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1  |   INTRODUCTION

The phenomenon of child labor touches the lives and welfare of 160 million children worldwide 
(UNICEF/ILO joint publication, 2021). It has adverse long-term economic consequences, espe-
cially for the children, their families, and the countries where it is common, but also for the world 
population as a whole. As such, much research is aimed at understanding its main causes and 
determining suitable policies to diminish its scope.

Household poverty is usually claimed to be a major factor in the persistence of child labor. A 
milestone in this field was set by Basu and Van (1998), who showed that parents will send their 
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Child labor is a widespread phenomenon and therefore 
is of interest to both researchers and policy-makers. 
Various reasons for the existence of child labor have 
been proposed with the goal of designing appropriate 
solutions. While household poverty is viewed as the 
main reason for child labor, we choose to focus on the 
phenomenon that parents who worked during their 
own childhood are more likely to send their children to 
work. We also look at the effect of social norms on the 
parents’ child labor decision and analyze both these ef-
fects on the supply of labor and equilibrium in the labor 
market. Finally, we suggest an explanation for the phe-
nomenon of poor societies with similar income levels 
that differ significantly in literacy rates, and we propose 
policy improvements.
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628  | KATAV HERZ and EPSTEIN

children to work only if their income is below subsistence level, a hypothesis they call the luxury 
axiom.

However, other papers have found mixed results for this hypothesis. For instance, Ray (2000) 
found it to be rejected by Pakistani evidence, although weak support was found using Peruvian 
data. Canagarajah and Coulombe (1997) showed a negative correlation between child labor and 
levels of household income, although the relationship was very weak. Bhalotra and Heady (2003) 
found that in both Ghana and Pakistan, child labor increases with household ownership of land: 
the larger the farm, the greater the tendency for children to be working. Moreover, they found 
that the daughters of land-rich households are more likely to be put to work than those of land-
poor households. Basu et al. (2010) showed that because child labor is a major input on the fam-
ily farm, payments transferred to poor households may be used to acquire agrarian assets, which 
may in fact increase the use of child labor.

This ambiguity hints at some additional reasons why child labor is common in some societies 
and not in others. In this paper we focus on the effect of social norms on the prevalence of child 
labor. Individuals follow social norms due to the social sanctions (such as loss of reputation) 
that would be imposed on them if they did not (Akerlof, 1980). In other words, individuals can 
remain members of a particular reference group by conforming to its social norms, and they are 
willing to suppress their individuality to achieve this (see Sugden,  1998). López-Calva (2002) 
proposed a model in which a parent who sends her child to work faces social stigma that reduces 
her own welfare, where the social stigma decreases with a higher aggregate incidence of child 
labor. Various studies have found empirical evidence of the influence of social norms on child 
labor: in Peru, child labor is more common among minority ethnic groups, whereas in Pakistan, 
the opposite was found (Ray, 2000). Chamarbagwala and Tchernis (2006) identified some Indian 
districts that are more pro-schooling and anti-child labor than others. In Bangladesh, children 
are allocated certain tasks according to age and gender norms (Delap, 2000).1 The effect of social 
norms on child labor can be recognized through studies that identified social norms according 
to the alternative to child labor: school. Zapata et al. (2011), for instance, suggested that cultural 
differences across ethnicities are responsible for the gap in school enrollment in Bolivia. This 
was explained by a historical lack of trust in and ambivalent view of the public school system 
by the indigenous people, who felt that it contributed little value and promoted lazy children, 
and denigrated the indigenous traditions, such as language and agricultural technology. Bhatty 
(1998) gave examples of developing countries that have similar or even worse levels of poverty 
but much better records of mass literacy than India. She also provided evidence of this ambiguity 
among poverty levels within India itself, including the case of a village which, despite its extreme 
poverty, had literacy rates of more than 99% for both men and women.

Because many studies on child labor assume that the allocation of children's time is deter-
mined by their parents (Basu & Van, 1998), we focused on the effect of culture on the parents’ 
decision-making, in an attempt to understand their choice between child labor and child school-
ing. We focused on the cultural intergenerational transmission of preferences to describe the 
phenomenon of children in poor families often adopting their parents’ way of life when they be-
come adults; this despite the existence of alternative behavior patterns that offer better outcomes. 
Empirical studies show that parents who worked during their own childhood are more likely to 
send their own children to work; Wahba (2006) found that in Egypt they were 10% more likely to 
do so. Emerson and Souza (2003) found that children in Brazil are more likely to work when they 
come from households with parents who were child laborers; and the likelihood of a child being 
sent to work was negatively correlated with parents' age, the age at which the parents entered 
the labor force, and the educational attainment of their parents, as well as of their grandparents.
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|  629

One explanation offered for this effect is that parents who themselves were sent to work as 
children view child labor as the social norm (Wahba, 2006). Thus, they feel no shame in sending 
their own children to work. The social cost (in terms of, for example, guilt and shame) of send-
ing a child to work is almost non-existent for them. Another explanation states that because the 
parents could not accumulate human capital in their childhood, they are trapped in a cycle of 
poverty and therefore have no choice but to send their children to work as well.

It has also been suggested that children choose to imitate their parents or that parents want 
their children to follow in their path. For example, having children help out on the family farm 
may be perceived as an important value by the parents, who may want to pass that value on to 
their children (Bhalotra & Heady, 2003).

The effect of parents' experience on their children's choices has also been examined in studies of 
intergenerational transmission of human capital, explaining why parents with higher educational 
levels have children with higher educational levels (Black et al., 2005); in studies of cultural trans-
mission such as that of Bisin and Verdier (2001), who showed that every parent always attempts to 
socialize his/her children to his/her own preference traits; and in studies of work–welfare attitudes 
across generations. These latter studies emphasize the influence that parents who received welfare 
benefits have on the attitude of their children toward receiving welfare benefits. These children tend 
to be more exposed to information about the welfare system than to that about the labor market 
(Lochner, 2008). Borjas and Sueyoshi (1997) found that 80% of the difference in welfare-participation 
rates between two ethnic groups in the parental generation was transmitted to their children. This 
cultural transmission can also be seen in Kahn and Anderson (1992), who found that a teenage girl's 
chance of becoming pregnant increases if she was born to a teenage mother.

This paper proposes a theoretical model of intergenerational transmission of child labor, ex-
plaining how parents who worked as children are more likely to send their children to work. 
The model seeks to combine the idea of intergenerational transfer of behavior (examined in 
Epstein, 2007, for the case of religion) with the parents' decision between child labor and school-
ing (examined in Epstein & Kahana, 2008). We analyze how parents' behavior is influenced by 
their childhood, including their own parents' choices and the culture and social norms of the 
environment in which they grew up. The exposure of children to the choices, characteristics and 
behavior of their parents and others in their environment increases the likelihood that they will 
adopt similar patterns of behavior when they become adults.2

The parents' child labor decision is affected by the time allocation between labor and school 
that characterized their own childhood. In other words, the social norms when the parents were 
growing up will affect the choices they make for their own children. It is unusual for child labor 
to exist as the exception; rather, it usually exists as a widespread and accepted phenomenon in 
a particular social environment or ethnic group. Therefore, not only is child labor viewed as 
acceptable behavior in these contexts, but also deviating from this norm might involve a social 
cost as punishment for “going against the tide.” Therefore, besides being influenced by their own 
childhood, parents are also assumed to have in mind an ideal allocation of their children's time 
between labor and schooling. This ideal allocation is determined by culture, social norms and the 
parents' preferences (see Epstein, 2007, for an example of the ideal level of a social trait in the 
case of religion).

This paper also explores the indirect effects of habit and social norms on the child labor mar-
ket, by examining their effects on adult wages, child wages and the substitution between adults 
and children, which are all factors in the determination of child labor prevalence.

Based on the findings of the model, we propose a policy that involves subsidizing adult wages 
to encourage parents to send their children to school (part-time or full-time).
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630  | KATAV HERZ and EPSTEIN

2  |   THE MODEL

Children are assumed to be born without well-defined cultural preferences, while parents are as-
sumed to have well-defined preferences over the cultural traits acquired and developed by their 
children (as in Bisin & Verdier, 2000; Epstein, 2007).

There are N identical households. Each household consists of two parents and two children. 
Parents are altruistic with respect to their children and determine their time allocation between 
labor and schooling. Parents are unskilled and always work, while children can be sent to work 
and/or to school. The utility function of the household is based on the Stone–Geary utility func-
tion (see Basu & Van, 1998; Epstein & Kahana, 2008), whereby the parents send their children to 
work only if the household's income is less than or equal to the subsistence level:

where cp is the consumption of the household and sp is the subsistence level of income. Consumption 
is equally divided between parents and their children. The basic assumption is that parents value 
education (as in Basu & Van, 1998), and therefore the utility from consumption depends positively 
on the proportion of a day that the children dedicate to schooling. We denote a full workday by unity. 
ep ∈ [0, 1] is the proportion of the day that a child works, which is decided by his/her parents. The 
child goes to school for the rest of the day, 1 − ep.

Parents have in mind an ideal proportion of the day that their children should be working, eI,
which is based on social norms, culture, tradition and personal preferences. 

(
eI−ep

)2 is the par-
ents' disutility when the proportion of the day that their child works, ep, differs from their ideal 
proportion, eI. The disutility stems from the parents' disappointment at not achieving their ideal. 
The choice of the parents is also affected by the proportion of the day that they worked during
their childhood, eg (which was chosen by their parents). a

(
eg−ep

)2 is the parents' disutility when
ep differs from eg. This is due to the fact that the decision to send their children to work is also 
dependent on culture, tradition and social norms. Deviation from the existing social norm leads 
people to feel shame, guilt, pangs of conscience, and so on. a is the measure of their disutility 
from a deviation.

The parents choose ep in order to maximize utility, U, subject to the household's budget 
constraint3:

Like Basu and Van (1998), we assume that adults always work and that an unskilled adult and 
a child are perfect substitutes in production. Therefore, wA is an adult's wage, and wc is a child's 
wage, where wc = �wA and 0 < 𝛾 < 1 is an adult equivalency correction.

The demand for labor by firm i which produces X  is

where Ai and Ci are the number of adults and children employed in firm i, respectively. We assume 
that f′ > 0 and f″ < 0. The price of X is 1.

(1)Up =

{(
cp− sp

) (
1−ep

)
−
(
eI−ep

)2
−a

(
eg−ep

)2
, ifcp≥ sp,

cp− sp, ifcp< sp,

}

(2)cp = 2wA + 2�wAep.

(3)f � (X ) = f �
(
Ai + �Ci

)
= min

(
wA,

wC
�

)
,
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|  631

There are nidentical firms and wA = wC∕�. Therefore, the aggregate demand for adults, DA, 
and the aggregate demand for children, DC, can be solved from

The optimal proportion of the day that a child works, ep, as chosen by the parents, is

eI has a positive effect on the decision of the parents. In other words, parents will choose to 
send their children to work for more hours in a day as eI increases:

eg has a positive effect on the parents' decision:

Thus, parents will choose a higher number of work hours for their children, that is, a higher 
e∗p, the more hours they worked during their own childhood, that is, the higher is eg, which is 
consistent with Wahba (2006).

The adult wage, wA, has a negative and increasing effect on child labor:

In other words, the proportion of a day worked by a child, e∗p decreases with the adult wage, 
wA, and at an increasing rate. For the proofs of Equations 8 and 9, see Appendix A.

If wA is sufficiently high or sufficiently low, then the parents will choose that the child not 
work at all or work a full day, respectively (corner solutions):

(4)f �
(
DA + �DC

n

)
= wA =

wC
�
.

(5)e∗p =
2wA (� − 1) + sp + 2eI + 2aeg

4�wA + 2(a + 1)
.

(6)
𝜕e∗p

𝜕eI
=

2

4𝛾wA + 2 (a + 1)
> 0.

(7)
𝜕e∗p

𝜕eg
=

2a

4𝛾wA + 2 (a + 1)
> 0.

(8)
𝜕e∗p

𝜕wA
=
2 (𝛾 − 1)

(
4𝛾wA + 2(a + 1)

)
− 4𝛾(2wA (𝛾 − 1) + sp + 2eI + 2aeg)

(4𝛾wA+2(a+1))
2

< 0,

(9)
𝜕2e∗p

𝜕w2
A

> 0.

e∗p
�
wA

�
=

⎧⎪⎨⎪⎩

0, if
2wA (�−1) + s+2eI +2aeg

4�wA+2 (a+1)
≤0→2wA (�−1) + sp+2eI +2aeg ≤0→wA≥

2eI + sp+2aeg

2 (1−�)
,

1,if
2wA (�−1) + s+2eI +2aeg

4�wA+2 (a+1)
≥1→2wA (�−1) + sp+2eI +2aeg ≥4�wA+2a+2→wA≤

2eI + sp+2aeg−2a−2

2 (�+1)
,
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632  | KATAV HERZ and EPSTEIN

that is,

while

As shown in Figure 1, the aggregate labor supply of adults, SA, and of children, SC, in the case 
of wA ≥ wAis perfectly inelastic and only the 2N adults will work, and children will only go to 
school, that is, e∗p = 0, such that SA = 2N , SC = 0.

The aggregate labor supply of adults and children in the case where wA ≤ wA is perfectly in-
elastic at the level of 2N(1 + �) and includes all 2N adults and all 2N children, who work a full 
day, such that SA + SC = 2N(1 + �).

The aggregate labor supply of adults and children in the case where wA ≤ wA ≤ wA is de-
creasing and convex in the adult's wage and includes all 2N  adults and part of the child labor 
supply.

Labor market equilibrium is located at the wage w∗
A
= wC∕� such that 

DA
(
w∗
A

)
= SA = 2N and DC

(
w∗
A

)
= SC(w∗

A
) = 2N�(w∗

A
)and there are three possible equilibria: 

A, B and C. A and C are stable, while B is unstable.
We now examine the effect of the parents' ideal level of child labor, eI, on labor supply.

(10)e∗p
�
wA

�
=

⎧
⎪⎨⎪⎩

0, ifwA=
2eI + sp+2aeg

2 (1−�)
,

1,ifwA=
2eI + sp+2aeg−2a−2

2 (�+1)
,

(11)wA =
2eI + sp + 2aeg

2 (1 − 𝛾)
> wA =

2eI + sp + 2aeg − 2a − 2

2 (𝛾 + 1)
.

(12)
dwA
deI

=
2

2 (1 − 𝛾)
> 0,

(13)
dwA
deI

=
2

2 (𝛾 + 1)
> 0,

F I G U R E  1   Multiple equilibria 
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|  633

since

Proposition   An increase in the parents' ideal level of child labor, eI, will increase bothwA and 
wA , as well as the gap between them.

In other words, the higher is the parents' ideal level of child labor, the higher the adult wage 
will have to be for the working child to start going to school part-time and to leave the labor force 
completely. Thus, parents have their child work a full day up to a higher wage than before, and 
children leave the labor force at a higher wage than before. Moreover, the gap between wA and wA 
widens since wA increases more than wA. In other words, the wage at which children are taken 
out of the labor force increases more than the wage at which parents start sending their working 
children to school part-time. The same is true for an increase in eg, the extent to which the parents 
worked in their childhood.

Proposition   An increase in the workday of the parents when they were children, eg, will in-
crease bothwA and wA, as well as the gap between them.

These two effects can explain Bhatty’s (1998) finding that two populations with identical 
wealth achieved different literacy rates. In other words, if parents in a society were child laborers 
themselves and have a high ideal level of child labor, it will take a higher level of income in order 
to shift their children from the labor market to school.

The effect of the weight a that the parents attribute to the disutility of deviating from what 
they experienced in their childhood (eg − ep) on the supply of labor is

In other words, the higher is a, the higher will be the wA at which the parents stop sending 
their children to work. Despite the increase in the parents' utility due to more schooling, a higher 
adult wage is needed to compensate for the loss of the child's income:

The higher is a, the lower will be the wA up to which the parents will send their children to 
work full-time. This is because the child wage does not compensate the parents for the greater 

(14)
d(wA − wA)

deI
> 0,

wA−wA=
2eI + sp+2aeg

2 (1−�)
−
2eI + sp+2aeg−2a−2

2 (�+1)

=
(�+1)

(
2eI + sp+2aeg

)
−(1−�)

(
2eI + sp+2aeg−2a−2

)

2 (1−�) (�+1)

=
2�

(
2eI + sp+2aeg

)
+2 (1−�) (a+1)

2 (1−�) (�+1)

=
�
(
2eI + sp+2aeg

)
+(1−�) (a+1)

(1−�) (�+1)
.

(15)
dwA
da

=
2eg

2 (1 − 𝛾)
> 0.

(16)
dwA
da

=
2(eg − 1)

2 (𝛾 + 1)
< 0.
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634  | KATAV HERZ and EPSTEIN

negative effect of deviating from eg (due to the higher a) and since parents have positive utility 
from schooling they also send their working children to school (part-time) at a lower level of the 
adult wage (and thus lower child wage) than previously.

Proposition   As the importance the parents attribute to the deviation of their child's labor 
from their labor experience as a child(eg − ep) increases, the greater will be the range ofwA 
in which𝜕e∗p∕𝜕wA < 0.

In other words, the larger is a, the higher will be the threshold adult wage at which there is no 
child labor, wA, and the lower will be the maximal adult wage at which children work a full day, 
wA, and therefore the gap between them will increase:

since

We now turn to the effect of the adult equivalency correction � on the labor supply. An in-
crease in � raises wA and reduces wA, and therefore the gap between them increases. In other 
words, since the child wage has increased relative to an adult's, the adult wage at which the 
parents can afford to also send the working child to school (part-time) is now lower. Parents can 
now afford schooling at a lower wage than before. However, the adult wage at which the parents 
would remove the child from the labor market is now higher since it is necessary to compensate 
for the greater income loss if they do so.

Proposition   The greater the similarity between adult and child wages (because parents are un-
educated), the lower will be the subsidy to the adult wage that is needed in order to encourage 
parents to begin sending their working children also to school (part-time), but the higher will 
be the subsidy needed in order to completely remove the child from the labor market.

Proof   We have

(17)d(wA − wA)

da
> 0,

wA−wA=
2eI + sp+2aeg

2 (1−�)
−
2eI + sp+2aeg−2a−2

2 (�+1)

=
(�+1)

(
2eI + sp+2aeg

)
−(1−�)

(
2eI + sp+2aeg−2a−2

)

2 (1−�) (�+1)

=
2�

(
2eI + sp+2aeg

)
+2 (1−�) (a+1)

2 (1−�) (�+1)

=
�
(
2eI + sp+2aeg

)
+(1−�) (a+1)

(1−�) (�+1)
.

(18)e∗p
�
wA

�
=

⎧
⎪⎨⎪⎩

0, ifwA≥
2eI + sp+2aeg

2 (1−�)
=wA,

1, ifwA≤
2eI + sp+2aeg−2a−2

2 (�+1)
=wA,

(19)
dwA
d𝛾

=
2eI + sp + 2aeg

2 (1−𝛾)2
> 0,
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3   |   CONCLUSIONS

We focus on the effect of parents’ childhood work experience in the determination of their chil-
dren's time allocation between labor and schooling. We also examine the effect of the parents' 
ideal level of child labor (as determined by social norms and culture) on the prevalence of child 
labor. We assume, as in Basu and Van (1998), that parents value education and we analyze the 
effect of the parents’ childhood work experience and ideals on equilibrium in the labor market 
as well.

We find that parents who worked during their own childhood will have a greater tendency to 
send their children to work, and the same is true in societies where parents have a higher ideal 
level of child labor.

In societies with a stronger ideal of child labor or in which parents worked in childhood, a 
higher adult wage will be needed to reduce child labor (whether the children work part-time or 
full-time). In other words, the threshold adult wage at which working children begin to attend 
school part-time will be higher, as will the adult wage at which the child leaves the labor force 
completely. This can explain how two societies with the same income level might arrive at differ-
ent levels of literacy and different levels of child labor.

We also find that the greater the importance parents attach to a deviation from their own 
childhood work experience, the lower is the adult wage at which they will begin sending their 
working child to school part-time. Therefore, a policy aimed at encouraging them to send their 
working children to school will require a lower subsidy to adult wages. However, a larger subsidy 
will be required to remove the child entirely from the labor market, since the adult wage at which 
parents will send their children only to school is higher in this case.

In populations where children's abilities in the labor market are more similar to those of their 
parents (because parents are uneducated), parents will begin sending their working children to 
school part-time at a lower adult wage; however, the wage at which they completely remove the 
children from the labor market will be higher. This argues in favor of a policy that increases the 
adult wage only (such as a wage subsidy or a minimum wage mechanism for adults only).

In conclusion, policies aimed at reducing the prevalence of child labor should consider the 
effect of tradition, social norms and culture on child labor; otherwise a policy's effect may vary 
from one population to another even when they have the same income level.
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ENDNOTES
	1	 Margo and Finegan (1993) claimed that a change in social norms was responsible for the decreased participa-

tion of black teenagers in the labor force between 1950 and 1970 in the American South.

(20)
dwA
d𝛾

= −
2eI + sp + 2aeg − 2a − 2

2 (𝛾+1)2
< 0.
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	2	 Bell et al. (2017) found that exposure to innovation during childhood is a critical factor in determining who 
becomes an inventor. Moreover, children whose parents or parents’ colleagues held technological patents were 
more likely themselves to obtain patents in the same field.

	3	 For simplicity, we assume that the only cost of schooling is the child's lost wages, as in Epstein and Kahana (2008).
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APPENDIX A
Proof of Equation 8: We have 𝜕e∗p∕𝜕wA < 0 if

that is, if

Since 0 < 𝛾 < 1, if S > 1 then

Therefore, 𝜕e∗p∕𝜕wA < 0 for every positive sum of the social norm effect and the dynasty effect 
(aeg + eI ).

However, if 0 < Sp < 1 then 𝛾
(
1 − Sp

)
+ a (𝛾 − 1) − 1 < 0. This is because 𝛾

(
1 − Sp

)
< 1 anda (𝛾 − 1) < 0.

Therefore, 𝜕e∗p∕𝜕wA < 0.
An alternative proof that 𝜕e∗p∕𝜕wA < 0 if

2 (𝛾 − 1)
(
4𝛾wA + 2(a + 1)

)
− 4𝛾(2wA (𝛾 − 1) + sp + 2eI + 2aeg) < 0,

2 (𝛾 − 1)
(
4𝛾wA + 2(a + 1)

)
< 4𝛾

(
2wA (𝛾 − 1) + sp + 2eI + 2aeg

)

8𝛾2wA + 4𝛾a + 4𝛾 − 8𝛾wA − 4a − 4 < 8𝛾2wA − 8𝛾wA + 4𝛾s + 8𝛾eI + 8𝛾aeg

4𝛾 + 4𝛾a − 4a − 4𝛾sp − 4 < 8𝛾(aeg + eI )∕4

𝛾 + 𝛾a − a − 𝛾sp − 1 < 2𝛾(aeg + eI )

𝛾 + 𝛾a − a − 𝛾sp − 1

2𝛾
< aeg + eI .

𝛾
(
1 − Sp

)
+ a (𝛾 − 1) − 1 < 0→

𝛾
(
1 − Sp

)
+ a (𝛾 − 1) − 1

2𝛾
< 0

𝛾(1 − sp) − 1 − 2𝛾eI

2𝛾eg + 1 − 𝛾
< a
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is as follows. If S > 1 then

For every positive a, if 0 < Sp < 1 then again

This is because 𝛾
(
1 − sp

)
< 1.

Proof of Equation 9: We have

From 0 we know that

Therefore,

𝛾
(
1 − sp

)
− 1 − 2𝛾eI < 0→

𝛾
(
1 − sp

)
− 1 − 2𝛾eI

2𝛾eg + 1 − 𝛾
< 0→

𝜕e∗p

𝜕wA
< 0.

𝛾
(
1 − sp

)
− 1 − 2𝛾eI < 0 and

𝜕e∗p

𝜕wA
< 0.

�2e∗p

�w2
A

=

⎛
⎜⎜⎜⎜⎝

0

⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞

8 (�−1) �−8� (�−1)

⎞
⎟⎟⎟⎟⎠

�
4�wA+2 (a+1)

�2
− 8�

⎛⎜⎜⎜⎝

+

⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞

4�wA+2 (a+1)

⎞⎟⎟⎟⎠

−

⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞

2 (�−1)
�
4�wA+2 (a+1)

�
−4�

�
2wA (�−1) + sp+2ei+2aeg

�

�
4�wA+2 (a+1)

�4 .

2 (𝛾 − 1)
(
4𝛾wA + 2 (a + 1)

)
− 4𝛾

(
2wA (𝛾 − 1) + sp + 2eI + 2aeg

)
< 0

𝜕2e∗p

𝜕w2
A

=

0 − 8𝛾

⎛⎜⎜⎜⎝

+

�����������������

4𝛾wA+2 (a+1)

⎞⎟⎟⎟⎠

−

�����������������������������������������������������������������������������������������������������

2 (𝛾−1)
�
4𝛾wA+2 (a+1)

�
−4𝛾

�
2wA (𝛾−1) + sp+2eI +2aeg

�

�
4𝛾wA+2 (a+1)

�4 > 0
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