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Abstract

There exists very general discriminations and mismatches for the old workers and poor workers. This paper built a
model to explain the reason of that phenomenon based on asymmetry information. A skilled worker may be mismatched
with unimportant jobs because of the social bias towards old workers and poor workers, in that situation, the expense
workers spend to become skilled will not be covered, which will be a big disincentive for workers to be skilled. The
disincentive will lead to less skilled workers, so the working performance of certain kinds of workers in the whole
society will be worse, which will confirm the discrimination. In that process, the expense to be skilled is a key factor.
And we also try to use that model to explain some phenomena, such as East Asian miracle and class solidification.

Keywords: asymmetry information, self-fulfilling discrimination, mismatch, Confucianism, self-esteem, patience, class
solidification

1. Introducation

Age discrimination and class discrimination are general stereotype discriminations all around the world (Shore and
Goldberg, 2005; Capuano, 2016). And those two discriminations usually intertwine with each other (Bastos et al., 2014).
In many industrialized countries, population is aging rapidly (McDaniel et al., 2015) and the gap between rich and poor
is growing (Saunders et al., 2016). So we need to pay attention to those two discriminations more than ever.

Aging is a process that will deteriorate working performance in most jobs (Antonenko and Fl&el, 2014). And being poor
will also affect the workers ability to become skilled (Becker and Tomes, 1979; Solon, 2004; Blumkin and Sadka, 2005;
Hassler et al., 2007a). So, some degree of discrimination against old workers and poor workers cannot be regarded as
irrational, especially when the exact information of each worker is costly and difficult to get (Gandy et al., 2016).

There are many paper discussing the effects of those discriminations (Kunze et al., 2011), but as far as | know,
researches analyzing the cause of discrimination are relatively fewer (Becker, 2010). In this paper, we introduce the
definition of discrimination as a rational choice under asymmetry information. Firm agents try to maximize their
expected profits by treating different types of working force when it is difficult or costly to get the exact information of
every worker.

The stereotype discrimination for the old workers and poor workers also has a risk of become self-fulfilling (Glover et
al., 2017). With asymmetry information, the Gresham’s Law will function to make matters worse (Akerlof, 1970).
Gresham’s Law can also be explained as ‘Bad money drives out good’. In the work force, that means, in a discriminated
group, a skilled and qualified worker will not be treated fairly. For example, there may exist a high probability that he
will be regarded as unskilled. That would be a huge disincentive for workers in this group to become skilled. As a result,
the proportion of unskilled workers in that group will grow. That will lead to a lower average skill of that group. Finally,
the discrimination for this group will be reinforce. Just as shown in Figure 1. Here we use old workers as the example.
In fact, it also applies to other kinds of vulnerable groups of workers, such as poor workers and wokers of some races.

The key problem is, skilled workers and rich workers are not always the same workers. Skill and high wage have a
positive relation but that is not a one-to-one match. Mismatch is a common thing in the labor market (Leuven et al.,
2011). One of the purpose of this paper is to explain why this mismatch will exist and discuss the position of
equilibrium by considering relative factors. We begin from skill of workers and then we will discuss wage part.
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Figure 1. The self-fulfilling mechanism for old workers
Source: Drawn by the author

There are a lot of researches try to find the factors that determines the proportion of skill workers in the whole
workforce. Some try to build self-fulfilling mechanisms to solve that problem (Hassler et al., 2007a; Arawatari and Ono,
2009, 2013). And the key in a self-fulfilling mechanism is usually expectation of agents. That is, people’s expectation of
the future will change the future. Most of those studies are interesting and thought-provoking. Those researches focus
on the impact of redistribution policy and are convincible when they talk about welfare states like some North European
countries and compare those countries to other developed countries with less welfare (Arawatari and Ono, 2015). But
when we focus on developed countries with less welfare, like America, and try to find the factors that determine the
proportion of skilled workers, redistribution policy may not be the single most important factor. So, we tried to solve
that problem by focus on discrimination and mismatch in labor market.

In this paper, we followed the idea in the model of Arawatari and Ono (2015). That is, workers have a second chance to
choose whether to be skilled or not. Examples of educational investment in the later stage of life include part-time study
at university, job-training programs, and so on (Arawatari and Ono, 2015).

In addition, there are several questions can be solved by our model in through a new and interesting approach although
some questions have been discussed by previous studies. First, what is the economic reason that some workers choose
not to be skilled when it is economically available and seems profitable? Second, what is the economic reason of the
personalization in education and training? Third, what determines the evolution of a certain type of workers’
performance? Fourth, what determines whether the discrimination for certain type of workers will deteriorate? Fifth,
what is the relationship between the Confucianism and East Asian economic miracle? Finally, why in most developed
countries, after the second world war, experienced a decline of social mobility?

Those questions need further discussion in an improved model. Based on the existing self-fulfilling models, we try to
make some reasonable improvements.

First, we loosened the financial constrains and focused on workers’ trade-off between current consumption and expected
returns in the future. Some of previous models are based on the constraint of workers income and trey assume no loan
to support poor workers to finish their education and training (Arawatari and Ono, 2015). Those assumptions are true in
many developing countries. However, in most industrialized countries, student loans and other loans are very prevailing
(Avery and Turner, 2012), which means workers choose to be skilled or not for some other reasons. For example, in
many European countries, as the social welfare and education system is getting better and better, many young people
choose to go to go to college or not and choose how much education to get not based on economy constraint, but based
on their own expectations of future and the discount factor. Getting higher education is usually possible but not always
profitable. So, our model need to make plausible explanations to that.

Second, the introduction of asymmetry information. In the previous studies on this subject, the cost of information is
usually ignored, and every agent is deemed as omniscient like god. Such assumptions will certainly make it hard to
explain problems like job mismatches in the labor market, and why someone refuse to become skilled even if being
skilled seems profitable at first sight. In this paper, on firms’ side, we make a clear distinction between overall
information and information of individual workers, the cost to get former is negligible, but the cost of latter is usually
too high. On workers’ side, we try to explain the workers choice to be skilled or not by asymmetry information and
discrimination. That is, workers have expectations of the future and they know even if they are skilled, they may not be
treated fairly.

Third, we put an emphasis to individual inherent differences and make more delicate divisions, based on individual gifts
and on individual costs. Former studies usually assume all workers are with the same intelligence. And given other
things, such as wealth status equal, the costs they will need to pay to become skilled are the same (Arawatari and Ono,
2015). In the real world, however, some intelligent students can get scholarship to cover their school expenses and they
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need less effort to become skilled workers. Some others do not have that advantage and need to pay more money and
effort to become skilled. That phenomenon will certainly affect the choices of students and workers. Some papers make
division like ‘high ability group’ and ‘low ability group’, but workers in each group are still identical (Hassler et al.,
2007b). In this paper, we take a step further by introducing a continuous distribution of expense a worker need to
become skilled, which correspondent with their intelligence.

Fourth, we introduced a new situation where former studies had hardly reached. That is, if a worker was trusted with an
important job but he fails, what will happen to him and to the firm? This situation is correspondent with asymmetry
information. That is, firms can make mistakes because they use overall information to judge workers in the same group.
That situation usually happens in the really world but is hardly touched by previous self-fulfilling mechanisms. This
situation is important because it can determine both firms’ and workers’ choices. In that situation, we take the
externality into consideration. This paper assumes a worker’s failure will affect other workers’ performance, and this
loss will be higher if the failed old worker has been given more trust. For the failed worker, he will suffer humiliation,
which can be regarded as a negative utility. Like the mechanism demonstrated in Max Weber’s Protestant Ethic and the
Spirit of Capitalism (Weber, 2002), Confucianism stresses the traditional boundaries of ethical responsibility (Park and
Chesla, 2007), which will make that humiliation effect stronger in East Asian countries. We will show how that will
relate to East Asian miracle (Liang, 2010) in a new way.

In a word, this paper combines several different fields of studies, such as asymmetry information, adverse selection,
externality, opportunity cost, time cost, Cobweb Theorem, intergenerational mobility, behavioral economics and cultural
economics. We also brought some ideas from psychology into our paper, such as self-esteem (Maslow, 1943). With all
those efforts, we hope this paper can provide more plausible explanations about the workers’ performance and wages
and provide some inspiration to latter researchers.

The organization of this paper is as follows. Section 2 explains how the self-fulfilling mechanism functions in each
group. Section 3 provides the characterization of partial equilibrium and examines the effects of some key factors.
Section 4 provides the general analysis and makes some discussion on subjects like class solidification. Section 5
provides concluding remarks.

2. The Model

Consider a discrete time economy where time is denoted by t=0,1, 2,.... The economy is made up of overlapping
generations of individuals. In each period t, first, the firm act according to the general skill level of workers in current
period t. Then, the workers can observe the overall attitude of the firm and make their decisions about their education
and training in the current period t, considering their future expected utilities in period t + 1.

Before moving on, | would like to make clear about the usages of some important concepts in the paper. Some concepts
will represent specific meanings to explain specific situations. If the reader feels lost when reading the latter part of the
paper, maybe he can look up for the definitions of the concepts in that part.

a. Important task. In the paper, the word ‘important task’ refers to the tasks with some difficulty and the gain from
completing it is high. It can be completed if and only if this individual is skilled. This task cannot be completed by
an unskilled old worker, however. And these tasks will involve cooperation with other workers. In those task, one
worker’s failure will do harm to others’ work. That is, there exist negative externality. The more a worker is trusted,
the more others will cooperate with them, and the higher that negative externality will be if he fails, an extreme
example is Barring Bank collapsed due to one of its head derivatives trader’s mistake (Greener, 2006). Important
task is usually associated with honor and the worker will feel humiliated if he fails an important task.

b. Expense to be skilled. In the paper, an old worker can become skilled at the expense of his time, money and so on.
Here | must make it clear that this expense not only includes financial expense but also non-financial expense such
as more intention paid to the work or less time with their family. These expenses are sunk cost and can’t be taken
back. This kind of expenses are different among workers. Some workers need very low expense to become skilled
because of inherent good gifts and good physical and mental health. Some need very high high expense to become
skilled because of inherent poor gifts or poor physical and mental health. Most old workers are continuously
allocated between the two extremes.

c. Discrimination. The word ‘discrimination’ in economics is an economic concept instead of a moral concept, a
group concept instead an individual concept. In economy, discrimination means distinguishing. And that is an
attitude to a whole group of workers. In a simpler word, the firm will treat each group of workers differently. In this
paper, discrimination means regarding the old workers group and poor workers group as unskilled groups and to
allocate fewer important tasks to them.

d. Trust. To avoid confusion, we sue ‘trust’ instead of ‘discrimination’ here to indicate the firm’s attitude to a single
worker. If a worker is trusted, important tasks will be allocated to him. If a group of workers are discriminated, less
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workers in that group will be trusted with important tasks.

e. High wages. As this paper focus on the changes in comparison and | assume all worker will get their basic wages
paid for unimportant tasks no matter he is skilled or not. So, the basic wage is out of the discussion. The wages
discussed in this paper refers to bonus paid for completing difficult tasks which need the workers to be skilled. In
the paper, the high wage is normalized to 1.

f. The critical expense. Being skilled involves an expense. In that paper, the expense is sunk cost. If the expense
makes a worker indifferent between being skilled or not, that expense is the critical expense. A worker with critical
expense is an indifferent old worker in his group.

g. Average skill. Average skill is not real skill of a worker but is an analysis tool in this paper. A worker can only
choose to be skilled or not. If he is skilled, his skill degree is 1. If he is unskilled, his skill degree is 0. The
proportion of skilled workers is also the average of their skill degree. The firm refer to that when making decisions.

h. Degree of trust. Workers in different age groups and wealth classes will be trusted in different degrees. That is,
some workers will be regarded as more possible to be skilled while others will be regarded as more likely to be
unskilled. Here we use the proportion of trusted workers in a certain group to represent that degree of trust.

i. Magnitude of extra loss. When workers fail important tasks, the firm will not get the income. What’s more, the
firm will also suffer an extra loss. That loss is caused by failure in cooperation with co-workers. The more a worker
is trusted, the more other workers will be willing to cooperate with him, and the more the loss will be if he fails.

In a word, the main source of the problem is that the firm and of the worker are very different. For a worker, he can be
in one of the two different conditions: skilled or not. And he has full knowledge of which condition he is, because that is
his choice. That is, ‘pay the expense’ is totally corresponding to skilled and ‘not pay the expense’ is totally
corresponding to unskilled. However, for the firms, it is too costly to get full information of every worker, so the firms
tend to judge a worker’s skill by the average skill of some group this worker belongs to.

In the previous studies, researchers usually assume the workers” expenses to be skilled is a fixed value and there is a
probability of succeed to become skilled. that is plausible in the past several decades. Because in the past,
standardization in education and training is very pervasive in industrialized countries. However, recently,
personalization of education and training becomes an obvious tendency all around the world (Pykett, 2009). Workers
can choose education and training more flexible, both in quantity and quality. High ability workers can become skilled
with less expense. Low ability workers can choose between paying high expense to be skilled or stay unskilled.

Because human capital need long-term accumulation and is relatively stable in a short time (Sunde, 2005), firms can get
some fixed information about current skill of each type of workers. We started from the firms in period t.

As mentioned above, the firm cannot get full information of each worker, the only information that the firm can get
easily is the average performance in each category. So, some skilled workers will not be trusted, and some unskilled
workers will be trusted. In the paper, the real problem is that there is a mismatch between tasks and workers, i.e. there
are some old workers who are skilled will not get the important tasks they want, and some important tasks are allocated
to unskilled workers. The mismatches can be shown in figure 2.

expense ) trust o

—> skilled —1————— succeed in important task
L sysucceed in unimportant task (mismatch)
no trust

workers— trust

—— failed in important task (mismatch)

L unskilleq———— succeed in unimportant task

no expense no trust

Figure 2. The mismatches in the labor force
Source: Drawn by the author

The firms are agents who pursuit of maximum profit. There are two Kinds of tasks with different degrees of difficulties
and importance. The degree of difficulties and importance are positively related. The firm decide if an important task
should be allocated to a certain worker. If a worker is allocated an important task, he will get the high wage, no matter
the task is done well or not. In the paper, | normalized that high wage to 1. The worker can do well in unimportant tasks
no matter he is skilled or not and he will only be paid the basic wage. Because the model focuses on the changes |
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normalize the basic wage to 0.

If the important and difficult task is well done, the firm will get a total income larger than the high wage, that is (1+x). ©
here refers to the mark-up ratio of the firm. Because the high wage is normalized to 1, @ is also the net profit of the firm
after the high wage is paid. However, if the old worker fails to fulfill the important task, the firm will get nothing, but
the firm still must keep the engagement and pay the old worker high wage 1.

What’s more, the firm will suffer a loss due to the negative externalities of the failure. And the magnitude of the
negative externalities will be multiplied by the degree of trust which this worker group get. Here the degree of trust is
the probability a worker is allocated important skilled. Here we use p, to denote that probability and degree of trust,
and Ip, to denote the extra loss besides paying wages for failed tasks. So, the total loss should be (—1 — Ip,).

Why the loss is positively related to the degree of trust need to be explained further here. In evolutionary game theory
and experimental economics, the notion of trust is much simpler: it is an expectation about another’s behavior. And trust
plays an important role in fostering cooperation (Acedo and Gomila, 2013). The higher possibility a certain kind of
workers is allocated important task, namely the more trust the firm place on that kind of workers, will raise other
workers’ expectation about that kind of workers. Then more workers will be willing to cooperate with them and they are
more likely to be placed at crucial position, like head derivatives trader, and there will be a closer relationship between
their work and others’, if they fail, the loss will be heavier (Greener, 2006). Although there will also be a positive
externality if the old worker has done his important task well, the positive one is often relatively small, especially
comparing to the negative one if he fails. So, the positive externality is not included in the discussion.

Human capital can’t be accumulated in a short time, so we assume in period t, the group of workers have an average
skill s;. And s, will not change in period t.

Firms can get average skill of certain workers’ group through methods such as sample surveys, which do not involve
expensive costs. Because we have s, fixed, so the firms can get that as certain information. The firm can maximize its
profit function by choosing whether to allocate important tasks to each individual or not.

In our paper, all workers are divided into 6 groups: students in rich family, students in poor family, young worker with
important task, young worker with unimportant task, old worker with important task, old worker with unimportant task.
The students and their old worker parents are simultaneous. We will discuss the transactions among those groups more
specifically in section 4. Readers who are confused about the division can refer to Figure 9 first. For simplicity, in the
following discussion, we collectively call those workers and students as ‘worker’.

As there are many workers in each group, and all the workers in one group are regarded as the same by the firm
according to our assumption. The firm need to decide a proportion of workers to be allocated important tasks in each
type. That proportion is the same to the probabilities that one worker is trusted with important task, that is p;.

The firm’s expected net profit is given by:

E(profit), = p{ns; + (=1 = lp)(A —=5)}+ (1 —p) * 0

= pemtsy — pe(1 =5, — p2l(1 = 5,) @
p: here means the proportion of workers that are trusted with important tasks. If we deem the total number of that kind
of workers (such as old poor workers) as 1, p; here is also the total amount of workers being trusted in that group
(such as old poor workers). m is the profit the firm can get if the important task is successful. s, is the average skill
level of workers in that group, and it is also the possibility of success. (—1 — Ip,) is the total loss of the firm,
including paying wages for nothing and extra loss due to failure in cooperation. (1 —5,) is the possibility of failure.
(1 — p,) means the proportion of workers that are not trusted with important tasks. According to our assumption, firms
will get no profit and no loss from unimportant tasks.

We use p,* to denote the ideal proportion of old workers to be allocated important tasks, for this proportion can
generate the maximum expected profit.

0E fit - - —
% =ms; — (1 —5;) — 2pl(1 —5¢) (2)
If mx5 —(1-5) <0, thatis 0<5, <= ZETD<0 when p, € (0,1). S0, p,* = 0.
t

If m+s,—(1—75,) > 0, we need further discussion:

. 1 21+1 — —
(i) 0<-<irnm SSesL(m+1+2D5 >20+1,
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x5, —(1—5,) > 211 —5.)>21(1 = 5)p,, "E(“a—p“” >0 when p, € (0,1). So, p;* = 1.
t
.. — 20+1 9%E(profit), — . . N
— < o7Elprofite _ _ _
(i) 0<i—<5 el = 1, because ) 2l(1 —s.) <0, the firm will choose p,* to make
DGR _ 1, — (1-5,) — 2pe(1~5) = 0,
t
s__m™ _m
pe = 21(1-5p) 21 (3)
In a word,
j 0, 0<5, <—
1+m
. _ -\ _ ™ _ n_+1 L — 21+1
P’ =f(5) = 20(1-5p) 2L’ T =St < oo (4)
1, 2 <5, <1
T+21+1
L - 21+1 =y T 1 me=y T 2
When 1+ sse < n+zz+1‘f () = 2" (1-5¢)2 >0,f"(s0) = 2" (1-5¢)3
*
Pt
/N
| R SO
0 > 5,
1 21+1 1
1+m (m+1+20)

Figure 3. The illustration of function p,* = f(s;)
Source: Drawn by the author

I assume workers are rational agents and a worker has a trade-off between becoming a skilled worker or not. However,
that decision must be made in the previous period because human capital needs time to develop. As there are so many
workers in the labor market, every single workers’ decision will not change any property of that market. And every
worker doesn’t know other workers’ decision when he makes his own.

Human capital can be regarded as commaodity with extremely long production cycle. So, the Cobweb Theorem can be
applied here. Cobweb Theorem explains why prices might be subject to periodic fluctuations in certain types of markets.
It describes cyclical supply and demand in a market where the amount produced must be chosen before prices are
observed. Producers’ expectations about prices are assumed to be based on observations of previous prices (Ezekiel,
1938).

Here to apply the Cobweb model we must do some extension. In our model, the wage for important tasks is fixed and
there is only the probability of being trusted with important tasks. This probability can be deemed as average price for
labor. The higher the probability is, the more workers are willing to make some expense to become skilled.

The firm will probably discriminate the old worker by not giving him important tasks but that is not sure. There are
many personal and opportunistic factors that may affect the outcome. For example, if the old worker has some good
friends in the firm’s managers, the firm will be clearer about his abilities and attitudes and perhaps will make a choice
more based on his real abilities. There are so many such factors and they are random in the future period t. So, | should
treat them as random disturbances. But the portion of workers who are allocated important task p,_,* is decided.
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The information is asymmetry: The old worker can get nearly full information about the attitude of the firm before he
decides what to do. He will know the exact probability of being discriminated in period t-1. However, he will not know
whether he will be discriminated or not in period t for sure because all he gets is just an outdated probability. A firm can
get information about the general skill level of workers, but getting each individual’s exact skill level is too costly.

In the beginning of a period, the worker must decide whether to be skilled or not. If he has made his choice, he cannot
change it. This assumption is based on the following fact: the time and money they spend on training are sunk costs. If a
worker first decides to be skilled then he regrets for his choice, he will find it is too late. The expense to be skilled is
denoted by e.

The workers with important tasks are usually respected by the society, that make them value their reputation. If a
worker fails an important task, especially when his incompetence becomes a common knowledge, he will feel
humiliation. Hierarchy of needs theory suggests that esteem needs is an important need for human being (Maslow,
1943). Although this phenomenon is hardly discussed in economic studies, it may even cause serious psychology
problems (Brodsky, 1971). Because Confucianism stresses the traditional boundaries of ethical responsibility (Park and
Chesla, 2007), the humiliation effect due to incompetence in the East Asian countries will heavier. The humiliation
coefficient A reflects the negative utility if he fails. A is highly related to the culture, and in the same culture, all old
workers have similar humiliation factor, while it differs greatly in different cultures.

Because workers pay the expense in the previous period, we need to introduce the discount factor p € [0, 1] to
transfer that expense into current period value. Higher B means more patience. The discount factor here reflects
individuals’ patience, which also has a close relation with culture. For example, Confucianism stresses moderation and
patience (Chen and Chung, 1994), namely, pays more attention to the future. That means a bigger .

We assume a skilled worker, if doesn’t get important tasks in a period, will not get any advantage in becoming skilled in
the next period. That assumption will make the utility in each period independent to each other.

So, the decision of the old worker in period t — 1 is made through three steps.

a. He will get the probability of being given important task p,_;* and not being given important task (1 — p,_;).

b. He will calculate the expected utility when he becomes skilled V¥ and when he becomes unskilled V¥. p here is
the discount factor, reflecting patience of that worker, 0 < 8 < 1, implying the same amount of expense in period t —
1 worth more than in period t.

Ve =pea" — Q)

™|

p:—1" here is the expected return from high wages for being trusted with important tasks. e is the expense to be skilled.
Because it need to be paid one period before, so it should be discounted to current value.

V¢ =pi1"(1—-24) (6)

p:—1" here is also the expected return from high wages for being trusted with important tasks. 1 is the wage he gets
from the firm. But as he failed the task, so it is shameful to receive that kind of money. A here reflects how proud he is.
If he is care about his fame, that failure will make him feel bad. So, a proportion of positive utility brought by the high
wage will be cancled by this bad feeling.

c. He will compare the expected utility of being skilled and not being skilled, and then he makes the choice.

Ve =V =Apea” — =
B
The workers must spend different expenses to be skilled. We assume these expenses satisfies uniform distribution

between 0 and 2e. The probability density function is given by:

()

g(e) = e €0,2e] ®
If
*_ & _
Ape—1” =5 =0 (9)
He will be indifferent. The indifferent old worker has the critical expense:
e’ =APpe_1" (10)

If e < e*, he will choose to be skilled.
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Ife> e*, he will choose to be unskilled.
Then the average skill, namely, current proportion of skilled workers is:

ABpe-1" . _ 2e
—,0<p, <=
5,= [P Lge=] *° Pt =3 (11)
t = Jo 2e - 1" > 2e
yPt-1 8
f(e)
0 :_ > e

e =Appi-1’ 2e

Figure 4. The choice of workers
Source: Drawn by the author
3. Equilibrium Analysis

Definition 1. An equilibrium is a sequence {s;};=,with the initial condition s, € [0,1] and time invariant average
expense to be skilled e>0 that:

a. The proportion of old workers allocated important task is given by Eq. (4).
b. The current proportion of skilled workers is given by Eq. (11).

Assumption 1 1 € (0, é)

Here, we assume 1 € (0, é) to exclude the extremely high self-esteem or no self-esteem.

If ABp._" > 2e, that means all workers will choose to be skilled. Because 0 < p,_,* < 1, to make that possible, at
least we need Af > 2e. This means either the worker has relatively high self-esteem that he can’t afford to be
humiliated, or the average expense to be skilled is relatively low, or he has more patience.

If we substitute p,_,* in (11) with (4). Under the condition A8 > 2e we get

- 1
0' 0 < St—1 < m
s =B T T+1 1 _
R b e e — 12
t e [21(1_§t_1) 2 1, Tin <51 <Q (12)
1, 0<5,.,<1
a=1 i
T T 2  mtl,
2+

Lemma 1. When % > 1, there are two stable steady-state equilibria:

Et = Oﬁpt* = 0;
se=1LpS =1

And an unstable stable steady-state equilibrium:
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bt = T T+ 1
SE=EPe T ey 2

© = 4el — mAf — AB + (42l — AB — AB)?* + 16elB A
B 8el
Proof 1. From E.q.(12), E.q.(4) and the figure 5, it is easy to find the two stable steady-state equilibria.

L3 s =Mt
when o S Se-1 < Q, s = = * [21(1_50 o ], we get
2l— _ 2l— — 2 2 2
5, = 4el-nAB /1,8+J(4el_m1,8 AB)2+16€1pA2 _ b>0 Pt = n o+l
sel 21(1-®) 21
The smaller s, is dropped because it is negative.
And we can find that steady state is unstable from the figure. Q.E.D.

Figure 5 illustrates the graph. The area marked by (L1) in Figure 8 indicates the set of parameters (A, 2;) satisfying the
condition above.

If we substitute p,” in (11) with (4). Under the condition 1 < Z’TE we get

— 1
0 0<5s; 1 <—
( ’ = ot-1 1+m
— AB ™ m+1 1 — 21+1
=< —=*|——— — <S5 <——
St 2e [21(1—st_1) 21 1, 1+ =1 ™ i+t (13)
) 21+1 —
_f, <s5_.1=<1
2e T+21+1
5
N
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Figure 5. Dynamic motion of the proportion of skilled old worker when % >1

Source: Drawn by the author
There are two scenarios which are illustrated in Figure 6 and Figure 7.

20+1
m+20+1’

Lemma 2. When 0 < % < there is only one stable equilibrium: s, = 0,p,” = 0.

Proof 2. From E.q.(13), E.q.(4) and Figure 6, it is easy to find there is only one stable equilibrium:
Et = 0, pt* = 0. Q.E.D.
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Figure 6. Dynamic motion of the proportion of skilled old worker when 0 <

Source: Drawn by the author

l A SeL s
2 2B 1, there are two stable equilibria:
T+21+1 2e

Lemma 3. When
Ef = 0, pf* = 0;

- B
St—ﬁ:Pt =1

And an unstable equilibrium:

o] — — o] — — 2 > 2
4el-mAB /113+J(4el_n/1ﬁ AB)2+16elBA >0,p," = T ml
gel 21(1-d)

E =0 =
t 21

Proof 3. From E.q.(13), E.q.(4) and Figure 7, it is easy to find there are two stable equilibria:

Et = 0, pf* = 0;
- B,
t= o3 Pe =
1 - 2041 — AB n m+1
—_ < = —
When T =Sl STy St T [21(1—§t) 21 1, we get
5, = 4el-AB—AB+/(4el-TtAB—AB)2+16elBA2 —®>0p, = m o mHl

gel 21(1-d) 21

The smaller s, is dropped because it is negative.
And we can find that steady state is unstable from Figure 7. Q.E.D.

Figure 7 illustrates the graph of the above scenario. The area marked by (L2) in Figure 8 indicates the set of parameters

(A, %E ) satisfying the condition in Lemma 3. The area marked by (L3) in Figure 8 indicates the set of parameters (1,

Z’TE ) satisfying the condition in Lemma 2.
From the analysis above, we can get the conclusion that there always exists a poverty trap which will make the

proportion of skilled workers become 0. In the situation of Lemma 1 and Lemma 3, a transitory change of s, can
overcome that poverty trap; in the situation of Lemma 2, the poverty trap can’t be overcome by transitory change of ;.
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Figure 7. Dynamic motion of the proportion of skilled old worker when ——
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Source: Drawn by the author

Assumption 2. The government will try to draw the economy out of the poverty trap. If any other stable equilibrium is
possible, the government will help workers escape the poverty trap through transitory policies.

For example, the government can compensate the expense to be skilled by providing public training program or giving
them subsidies for being skilled. In extreme situations, the compensation can be higher than the expense. But
continuous compensation costs too much that it is difficult for the national finance to support it.

The steady state equilibria here can reflect the tendency, but the positions in the equilibria are perfect states where the
economy can hardly reach in real world. There are two reasons. First, the formation of human capital is a long process
which usually falls behind the market. Second, any shock such as policy change and technology progress can easily
change the coefficients in our model.

We can illustrate the equation A = 2 oand A =22 28, 12 Gh the following figure to make the analysis
B L m+1+21 B m+1+21
. 2e 2e 1+21 .. 1 2e - .
easier. We can see 1 = i and A = % *mrieal divide the whole area (1 € (0, E) 5 € (0,4+00)) into three parts with

respective stable state equilibria:

(L1):z € (0,%5), all skilled, all trusted.

2

AL " mT+1+21

(L2)Z € (22,22« 222 part skilled, all trusted.,

T+1+21
2041 '

(L3):e e (L~ +o0), all unskilled, all not trusted.

For any given %E below —— + 1, higher 2 is related to higher probability of all skilled equilibrium (L1) or partial
skilled equilibrium (L2) and lower probability of all unskilled equilibrium (L3). In (L2), this means higher proportion of

skilled old workers: s, = %

This means in a society with high self-esteem culture will enjoy a higher proportion of skilled workers and trust workers
more. In Confucian culture, ‘face’ can be defined as an individual’s contingent self-esteem (Ng, 2001). An individual
will feel ’lose face’ when his failure was exposed in public (Hwang, 2006). This will contribute to a high proportion of
skilled workers and better wages for them in some east Asian countries, like Japan.

Other things being equal, a bigger discount factor § means a lower %E, so it is also related to higher probability of all
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skilled equilibrium (L1) or partial skilled equilibrium (L2) and lower probability of all unskilled equilibrium (L3). In
(L2), this also means higher proportion of skilled old workers: s, = %. Confucianism stresses moderation and patience

(Chen and Chung, 1994), namely, pays more attention to the future. That means a bigger B in Confucian countries.
This will also contribute to a high proportion of skilled workers and better wages for them in those countries.

A 2e 21
e 1+
A= B mei+2l
2e
A==
B
1
‘ I
(L2) '
() . |
I
| |
| |
(L3) ! (L3)
I I 2
n B
1 ﬁ'l‘l

Figure 8. Existences and properties of steady-state equilibria
Source: Drawn by the author
4. General Analysis

To take full advantage of our model, we will use our model to do some general analysis and try to find the transactions
among different types of workers: rich students, poor students, rich young workers, poor young workers, rich old
workers and poor old workers.

At first, we need to clarify how many periods in a worker’s whole life need to be considered. In this paper, we have
three periods: student period, young worker period and old worker period. The years before schooling and the years
after retirement are not included in our discussion.

The ‘rich’ and ‘poor’ mentioned above refers to workers status during a certain period, not at the beginning of a certain
period. And they are the results of being trusted or not in the beginning of a period. To avoid confusion, we must make
it clear that rich young workers mentioned above refers to the individuals, no matter rich students or poor students, that
are trusted with important tasks in the beginning of his young career and remain rich until the end of their young career.
And rich old workers mentioned above refers to the individuals that are trusted with important tasks in the beginning of
his old career and remain rich until the end of their old career, and their children are rich students. Vice versa.

In the student period, a student will make his choice on education and training based on his expectation of next period
(Sunde, 2005), which correspondent to his young worker period. In the young worker period, a young worker will make
his choice on education and training based on his expectation of next period, which correspondent to his old worker
period.

We assume each parent has a child in average. As we here discuss situations in developed countries where late marriage
and late motherhood are widespread in recent years (Retherford et al., 2001; Jones, 2007, 2012), we assume a parent’s
old worker period is correspondent to his child’s student period. That means a rich old worker is correspondent to a rich
student and a poor old worker is correspondent to a poor student.

Some researchers have found rich-born individuals have an advantage over poor-born individuals in being educated or
trained (Becker and Tomes, 1979; Solon, 2004; Blumkin and Sadka, 2005; Hassler et al., 2007a). For example, rich
agents may have a home environment more suitable for education, along with better knowledge of things naturally
provided to their children. In other words, comparing to the rich, poor individuals have disadvantages in those aspects.
Even a very high ability poor individual will be affected because he can do better if he is rich. In our paper, we use a
multiplier @ > 1 to measure that disadvantage. If a rich individual need to spend e to become skilled, every poor
individual with the same intelligence and age will have to spend P * e.

Similarly, Similarly, due to deteriorative health, individuals have an disadvantage in maintaining skill when they turn
old (McArdle et al., 2002). We use ¢@° > 1 to measure that disadvantage to maintain skill due to old age. If a student
need to spend e in his student period to become a skilled young worker, then a young worker with the same intelligence
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and wealth status will have to spend P = e in his young worker period to become a skilled old worker.
First, we set the rich students' average expense to be skilled young workers as standard: 2> = &,.

Then we use @P > 1 to measure the disadvantage due to poverty and @° > 1 to measure the disadvantage due to
aging. Both will make the average expense increase.

Then the poor students' average expense to be skilled young workers: 27 = ¢Pe,.
The rich young workers' average expense to be skilled old workers: 2"° = ¢°e,.
The poor young workers' average expense to be skilled old workers:e”’ = @°¢Pe,.

In this paper, we discuss the discriminations of the old and the poor. So, we assume when rich students step into
workplace, they are all well prepared for important tasks, so e, € (0,%). He will not suffer discrimination. So, the

transaction from rich students to rich young workers is 100%. We assume other groups are not all prepared for
important tasks. On the other hand, when poor young workers grow old, the discriminations will deteriorate greatly. We

T+1+21
21+1

assume @°@Pe, € (%* ,+00), That means without government help, the average skill of old poor will

deteriorate to a degree that none of them will be trusted with important tasks. Just as shown in the Figure 9, Figure 10,
Figure 11 and Figure 12, there are four possible scenarios. At first, we will discuss two special situations and make
some plausible explanation and then we will discuss two more general situations and find the reason of low
intergenerational mobility (class solidification) based on those discussions. The transaction will be shown by the arrows.
The dashed line arrows represent those transaction will be harder and harder as each type move towards stable
steady-state equilibrium.

First, when
-y _ — ﬁ =Py _  p> E m+1+4+21
e’ = ¢y € (0, 2), e’ =@ eoe(2 * , +00),
—ro __ - AR  m+1+21 —po __ — AR m+1+21
€ =% € (G t) € = @°9Peg € (x5, o).

The transactions are shown in Figure 9. We can see there is a poverty trap. The rich will be less and less while the poor
will be more and more. That situation is extremely rare when we consider the whole economy, especially in current
developed countries. However, there are some professions that may be dangerous and harmful to health, and those
professions require the workers to be young, such as firemen and miners. So rich students know what they will face in
the beginning so most of them will not choose to do those jobs at the first place.

(Rich students)
..... sRich young workers .-y Rich old workers

Poor young workers."______ " Poor old workers
T (Poor students)

Figure 9. The transaction of different groups (poverty trap)
Source: Drawn by the author
Second, when

AB AR mt1t2l

Y -3 By SPY _ P gzl
€ _eOE(O’z)’e _(‘Oeoe(z'z 2041

),
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e = 8 € (F T Ho0), B = 9°gPE € ( # T o).

The transactions are shown in Figure 10. We can see rich young workers and poor old workers tend to become the main
part of workforce. That situation is also extremely rare when we consider the whole economy, especially in current
developed countries. However, there are some professions that require the workers to be young, and those professions
may accompany with high wages, but only for young workers. The represent of those professions are fashion models.
All say that fashion modelling is a career for the young. Clever fashion models will plan their future well. Most of those
workers will quit that profession before they turn old.

(Rich students)

> Rich old workers

—sRich young workers

Poor young workers." "y Poor old workers
¢

(Poor students)

Figure 10. The transaction of different groups (career for the young)
Source: Drawn by the author
Third, when

w+1+21
2l+1

e =% €(0D) e =¢Pe, € (L+ ,+00),

T+1+21
2l+1

T

— — AB A 1+21
€0=(po€0E(B B*n++

2’2 21+1

e )

The transactions are shown in Figure 11. This situation is common in many developed countries. We can find a class
solidification: rich (poor) individuals tend to remain rich all their lives and have rich (poor) children and rich (poor)
grandchildren. In some stable societies without turmoil, class solidification usually becomes more and more serious. For
example, some researchers find America social mobility is declining (Cowen, 2017). In our model, that means in some
stable societies, people can have stable expectations which will make each group move towards stable equilibrium more
smoothly. One important reason is the increasing education expenses. If the inequality of education and training is big
enough, the poor will suffer great disadvantage in education and training cost. And then the discriminations will be so
heavy that the poor find it is hard to find a good job even in the start point of their career. As they turn old, things
become worse. Poor individuals will have less opportunity and motivation to move upward (although for the technical
progress their current living standard may be much better than the rich in the past). Even though poor students can
receive better education in the help of student loan, they will find it is hard to cover their time and money cost by wages,
especially when the hope of finding high wage jobs is dim.

(Rich students)

,,,,, sRich young workers ——> Rich old workers

' \“_-\
Poor young workers.” Poor old workers

] (Poor students)

Figure 11. The transaction of different groups (class solidification)
Source: Drawn by the author
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Fourth, when

AB AB L T2l
2’2 21+1

),

e” =2 €0 e =% € (

—r AB E " mT+1+421

2 (I 0% € m+1+21
®~€o 2’ 2 20+1

21+1
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The transactions are shown in Figure 12. We can find poor students can become rich young workers if their
disadvantages are small enough. That means in a society with relatively high quality and equal education resources,
generation mobility will be higher and common prosperity is easier to achieve. That is more common in some Nordic
European countries. In the development of Four Asian Tigers, an abundant public education and training resources also
play a key role, especially Singapore. Confucianism put emphasis on education and regard educating people as a
responsibility of countries and authorities (Marginson, 2011). That explains why east Asian countries usually enjoy a
better public education and training system during their development. According to our analysis, this will lead to higher
social mobility and prosperity.

Those four kinds of transactions usually exist in the same country and in the same time. The proportion of each
transaction will determine the countries’ general situation.

(Rich students)

— sRich young workers ————> Rich old workers
A

Poor young workers" 7y p 14 workers

T (Poor students)

Figure 12. The transaction of different groups (common prosperity)
Source: Drawn by the author
5. Concluding Remarks
Now it is time to solve the four questions we raised in the introduction.

First, what is the economic reason that some individuals choose not to be skilled when they can afford the expense in
the help of loans and it seems profitable? Because individuals are rational agents who try to maximize their expected
utilities. Being skilled is not the same as being rich because he is not sure whether he can get high wages. And when the
expense to be skilled is too high, even high wage will not cover the cost. So, remaining unskilled is a rational choice for
some individuals. Sometimes, being skilled seems profitable but in fact is not profitable because he may not get the
work he wants. In our model, being skilled will not increase the probability of finding a good job. Although this
assumption is a little extreme, but mismatch in work place is a common thing, and a lot of people are not satisfied with
their jobs. So being unskilled may be a better choice for some individuals.

Second, why individuals choose various kind of education and training with various prices? Because individuals'
intelligence varies and nowadays education and training become more and more flexible. If they decided to become skilled,
individuals who have full knowledge of themselves will choose the least amount of education or training expense that will
make them skilled. That is an important reason why personalization in education and training becomes a new global trend.

Third, what determines the evolution of a certain type of workers' performance? And fourth, what determines whether the
discrimination for a certain type of workers will deteriorate? It depends on the relative sizes of workers' average expense to
be skilled, workers' self-esteem in that culture and the discount rate. Given other conditions remain unchanged, the average
expense to be skilled plays a key role. The workers' performance and discrimination will interact with each other. If that
type of workers have relatively low expense to be skilled, the discriminations towards them will tend to reduce and
workers' performance will be better, otherwise the discrimination tend to increase, and workers' performance will be worse.

Fifth, what is the relationship between the Confucianism and East Asian economic miracle? There are three reasons.
First, Confucianism usually accompany with high self-esteem, so the Gresham's Law, namely, bad money drives out
good, will do less harm in Confucianism countries. Second, Confucianism emphasis patience and moderation, that will
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make the agents be more patient, which will the expense to be skilled less unpleasant to the current individuals. Third,
Confucianism regard education as a responsibility, both for the individuals and authorities, that will lead to a better and
more equal public education and training system, which is essential to the economic development in those countries.

Finally, why in most developed countries, after the second world war, intergenerational mobilities tend to reduce? When
the social is stable, people can form more specific expectations of the future, so the process to steady state equilibrium
will be smoother. If educational and training resource in that society is unfair enough to the poor, then the closer the
work force is to the steady state equilibrium, the less upwards opportunities poor individuals will have.

There are at least two limitations of our current research.

First, for the simplicity of analysis and calculation, we assume all the workers’ expenses to be skilled satisfies uniform
distribution. A distribution with fewer extreme cases such as normal distribution is closer to the reality.

Second, in our analysis, a skilled worker is assumed to share the same opportunities with others in the same group. In
the real world, skilled workers can generate some signals to the firm, which will bring him more opportunities.

Both limitations need further discussion in our future research.
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