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Abstract

Network Marketing Organizations (NMOSs) like Amway have been very successful in recent
times. Even more surprising than the success of these organizations is the controversy they se
to attract. Average distributors belonging to these NMOs earn very little money but seem ftc
devote a disproportionately high amount of their resources to NMO activities. The environment in
the business meetings of these organizations is more representative of a social event. All this h
led critics to call these organizations cults and have led to speculations that these organizatiol
indulge in mind control. In this paper we attempt to demonstrate that there exist more rationa
explanations which could potentially explain the behavior of NMO distributors. © 2000 Elsevier
Science Inc. All rights reserved.

1. Introduction

Network Marketing Organizations (NMOs) like Amway, Mary Kay, Nu Skin, Shaklee etc.
have been growing in importance over the last few decades. Today 70 percent of direct-sal
revenues are generated by network marketing organizations and business units (Cough
and Grayson, 1998). These authors define NMO%.as those organizations that depend
heavily or exclusively on personal selling, and that reward sales agents for (a) buyin
products, (b) selling products, and (c) finding other agents to buy and sell products.” Thes
firms differ from traditional firms in numerous ways. For example, they do not use conven-
tional methods of retailing using stores. Their sales representatives (called distributors) n
only sell products, but also recruit other representatives. These distributors recruit and se
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among their friends, relatives, and acquaintances. Distributors are compensated on the ba
of their group business volume which is calculated using their own business volume (sale:
and their recruits’ group business volume.

Even more astonishing, than the phenomenal growth of NMOs, is the controversy thes
organizations seem to attract. Critics have complained that the average NMO distributc
earns very little. Every NMO has its share of distributors who have become millionaires
doing the business, but most NMO distributors make negligible amount of money. Anothe
aspect of these organizations that has evoked considerable debate is their propensity to m
into close knit (and often very exclusive) social groups. NMO distributors social lives
revolve primarily around parties, meetings, rallies, conventions and other occasions org:
nized under the NMOs banner. For example, Nu Skin annual convention in March, 199¢
attracted 13,000 distributors. More than 8000 came from Japan, Taiwan, Hong Kong, Kore:
Thailand and Phillipines. Rexall hosted a series of conventions in 1998, each of which wa
attended by about 2000 people. Five thousand distributors from USA, Canada, Australic
New Zealand attended USANA'’s 1998 convention. Nearly 15,000 attended Market Amer-
ica’s 1998 conventioA.Apart from these huge national and international affairs, there are
various local meetings, parties and picnics organized under the NMO banner. The autho
themselves attended a couple of weekly meetings organized by Amway distributors. Dis
tributors paid a fee to attend these meetings. These meetings were very social and motiv
tional in character. The atmosphere was more that of a social gathering or a pep rally the
that of a business meeting. The national and regional conventions are also very lavish affai
with film personalities, music legends and sports stars performing for the distributors. Tc
quote Biggart 1988, . . . Onegathering of Tupperware distributors | attended, with its paper
hats and noise makers, more closely resembled a New Year's Eve party than the month
business meeting it was. Mary Kay cosmetics holds annual “seminars” at the compan
corporate headquarters at Dallas. In 1986, 28,000 cheering, singing, applauding wome
attended at their own expense.”

The representative NMO distributors life revolves greatly around the activities of the firm
they represent. Outside of these formally organized events, NMO distributors personal live
also seem to be greatly interlinked. The Amway distributors we spoke to seemed to have
social life heavily centered around other Amway distributors. As Biggart 1988, points out
“Relations in most DSOs are not just friendly, but highly personal. Distributors become
involved in each other’s private lives and often describe themselves as “family.” Their
meetings are frequently characterized by displays of joy, tears, ang .prid

This apparent contradiction of minimal pay and such huge involvement has had observe
searching for a rational explanation. Critics of NMOs feel this contradiction can be explainec
by means of mind control. They call these organizations “quasi-religion” and some even g
to the extremity of calling them “cults.” For example, one can find myriad sites on the world
wide web “exposing” the improprieties of NMOs. However, there are others who swear by
these organizations. They claim that NMO experience not only brings material success b
also enriches the quality of a participants life. Many books have been authored singin
praises of NMOs (see for example Helmsetter, 1997) and numerous web-sites advocate t
cause of NMOs in cyberspace. NMO fixation is not restricted to Internet junkies and even thi
popular press and major broadcasting corporations indulge in it from time to time.
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However before proceeding any further, it would be useful to understand what exactly i
meant by cults. The word cult comes from latin “cultus,” which means public worship.
According to scholars of religion (see for example Vogt, 1951), religion has three compo-
nents, Theology dealing with ideas, Ethics dealing with morality and Cultus dealing with
practice. It is through cultus that religion is shared and reinforced. Therefore in its primary
meaning cult is any form of public ritual and an essential part of religion. Sociologists Stark
& Bainbridge (1987) define cult &s. . . social enterprises primarily engaged in the gener-
ation and exchange of novel compensators. Compensators are postulations of reward «
cording to explanations that are not readily susceptible to unambiguous evaluation.” Thi
definition of cult implies that cults have deviant goals and characteristics but does no
necessarily imply (or rule out) the possibility that they indulge in mind control to convince
their members of the importance of the novel compensators they generate and exchang
However, as Beckford 1985, points out “cults is used in its popular sense to refer to group
considered small, insignificant, inward-looking, unorthodox, weird, and possibly threaten:
ing.” Psychologists emphasize on deviant behavior and “brainwashing” or “mind control” in
their definitions of cult (Singer, 1995). We use cult in its popular notion to mean organization
which indulges in mind control.

In this article we construct a model to explain some of the controversies surrounding
NMOs. We try to identify the characteristics of people more likely to join NMOs and to see
if anything other than “mind control” can explain their subsequent behavior.

Most studies in Economics model individuals as maximizers of utility subject to some
resource constraints. The utility of the individual is derived from the consumption of goods
and services. However most of these studies have ignored the social and non-material nee
of individuals. To quote Becker, (1974), “Although these (social) interactions are empha-
sized in the contemporary sociological and anthropological literaturehey have largely
been ignored in the modern economic literature.” The individual modeled in mainstrean
Economics can be traced to Adam Smith’s Homo Economicus: a rare if not totally extinct
species. Sociologists on the other hand have traditionally conceptualized an individual &
being driven solely by social needs. A Homo Sociologus. Our contention is that for all the
compartmentalization of the academic world, the real man is a single entity and any seriot
study must take him as that. Fortunately, in recent years an increasing number of economis
have started modeling individuals with non-economic needs, [see, for example, Becke
(1974), Berman and Klinov (1999), Clark and Oswald (1998), Frank (1986, 1988, 1989
1990, 1991, 1992, 1995), Azzi and Ehrenberg (1975), lannaccone (1988, 1992, 1995, 199¢
Rabin (1983), and Scitovsky (1992)].

In our analysis, all individuals maximize satisfaction from economic as well as social
consumption, using all available resources. Various individuals give different weights to the
economic and social satisfaction. Social satisfaction is generated through interactions amo
individuals. The magnitude of satisfaction generated depends on the pre-existing proximit
among the parties involved in the interactions and also on the environment under which the:
interactions take place. Therefore, the production of social satisfaction, like economic outpu
requires the input of resources. For example, individuals need to expend effort and time int
maintaining and building social contacts, helping others in their needs, devote resources ¢
recreational activities, before they feel socially contented. However, this is not the only
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source of social satisfaction. Individuals interact with each other on their jobs, and this
generates some social satisfaction. All jobs do not have the same potential for socic
gratification. Typically some jobs involve greater interaction and are carried out under ¢
more cordial environment than other jobs. These jobs will be more socially satisfying. Fol
example, the social satisfaction from being a guard at the prison tower would be much les
than say at the job of a college professor. Another factor that determines the socie
satisfaction from a job is the social proximity of co-workers/clients. The closer the pre-
existing social relationship between the co-workers, the greater the social satisfaction froi
being on the job. NMO jobs involve selling and recruiting among acquaintances. NMO
distributors operate from homes and work under a cordial atmosphere. NMO meetings ar
conferences have great party like atmosphere. Thus, from the above discussion it emerg
that NMO jobs are very high on the social output scale.

We show that the weight given to social satisfaction plays a crucial role in determining the
set of individuals joining NMOs. Further, we show that individuals devote greater resource:
to jobs that produce greater social satisfaction. Thus people with jobs which generate great
social satisfaction devote fewer resources into the direct generation of social satisfaction (at
consequently socialize more with co-workers). This might be one of the reasons why peopl
involved in NMOs have a tendency to form close knit social groups.

It would also be interesting to examine the effect on resources generated to create soc
output as the society becomes more fragmented and urbanized and it requires grea
resources to generate any given amount of social output. We find that in such societies i
behavior of individuals is determined by the net effect of two countervailing forces. First, we
would have a substitution effect which implies that as social output becomes more costly |
is substituted for by more economic output. However, the equivalent of a negative incom
effect would imply that economic output is reduced. The net effect on economic output is
therefore ambiguous.

2. Relation to literature

There have been relatively few studies of NMO’s in Economics and Marketing. Coughlar
& Grayson (1998) study NMOs and some of their characteristics. Bhattacharya (1999) look
at product characteristics suited for NMOs. Frenzen & Davis (1990) examine the role socie
relations play in increasing the likelihood of sales. The first two studies emphasize on issue
like the problem of allocating effort between sales and recruitment or on product characte:
istics. Our work is closer to Frenzen & Davis (1990) because our emphasis is on explainin
socialization within NMO’s.

In sociology, Biggart (1988) traces the origins of network marketing organizations. Greer
& D’Aiuto (1977) analyze an NMO, Amway, and explain its popularity using Finifter's
(1970) hypothesis of alienation due to fragmentation of post industrial society. In this pape
we attempt to find economic reasoning for the NMO phenomenon.

In economics, there has been no significant work on network marketing. However, model
involving social interaction and other non economic outputs have been used by variou
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economists [See for example, Becker (1974), Clark and Oswald (1998), lannaccone (198
1992, 1995, 1996), Frank (1986, 1988, 1989, 1990, 1991, 1992, 1995), and Rabin (1983)

Our approach is somewhat similar to Becker (1974) in that we assume individuals hav
to allocate resources between economic and non economic outputs. lannaccone (1988, 19
models individuals as having economic and religious needs. He uses this modified utilit
function to explain an individual’'s decision to join a cult. Our approach is close to his
because in his model, as well as in our's non-economic output is desirable on its owl
account. He however goes into the issue of explaining deviant behavior and free ride
problems in cults. Our objective is to explain some of the behavioral characteristics of NMC
distributors as the rational outcome of utility maximization.

Clark and Oswald (1998) develop a formal model to incorporate the importance of status
an issue also discussed in great details by Frank (1995). Our formal model is a direc
adaptation of Clark and Oswald (1998).

3. The model

We have an economy with two potential employers. There is a traditional employer
offering to pay a wage of vand requiring employees to give up @f their resources. This
firm is willing to employ the entire workforce. It directly recruits all its employees.
Alternatively, we could interpret this source of employment as competitive sector which car
absorb all the labor force.

The other source of employment is a network marketing firm (NMO) which employs only
two individuals and offers a payment BYdo its employees, where, as the resources
transferred by the employee to the NMO. We assurhe-F), P < 0. The NMO directly
recruits the first employee (up-line) and delegates the recruitment of the second employe
(down-line) to the first employee. The up-line can costlessly recruit the dowr-line.

There are n individuals in this society. They are located, symmetrically and equidistantly
along the circumference of a social circle of radius r. Thus if C and D are the locations of
two individuals then the arc CD measures the social distance between them. The amount
effort (or resources) used to generate one unit of recreation between the two individual
increases with their social distance. Individuals are assumed to know their relative socic
distances (i.e. they know their social locations relative to everyone else). The firm does nc
know the social locations of the individuals.

Using the work of Clark & Oswald (1998), we take the utility function of each individual
to be given bysS((j/m a, + aJ)/r) + (1 — §)U(P(a,)) — V(a, + a;) where S(.) is the
social satisfaction generated and U(.) is the economic satisfaction generated. V(.) is tr
disutility of spending resources to generate these satisfactipistiee amount of resources
expended on generating economic satisfaction aimglthe resources used to generate social
satisfaction. We assume that there is an upper bound on the total resources that an individt
can exerta. Further, U >0, U0 <0,S >0,8 <0,V >0,V > 0.8 is uniformly
distributed over the support [0, 1]. We should note here éhat O corresponds to Homo
Economicus, the individual modeled in standard economic literature. Wheéreasl



366 P. Bhattacharya, K.K. Mehta / Journal of Socio-Economics 29 (2000) 361-374

corresponds to Homo Sociologicus, the standard model of a human being studied k
sociologists.

In the social component of the agent’s utility function, j is a job characteristic index with
0 < j < 1. This captures the fact that some jobs are more conducive in generating socic
interaction than others. Further, m is the social proximity index. We know that since there
are n individuals located along the circumference of the social circle, we have n/2 potentic
social rankings among two co-workers. Therefore, m takes valpyes. 1n/2. A smaller
value of m indicates greater social proximity among co-workers. This functional form
captures the fact that resources spent on generating economic satisfaction also genere
some social satisfaction. However, the extent to which this happens depends on the natt
of the job and the proximity of the co-workers. The functional form of S indicates that as the
radius of the social circle increases, it becomes more difficult to generate social satisfactio
This is because as r increases the social distance between any two individuals, given by t
length of the arc in-between them, increases. Therefore, an increase in r represents a ms
fragmented and urbanized society.

Under the NMO scheme the firm hires an up-line agent, who in turn hires a down-line
agent. Usually, the up-line gets a percentage of the down-line’s output as commission fc
recruitment. This can lead to the speculation that the up-line form these close knit groups 1
monitor the down-lines performance. However, our belief is that while these moral hazart
arguments are important, these social groups are primarily formed for other reasons. Ther
fore, to illustrate our point, we assume that the up-line can recruit a down-line agent withou
any cost and is not compensated for his recruitment efforts. Therefore, in our model th
up-line’s payment is independent of the down-line’s performance and depends entirely on h
own performance.

4. Analysis of the model

In this section we analyze the model formulated in the previous section. As we state
earlier, the objective of this research is to explain the cult like behavior displayed by agent
belonging to NMOs.

The down-line agent’s problem

The down-line agent wants to chooa®, a2 to maximize

j
55(<5 axD+asD)/r) + (1 - YUPE)) — V(& + &)
Subject to the constraintPat+ a2 = a
Restricting our analysis to the case whefedaal = &', we have the optimal first order
conditions:
/L _ D’ o__ -
SSmr+(1 HUP —-V' =0 @
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U

S
8 —V'=0 @)

Given the optimal behavior of a recruited down-line an issue of interest is, would the
down-line prefer to join the NMO or would they prefer to stay with the traditional firm? We
will first try to answer this question.

Let Z(8) be the opportunity cost of joining NMO for individual with social weightThis
will clearly depend on the satisfaction the individual can generate from the alternate sourc
of employment. Therefore, 8 = 6S(yma, + a — a) + (1 — §)U(w) — V(a).

Lemma 1: If working at the traditional firm gives Homo Economicus greater utility than
Homo Sociologus, then') < 0.

Proof: See Appendix.

Homo Sociologus does not get any utility from wages as he does not require any econom
satisfaction. Homo Economicus on the other hand, cares only about economic satisfactio
Further, we know < 1 for traditional firm. Therefore, Homo Sociologus will clearly prefer
not to work for the traditional firm and Homo Economicus will not want to spend any
resources on acquiring social satisfaction. We will further assume, that if Homo Sociologu:
were to be made to work for traditional firm, he would get less utility from the job than Homo
Economicus. Using lemma 1, this assumption impié&s) < 0.

Definition 1: Let §, be the value ob for which utility from traditional employment and
NMO are identical, and for arbitrarily smadl > 0, utility from NMO is greater than utility
from traditional employment foé, — «.

Definition 2: Let §, be the value ob for which utility from traditional employment and
NMO are identical, and for arbitrarily smadl > 0, utility from NMO is lower than utility
from traditional employment fob, — «.

Let us now assume an individual with social weighis being recruited by up-line at
social distance m. We can state the down-line’s decision on joining the NMO in the
following propositions.

Proposition 1: If Homo Economicus prefers traditional employment over NMO then, (i)
If 5, € (0, 1), all individuals withé = 6, will want to join the NMO and those with < &,
will prefer traditional employment.

(ii) If 8, ¢ (O, 1), then all individuals will prefer traditional employment.

Proof: See Appendix.

Proposition 2: If Homo Economicus prefers working for NMO over traditional employ-
ment then, (i) If6; € (0, 1) & 6, ¢ (0, 1), all individuals withé € (8,, 6,) will prefer
traditional employment, whereas everybody else will want to join the NMO.

(i) If 8, € (0,1) & 6, ¢ (0, 1), all individuals withé > &, will prefer to work for the
traditional firm, whereas everybody else wants to work for the NMO.

(iii) If 8, ¢ (0, 1), everybody prefers to join the NMO.

Proof: See Appendix.

Homo Economicus does not give any weight to social satisfaction. Therefore, he will
choose the job which gives greater economic utility. As we noted earlier, a criticism of
NMOs is that an average NMO representative gets less pay than what a traditional firr
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would pay him. Therefore it seems more likely that Homo Economicus is going to prefer
traditional employment and proposition 1 will hold.

We have up to this point focused on trying to identify the individuals willing to join the
NMO. Our next task is to explain the socialization prevalent in these organizations. For thi:
purpose, we will first prove some Lemma’s and propositions. We will prove one more
proposition involving the down-line, before moving to the up-line’s problem.

Lemma 2: An increase in the social distance of his coworker (i.e. an increase in m),
reduces the amount of economic effort exerted by the down-line agent.

Proof: See Appendix.

The intuition for this result is fairly simple. An increase in m reduces the social output
generated by economic effort. Therefore, putting in economic effort is less lucrative for the
agent and so he puts in less economic effort.

The up-line agent’s problem

The up-line agent chooses @, aJ to maximize

68((’5 & + az)/r) + (L HUPE) — V(d: + &)
subject to the constraints;, + aJ = a, m= 1.

Solving the above problem we get the following result.

Lemma 3: The up-line agent always wants to recruit the socially closest person.

Proof: See Appendix.

The above lemma implies, that independent of j or r the up-line always wants to recrui
the socially most proximate person. However, from propositidn& 2 weknow that the
socially most proximate person might not want to join the NMO unless his social preference
d attains certain specific values. Since, recruitment is costless in our model, the up-line wi
continue trying to recruit the next closest person if the socially closest people refuse to joi
the NMO.

We are now ready to analyze the issue of “cult” like behavior of agents affiliated to
NMOQ'’s. For this purpose, we want to see the effect j, job characteristics, and r, the radius c
the social circle, have on the optimal choiceayf a..

Proposition 3: An increase in the social compatibility of jobs (i.e. a rise in j) increases
the resources allocated to economic output by the agents and diminishes their non econon
(social) resource allocation.

Proof. See Appendix.

The intuition of this proposition is simple but its implications are very important.
Resources dedicated to economic output have economic and social payoff. However, tf
social payoff of economic inputs is not as large as pure social inputs. The difference in th
social payoff of the two inputs depends inversely on j. Therefore, for jobs with higher j social
payoff from economic input is closer to that obtained by allocating resources purely to the
generation of social satisfaction. Therefore for firms with high j, one would tend to see



P. Bhattacharya, K.K. Mehta / Journal of Socio-Economics 29 (2000) 361-374 369

greater social interaction among co-workers and consequently lesser social interaction
employee’s with people not in the same firm.

Proposition 4: An increase in the radius of the social circle (i.e. a rise in r) has an
ambiguous effect on the amount of resources allocated to economic output.

Proof: See Appendix.

An increase in r represents a more urbanized and fragmented society. As r increases, the
are two effects: First, the marginal utility of economic effort relative to social effort
increases. This effect would tend to increase the amount of economic effort applied by th
agent. However the increase in r also reduces the agent’s social utility from a given amoul
of social input. Since social output is also important to the agent, the agent would then appl
greater resources towards generating social output. Thus this effect would motivate the age
to increase social effort since social effort is more efficient (than economic effort) at
augmenting social utility. The net effect of an increase in r depends on which of these twe
effects dominate.

Propositiors 3 & 4 stated above, give insights into the behavior of agents belonging to
network marketing organizations. NMO agents sell their products and recruit among thei
acquaintances. This selling is done in the cordial environment of drawing rooms and partie:
Therefore the job would have a high j. Thus, using proposition 3 we can say that to start of
NMO distributors would tend to put in greater effort on the firm’s activity and less on
alternative social activities than employees of firms having a lower j. Further, as the societ
becomes more fragmented and urbanized and it becomes more difficult to generate soc
effort, using proposition 4 we know that, if the first effect dominates, the amount of pure
social effort put in by individuals go down. In that case, we would expect to see greatel
socialization among co-workers on all jobs. Therefore, NMOs which had greater socializa
tion among co-workers to begin with, will then see a further increase in this practice. Thus
one could potentially observe very close knit social groups of NMO agents; a feature tha
makes critics compare them to cults.

5. Conclusion

NMOs have been doing very well in recent years. However, their success has been taint:
by a raging controversy about their practices. The average NMO agent gets very little pa)
Further, agents affiliated with network marketing organizations have been observed to forr
close knit and often exclusive social groups. This has led to extensive controversy with critic
of these organizations often accusing them of mind control. In this paper we propose anoth
explanation for this observed behavior. We suggest that individuals consume social an
economic output. Different individuals give different weight to social satisfaction. Social
output is generated by social effort, but economic effort also has some social productivity
Since economic effort put into NMO jobs have a very high social productivity, NMO agents
will need to put in less social effort than people having less socially rewarding jobs. As the
society becomes more fragmented, so that it becomes more difficult to generate social outp
we could have potential situations where the pure social effort exerted by NMO agent:
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reduces even further. This might lead to NMOs evolving into very close knit social groups.
Our analysis also gives some insight on individuals more likely to join NMOs.

Notes

1. We are grateful to Jonathan Hamilton, Richard Romano, Larry Kenny, and Stevelt
Slutsky for their encouraging comments and suggestions on various drafts of the pape
However, the authors claim sole responsibility for any remaining errors. The authors
can be contacted at patralekha.bhattacharya@yale.edu or krishna.mehta@yale.edu

2. These figures on convention attendances are obtained from company press relea:
listed at the web site www.mIm.com.

3. This is a simplifying assumption. However, since our objective is to focus on the
socialization in NMQ'’s, this is in our opinion not critical. If recruitment was not
costless, employees would have to optimally allocate resources between recruitme
and selling. This is an issue addressed by Coughlan & Grayson (1998).

4. As will be clear later, we essentially need to know direction in which change in various
parameters effect the effort levels. Therefore, in our opinion, this restriction is not very
critical.

Appendix

Proof of Lemma 1

Z'(8) = s(%@ +a- @) — UW)

The first term in the above expression is the satisfaction obtained by Homo Sociologus ar
the second term is the satisfaction obtained by Homo Economicus. Hence the lemma follow

Proof of Proposition 1

Suppose an agent with a social weighta$ being recruited by an up-line at distance m.
If he joins the NMO his optimal choice betweep and a is given by § and 4. Let Y(5)
be the satisfaction generated by this agent.

Then, Y@) = 8S(j/m & + &) + (1 — §)U(P()) — V(a). The agent will prefer to join
the NMO if Y(8) = Z(5). Taking the derivative of LHS with respect ®and using the
envelope theorem we get'(6) = S(.) — U(.). Now using the condition g&dé = S'/r(1 —
jim) + U'P'/8S'Ir?(jim — 12 + (1 — 8)(U"(P)? + U'P") < 0, we get that as increases,
a, decreases and, ancreases. This implies that d@sincreases U(.) decreases and S(.)
increases. Thus if S(5) o > U()|s—0 then Y(8) > 0 for all 8. If however S(Js_q <
U(.)|s—o, then there exists sontesuch that Y(8) < 0 for § < § and Y'(8) > 0 for § > &.

If Homo Economicus prefers traditional employment over NMO we can have the four case:
shown in Figs. 1, a—d. The statement of the proposition follows from this diagram.
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Y(6)

Figure 1(a) Figure 1(b)
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Figure 1(c) Figure 1(d)

Figure 1.

Proof of Proposition 2

From the proof of Proposition 1 we know that if Homo Economicus prefers NMO over
traditional employment we can have the scenarios shown in the Figs. 2, a—d. The stateme
of Proposition 2 follows from these diagrams.
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Proof of Lemma 2

Totally differentiating equations (1), (2) an§ ar &2 = a, we get
Sa (] ) j , ]
da 02 (m Vet 5 e
dm _Sj 2 N
— 1]+ SUP HUP)

<0

The numerator of the above expression is positive and the denominator is negative. Th
implies the entire expression is negative.
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Proof of Lemma 3

The up-line’s problem gives us the following first order condition.

j

&:8S 4 (1 YUP — V' =0 (A1)
U 88, !

as. T -V =0 (AZ)
m: — 58 #a&” (A3)

Inspecting (A3) we can see it is always negative. Using that we get Irfor all values of
i

Proof of Proposition 3:
Totally differentiating equations (1), (2), and using & a = awe get:

w_ el )0

m

a SS,(j 1)2 j + (1 - §U'P + U"(P)?
(1) @) (P
The numerator of the above expression is negative and the denominator is negative. Tt
implies the entire expression is positive. The up-line’s expression is identical.

Proof of Proposition 4:

Totally differentiating equations (1), (2), and using & a = a we get: d&/dr =
=8 Ir?(ji/m — 1)(S + S'/r((im — D)L + &I8S?*(j/m — 1> + (1 — §U"(P)* + (1 —
8)U’P". The sign of this expression is ambiguous as the term inside the large bracket in th
numerator is ambiguous. The expression for the up-line is identical.
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