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Abstract 
How can the ASEAN-Japan relations be deepened to promote economic growth while 
the cultural identity of the members is kept intact? This conference, focused on the 
ASEAN-Japan relations through culture, education, and economy, seizes an opportune 
time to renew our commitment to this goal. Deepening of such relations, however, 
requires that we understand how the ASEAN-Japan relations can in fact be facilitated. 
The key to this understanding lies in the principle of strategic complementarities that 
connect the activities of the constituent members at all levels. Because technological 
innovations are the source of wealth creation, this facilitation must start with 
technological innovations. Foreign direct investment, under globalization, has served 
and will continue to serve as a powerful facilitator of technology transfer from 
developed to less developed countries. The transferred technology to this region raises 
the productivities of labor, giving people powerful incentives to receive education and 
accumulate human capital and to improve their health status to appropriate the higher 
productivities. The rising demand for education will lead to competition to supply 
better education across the region, raising thereby the quality of education at all levels. 
The impact of this chain reaction will be multiplied if the cost and the opportunity of 
receiving education is equalized across all people and if discriminatory practices in the 
labor market are eliminated.  Good health and medical insurance is needed to meet 
people’s demand for better health, and the entire region benefits from healthy labor.  
Otherwise, the inequity of income and wealth distribution as well as the dualities  
between the educated and the uneducated and between the healthy and unhealthy 
would persist, making integration of the region a slow process. The impact does not 
stop at material integration. Education, if extended to all people, brings a new 
awareness on the cultural heritage of one’s belonging and identity, and this awareness 
strengthens the ASEAN-Japan relations enriched by cultural diversity. 

1. Technological innovations and the strategic complementarities in human 
capital accumulation  

To see how deepening begins with new technologies brought to the region, let me 
show how such technologies lead to higher demand for human capital.  For this 
purpose, consider a country consisting of two classes of agents, the class of the haves 
and the class of the have-nots, and let the human capital accumulation by typical 
agents in these groups be represented by !  and ! . With this setup, it is possible to 
show: (1) New technologies (either through foreign direct investment or through 
innovations) lead to higher capital accumulation. (2) Economic growth made possible 
by new technologies could lead to increased inequity in income and wealth distribution 
if the society is divided into the classes of the haves and the have-nots. (3) that 
technological innovations or transfers lead to more equitable distribution of income 
and wealth if the opportunity for and the cost of education is equalized for all people.  
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 Suppose that the production function of the economy is written in per capita 
terms as                
                !           (1) 

where H is human capital; K is physical capital; L is labor. !  is the 

technological factor, which is affected cumulatively by, e.g., technology transfers that 
take place through foreign direct investment. This investment is denoted by ! .  
Since technology cumulates, !  is integrated, and we ignore, for the time being, 
depreciation by obsolescence. 
 Let the payoff functions of the haves and have-notes be specified as 
     ! ,        (2) 

    ! ,        (3) 
where !  and !  are the cost of human capital accumulation of the two 
classes. 
 We assume: 
  ! , ! , ! , !   (4) 
where the subscripts 12, 11, 21, 22 denote the second partials.  Given the value 
of human capital of agents in class 2, agents in class 1 choose that level of 
human capital that maximizes their payoff function. Likewise, given the value of 
human capital of agents in class 1, agents in class 2 choose that level of human 
capital that maximizes their payoff function. Let the solutions to these 
maximization problems be written as 
         !      (5) 

  The optimality condition: 

  !  

   !     (6) 

  The optimality condition: 

  !  

These are the best response functions of agents in one class against human 
capital accumulation of agents in the other class. 
 The return part of the payoff function (the first component) is strictly 
concave (increasing at a diminishing rate as human capital accumulates, and the 
cost part of the same function is convex (increasing at an increasing rate).  They 
have the shape as drawn in Figure 1.  This figure is for a typical agent belonging 
to the class of the haves.  
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               !  
Figure 1 

The payoff function of a typical agent in the class of the haves 

 From the assumption that !  and ! , the slope of the 
best response function !  is positive.  This is seen by substituting this 
function into the optimality condition, which gives an identity function  
        !         (7) 
(because the partial derivative at the optimal value is always zero). Taking the 
derivative of this with respect to !  gives 

       ! .     (8) 

Solving this for the slope of the best response function gives   
       !                                       (9) 

given our assumptions: !  and ! . 
 Thus, the best response function !  is positively sloped, which 
indicates that it is optimal for agents in class 1 to respond positively to an 
increase in human capital accumulation by agents in class 2.  Similarly, the best 
response function !  is positively sloped. That is, there are strategic 
complementarities between human capital accumulation between the two 
classes.  This is shown in Figure 2, where it is seen that an increase in !  shifts 
the payoff function to northeast.  That is, the marginal payoff function shifts 
upward, so that agents finds it optimal to increase their capital accumulation. 
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 Suppose that the effective cost of getting human capital differs significantly 
between the two classes because of the duality.  The haves can support their 
children almost fully.  This implies that the effective cost of education (the cost 
of education when the financial assistance is taken into account) differs 
significantly. With this taken into account, we can represent the best response 
functions as in Figure 3.               

                        !  
  

Figure 3 
Nash equilibrium of human capital accumulation:  Point A is Nash equilibrium  
when the agents of the class of the haves have a lower effective cost of education  
than the agents of the class of the have-nots.  Point B is Nash equilibrium when  
the agents of the class of the have-nots face the same effective cost of education  
as those in the class of the haves. 

 The effective cost of education makes a huge difference in the amount of 
human capital accumulated at Nash equilibrium.  The agents of the have-nots 
face a high cost of education, hence their best response function stays low while 
agents of the haves face practically no cost because of the help from their 
parents.  Nash equilibrium takes place at point A, off the 45º line.  On the other 
hand, if the cost of education is equalized between the two classes (at the level 
of the effective cost facing agents of the rich), Nash equilibrium takes place at 
point B.  This can be achieved if the government takes serious steps to equalize 
the opportunities of education and extend financial assistance to all. The 
discrepancy in human capital accumulation between the rich and poor classes 
perpetuates the inequity in income and wealth distribution, and the foregone 
income remains high. 
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 Clearly in this age of globalization, it is crucial to get the best technologies 
available in the world market place. This can be done through foreign direct 
investment.  As the production function (1) shows, this investment builds up the 
technological capabilities of the country cumulatively. If the production function 
shifts upward, it sends a strong signal to people to accumulate more human 
capital.  More capital accumulated allows the country to produce a greater 
amount of income, and the equity in income distribution may improve if the best 
response function of the have-nots shifts more than that of the haves.  Figure 4 
shows how the foreign direct investment cumulatively affects human capital 
accumulation. 
                            

            !                         
    Figure 4 

 The effect of foreign direct investment on human capital accumulation 
Point A shifts to point C, and point B shifts to point D 

 Point A represents the initial equilibrium with an original gap in the cost of 
education. This equilibrium shifts to point C as a result of foreign direct 
investment.  Point C lies on a higher iso-quant curve than point A. The inequity 
in human capital at point A (which is measured by the slope of the ray from the 
origin to point A) may improve as the economy shifts to point C if the best 
response function of the have-nots shifts more than that of the haves.  When the 
government seeks to attract foreign direct investment, the success depends on 
the availability of human capital. The haves have already reached a high level of 
human capital, while the have-nots have plenty of room to accumulate it. But, 
since the have-nots face a much higher cost of education, it will not be easy for 
them to respond. Therefore, to facilitate accumulation, the government should 
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reduce the effective cost of education for the have-nots. The combined policy of 
attracting foreign direct investment and reducing the cost of education for the 
have-nots gives Nash equilibrium that not only lies on a higher iso-quant curve 
but also improves the inequity in income distribution. 
 We should note that globalization that brings foreign direct investment and 
technology transfers could worsen the equity of income and wealth distribution 
if economic growth is accompanied by inflation and if the government does not 
do anything about reducing the cost of education for the have-nots.  The have-
nots have been kept from accumulating human capital because the cost of 
education has been too high and, often times, because they have been deprived 
of opportunities to receive education to begin with.  Therefore, if growth takes 
place with inflation, this inflation makes it increasingly more difficult for the 
have-nots to get human capital simply because the cost is running ahead of 
them; this is the negative effect of inflation.  The situation is shown in Figure 5, 
where it is shown that with technology transfers and accompanying inflation, the 
best response function of the have-nots shifts downward (with the negative 
effect of inflation outweighing the positive effect of technology transfers), 
whereas the best response function of the haves shifts to the right although this 
shift may not be large as they have already accumulated high enough human 
capital. 

          !  
Figure 5 

With technology transfers under globalization and inflation, the best 
response functions of the haves and the have-nots shift in opposite  
directions.  Nash equilibrium shifts from point A to point D, and 

the equity ratio (           ) worsens. 
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2. Technological innovations and the strategic complementarities in human 
health capital 
 A similar argument can also be made with respect to the duality in health 
conditions between the haves and the have-nots.  Health is a form of capital, and 
is necessary for all activities.  It is true that if one is born into a family of the 
have-nots, it is nearly impossible to receive good health care because of the 
income constraint.   On the other, the haves enjoy the full benefit of health care.   
Health complements human capital and labor and affects the productivities of 
these factors. Health capital is not something that can be chosen strategically, 
but we can think of this choice (how healthy we want to be and how much 
attention we want to pay to our health) as our strategic demand for health, i.e., 
the health status we demand.  With this in mind, let the production function in 
(1) be rewritten as 
       !        (10) 
where the health status or capital, of the haves and the have-nots are denoted by 
!  and ! .  We then write the payoff functions as follows: 
    !      (11)

   !      (12) 
These functions, when maximized given the health status of the other class, 
define the best response functions of the haves and the have-nots. Since the 
have-nots face a high cost of health care (particularly when they are not covered 
by health insurance, which is often the case in the third world), their best 
response functions are lower than those of the haves.  Figure 6 depicts these 
functions.  Nash equilibrium takes place at point A, off the 45º line, where the 
health status of the haves is higher than that of the have-nots.  The gap will be 
greater, the more serious the inequity of income and distribution and health 
coverage. 

!  
Figure 6 
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The best response functions of the haves and the have-nots in the space of health  
status.  Nash equilibrium takes place at point A, where the health status of the haves  
is greater than that of the have-nots, due to the fact that the cost of getting health care  
is much higher for the have-nots who do not have health insurance.  As technology  
transfers take place through globalization and inflation raises the health care cost,  
the best response functions of the haves and the have-nots move in the opposite  
directions, so that Nash equilibrium shifts to D causing the equity of health status  
(measured by the ratio ! )  to deteriorate. 

 This analysis shows how important it is for the have-nots to be covered by 
health insurance.  If the haves and the have-nots are equally covered by health 
insurance, the cost of health care will be similar, and Nash equilibrium will be 
on the 45º line, but further out from the origin. Better health enhances the 
productivity of human capital and labor, hence will shift the production function 
further out, which provides even more incentives to improve the health status. 

3. Deepening at the level of ASEAN and Japan 
 This argument can be extended to ASEAN+Japan.  We can now think of 
human capital of each country as a factor in the production function of the entire 
region, just as human capital of each agent constitutes a factor in the production 
function of the country.  For each country, there will be the best response  
accumulation of human capital against the rest, and this function is again 
positively sloped, hence exhibits strategic complementarities. That is, the more 
human capital the rest of the group accumulates, the more human capital each 
individual country wants to accumulate. The intersection of these functions 
defines Nash equilibrium of human capital accumulation in the constituting 
countries, given the cost of education that varies from one country to another.  In 
giving the best response, a country should try to reduce the effective cost of 
education.  The same goes for health status of the constituent countries, as each 
country knows that it can get higher benefits from better health status when the 
rest of the group have improved their health status. 
 Two different regional economies may become united as one region, and the 
same logic of strategic complementarities applies again to this wider region. In 
this way, we can transcend from the complementarities at the strategic levels of 
individual agents, to those at the strategic levels of the constituent countries, and 
then to those at the strategic levels of the constituent regions, and so on.  As the 
humanity shares the fruit of better technologies, we become increasingly 
connected as our decisions and payoffs are co-determined in response to those of 
other agents, countries, or regions. It is this connectivity that unites the humanity 
in competitive spirit and brings better living to all. 

4. Strategic complementarities and Halal Industries in ASEAN 
 The analysis of strategic complementarities and Nash equilibrium of human 
capital accumulation can also be applied to the case of Halal industries of the 
member nations of ASEAN. Suppose that high quality Halal food production is 

h1 / h2
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made possible by the efforts of all member states. The payoff from production of 
such food, therefore, depends on the effort paid by each state. This implies that 
how much more effort should be paid by a member state is determined by the 
marginal product of this effort, which depends on the effort paid by other 
member states.  Since an increases in the latter shifts the marginal product of the 
former, there are strategic complementarities between any one member state and 
the rest. The intersection of the best response functions defines Nash 
equilibrium. This equilibrium shifts with technological innovations. Even if such 
innovations are restricted to one country, it will spread throughout the rest, and 
the production function of the quality Halal food of the entire region will shift 
upward.  The new production function redefines the marginal product of the 
effort paid by each member country.  Hence, the best response functions of all 
countries shift upward, to give rise to new Nash equilibrium at higher effort 
levels. Thus, the production function of quality Halal food, technological 
innovations in the industry, and the levels of effort paid by all member nations 
are inseparably connected by the logic of strategic complementarities.  Notice 
that the payoff that each member country obtains does not have to be defined 
solely by the current payoff. In fact, this payoff will not be affected much when 
technological innovations have taken place in one country and have not yet 
permeated the entire region. We, therefore, need to take a longer-run view, and 
think of the present discounted value of all future payoffs rather than just 
‘current payoffs’.  If our horizon is extended, then we will be able to capture 
what the future will hold for each country when what started locally had a 
chance to spread. 
  
5. Joint effort and cooperative equilibrium 
 One more point is worth making. What would happen if all member nations 
cooperated by joint efforts?  With technologies given, a varying payoff will 
accrue to each member depending on the level of such efforts.  If so, there will 
be a level that maximizes this payoff, and this level defines the cooperative 
equilibrium, which differs from Nash equilibrium (based on the optimization by 
each country given the effort levels of others).  We know that if others paid more 
effort, the payoff of any one country would increase as a result of positive 
spillovers. This means that the cooperative equilibrium will show higher effort 
levels (of all countries) than Nash equilibrium, and the payoff obtained will be 
so much greater. In this context, if there are technological innovations, the 
payoff at cooperative equilibrium increases for each member country just as this 
is true for Nash equilibrium. 
 This is shown in Figure 5 for the case of two countries which are assumed to 
be symmetric so that equilibrium may be shown along the 45º line.  The two 
axes represent the effort levels, and the subscript stands for country name (1 and 
2).  Point A is Nash equilibrium, whereas point B is a cooperative equilibrium.  
Because there are positive spillovers at Nash equilibrium, the cooperative 
equilibrium lies further out on the 45º line. If there are technological 
innovations, both Nash equilibrium and the cooperative equilibrium shift further 
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up along the 45º line.  The arc-shaped curve is a curve that lies on a plane 
perpendicular to the 45º line, but is pressed down sideways to show its shape. 
 There is one problem with cooperative equilibrium. At this equilibrium, 
everybody is paying higher effort than at Nash equilibrium.  Hence, some of the 
members may be tempted to take a free ride on others’ effort. When this 
happens, others may follow suit, and cooperative equilibrium will break down to 
Nash equilibrium. This explains why it is often difficult to sustain cooperative 
equilibrium. This gathering declares that the motto is “heart to heart”.  Why 
“heart to heart”?  Because we know that trust and respect are absolutely 
essential to keep our spirit of cooperation intact, on which the success of our 
joint undertaking depends. 

                       !  
Figure 5 

The cooperative equilibrium and Nash equilibrium under positive spillover   
Nash equilibrium takes place at point A, and the cooperative equilibrium is 
attained at point B.    The arc-shaped curve is a curve actually lying on the  
plane perpendicular to the 45º line, which is pressed down sideways on the  
flat plane to show its shape.  The maximum effort levels are also indicated 

     with subscript Max. 

6.  Concluding remarks 
 We all live in the world of interdependence. The vision of the ASEAN-Japan 
community aims at deepening the relations in economy, education, and culture 
beyond anything we have achieved so far.  The vision will serve us better if we 
know that the principle of strategic complementarities will guide the behavior of 
all parties involved, individuals and nation states.  This simple presentation has 
demonstrated how technological innovations or new technologies brought to the 
region will affect human capital accumulation, health capital accumulation, the 
quality of education, and our awareness of cultural identity and diversity.  It has 
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also made clear how important it is for the government to close the gap between 
the haves and have-nots regarding the cost of education and health care. 
Propelled by new technologies, supported by continuous human and health 
capital accumulation, and accompanied by the government’s commitment to 
close the gap between the haves and the have-nots, an unprecedented future 
awaits us all for ASEAN+Japan. 
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