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Abstract

College admissions competition is zero-sum game where students do care about their

relative ranking resulting in the overinvestment of resources and an inefficient market

outcome as the game participants are facing prisoner’s dilemma. Can SAT and GPA

grading policy reduce high school students’ college prep activities? This paper esti-

mates causal effects of the nationwide education policy in 2005 which introduces coars-

ening SAT grade structure and more competitive grading of high school GPA in Korea

on students’ time allocation behavior in a college admission game. I model a student’s

welfare maximization behavior to investigate the policy effects on her college admis-

sion preparation activities. Empirical estimation is done by difference-in-differences

method using repeated cross-sectional data. The result shows that the policy did not

achieve the goal as the SAT taking students reduced leisure compared to the CSAT

non takers. Top GPA students respond to the policy more sensitively by decreasing

leisure and increasing self study because of the heterogeneous marginal productivity

and motivation.
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Teenagers in the modern society face a crucial trade-off between leisure and prepara-

tion of college. Leisure provides direct current utility to them. Also, quality leisure time

for young people has been emphasized as not only a potential breeding ground for youth

problems but also the endless possibilities for constructive development1 in a broad range

of positive outcomes (United Nations, 2006). At the same time, investment in college ad-

mission is believed to bring enormous returns in the labor market2. This implies that high

school days are critical time for human capital investment (Bond et al., 2018). Zimmerman

(2014) uses a regression discontinuity design to show the huge quarterly earnings difference

by $1,593 between the two groups of students just above and below the admission cutoff for

a university in Florida. Andrews et al. (2016) studies a case in Texas to find that the state’s

flagship college3 graduation increases earnings significantly compared to the graduation from

all other four-year public universities and public two-year colleges in Texas. In this context,

estimating the high school student’s lifetime welfare maximizing behavior who solves a prob-

lem of choosing her optimal leisure and admission investment may have political economic

implications on how to achieve individually and socially desirable outcomes.

There exists a general concern that students and their families are investing a lot of

time and money in college prep activities. If college admissions competition is zero-sum

game where students do care about their relative ranking, the ongoing unproductive arms

race may lead society to an inefficient outcome as the game participants are facing prisoner’s

dilemma in that the market outcome is not the welfare maximizing result. College admission

policy may intervene to affect students and parents incentives to move away from the market

failure. Would the implementation of the new grading systems for SAT and GPA enhance

1Furthermore, adolescent development has health implications throughout life (WHO).
2American Community Survey (2018) states that college graduates earned 75% more than high school

graduates. Quality education in college improves labor productivity by providing access to information
sources (Thomas et al., 1991), strengthening ability to decipher new information (Schultz, 1975) ability to
learn (Rosenzweig, 1995), but also helps to join a more productive social network.

3University of Texas at Austin and Texas A&M University at College Station.
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high school students’ welfare or boost admission competition? How would student’s optimal

resources allocation change in response to the grading policy? To answer these questions, I

focus on a Korean education policy which aims to reduce unnecessarily competitive admission

race. Since most Korean colleges examine high school GPA and SAT score of applicants in

determining admission decisions, a nationwide education policy coarsening the SAT grading

scale and strengthening importance of high school GPA may affect students’ welfare by

affecting their time and financial resources allocation behavior.

Under this specific grading scheme I model that high school students decide how much

time they would spend on each academic and leisure activity to maximize their expected

lifetime utility during the three-year of race to college admission. I show that coarse grading

SAT increases uncertainty in student’s return to investment and results in larger expenditure

on admission activities when students are loss aversion. Also, I shows that relative grading

GPA makes it harder to achieve the highest status due to the increased competitiveness

among cohort as it restrict the number of students in each grade category.

I empirically investigate the model’s predictions about the policy effects on student’s

resource allocation behavior using Korean Education and Employment Panel Survey data.

My difference-in-differences model compares SAT takers group and non-takers group in two

academic cohorts before and after the policy changes in 2005. Acknowledging the possibility

that the non-takers group might be exposed to the intervention in some extent, my empirical

work finds a significantly negative effects on college applicants’ current welfare. This implies

that there was no policy achievement of reducing students’ study burden due to the increased

rank uncertainty in SAT and increased competitiveness in GPA.

The remainder of this chapter proceeds as follows. Section 1 provides literature review

and policy background. Section 2 sets up the model. Section 3 describes data. Section 4

introduces the empirical strategy. Section 5 presents the empirical results. Section 6 checks

robustness of empirical model and results. Section 7 concludes.
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1 Background

“Adolescents, just like adults, need time every day to unwind and interact with their peers.

Too much pressure in schools might mean that students feel compelled to spend more time

studying, leaving less time for these non-academic activities, at the expense of students’

quality of life.” - OECD, 2017.

1.1 Literature and Contribution

A number of studies provides theoretical approach to college admissions. Hafalir et al.

(2018) model college admissions contest as a Bayesian game to solve the equilibrium where

heterogeneous students choose a college and a single dimensional effort level to maximize

their utilities from the college admissions. Che and Koh (2016) develop a matching market

model in the context of college admissions where colleges make admissions decisions to reach

equilibria given the students’ dominant strategies. Avery et al. (2014) design a non-price

competition model to analyze strategic behaviors among colleges to attract highly qualified

students, but their models also only focus on the supply side of admissions. Although there

is an enormous literature on the education policy impact on students’ performance or effort

incentive, a relatively small literature examines policy effect on student’s welfare and resource

management behavior captured by their specific time use data. Han et al. (2016) show the

incentive effects of coarsening the CSAT grades on the agents’ effort levels. Dubey and

Geanakoplos (2010) find that if students care primarily about their relative rank in a games

of status, they are often best motivated by coarse grading to work harder.

I examine the nature of the fierce college competition in the framework of game of status

(Hopkins and Kornienko (2004); Moldovanu et al. (2007)). In this view, the result of the

competition can be socially undesirable in a sense that there exists over-expenditure in aca-

demic signaling activities such as GPA, SAT score, or resume to get better college admissions
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than the socially optimal level of investment. With limited household resource, time and

money spending on those signaling efforts sacrifice students’ leisure and consumption which

would have enhanced directly teenagers’ utility. Since the number of college admissions are

limited, each applicant cares about her relative position, status, on the distributions of ad-

mission criteria such as SAT and GPA. According to the descending order of the applicants’

academic performance (or SAT score and GPA), college admissions are assigned as the sta-

tus prizes to those who are classified above the admission cutoff. A student’s strategy is a

mapping from time and financial resources to admission investment expenditure. Students

want to achieve higher quality of admissions which allow better job market opportunities

by signaling good quality of labor productivity. The game is described by a simultaneous

move game under incomplete information. The equilibrium of this college admission game

is similar to the symmetric Nash equilibrium in Hopkins and Kornienko (2004)4 in the sense

that the result is a Pareto-inferior outcome where students invest too much to the admission

compared to the socially desirable outcome.

In the literature, however, study of teenagers’ time use related to the college admission

game is rare. Becker (1965) and Gronau (1977) introduce the time budget constraint of

households to show the utility maximizing household’s time allocation behavior. While the

effect of non-working time use such as sleep on adult labor productivity has been recently

studied (Gibson and Shrader, 2018), only little about young students’ time allocation be-

havior related to adolescent welfare in response to the college admission policy change is

investigated. My study models the lifetime welfare maximizing high school student’s leisure

allocation behavior in the context of Korean college admission competition. In this model,

student’s welfare is an increasing function of time use on leisure5 and on college admission

4In this prisoners’ dilemma in a non-cooperative one-shot admission game, the Nash equilibrium strategy
of individual student (or her caregivers) is to invest her maximum amount of resource to get better admissions
as long as incentive to marginal investment is greater than the marginal disutility or cost of effort or financial
resource. Similar equilibrium concept in a status game where students care about their relative rank in the
class is also described by Dubey and Geanakoplos (2010).

5In this study, leisure is defined as free time away from study excluding time use on sleeping at night
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quality which takes time use on admission preparatory activities as input factors. As there is

a trade-off between time use on current leisure and on study for the future, the optimal time

allocation is strongly influenced by the college admission policy. This study also considers

more choice variables such as students’ time on leisure and admission preparatory activities

to empirically capture the detailed changes in students’ behavior connecting them to stu-

dents’ welfare. Most papers introduced above assume a simplified single dimensional effort

choice by college applicants. My model expands student’s choice variables to analyze the

multi-dimensional policy effects.

My paper contributes to the empirical evidence of the demand side behaviors to the na-

tionwide college admission policy changes by Korean government given the colleges’ strate-

gies. This study analyzes the college admissions game with a similar view to Bodoh-Creed

and Hickman (2018). They model the college admissions market as a contest where students

compete for admission by endogenously choosing the level of human capital to accrue prior

to a rank-order admissions contest given the colleges ranking. Olszewski and Siegel (2016)

also design a contest with many heterogeneous players and prizes to characterize equilibrium

and Olszewski and Siegel (2019) show that a coarse performance-disclosure policy can be a

Pareto improving policy which benefit all students. In contrast with their model prediction,

this paper empirically evaluates the coarse performance-disclosure policy effect in Korea to-

gether with the relative grading policy in GPA to show that both rule changes may have

negative effects on student’s welfare.

Little empirical literature studies student time allocation. Grau (2018) builds a rank-

order tournament structural model where high school students decide their level of effort

and whether or not to take the college admissions test and empirically evaluates that an

increase in GPA weight increases students’ average effort. This paper finds the similar effect

an increased GPA weight while my model assumes that SAT taking decision is not a choice

and having meals.
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variable but exogenously determined by student’s preference and family characteristics.

There exists a study which estimates the effect of the new CSAT grading policy that this

paper is interested. Han et al. (2016) show mixed results that the students’ efforts devoted

to the CSAT Korean have decreased, but those devoted to the CSAT English have increased.

However, they do not account for the simultaneous effect of GPA grading policy change on

students’ incentive which might have also affected the effort investment to CSAT. Also, they

use different cohorts’ labor market earnings from the sample cohorts as a outcome variable

in the regression due to the data limitation. As a result, the estimates of effort incentives

might have been biased. In this chapter, I estimate the comprehensive effect of the grading

policy by considering changes of grading system in both CSAT and GPA to more precisely

identify the aggregate effect on student’s admission preparation behavior.

1.2 High School Education and College Admission Policy in Korea

In this seciton, I briefly introduce the Korean education system for understanding of the

policy background. Korean government manages the highly standardized courses and eval-

uation system from elementary to high school education. Every Korean parent has a legal

obligation to send her five to seven years old children to an elementary school and a middle

school until they graduate therefrom6. After six years of elementary school and three years

of middle school, most middle school graduates decide to go to private or public high schools.

6ELEMENTARY AND SECONDARY EDUCATION ACT (Act No. 16672, Dec. 3, 2019) CHAPTER
II COMPULSORY EDUCATION Article 13 (Obligation of School Enrollment) (1) Every citizen shall send
sons and daughters or children under his or her care to an elementary school from March 1 of the year
following the year in which the date they reach six years of age falls and have them attend the elementary
school until they graduate therefrom. (2) Notwithstanding paragraph (1), every citizen may send sons and
daughters or children under his or her care to an elementary school in the year following the year in which
the date they reach five years or seven years of age falls. In such cases, he or she shall have his or her sons
and daughters or children attend an elementary school from March 1 of the year they are admitted to the
elementary school until they graduate therefrom. (3) Every citizen shall send sons and daughters or children
under his or her care to a middle school at the beginning of the school year following the school year in
which they graduate from an elementary school and have them attend the middle school until they graduate
therefrom.
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In 2019, 463,130 middle school graduates out of 464,717 (99.7%) continued their education

at high school. Seventy percent of middle school graduates choose to go to general high

school while more than a quarter selects vocational high school. The rest of them go to

the specialized high schools in natural science, foreign language, or art and music are special

cases under this system. College entrance rate is also high. Public high school education cost

is affordable. Annual tuition and admission fee of public high school in the most expensive

region, Seoul, are only KRW 1,464,900 (USD 1,300) in 2020. Children in a household where

its income is less than 50% of the median household income7 are able to receive 100% subsidy

from the government for the tuition, admission fee, and expenses for purchasing textbooks8.

In 2008 academic year which is the sample year of this study, 82.8% of high school graduates

entered university or college. These facts are summarized in Figure 1.

In this paper, I only choose regular (jeongsi) college applicants as my intervention group

samples because rolling (susi) applicants have much less study pressure and little incentive

to invest to College Scholastic Ability Test (CSAT) scores. Colleges may admit freshmen

through two policies, regular (Jeongsi) and rolling (Susi). The main difference between

jeongsi and susi is the significance and impact of CSAT scores on admission. Rolling admis-

sions open in Spring and Autumn before jeongsi starts. Spring susi only requires GPA and

resume while rolling in Autumn may set minimum cutoff CSAT grades which are typically

very lower than the cutoffs in jeongsi9. Typically, susi applicants do better in GPA than in

CSAT. Thus, susi applicants exert less efforts on CSAT to focus on other admission criteria.

Indeed, some susi admitted students fail to satisfy the muinimum CSAT requirements10.

7This is an annual income of KRW 23,223,468 which is equivalent to USD 20,609 for a household of three
family members.

8Ministry of Education implemented the free high school education policy from 2020 as an intermediate
step for the compulsory high school.

9For example, Seoul National University requires Autumn susi applicants to achieve just any two second-
highest grades out of Korean, math, English, social science, and natural science CSAT subjects as the
minimum admission requirement. In jeongsi admission, the cutoff student’s average CSAT grade for social
studies was 1.0575. This implies that if an applicant fails to get Grade 1 in all CSAT subjects, she might
not get a jeongsi admission.

10For example, Korea University required the second-highest grades in two CSAT subjects as the minimum
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The admission timeline for the 2008 academic year is illustrated in Figure 2.

Once a student is admitted from a college in the susi admission, she must register for

the admitted school and cannot apply to other colleges in the same academic year. This

prevents the admitted Susi students from competing in jeongsi. Regular admission typically

starts after CSAT tested on November and requires both high school GPA and CSAT scores

together with resume, essay, interview, or any combination of them. Nevertheless, CSAT

is the primary source of evaluating jeongsi applicants for colleges as it is considered to be

the most standardized test effectively testing students’ ability to study in college. In 2005

academic year, 55.7% of college freshmen are admitted through the regular admission process

while 46.9% of 2008 college freshmen achieved regular admission.

As in many countries, growing admission competition among college applicants is also

pervasive in Korea. Bound et al. (2009) find data which shows that the US high school

students in 2004 spent significantly more time on behavior associated with college preparation

than did their counterparts from ten and twenty years before. The issue seems to be more

serious in Korea. Korean college applicants do care about their relative ranking in CSAT

and GPA to get a better college admission. With the limited number of schools relative to

the number of students who want to be admitted, Korean students start taking extra lessons

in their early ages and spend 6.4 years on the lessons to prepare college admission which is

the longest among the twenty two high-income countries (OECD, 2017).

In jeongsi admissions, most of Korean colleges require students to take CSAT to submit

the scores as one of the crucial admission criteria. Annual CSAT and quarterly mock exams

are hosted by Korea Institute for Curriculum and Evaluation (KICE). CSAT can be taken

only once a year at the end of the academic year, normally on the second or the third

Thursday of November. As the only chance determines the quality of college admission for

an applicant and the opportunity cost of failing the first take is another year of investment of

admission criteria in 2008 and the 35.5% of admitted students did not achieve them to lose their admissions.
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financial and labor resources which cannot be underestimated by the twenty-year-old young

people, high school seniors and their caregivers have huge incentives to exert their best

efforts.

1.3 Policy Description and Timeline

“Cram schools like the one I taught in — known as “hagwon” in Korean — are a mainstay

of the South Korean education system and a symbol of parental yearning to see their children

succeed at all costs. “Hagwons” are soulless facilities, with room after room divided by thin

walls, lit by long fluorescent bulbs, and stuffed with students memorizing English vocabulary,

Korean grammar rules and math formulas. Students typically stay after regular school hours

until 10 p.m. or later.” — The New York Times, “How South Korea Enslaves Its Students.”

August 3, 2014.

Korean Ministry of Education decided to launch a new CSAT and GPA grading policy.

The government aimed to strengthen public education, reduce unnecessary competition in

CSAT, and promote diversity in college admissions11. The policy was implemented twofold.

First, high school GPA grading regime changed from absolute basis to relative basis which

emphasizes student’s relative performance at school. Now, the GPA becomes more infor-

mative signal as it provides additional information such as percentile, mean, and standard

deviation of each subject in the student’s quarterly exams at school. This ranking infor-

mation was not provided to students and colleges before the policy change. Furthermore,

before the policy change, easy-peasy midterm and final exams at school were pervasive12 as

teachers have an incentive to boost their student’s GPA to enhance their students’ admission

performance. Under the new policy, however, when there are many ties due to the easy test

11Ministry of Education, Press Release, August 26, 2004.
12Ibid.
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their percentile is assigned by taking average of their position. That is, if there are twenty

students with maximum score out of one hundred students, now the grades for them should

be Grade 2 for all twenty ties which is the second-highest grade instead of Grade 1.

Second, the CSAT results will be delivered only in the form of each subject’s grade.

No further information such as standard score and exact percentile was available as before.

For example, a student who took 2008 CSAT and achieved 134 points in math which fell

into 97 percentile of population and is assigned to be the first grade which is only given to

the top four-percent students in the subject. Overall, the new grading policies give more

weight on high school GPA and less weight on College Scholastic Ability Test (CSAT) in

college admission process by adjusting informativeness of them. Table 1 shows the grade

distributions of GPA and CSAT. Since a CSAT raw score is standardized to assign a grade

over normal distribution, the median student’s grade (50 percentile) in each subject will be

Grade 5 which covers 40 ∼ 60 percentiles.

Figure 3 presents the policy summary and the implementation sequence. It was an-

nounced in 2002 and first applied to the 2005 high school freshmen. Before the policy, GPA

was given by five grades in an absolute basis. For example, when a student gets 90 out of

100 which is the cutoff of the highest grade she would get grade 1. If she gets 75 out of 100

the grade 3 will be given regardless of difficulty of the test and the distribution of the test

score. Further, there was no information about the distribution of test scores. Under previ-

ous regime, there existed an incentive for school teachers to make easier exams to give more

generous GPA to their students. The result was inflation of GPA and colleges who know this

situation distrusted high school GPA and more relied on CSAT which is the standardized

nationwide exam.

The motivation of the policy can be found in a survey by the Organisation for Economic

Co-operation and Development (OECD, 2017). Among OECD countries Korea ranked at

the bottom in descending order of the percentage of 15-year-old students who reported
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being very satisfied with their life. Furthermore, the survey describes that more than 20%

of student in Korea reported that they are not satisfied with their life while less than 4%

of students in the Netherlands reported dissatisfaction. Another interesting result of the

survey is that only 10% of Korean students cited the pleasure of studying as a motive

for taking additional classes. Kahneman and Krueger (2006) show that those who report

less satisfaction with their lives as a whole also spend a greater fraction of their time in an

unpleasant state. Taking the fact that the 15-year-old Korean respondents of the survey have

already taken 6.4 years, which is the longest among OECD countries, of extra instruction

after school hours in average into account, Korean students would have been spending time

on unpleasant learning activities throughout their childhood and adolescent.

The main purpose of those additional lessons in Korea is to prepare a specialized high

school admission and a good college admission by learning English, math, and science in

advance of the regular curriculum13. Meanwhile, percentage of Korean students who reported

that they exercise or practice sports before or after school is only 46.3% which is the lowest

not only among OECD countries but also among twenty one partner countries including

China, Brazil, Russia, and Singapore. That is, Korean high school students spend their time

at cram schools rather than at play fields. In my sample year of 2009, 62.8% of total high

school students and 69.2% of GPA top 10% students have taken private lessons (Kostat,

2009). Also, Korean private tutoring market accounted for 1.2% of Korean GDP. The result

is adverse welfare effect on teenagers’ physical and mental health. An average Korean high

school student slept only 5.4 hours a day while studied 11 hours a day. Their biggest concern

was academic performance (69.1%). A half of high school students have a discriminatory

experience due to their low academic performance. In addition, the main cause of parental

conflict is academic achievement (50.1%) (Kostat, 2010).

13All types of prior learning has been strictly prohibited by the special law for normalization of public
education from 2014.
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2 Theoretical Framework

In this section, I model a welfare maximizing student’s problem to show that, first, coarse

grading increases incentive to invest more on admission preparation when agents are loss

averters. Second, the model shows that the behavioral reactions to the admission weight

change is theoretically ambiguous. Third, Coarse grading CSAT increases uncertainty in

student’s status to induce higher efforts. Forth, I show that the relative grading scheme

for high school GPA raise the degree of competitiveness among students compared to the

original absolute grading policy. Fifth, I show the policy can lead to inefficient learning.

Sixth, testable implications are discussed.

2.1 Baseline Model: Students’ Time Allocation

I model a student’s two-period lifetime utility maximization problem to illustrate time al-

location behavior to college admission related study and leisure activities. A high school

student lives two periods; high school days (t = 0) and the rest of her life (t = 1). She

wants to maximize expected total lifetime utility U . A representative student’s optimization

problem is modeled as follows:

max
l0,lq ,kq ,x

u0(l0, x) + βu1(Q) (1)

s.t. l0, li, ki, x > 0 (2)

lg + ls + lr + l0 = l (3)

pgkg + psks + prkr + px ≤ I (4)

and

Q = wg · g(lg, kg) + ws · s(ls, ks) + wr · r(lr, kr) + ε. (5)
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where u0 is a current utility (t = 0) from current leisure l0 in high school days and u1 is

a discounted future utility (t = 1) depending on a quality of college admission Q which is

a function of high school GPA g(lg, kg), SAT score or grade s(ls, ks), resume r(lr, kr), and

unobservable variables ε. I consider myopic (or present bias) students who are assumed

to enjoy future utility u1 from their college admission directly, but the delayed benefit u1

is discounted by 0 < β < 1. I further assume that the utility function u(·) is increasing,

concave, and continuously differentiable in its components.

The admission quality function Q is a non-decreasing function of each component which

implies that the partial derivatives of Q with respect to g, s, and r are non-negative. Ac-

cordingly, getting a more competitive college admission Q brings higher lifetime utility after

high school graduation as it potentially guarantees a better signal on labor market and a

more productive social network. The determinants of admission quality g, s, and r are all

non-decreasing functions of time and money. That is, the production functions of high school

GPA (g), SAT scores (s), and quality of resume (r) are the increasing functions of time (or

labor) and money (or capital) similar to a competitive firm in a goods market. Marginal

productivity of time lq and money kq to each academic production q = g, s, r are assumed to

be diminishing in their production factors. For example, achieving higher grade in a CSAT

subject is getting more difficult and requires more effort and financial investment.

I introduce weights in college admission wq where

∑
q=g,s,r

wq = 1 (6)

to reflect the policy change interested. I assume that the admission quality Q is determined

by the weighted average of three admission components g, s, and r. As an extreme case,

when only CSAT score determines the admission result without considering high school GPA

or resume at all, the weight on CSAT ws in the function Q(g, s, r) would only be positive
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and equal to one. Before 2007, most Korean colleges relied heavily on CSAT scores to screen

their applicants. Further, some students from the specialized high schools such as natural

science or foreign language high schools could apply to the CSAT-only admission channel of

the major universities as they have adverse high school GPA due to the highly competitive

school cohort. After the policy aiming to promote public education and reduce student’s

stress from preparation of CSAT, colleges had to enhance the weight on school records such

as GPA and resume in their admission process following government policy. Ministry of

Education was able to enforce this policy by controlling information of CSAT results to

students and colleges and by implicit financial support threat to colleges as many colleges

rely heavily on the central government subsidy.

Equation (5) implies that a student’s admission quality is determined by her weighted

average of CSAT score, high school GPA, resume, and unobservable factors. Colleges use

Equation (5) in their admission process with different weights depending on their preference.

By the definition of admission quality Q above, a partial effect of a marginal increase in GPA,

CSAT, or resume on Q equals its weight. That is,

∂Q

∂q
= wq. (7)

Equation (1) and (5) imply that student behavior and welfare would vary with the college

admission policy. Noticing that most colleges in Korea assign weights on each component

g, s, and r to look over students’ applications, we can state the admission quality Q(·) as a

function of the weighted average of three criteria and unobservables ε.

The representative intertemporal utility maximizing student faces a time constraint in

Equation (2) and a household budget constraint in Equation (3) where lq with q ∈ {g, s, r}

denotes input of time on each academic activity q, l0 is time on non-academic activities, kq

is input of money on each academic activity q, pq is the price of each academic activity q,
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and px denotes total money on other goods and services. This model assumes that students

only use their time in studying or leisure activity. Current leisure l0 provides direct utility

at t = 0 while time spending on academic activities lg, ls, and lr combined with capital

investment kq produces admission factors such as GPA, CSAT score, and resume which

ultimately contribute to the admission quality Q(g, s, r).

As almost all public and private high schools in Korea follow the common curriculum

designed by the Ministry of Education, CSAT subjects including Korean, English, math,

and social and natural science are almost identical to those being taught and examined

quarterly in each high school. In fact, questions of CSAT should be set based on textbook

written by the Ministry of Education or authorized publishers and workbook published by

Korea Education Broadcasting System (EBS) which is the official CSAT preparation material

designated by the Ministry of Education. In this context, the effect of one additional hour

of study on CSAT math would also have positive impact on GPA. That is, it is natural to

expect that for every level of lq and kq,

∂q

∂lq
>
∂q′

∂lq
≥ 0 (8)

∂q

∂kq
>
∂q′

∂kq
≥ 0 (9)

where q, q′ ∈ {g, s, r} and q 6= q′. For simplicity of analysis, instead, I only consider the net

effect of lq and kq on q after normalizing the indirect effect to be zero. In other words, the

complementary effect of allocating resource to one activity on other activity is considered

null. This assumption yields

∂q

∂lq
>
∂q′

∂lq
= 0 (10)

∂q

∂kq
>
∂q′

∂kq
= 0. (11)
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Equation (10) and (11) imply that even though the basic concepts and formula tested by

CSAT and school exams for GPA are the same, when a student invests one additional hour

to preparing CSAT math her marginal increase in math GPA would be zero since her math

midterm exam tests the very specific chapter in the workbook or teacher-made test bank.

To capture disparate students’ inherent abilities to study or total factor productivity in

producing an admission factor q(·), I introduce individual heterogeneity in the model. Each

student has different production technology of GPA, CSAT, and resume denoted by i. Then,

the individual admission quality Qi can be written as

Qi = wg · gi(lig, kig) + ws · si(lis, kis) + wr · ri(lir, kir) + εi. (12)

In other words, given the same amount of leisure lq and money kq invested in a certain

admission activity q, the marginal productivity of time ∂qi

∂lq
and capital ∂qi

∂kq
are heterogeneous

for every student. The individual ability or productivity for each activity g, s, and r is

unobservable private information but assumed to be normally distributed over the population

cohort. The equilibrium conditions imply that the lifetime utility maximizing student will

balance her time so that the marginal utility gain from the last hour spent on each activity

is identical. See Appendix for the derivation of equilibria.

2.2 Ambiguous Behavioral Reactions

How does the new grading policies affect students’ behavior? This is a key question of this

paper. Coarse grading of CSAT restricts the information quality of CSAT transcript. Thus,

the policy forces colleges to adjust their weights on admission criteria. Depending on the

individual productivity qi and the predicted CSAT grades14, the directions and magnitudes

14Korean students predict their CSAT rankings by referring to their scores of monthly private and quar-
terly public CSAT mock tests. A typical college applicant takes ten to thirty mock tests throughout the
three years of high school period. It usually takes about eight hours to complete a set of CSAT mock test.
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of students’ resource allocation responses ∂lq and ∂kq to the policy change would vary. As

Han et al. (2016) suggest, coarsening CSAT grades may have two offsetting effects. There

can be an increase in time investment on CSAT when a student thinks her score is around

the cutoff of a certain grade. This is because the marginal change of grades in any direction

would make a critical change of her admission quality. Contrary to this, another student

with a score far from upper or lower bound of a class or who does not need to enhance

her grade would like to reduce resources allocated to CSAT. The equilibrium first-order

conditions (21) - (24) also capture this ambiguous direction of effect. That is, the direction

of alternative use of the reduced or increased leisure and money from CSAT preparation is

uncertain. They can be consumed as l0 and x to obtain more u0 while keeping the level

of Q constant or invested as another academic activities lq 6=s and kq 6=s to get better future

rewards. The empirical exercise would be able to identify the average policy effect on the

whole samples and also on the various sub-groups.

2.3 Coarse Grading and Uncertain Status of the Loss Averters

This subsection shows that the loss averse decision makers may want to avoid the situation

of being in lower grades in the CSAT subjects than their reference status under the coarse

grading scheme. Coarsening CSAT grades may cause two opposite effects on student’s in-

centive to work hard depending on her status. More details will be discussed in 2.2. This

subsection investigates the environmental change in student’s status with respect to uncer-

tainty of ranking under the new CSAT grade system. Harbaugh and Rasmusen (2018) shows

that coarse grading scheme such as pass-fail grading reduces public uncertainty by minimiz-

ing expected and actual quality of sender because the extra participation outweighs the

coarser reporting. As almost all college applicants take CSAT, however, college admission

game ensures full participation already regardless of grading scheme. Thus, the relationship

between the coarse grading and student’s ranking uncertainty in the admission game might
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be different from the case in Harbaugh and Rasmusen (2018).

First, I show that there exists ex-ante uncertainty of a student’s rank at the time of

student’s resource allocation decision before the score/grade distribution of CSAT is finalized

after the actual tests. In my model as described in Section 2, a student exerts her best

effort by choosing the optimal level of time use l∗s and the optimal amount of money k∗s to

produce CSAT score (or grade) s(l∗s , k
∗
s). Given a student’s input level (l∗s , k

∗
s), standardized

score method ensures almost continuously increasing rank function in CSAT score. That

is, student i’s CSAT score si would be distinguishable to student j’s score sj if there is

a marginal difference between si and sj. As long as |si − sj| > 0, colleges can obtain an

informative signal by comparing si and sj. By contrast, coarse grading system may not

generate an informative signal if |si − sj| is not sufficiently large enough to separate those

two scores into different grades. A critical environment for students who make decisions on

their resource allocation is the fact that no students, parents, and teachers can know the

population distribution of CSAT score or grade prior to the actual test. Suppose the math

in a CSAT is really easy so that more than 4% of the CSAT takers got the full credits, then

the highest grade can be assigned to all those students even though the top 4% is the cutoff

guideline for the first grade. In the opposite situation, if the math is too hard so only less

than 1% of applicants got the full credits, the cutoff of the highest grade will be at around

the top 4% and the cutoff score should be way lower. Suppose a student decides her optimal

investment level for CSAT l∗s and k∗s . Ignoring any uncertainty in her SAT score without

loss of generality, she will obtain the raw score of s(l∗s , k
∗
s) in a CSAT subject. Her status or

percentile, however, is ex-ante uncertain as the difficulty of the exam and the performance

of her cohort may not be the same as previous years and previous mock exams. Thus,

she does not know her exact status corresponding to her CSAT score s(l∗s , k
∗
s) at the time

she makes her time allocation decisions. Under the uncertain status, Equation (12) can be

revisited with a random factor on the CSAT part to generate uncertainty of status affecting
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the admission quality.

Qi = wg · gi(lig, kig) + ws ·R(si(lis, k
i
s), s

j 6=i(ljs, k
j
s), d) + wr · ri(lir, kir) + εi. (13)

The status (or ranking) function R(·) which converts individual CSAT score si to a rank or

a grade over the population distribution is determined after the test by the degree of coarse

grading d and the CSAT scores of all CSAT takers. The functional form of d is determined

by the government. An increase in d means an increase of the number of students assigned

into a grade. For example, the maximum d would be the pass or fail system where there

exist only two partitions above and below a certain cutoff point. The minimum d would

be the system with the finest grading where the raw scores are available for every player in

the admission game. Note that this source of ex-ante uncertainty R(·) is different from the

overall unobservable factors εi.

Second, I assume that Korean high school students have loss aversion preference on the

future utility u1(·). The key features of loss aversion is asymmetric reaction to gain and

loss. That is, loss aversion describes the concavity of utility for gains and the convexity of

utility for losses. The intuition is straightforward. A college applicant will be happy if she

luckily gets a slightly better admission than she expected. By the way, if she gets a slightly

lower admission than her reference college, her parents, teachers, friends, and herself will be

very disappointed since everyone thinks that she could have done better if she performed as

usual. As in Köbberling and Wakker (2005), I modify the future utility function u1(·) to a

value function

v1(Q(·)) =


1−e−µQ

µ
for all Q ≥ Q∗

λ( e
vQ−1
v

) for all Q < Q∗
(14)

where Q∗ is the reference level of admission quality determined by referring to the previous

mock test results. λ is the degree of loss aversion and takes a value of λ ≥ 1. For 0 < v < µ,
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v1 is convex for losses, concave for gains, and importantly, given the same deviation of

admission quality ∆Q from a student’s reference admission, the student losses more utility

under the worse admission than the amount of utility gain from a higher admission relative

to her reference admission. This implies −v1(Q∗ −∆Q) > v1(Q
∗ + ∆Q). Adapting the loss

aversion value function v1(·) instead of u1(·) yields

max
l0,lq ,kq ,x

u0(l0, x) + βv1(Q) (15)

where

Q = wg · gi(lig, kig) + ws ·R(si(lis, k
i
s), s

j 6=i(ljs, k
j
s), d) + wr · ri(lir, kir) + εi. (16)

Equation (15) summarizes a student’s lifetime welfare, consisting of the normal form of

current utility u0 and the loss averse utility v1 discounted by β.

Finally, I investigate the effect of coarse grading on loss averse student’s resource alloca-

tion behavior. What will happen if the degree of coarse grading d increases by adopting the

nine grade-class system? I compare d0 and d1 where d0 denotes the original finest grading

scheme with the standardized CSAT scores and percentiles available. d1 denotes the new

coarse grading scheme with the nine grades proportionally assigned over the standardized

normal distribution with no available percentile and raw scores. Accordingly R0 denotes the

student’s CSAT rank under the finest grading scheme d0 raging from the lowest CSAT score

which is zero to the highest standardized score smax. R1 denotes the student’s CSAT rank

under the new coarse grading system.


R0 ∈ {0, 1, 2, ..., 50, 51, ..., smax}

R1 ∈ {1, 2, ..., 9}
(17)

Table 2 shows the population statistics of CSAT results from 2005 to 2009 school year. My

20



sample cohorts are included in the 2005 and 2008 school year tests. Standardized scores

are calculated under the assumption that the population scores are normally distributed15.

When a CSAT subject is easier than the other years, the population mean is high and the

standard deviation tends to low as students may get some baseline points from the easy

questions. These two effects yield the lower Z-score. As a result, the cutoff standardized

score for Grade 1 becomes lower. This implies that a harder exam yields the higher maximum

standardized score smax. For example, the cutoff standardized score of Grade 1 of CSAT

Korean in 2006 school year is 125 which is the lowest among the other years because of its

low degree of difficulty (and higher population mean). This means that if a smart student

missed just only one single three-point question in the 2006 CSAT Korean by her trembling

hand and got the raw score of 97 out of 100, then she will get Grade 2 which is not the

highest grade. Under d0, the same amount of gain or loss ds of raw score from a student’s

reference score s∗ will bring a minimum change of the student’s status dR0. Under d1, with

the same amount of deviation (gain and loss) ds of raw score from one’s reference score s∗,

the utility change of the loss averse student will be greater in the case of loss rather than

the case of gain. This implies that the new grading scheme d1 increases variance of status

V ar(R) given the same resource allocation s:

V ar(R | d0, s) < V ar(R | d1, s). (18)

I assume that the individual variance of CSAT score is symmetric around the reference score.

That is, the probability of getting n points higher score than the reference score s∗ is the

same as the probability of getting n points lower score than s∗. Repeated mock tests help

15Standardized score is a linear transformation of Z-score which is calculated by the formula

Standardized Score = (Reference Mean) + (Z-score)× (Reference Standard Deviation)

where Z-score = (Student’s Raw Score - Population Mean) / Standard Deviation. Reference mean (Refer-
ence standard deviation) for Korean and math are 100 (20) and for social and natural sciences are 50 (10).
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students to update their reference scores and to make the optimal exam day routine. As a

result, the only factor that can affect her CSAT score other than her resource investment

is luck. From Equation (18) a student’s expected loss-averse utility under the new coarse

grading scheme d1 is now smaller than that under d0 as d1 gives more drastic changes in

status. To avoid the critical loss of quality of admission under the new coarse grading policy,

the incentive to work hard and to invest more money on cram schools would increase. If this

is true, the policy which aimed to reduce competition in CSAT would have failed.

2.4 Relative Grading GPA and Harsh Competition

Another main change in the admission policy is the relative grading high school GPA which

was implemented against the pervasive high school GPA inflation due to the easy midterm

and final exams administered by each high school authority under the absolute grading

scheme16. Under the new grading policy, students face more competitive environment at

school as only top 4% of the school cohort can obtain the highest grade. When there are

more than 4% of ties at the top, all students should get a grade corresponding to their

average percentile. For example, if 20% of students in a school got full credits due to an

easy exam, those 20% students’ percentile becomes 10% from the top. This implies that no

student can get the first grade as no one marked top 4% in this exam. Thus, teachers have

now no incentive to make exams easy as low difficulty will harm all students in ties. As a

result, it is natural to observe grade deflation under the new relative grading scheme. That

is, now high school GPA provides more informative signal about individual student’s status

on the standardized normal distribution in her school cohort while students have strong

incentive to invest more resources and compete with their friends than before to maintain

their desired GPA given the limited portion of good grades.

16For example, Yonsei University reports in 2004 that among their applicants, 7 high schools gave grade
A to all students in a subject. Also, 37 schools gave grade A to more than one hundred students in a subject
by making very easy midterm and final exams.
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2.5 Inefficient Learning

Efficient in learning is achieved when a student is able to complete high school courses at

the minimized costs and obtain desired college admission. Contrary to efficient learning,

when a student could get a high school degree and the admission only by sacrificing almost

all of her household income or at least by investing more than the optimal level of resources,

the learning is inefficient and over-invested. Suppose n applicants are applying to college A

and only q qualified applicants per academic year will be admitted where n > q. Applicants

are sorted by their admission quality function Qi(gi, si, ri, wq, ε) where i = 1, ..., n. The q

students from the top Q1 to Qq will be admitted and (q+ 1)th applicant cannot achieve the

admission A. Admission A is a binary outcome

A =


1 if Qi ≥ Qq

0 if Qi < Qq

where Qq is the qth highest student’s quality. For simplicity, I assume that there is no

identical quality of applicant among any of two or more applicants i 6= j. That is, for all

i 6= j,

Qi 6= Qj.

Assume that a student i updates her expected admission quality E(Qi|Ω) and this year’s

expected admission threshold E(Qq|Ω) by using information set Ω which includes previous

CSAT mock test grades and score distribution, current HGPA, and honors and awards his-

tory. When she expects that her admission quality E(Qi|Ω) is less than E(Qq|Ω), she may

want to invest more on studying CSAT, preparing midterm and final exam, and polishing

resume to achieve higher Qi than the threshold level of admission quality Qq. Other appli-

cants who know and observe their rivals’ efforts may also have incentives to invest more on
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admission preparation. This implies that other student’s performance would be reflected in

Ω and then student i makes investment decision depending on her rival’s effort level. Given

individual productivity, students will compare an additional lifetime benefit of resource in-

vestment, which would be a better admission, and an additional loss of resources. With the

limited number of admission, it is inevitable to compete with other students. This results

marginal cost of producing one more unit of admission quality to be getting higher as more

rivals join this competition and invest more. At some point of this investment war, stu-

dents face extremely high marginal cost of Q due to diminishing marginal product of leisure

and money invested to g, s, r and also due to the increased level of the expected threshold

E(Qq|Ω) by rivals’ investment. That is, as the degree of admission competition increase,

students should spend more resources to obtain the same level of admission A which would

distort household decision and other markets leading to the over-investment in the college

admission game.

3 Data

The analysis in this paper is based on Korean Education and Employment Panel Survey

(KEEP) data surveyed by Korea Research Institute for Vocational Education & Training

(KRIVET) which contain information on student and household demographics, income and

wealth, school activities and test scores, and employment status. The survey is a longitudinal

research study of two cohorts – young and old – that extracts nationally representative

samples from the population group and traces them for over twelve years from 2004 to 2015.

See Appendix for the explanation how the sample is constructed.

A total of 6,052 respondents were selected to participate in this survey, comprising the

younger cohort consisting of 2,294 middle school seniors (3rd graders) and the older cohort

consisting of 1,887 high school seniors (3rd graders) and 1,015 vocational and technical high
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school seniors (3rd graders) at the year of 2004. Supplemental data were provided by teachers

and school administrators as well. The data tracks two cohorts. before and after the policy

change at the period to investigate their behavior in high school. Thus, my sample from the

different two cohorts can be regarded as repeated-cross sectional data.

3.1 CSAT Score Distribution

Table 2 shows the population statistics of CSAT grade and score distribution for four sub-

jects, Korean, Math A, Math B, and English, from 2005 to 2009 including my two sample

cohorts. Every year, the cutoff raw score for each grade in a subject varies depending on the

exam difficulty. For the comparability across different cohorts, each CSAT subject’s result is

standardized and the grade cutoffs are assigned over the standard normal distribution. The

around-median (40 ∼ 60 percentile) students in each CSAT subject receive grade 5. The

top and the bottom 4% students will be assigned to grade 1 and grade 9, respectively. An

average student in 2008 cohort has slightly higher grade ranging from 5.06 to 5.14 for three

major subjects than the one in 2005 cohort whose grades ranging from 5.48 to 5.59, but

those are located around the median grade of the population which is exactly 5.

Table 3 describes the available information of CSAT results before and after the policy

change in my data. Some students took CSAT more than once over multiple years after their

high school graduation to get a better college admission. In this paper, only the first-taken

CSAT results of high school students in each cohort are summarized. 2005 admission CSAT

(taken in 2004 Autumn) takers received all types of result available on their transcripts

including standardized scores, grades, and percentile from the authority. College applicants

provided all score information to the applying colleges, maximum three colleges for each

student, combining with their high school GPA and resume. Students of 2008 admission

CSAT (taken in 2007 Autumn) group were available only to obtain their grades for each

CSAT subject. This implies that students do not know their exact score and the percentile
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on the population distribution. For example, the grade 1 which is the highest among nine

grades is assigned to those who ranked within the highest four percentage in the population

of the subject. That is, the top scorer and a student slightly above the four percentage

cutoff would have the same grade. Colleges then are not able to distinguish among those two

students by their CSAT scores. To screen proper applicants colleges need to more closely

review other documents such as high school GPA and resume than the inexact CSAT grades.

4 Estimation Strategy

Following the causal inference framework organized by Imbens and Rubin (2015), I use

difference-in-differences estimation to investigate causal effects of the grading policy change.

This can be said to be the differences between potential outcomes of each students’ time

allocation behavior with and without policy change. Due to the nature of nationwide policy

I interested, all students who prepare CSAT should be affected by this policy. Given this

policy environment, My identification strategy is to observe outcomes of CSAT takers and

CSAT non-takers in two cohorts before and after policy change in 2005. As we do not observe

counterfactual potential outcomes such as CSAT taking student’s leisure time that she would

have allocated when there was no policy change, I investigate appropriate comparison group

to see the effect of policy on CSAT takers.

4.1 Difference-in-Differences Estimation

In this policy analysis, I use difference-in-differences estimation with repeated cross-sectional

survey data of two different high school cohorts before and after the policy to identify causal

effects on student’s resource allocation behavior and welfare. As far as I know, no randomized

controlled trial study for this education policy at the time of implementation was conducted.

Thus, the policy effects can only be investigated by using observational data. Clearly, prior to
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the implementation of the policy in 2005 no student in my sample was exposed to the policy

change. Also, the high school GPA policy change was applied to the 2008 CSAT cohort for

the first time in 2005 when they were the high school freshmen. New CSAT grading policy

was also applied to the CSAT taken in 2007 for 2008 academic year. Thus, only the younger

cohort in my sample was affected as they studied at high school under the new grading

regime17. Since the policy was announced in 2004 to apply to the 2008 CSAT cohort who

are 2005 high school freshmen, there could be anticipation effects on them. Endogenous

choice of CSAT take would be a possible threat to identifying the non-intervention group.

This is discussed in Section 4.4.

Among those in the younger cohort, only students who want to go to college took CSAT.

That is, CSAT taker group is more affected by the policy change. Interacting variables are

post and CSAT taker dummy variables. Under the parallel trend assumption, the difference-

in-differences (DD) estimator suggests the time changes over the policy in the average out-

comes for the CSAT takers and non-takers. The validity of the assumption is discussed in

Section 4.5.

4.2 Primary Outcome Variables: Weekday Leisure

The primary outcome variable of this study are student’s weekday leisure hours per day

during their last year of high school. As all Korean high school students are subject to

the almost same daily class schedule planned by the central government, I expect that the

quantity of time use is the key input for student’s welfare and quality of college admission.

Thus, in accordance with my model in the previous section, I take weekday leisure time as

the primary outcome variable. Also, secondary outcome variables of interest are selected

to evaluate students welfare. I consider time spending on private education and time of

17In fact, the 2008 CSAT cohort was the only one cohort who could not obtain their CSAT results in
forms of percentile and standardized scores. Korean government regressed to the original CSAT grading
policy from the 2009 CSAT cohort.
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self study as the secondary outcome variables to measure the policy effect on students’

welfare. Unfortunately, amount of financial resources spent to cram schools is not included

in this study due to the inflation during the period and large numbers of missing data and

inconsistency of survey questions across cohorts.

Figure 4 shows mean outcomes by group. I find that average weekday leisure is enjoyed

more in the CSAT non-takers group than the CSAT takers group. Hours spent for self study

and private lesson also differ between the groups at the baseline. Proportion of students who

participate in academic club activity tends to be higher in CSAT takers group. CSAT takers

are elected more as class or school leaders. These differences in baseline outcomes implies

that there exists baseline level difference of outcome variables across groups. One way to

interpret this difference is that CSAT takers typically spend more time to study than the

non-takers who are relatively under less time pressure during their last year of high school.

4.3 Empirical Model

The econometric approach for analyzing the impact of the policy change on student’s behav-

ior is given by a difference-in-differences model where I compare outcomes for CSAT takers

group to non-takers group. I estimate

y = β0 + δ0post+ β1CSATtakers+ δ1post× CSATtakers+ xδ + u (19)

where y is the outcome of interest such as time allocation. The DD estimator δ1 captures the

intervention effect of the policy on the outcome variables of CSAT takers group compared

to the unexposed outcome without the policy. δ1 is considered to be zero in the absence of

the policy under the proper assumptions. I cluster standard errors by the sample students’

high school.

The first estimation is done without covariates x. The second estimation includes x which
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is a vector of controlled variables including baseline characteristics such as a vocational school

dummy, parents’ education level, household income and net asset, and number of siblings

which have been fixed at the time of intervention. Also, I control metro-level school location

to capture unobservable regional variation across the different school districts. In Korea,

there exist huge regional differences in educational environment and fundamentals such as

quality of school and teacher defined by historical college admission results, famous private

academy lecturers, hagwons, and parents’ information set. For example, the binary variable

Seoul is 1 for students in schools located in Seoul which is the biggest city and has the most

competitive private education market in Korea. Thus, considering for this school district

fixed effects would be able to account for regional variation of educational environment. is

a vector of controlled variables including baseline characteristics such as a vocational school

dummy, parents’ education level, household income and net asset, and number of siblings

which have been fixed at the time of intervention.

4.4 Policy and Selection on CSAT Taking

An issue in the composition of the CSAT takers and non-takers groups is selection on CSAT

taking due to the policy changes. A student’s CSAT taking decision should not be affected

by the policy change. In practice, it is hard to tell whether the CSAT taking decision by

a student was made before or after the policy announcement or was made based on the

consideration of the policy change. Willis and Rosen (1979) suggest that expected gains

in life earnings, family-background, financial constraints, and tastes mainly influence the

decision to attend college. Adopting this framework, it would be rare to find a student

whose preference is almost indifferent between going to the college or working after high

school graduation and the only critical factor for her to make college decision is the policy

change.

Table 5 shows that there was no remarkable change of the CSAT taking trend among
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the high school graduates measured by the proportion of CSAT applicants before and after

the policy change in 2008 out of population high school graduates. The proportion of CSAT

takers maintained mid-seventy percent out of population graduates during 2005 to 2009

which covers my two sample cohorts of 2005 and 2008. Thus, I assume that the policy did

not affect CSAT taking decision.

4.5 Balance in Potential Outcome Trends

My DD design requires that the trend of outcome variables observed in the non-takers group

is the same trend that would have been observed in the CSAT takers group in the absence of

the grading policy change. This so-called “parallel trends” assumption may be convincing if

in Equation (19) the period fixed effect δ0 and the average group fixed effect β1 are invariant

across the groups and time respectively, so that the difference in outcomes between groups is

time invariant. In this study, parallel trends assumption implies that the changes or trends

in resource allocation behavior of the CSAT taking group in the 2008 CSAT cohort would

have been the same as that of the non-takers group in the 2008 CSAT cohort if there was

no grading policy shock. Then, δ1 in Equation (19) would be the valid DD estimator.

I provide evidence to support the hypothesis of parallel outcome trends between groups.

There are several tests to support the assumption used in the empirical studies by investigat-

ing the data. First, the similarity in the pre-intervention outcome trends between the groups

can make the assumption more plausible even though the assumption is about the trends

in post-intervention counterfactual outcomes. It is useful to check the pre-intervention out-

come data to predict the counterfactual post-intervention outcome trends. The more similar

the pre-intervention outcome trends, we might be more easily convinced that the counter-

factual outcome trend of CSAT takers would be similar to the post outcome trend of the

non-takers group. Unfortunately, visual inspection of multiple periods of pre-intervention

outcomes is not available in my observational data. It includes only two cohorts data and
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the first observed period of the post-intervention cohort is the year of the policy implemen-

tation. An alternative inspection is done by comparing the eight years of post-intervention

outcome trends after the high school graduation between the groups. The key assumption

of this investigation is that the policy only affect the students’ high school leisure allocation

behavior and does not have any effects after graduation. I take up this issue in Subsection

6.1. Second, the balance in descriptive pre-intervention characteristics between groups can

be shown to check the similarity of two groups respect to the various baseline features in

average. Subsection 6.2 discuss this.

5 Results

5.1 Average Policy Effect

Table 6 Column (1) shows that the policy reduces leisure by 30 minutes a day. This could

suggest that the level of current period – high school days – utility u0 would have been worsen

off after the policy. Column (2) indicates that the policy encouraged students to take more

private lessons. An average CSAT taker spent 0.8 hour more on cram schools after the policy

while Column (3) shows a 1.3 hour increase in self study time. More private lesson and self

study time imply that college applicants are worse off in terms of their current utility as a

result of a decrease in current leisure l0. They have invested more on college prep activities

to enhance their GPA and CSAT. Column (4) indicates that 5% point more CSAT takers

took the roles of class leader or school leader. Column (5) presents no significant impact on

academic club activities.

Recalling the fact that the main policy goal is to reduce welfare-harming admission

competition, the primary analysis above implies that there is no remarkable evidence of

increase in students’ leisure which is a key ingredient of current welfare u0. Thus, it is hard

to say that the policy had successfully achieved the goal. Indeed, students had to spend
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more time studying during their high school days.

5.2 Subgroup Analyses

I investigate the heterogeneous effects of the grading policy by high school GPA. Table 7

Panel A shows that the top 11 percentile GPA students (Grade 1 and Grade 2) reduced

their leisure significantly by more than an hour per day. My model expects that the saved

time from the shorter leisure would have been invested to college admission preparation

activities. I find that the top GPA students invested more than an hour per day to study by

themselves while there are no significant changes in private lesson, leadership and academic

club activities. The estimation result confirms that the current leisure was substituted to

additional investment in self studying.

Table 7 Panel B provides the restricted analysis results on the low GPA students. Con-

trary to the top students, I do not find any significant changes in all outcomes of the bottom

23 percentile GPA students (Grade 7 – 9) but a half-hour increase in self study. I find the

heterogeneous effects depending on students’ GPA. As GPA contains information about stu-

dent’s unobservable inherent productivity and motivation, students may respond differently

to the incentive changes.

6 Robustness

6.1 Balance in Non-Intervention Outcome Trends

Unlike other DD studies, the grading policy is only applied to the college applicants. After

the admission competition, all students become adults and are free from the policy except

some students who decide to prepare their second or third CSAT. Since those retakers are

not going back to the regular high school curriculum, their time consumption patterns are
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also considered to be one variation of early twenty’s lifestyle. Thus, I compare the weekday

leisure trends between the two groups in the two cohorts for eight years (from year T + 1

to T + 8) after the year of their first CSAT which were taken in the last year of high school

(T ).

Figure 9 displays box plots which show that all four groups have the similar trends of

weekday leisure after the year of CSAT (t = 0). The median weekday leisure hours per day

in the first year after the CSAT (t + 1) is about five hours in all four groups. This could

possibly show that without the admission competition, The two groups have the similar time

allocation patterns in average. From the second year after graduation, the trends are slightly

going down for all groups as they are getting older to reach their late-twenty. Supplement

time use trends of daily sleep hours in Figure 10 also shows similar patterns to Figure 9 across

groups. Lack of sleep in adolescence may cause developmental problems such as learning,

memory, attention, cognition, and emotion processing (Tarokh et al., 2016). Furthermore,

insufficient sleep is significantly positively correlated with unsafe behaviors among youths

such as risky driving, risky sexual activity, and drug-tobacco-alcohol use (Weaver et al.,

2018).

6.2 Balance in Pre-Intervention Characteristics

The intervention which is the exogenous source of variation in this analysis is the time-specific

grading policy changes on CSAT and GPA applied only to the younger cohort in my sample.

To examine the impact of the policy, I focus on two high school graduate cohorts before

(2005) and after (2008) the policy change. Total 435,538 college applicants out of 569,272

high school graduates in 2005 (76.51%) and 446,597 applicants out of 581,921 high school

seniors in 2008 (76.75%) took CSAT for 2005 and 2008 college admissions, respectively. In

this study, CSAT non-takers groups in each cohort consist of students who did not take

CSAT (CSATtaker = 0) in their third-year of high school and were not affected by the
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policy changes. CSAT takers groups in each cohort are CSAT takers (CSATtaker = 1) who

were planning to apply to college.

Figure 11 provides mean characteristics for all sample students by group and cohort. The

female ratio of each group is more or less 50% which is not so far different from the population

female ratio of 50%. Parents education level is suggested in row 2-3. The percentage of college

graduate fathers is slightly higher in the CSAT takers groups for both cohorts. Except the

mothers of non-takers in 2005 cohort, the ratio of college graduate mother is similar across

groups. Household satisfaction is measured by a Likert scale from 1 to 5 to measure how

students feel about their lives at home. Interesting fact is that CSAT taking students are

more likely to have higher household satisfaction in both cohorts. Considering the fact that

most of Korean parents want their children to go to college, this correlation seems to be

plausible as parents and their child consented to the student’s career. In summary, the

two groups are balanced in terms of observable pre-intervention characteristics except some

characteristics such as vocational school ratio and parents education.

7 Concluding Discussion and Policy Implications

I considered a college admission game in which high school students compete on the limited

college admissions which are assigned in order of students’ relative ranking. My model

under the game of status suggests that the new policy of Coarse grading CSAT and relative

grading GPA introduced uncertainty in expected return to CSAT investment and more

competitiveness in GPA race which result in more investment in college prep activities.

This study finds empirical evidence that coarsening SAT grade and changing absolute

to relative GPA grading resulted in unintended and negative impacts on student’s leisure

allocation. The results suggest that education policy makers need to understand the students’

behavior under status uncertainty and highly competitive environment in designing college
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admission policies.

Enjoying life is important for all age groups. Especially, children who are in their phys-

ical and emotional development stages need to consume enough time with their family and

friends to build up their healthy life style. When a market fails to bring a decent child-

hood for them, Government policy can change people’s incentives to move away from an

outcome failing to achieve the maximized social welfare. This study, however, shows that

without comprehensive understanding of what makes people do what they do the government

intervention may not work well.
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Hafalir, I., R. Hakimov, D. Kübler, and M. Kurino (2018, 05). College admissions with
entrance exams: Centralized versus decentralized. Journal of Economic Theory 176.

Han, C., C. Kang, and S.-H. Lee (2016). Measuring effort incentives in a tournament with
many participants: Theory and application. Economic Inquiry 54 (2), 1240–1250.

Harbaugh, R. and E. Rasmusen (2018, February). Coarse grades: Informing the public by
withholding information. American Economic Journal: Microeconomics 10 (1), 210–35.

Hopkins, E. and T. Kornienko (2004, September). Running to keep in the same place:
Consumer choice as a game of status. American Economic Review 94 (4), 1085–1107.

Imbens, G. W. and D. B. Rubin (2015). Causal Inference for Statistics, Social, and Biomed-
ical Sciences: An Introduction. Cambridge University Press.

Kahneman, D. and A. B. Krueger (2006, March). Developments in the measurement of
subjective well-being. Journal of Economic Perspectives 20 (1), 3–24.
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A Appendix

A.1 Derivation of Equilibria

Equation (1) and (5) consist the objective function

max
l0,lq ,kq ,x

u0(l0, x) + βu1(wg · g(lg, kg) + ws · s(ls, ks) + wr · r(lr, kr) + ε) (20)

by expressing Q(·) as a function of a linear combination of CSAT, GPA, and resume. The
equilibrium conditions of interior solution will be:

[l0]
1

β

∂u0
∂l0

+ wg
∂u1
∂g

∂g

∂lg

∂lg
∂l0
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∂u1
∂s

∂s

∂ls

∂ls
∂l0

+ wr
∂u1
∂r

∂r

∂lr

∂lr
∂l0

= 0 (21)
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1
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∂u1
∂q

∂q
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[kq]
1

β

∂u0
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∂kq
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= 0 (24)

where q, q′, q′′ ∈ {g, s, r} and q 6= q′ 6= q′′. The time constraint (3) implies that a marginal
increase (or decrease) in current leisure l0 sacrifices (or is allocated to) lg, ls, and lr. This
yields,

∂lg
∂l0

+
∂ls
∂l0

+
∂lr
∂l0

= −1. (25)
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Figure 1: Korean Education System (Nam, 2014)
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Figure 2: 2008 Academic Year College Admission Timeline
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Figure 3: Policy Implementation Timeline

42



Figure 4: Mean Outcomes
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a. Source: Ministry of Education.
b. Grade 1 is the highest. Students raw CSAT scores are normalized. Each student’s percentile is
matched to one of nine preset grades in Table 1. When there are ties around the grade cutoff, the higher
grade will be given to all.

Figure 5: CSAT Korean Grade Distribution
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a. Source: Ministry of Education.
b. Grade 1 is the highest. Students raw CSAT scores are normalized. Each student’s percentile is
matched to one of nine preset grades in Table 1. When there are ties around the grade cutoff, the higher
grade will be given to all.

Figure 6: CSAT Math A Grade Distribution
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a. Source: Ministry of Education.
b. Grade 1 is the highest. Students raw CSAT scores are normalized. Each student’s percentile is
matched to one of nine preset grades in Table 1. When there are ties around the grade cutoff, the higher
grade will be given to all.

Figure 7: CSAT Math B Grade Distribution
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a. Source: Ministry of Education.
b. Grade 1 is the highest. Students raw CSAT scores are normalized. Each student’s percentile is
matched to one of nine preset grades in Table 1. When there are ties around the grade cutoff, the higher
grade will be given to all.

Figure 8: CSAT English Grade Distribution
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Figure 9: Non-Intervention Outcome Trends after CSAT (hours/day)
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Figure 10: Non-Intervention Sleep Hours Trends after CSAT (hours/day)
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Figure 11: Mean Characteristics
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Grade Cumulative Percentage
1 4% or Under
2 4% ∼ 11%
3 11% ∼ 23%
4 23% ∼ 40%
5 40% ∼ 60%
6 60% ∼ 77%
7 77% ∼ 89%
8 89% ∼ 96%
9 Over 96%

a Source: Ministry of Education.
b Grade 1 is the highest. Students raw

CSAT scores are normalized. Each stu-
dent’s percentile is matched to one of nine
preset grades.

Table 1: GPA and CSAT Preset Grade Scale
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a Source: KICE, Megastudy, Kim01 Edu Consulting.
b Raw scores are not announced by KICE. They are estimated by private institutes, Megastudy and Kim01
Edu Consulting. Students get higher raw scores under an easy exam which results in higher Grade 1 cutoff.

Table 2: Population Statistics of CSAT Results (2005 – 2009)
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2005 CSAT Takers 2008 CSAT Takers
Result Subject Obs Mean SD Min / Max Obs Mean SD Min / Max
Grade Korean 2,184 5.58 1.91 9 / 1 1,262 5.12 2.26 9 / 1

Math 1,943 5.48 1.81 9 / 1 1,181 5.05 2.15 9 / 1
English 2,172 5.59 1.91 9 / 1 1,246 5.11 2.30 9 / 1

Percentile Korean 2,199 40.67 27.77 0 / 100
Math 2,199 37.20 28.81 0 / 100
English 2,199 39.93 28.24 0 / 100

Score Korean 2,199 92.95 22.00 0 / 135
Math 2,199 83.42 34.56 0 / 150
English 2,199 92.11 22.15 0 / 139

a No percentile and standardized score data of 2008 CSAT is available due to the grading policy. The population
median grade is 5 for all subjects. Difference in observations between categories in 2005 CSAT is due to
missing data. In 2008 CSAT, some students selectively took exams depending on the admission criteria of
applying colleges.

Table 3: Sample statistics of CSAT results
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2005 Non-takers 2005 CSAT Takers 2008 Non-takers 2008 CSAT Takers
(N = 951) (N = 2199) (N = 569) (N = 1266)

Female 50% 44% 47% 56%
Mother College 57% 41% 37% 38%
Father College 36% 38% 43% 53%
Health Condition 3.54 3.52 3.66 3.74
HH Satisfactory 3.25 3.70 3.43 3.79
Vocational School 91% 21% 87% 24%
Punishment 17% 8% 13% 5%
Prize 36% 40% 22% 45%
Smoking 27% 8% 23% 6%
Drinking 63% 42% 69% 49%
Daily Gaming 28% 10% 29% 11%
a Health condition (5: Very healthy) and Household satisfactory level (5: Very satisfied) range from 1 to 5. Pun-

ishment at school, prize, smoking, and drinking are binary variables where they take 1 with any experience.

Table 4: Mean Characteristics by Group and Cohort
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Year Number of Graduates Number of CSAT Applicants
2001 736,171 603,238 (81.94%)
2002 670,713 541,662 (80.76%)
2003 590,413 482,089 (81.65%)
2004 588,550 476,129 (80.90%)
2005 569,272 435,538 (76.51%)
2006 568,055 422,310 (74.34%)
2007 571,357 425,396 (74.45%)
2008 581,921 446,597 (76.75%)
2009 576,298 448,472 (77.82%)
2010 633,539 532,436 (84.04%)
a Data source: KOSIS, KICE
b There was no propotional changes in CSAT applicants out of population high

school graduates around the policy changes from 2005 to 2009 implying that the
average CSAT taking decision was not affected by the policy.

Table 5: High School Graduates and CSAT Applicants
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(1) (2) (3) (4) (5)
Weekday Leisure Private Lesson Self Study Leader Role Academic Club

Post 0.549∗∗∗ 0.085 -0.965∗∗∗ 0.031 0.000
(0.134) (0.248) (0.073) (0.024) (0.014)

CSAT Taker -1.619∗∗∗ 5.126∗∗∗ 0.474∗∗∗ 0.039∗∗ 0.055∗∗∗

(0.079) (0.300) (0.046) (0.015) (0.012)

Post × CSAT -0.502∗∗∗ 0.814∗ 1.294∗∗∗ 0.051∗ -0.020
(0.163) (0.469) (0.155) (0.029) (0.020)

Observations 4985 4985 4985 4985 4985
Mean Outcome 3.236 4.652 1.718 0.196 0.086
a Cluster standard errors by school in parentheses.
b * p < 0.10, ** p < 0.05, *** p < 0.01
c Units are hours per day for weekday leisure and self study, hours per week for private lesson, and binary for

leader role and academic club activities.
d Mean outcome is the average of total observations including both cohorts and groups.

Table 6: Average Policy Effects on Time Allocation
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A. TOP GPA STUDENTS

(1) (2) (3) (4) (5)
Weekday Leisure Private Lesson Self Study Leader Role Academic Club

Post 0.976∗∗ 0.153 -0.893∗∗∗ 0.048 0.035
(0.437) (0.715) (0.117) (0.103) (0.061)

CSAT Taker -1.420∗∗∗ 6.347∗∗∗ 0.871∗∗∗ 0.115 0.097∗∗

(0.264) (0.918) (0.152) (0.089) (0.048)

Post × CSAT -1.062∗∗ -0.319 1.155∗∗∗ -0.032 -0.084
(0.463) (1.194) (0.274) (0.117) (0.069)

Observations 480 480 480 480 480
Mean Outcome 3.116 5.944 2.074 0.392 0.119

B. BOTTOM GPA STUDENTS

(1) (2) (3) (4) (5)
Weekday Leisure Private Lesson Self Study Leader Role Academic Club

Post 1.348∗∗∗ -0.284 -1.160∗∗∗ -0.000 -0.025
(0.363) (0.340) (0.083) (0.030) (0.020)

CSAT Taker -1.272∗∗∗ 4.091∗∗∗ 0.189∗∗ 0.037 0.005
(0.169) (0.541) (0.077) (0.028) (0.021)

Post × CSAT 0.180 -0.182 0.520∗ 0.104 0.026
(0.590) (1.277) (0.301) (0.076) (0.043)

Observations 627 627 627 627 627
Mean Outcome 3.891 2.818 1.220 0.097 0.040
a Cluster standard errors by school in parentheses.
b * p < 0.10, ** p < 0.05, *** p < 0.01
c Units are hours per day for weekday leisure and self study, hours per week for private lesson, and binary for

leader role and academic club activities.
d Mean outcome is the average of total observations including both cohorts and groups.

Table 7: Policy Effects on Time Allocation by High School GPA
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