂﬂ"" T 1 llnlll Ilﬂ "W"ﬁnm | IlIIII uﬂll "\I uﬂm mllIl TELY nlm i
! g :

Figure 6: Raw data for the participants in the constant akidity— _ o . )
variable expected value (CA-VE) condition. While one papant  Figure 8: Raw data for the participants in the decreasing
stays in pure explore mode for the whole experiment, mostheie availability—variable expected value (DA-VE) condition.

exploration to find good options (toward the top of the figure)
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