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Abstract Lowenstein & Prelec, 1998). To account for thisf@rence,
exponential and hyperbolic functions have been gsegd.

Jones and Rachlin (2008) found that the amount @iay a An exponential discounting function has a form in

person is willing to forgo in order to give $75 &mother

person decreased as a hyperbolic function of perdeocial which the discounted value of rewardsV is expressed as
distance, in the same way as occurs in interterhpiaice. follows:

This study aimed to extend this finding to the domad social

networks, in which social distance is defined bygrées of y= Ve kD (1)
separation. A total of 334 participants respondethsks very

similar to those in Jones and Rachlin (2008), extiegt they wherev andV are the discounted and undiscounted reward
were required to choose whether they would prefeeteive values, respectively, ardl is the time delay.

an amount of money for themselves only or an amadint
money for themselves and a person who is n degoées
separation from them up to six degrees. The reshlisv that

Alternatives to exponential discounting have been
proposed by psychologists, behavioral ecologistsd a

the hyperbolic function fit the data well, and thegveral behavioral economists. One major alternative prapes
processes appear to contribute to the judgments ritathe that the discounting function is hyperbolic (e.Ylazur,
experimental tasks. 1987): .
Keywords: social discounting;n degrees of separation; v = 2)
intertemporal discounting, probability discounting 1+ kD

Introduction Until now, many studies have demonstrated that the

| d . | i hyperbolic function, rather than the exponentiaddiion, is
n modern society, people must use money to livey o nost appropriate because it fits the data it the

However, as a matter of course, people cannot Iu.$leea exponential function, under various experimentaldittions
money at once. Rather, people must allocate it dmtw (for a review, see Green & Myerson, 2002)

several purposes or several time periods. Theyillise On the basis of findings within the intertemporal

mho_ney between severrzlllhstock options so fas nr?tsu;) i choice literature, Jones and Rachlin (2006) ingestd
t eir money at once. They save money for t e lutore \\pether discounting similar to intertemporal chomzuld
avoid financial difficulties when they are old. Atidnally, also be found in Simon's third coordinates. In thei

we also must share money with others in order H"‘P“ experiments, Jones and Rachlin (2006) requiredcjjzahts
poverty. _As these exgmples show, how people USEWBN ¢4 imagine that they had made a list of the 100pfeeo
of V'tal_ importance in lite, _and appears to be oiged closest to them in the world, ranging from theiradsst
according to several dimensions. friend at position #1 to a mere acquaintance at0#add

I A(_:cord:cng FloleuIiand Simog 31995_23' @a. perfson’sthen participants answered whether they would ferfjized
allocation of available goods can be describe@im$ of a 540t of money to give it to another person or. fitte

three-coordinate system: one is the coordinatd&if own results showed that the amount of money people were

current consumption, included in which IS the C@"“‘?at a willing to give to another person decreased aspeibpolic
person has several selves corresponding to theious function of the perceived social distance betweleant,

pOSIéIOﬂS, EUCh as th% famllyhself or Iworklr_?_% seln ?a(()j indicating that the discounting function with regao social
need to allocate goods to these selves. e se distance is similar to that in intertemporal choias Simon

coordinate of later times, representing sequemgiadporal _(1995) claimed. This study aims to extend the figgi of

persons as different from each other. The third S d Rachlin (2006) b ideri th
consumption by other people, according to whichféieéing sggi(id?gtanc:? in ( ) by considering anothee b

]?f sympsa_thy be%%(;n people mgly Ee mr(]e_as(ljj_red bw%uﬁs Recent studies in network science have begun to pay
actor. Simon ( ) suggested that this discountton attention to the concept of human society consile® a

may be similar to that of intertemporal discounting network (Barabasi, 2002; Christarski & Fowler, 2008

Consumption in later time periods corresponds tatwh Milgram, 1967). You have a friend, and your friehas a

is called intertemporal discounting. Many studieavéh  ieng If you do not know the friend of your frignyou can
demonstrated that people discount the value of §@El i have a link to the person via your friend. W@an

time_goes b_y. Generally, itis known that peoplefer small extend such connections infinitely. In this veiny society
but immediate goods to large but delayed goods.,(e.gis a network of friend connections, and much rededras
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paid attention to various aspects of our societsered as

such a network (Barabasi, 2002; Christarski & Fowle

2008).

Procedure
One hundred and nineteen undergraduates partidifpate
Study 1 for course credits, and all materials aggponse

In a social network, the™ degree of separation can be formats were provided in booklets. The bookletsl&rgd
considered as one type of social distance betwaen t the meaning of the degrees of separation on tke giage,

persons. The degree of separation refers to thebeuwf
links via friends between two persons. For exampéeir
friend is a friend of the first order, because éhisrone link
between you and your friends, and a friend of yoend is
of the second order because there are two links; isn
between you and your friend, and the other is betvweur
friend and the friend of your friend. The numbelioks (n)
between two persons can be increased infinitely, @sn
increases, the social distance from you increases.
example, a second order friend is more remote ghéirst
order friend, because you have not met the forntesreas
you directly know the latter. In addition, a thmdder friend
is more remote than a second order friend, becausa
your friend does not know the former person. If tiegree
of separation is taken as social distance, theovatig
guestions arise: Does social discounting also appéth
this type of social coordinate? If so, is it hypdit or
exponential? The first purpose of this study isatidress
these questions.

and the experimental tasks began on the second page
second page contained the following instructions:

You know a person who is called “your friend.” The
minimal condition for a person to be called a fden
that you and s/he know each other. In additiorretiea
“friend of your friend” who is known to your frienblut
unknown to you. This “friend of your friend” cansal
know a “friend of the friend of your friend” andchain

of friends can extend infinitely. Thus, we connéat
various people through friends, friends of friendad
friends of friends of friends, and so on, althongbst of
them are unknown to you.

Next, you will be asked to make a series of judgisien
based on your preferences. On each line, you will b
asked if you would prefer to receive an amount of
money for yourself or an amount of money for the
person listed. Please circle A or B for each line.

A second purpose of this study is to explore the

relationship between social
separation as measures of social distance. Althdgaih
social ranking and degrees of separation can bsidened
as indices of social
meanings are a little different. Whereas the formeasure
reflects the distance among in-group members becé#us
assumes that the ranking orders the 100 peoplestlts a
person, from the dearest friend to a mere acquaintahe
latter measure contains not only in-group but alsbgroup
individuals, because one cannot know a friend wideggee
is of more than two. Thus, even if hyperbolic diseting is

ranking and degrees of Each of the next six pages summarized the above

instructions and then presented a list of questi@®llows,
with a different N-value on each page:

distance between persons,r thei

Now imagine the following choices between an amount
of money for you and an amount for you and for your
friend. Circle A or B to indicate which you would
choose in EACH line.

(A) 120,000 yen for you alone
(B) 60,000 yen for you and 60,000 yen for your friend

found in the # degree of separation measure, the

relationship between social
separation would still be an interesting questibmerefore,
this study also aims to address this issue.

For this research two empirical studies have been

ranking and degrees of (A) 110,000 yen for you alone

(B) 60,000 yen for you and 60,000 yen for your friend

performed. Study 1 was to examine whether social

discounting occurs with social distance in termglefirees
of separation. Study 2 explored the relationshipvben
degrees of separation and closeness ranking, ab iose
Jones and Rachlin (2006).

Study 1
Study 1 required participants to answer whethey theuld
prefer (a) an amount of money for themselves or &)
amount of money for themselves and the person whmo i
degrees of separation from them, up to 6 degrees
separation. By this procedure, we tried to deteemime
amount of money forgone to give a person 60,000 Vais
procedure is almost the same as that of Jones aodliR

(A) 60,000 yen for you alone
(B) 60,000 yen for you and 60,000 yen for yourride

The A-rows listed 9 amounts decreasing by 10,0000ye
each line, from 120,000 to 60,000 yen. Row-B had a
different degree of separation on each page. Theeds of
separation were from one to six. On each line, the
participants were asked to choose between an amaunt
money just for themselves and 60,000 yen each for

dpemselves and for the person. The degrees of atépar

were manipulated by adding “of friend” to the sewm in
line B. For example, the second order friend wascidleed
as the “friend of your friend,” and the third ordeilend as

(2006), except that the closeness ranking had bedhe “friend of the friend of your friend.” All padipants

exchanged for degrees of separation.

finished their questionnaire within fifteen minutes
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Results and discussion

The crossover point was estimated as the averate of
last selfish (row-A) choices and the first gener(nav-B)
choices, in the same way as in Jones and Rachib6j2or
Rachlin and Jones (2008). For example, if a papdici
preferred 90,000 yen for herself to having 60,086 wand
giving 60,000 yen to the Ndegree of separation friend, but
preferred to have 60,000 yen and give 60,000 yehetd\"
friend over having 80,000 yen for herself, thend¢hessover
point was taken as being 85,000 yen for that ppetit at
that N-value. Some participants (the majority & M and N
5 2) chose the generous option even when the atteen
was 120,000 yen for themselves. In these casessaaver
point of 125,000 was assumed. In contrast,
participants chose the selfish option even whenctiwce
was between 60,000 yen for themselves and 60,0000ye
themselves in addition to 60,000 yen for theirrfds. In
these cases, the crossover point was assumedto be

Figure 1 shows the mean allocation of money tanfte

who haven degrees of separation. We fitted both the

hyperbolic and exponential functions to this dated a
compared their performances. The solid line is lest
fitting hyperbolic discount function and the dasHew is
the best fitting exponential discount function. Tfieis
remarkably goodRf=0.995) when compared with the fit of
intertemporal choice (e.g., Rachlin & Raineri, 1p@2 of
social discounting (Jones & Rachlin, 2006).

For comparison, the best fitting exponential distou
function is also shown in Figure 1, as the dashed. |
Although the fit with exponential discounting is ghi
(R?=0.971), the percentage of variance accountedyfah®
exponential discount function is less than that thé
hyperbolic function. The difference found betweke fit of
the hyperbolic and the exponential discountingrisoat the
same as that in Jones & Rachlin (2006). In sumsethe
results show that the hyperbolic function providebetter
fit to the data than the exponential discount fiomct Thus,
we can conclude that people’s discounting in temifis
degrees of separation is similar to that of sa@aking and
intertemporal choice.

Study 2
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Figure 1 Hyperbolic and exponential discount fumresi under the
n'" degree of separation in Study 1

Procedure

Two hundred and fourteen participants answeredakoci
discounting tasks using both social ranking andrekegf
separation conditions. As tasks to explore prefegerwith
social distance as degrees of separation, we eexblte
same tasks as those in Study 1. For the socialngut&sks,
we employed a procedure almost the same as thhinefs
and Rachlin (2006). Precisely, the participants ewer
provided with instructions that had been translaiet
Japanese from the original ones used by Jones acidiR
(2006). Then participants were required to makeiogso
between receiving an amount of money for themsebres
receiving an amount of money for themselves andr the
friends, using the following response form:

Now imagine the following choices between an amount
of money for you and an amount for you and for your
friend. Circle A or B to indicate which you would
choose in EACH line.

(A) 120,000 yen for you alone

Study 2 was designed to investigate a relationshipB) 60,000 yen for you and 60,000 yen for your #spa
between n degrees of separation and social rankings

Although the two are similar as they both represarhe
kind of social distance, they do differ as while thatter
distance can only represent the remoteness of oapgr
members, the former includes that of both in-graod out-
group people. Thus,
hyperbolic discounting occurs in n degrees of sajar, the
way in which social ranking and degrees of sepamatire
similar types of social distance still remains w@acl
Therefore, Study 2 required participants to indictteir

(A) 110,000 yen for you alone
(B) 60,000 yen for you and 60,000 yen for your #spa

although Study 1 demonstrated

(A) 60,000 yen for you alone
(B) 60,000 yen for you and 60,000 yen for your #spa

The blanks shown above was replaced by a numbet, (Rl=

preference between receiving money for themselves a 5 10, 20, 50, or 100), with a different numberdiea each

sharing money with their friends, under both socdaking
and degrees of separation types of distance.

of the seven question pages.
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Participants answered both the social rankimg)degree
of separation tasks in random order. All particigan
completed all the tasks within 20 minutes.

Results and discussion

Figure 2 shows the results of both the social raglend the
degree of separation tasks. We found that the bytier
function fitted the data better than the exponértiaction
in both cases. The differences between the hyperbod
exponential discounting in Study 2 are more remaeka
than those in Study 1, or in Jones and Rachlin 200
whereas thé¥’s of the exponential functions are 0.873 and
0.850, those of the hyperbolic functions are gre#tan
0.90. Additionally, the data points systematicallgviate
from the exponential functions. Thus, we can cotelthat
Study 2 replicated the results of Study 1 and afedoand
Rachlin (2006).

To explore the relationship between social raglkamd
degrees of separation in depth, we performed thewimg
two additional analyses. First, we estimatedkiparameters
of hyperbolic functions for the social ranking asejree of
separation tasks. There was no relationst#g0(03,p> .01:
Figure 3) betweel parameters in the two tasks (Figure 3),
indicating that the steepness of the functionshia $ocial
ranking and degrees of separation cases are sormhewha
independent from each other.

Second, we also performed a factor analysis of the
crossover points with promax rotation using the imaxn
likelihood method. The eigenvalues for the firsethfactors
were 7.04, 2.54, and 1.35, respectively. Mainly tehe
eigenvalue results, we adopted a three-factor isolut
pattern for the discounting tasks shown in Tablassuming
the following interpretations of the meaning of ttigee
factors.

Factor 1 leads mainly to allocations for high rauki
friends and first degree friends. To define, thielemds can
be interpreted as close friends, so we named Hutorf
“close friends.” Factor 2 can be considered asuh&nown
others” factor, because it strongly influences allecation
to friends who have more than one degree of sdparat
Logically, one cannot directly know friends who avé
more than the second order, and specifically, éewho
have more than two degrees of separation are actual
unknown because they are not even the friend afsa f
order friend. Factor 3 mainly impacts friends wigmkings
higher than 19, and in particular those who are ranked at
20" place or higher. These friends are consideredoas n
being so close. Thus, we named this factor as the
“acquaintances” factor.

The above results suggest that there are several
dimensions to social discounting. Specifically, i$
interesting that people have two dimensions of aoci
distance with others who are not so close to th&m.
examine this indication more precisely, we alsdfqrered
structural equation modeling and compared modelsnef
two, and three factors (see Figure 4).
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Table 1 Results of factor analysis

Degree of separation

Social
distance
Factorl Factor2 Factor3 /Q\

1St 078 012 '007 1st 2nd 3rd 4th 5th 6th 1st 2nd 5th 10th 20th 50th 100th
2nd 0.35 0.43 0.10 RRARRRR PORRO R
3rd 0.11 0.75 0.07 N degree of separation Social ranking
4th -0.03 0.94 0.06 (@)
5th -0.05 0.99 -0.02
6th 006 099  -0.03 @
eparatioi ranking
Social ranking
1st 1.00 -0.03 -0.10 ﬁ ﬂ
2523 é?é -882 -002037 1st 2nd 3rd 4th 5i| 6th 1st 2nd 5th 10th 20th 50th 100th
. -0. . o D (D () (- A () (S D (A (o o
20th 0.26 -0.11 0.79 (b)
50th -0.09 0.05 0.97
100th -0.16 0.18 0.83
Correlations
Factorl 1.00
Factor2 0.36 1.00
Factor3 0.53 049  1.00 e
The one factor model represents a hypothesis thtat b st 2nd 3rd 4th 5th 6th  1st 2nd 5th 10th%h 50th 100th
social rankings and degrees of separation can be PRIARRR FRRYRIR
surr_lmar_ized by one dimension, that people’s dimensio N degree of separation Social ranking
social discounting is unitary. In cor_ltrastz the ta_mnl three ©
factor models assume that social discounting can be

decomposed into several dimensions. The two-fatimadel

entails that social discounting occurs separatethé social
ranking and the degrees of separation tasks. In other wo
this model assumes that participants construciheemision

of social discounting in accordance with experiraetdasks.

The three-factor model expresses an implicatiosetheon
the results of the factor analysis, that the twaesyof social
distance considered in this study can be decompuged
three factors: one influences both social rankimg) degrees
of separation, and the other two factors affecsehéwo

dimensions, respectively.

The results of the structural equation modelingvsh
in Table 2, clearly support the three factor modsl,all of
the fit indices indicate it is superior to the atihwo models.
Thus, we can conclude that although social diséogrin
social rankings and degrees of separation sharesdahee

Figure 4 Three structural equation models: (a) e-fastor model
that indicates both the social ranking and n degafeseparation

rd$an be summarized by one dimension; (b) a two favtel that
implies participants construct dimensions of sodacounting
corresponding to the experimental tasks; (c) aetffmetor model
that reflects the implication of the factor anatyshat social
rankings and degrees of separation share one confauior
(“friend”), but are also individually affected bya¢quaintances”
and “unknown others” factors, respectively.

General discussion
The results of the two studies can be summarized as
follows. First, we found that there is hyperboliocsl
discounting with then degrees of separation type of social
distance. Recently, many researchers have paidtiatieto
the way in which the structure of our social netkgoaffects

Componentsl they can be decomposed into Severapman life (e.g., Christarski & FOWIer, 2009) Madstthese

dimensions. That is, while these two types of datigtance
are similar in how they reflect allocations madectoser
friends, they differ in representing the allocaiamade to
others who are not so close.

studies investigate how people’s behavior affedisers
through links between persons. However, previousiss
have not considered the way in which people comside
others in their social network. In this vein, thigy be the
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first study that concerns how people consider stheno
haven
Table 2 Results of structural equation modeling.

AIC BIC GFlI CFlI
Model 1 311.98 497.11 0.88 0.96
Model 2 342.47  534.33 0.90 0.95
Model 3 186.37  331.11 0.94 0.99

degrees of separation. Furthermore, as far as we kithis
is the first study that shows hyperbolic discougtin
occurring with social distance other than in clesen
rankings. Hyperbolic discounting is found not oiythe
domain of social discounting but also in probailir
intertemporal discounting (Jones & Rachlin, 20IDhus,
this study applied hyperbolic discounting to anottype of
social distance and has demonstrated with evide¢hee
hyperbolic function’s ability to explain discounginrunder
various types of psychological distance.

Second, from the results of estimating the paramete
hyperbolic discounting and the structural equatiwdeling,
we can conclude that people have two dimensiortheiv
conceptualization of others who are not so clos¢éhém:
one applies to others who are known but are natlcee,
and the other applies to those who are unknowanitively,
these appear to be quite natural results. Howethase
results are interesting because hyperbolic dis@ogiimiccurs
under both dimensions, despite them being indepenafe
each other. Additionally, this finding is also afitérest
because it appears to contradict Simon’s (1995yestgn
that social discounting is one-dimensional.

The results of this study may support construakllev
theory (Trope & Lieberman, 2010). This theory assam
that people’s judgments of various types of psyobiaial
distance can be decomposed into two levels of oamist
higher and lower levels. The theory claims thathHigyel
construals are relatively abstract, coherent, aogers
ordinate mental representations as compared witHdgel
construals. It also argues that people use inagrglgshigher
levels of construal to represent an object as
psychological distance from the object increaség. results
of our factor analysis and structural equation nfinde
consistently show that both the social ranking amndgrees

of separation can be decomposed into two factorse O Rachlin,

factor reflects allocations made to psychologicatlpse
friends, and the other reflects those to psychokdlyi
remote friends. This factor structure appears tocimghe
structure entailed by construal level theory.

In addition, what is more interesting in the resulf the
factor analysis is that the factor reflecting aditons to
close friends is related to both the social rankargl n
degrees of separation types of distance. As statetie
introduction, social rankings and degrees of sejmerare

somewhat different dimensions of social distandaiiermthe
former represents distances between known otherdatter
contains those between unknown others. In this, vkie
results of the factor analysis suggest that theecds of the
“friends” factor are richer than those of the ottweo factors,
because this factor influences the two differemiety of
social dimension. If we interpret the “friends” fac as a
lower level construal that is psychologically clgséhis
indication corresponds to a proposition of constilesel
theory that lower level construals have more comple
representations than higher level construals (Trépe
Lieberman, 2010).

One important issue for future research regardogjas
discounting in cases of degrees of separation may be its
relationship to probability or intertemporal disobing.
Jones and Rachlin (2009) reported that the stespaoks
discounting, represented by thgearameter, was correlated
for probability, intertemporal, and social ranking
discounting across patrticipants. The results oflp&ishow
that thek parameter did not correlate between the social
ranking anch degrees of separation experiments, suggesting
that the latter dimension may be unique and diffefeom
the other three dimensions. If so, what is the rimggiof
social discounting? Why does timedegrees of separation
differ from delay, probability, and social rankirg its
discounting? Pursuing this question may be fruitial
exploring how “social” is represented in the hunmgind.
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