How Parents’ Beliefs About Their Children’s Academic
Ability Affect Educational Investments

Tiangi Gan

Department of Agricultural and Resource Economics
University of Maryland, College Park

Dec 31st, 2021

Tiangi Gan Parental Education Decisions: Evidence from China Slide 1



Motivation

® Education is important: key determinant of wages, employment, health
and other outcomes

® Parental investment is a primary factor influencing educational attainment

® Decisions are based on parents’ belief about children’s ability (Bursztyn and
Coman, 2012; Dizon-Ross, 2019; Bergman, 2021; List et al., 2021)

® Parents’ belief may be biased
» Limited access to performance info (Bursztyn and Coman, 2012; Bergman, 2021)

> llliterate parents (Dizon-Ross, 2019)

® What about parents who are educated and have access to academic
records?

» Biases in their belief about children’s ability

» Policies to help optimize their decisions
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Question

® Field experiment partnering with a high school in China
» 748 parents of 12th-grade students
® Combining randomized controlled trails (RCTs), several rounds of surveys,
with rich administrative data, this paper

» Documents two new information frictions from surveys
> Overconfidence in future performance

» Underestimate college admission requirement

» Introduce two novel interventions to solve the problem
» Machine-learning predictions on future performance

> Report of colleges corresponding to children’s current in-school
ranking
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Question

® Test impacts of removing information frictions
» Parents’ ability belief
> Parents’ investments
» Children's academic performance
® Reveal causal effects using exogenous changes caused by treatments
» How parents’ ability beliefs affect investments

» Educational investments’ impacts on performance
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Preview of Findings

® The information shocks significantly eliminated the information frictions

> Parents’ belief biases decrease by almost 50%

® Parental educational monetary investments increase by 4.8%

» Causal effect of ability belief on investments is nonlinear around aspirations

® Children's performance improves by around 5%

» 1% increase in edu. monetary investment improves performance by 1.4%
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Literature Review & Contributions

This paper contributes to three main strands of literature
® | jterature on parental educational decisions

> Evidence on impacts of beliefs about children's effort & return to education
(Bursztyn and Coman, 2012; Dizon-Ross, 2019; Bergman, 2021; List et al., 2021)

> Little evidence on causal effects of ability belief
P Exogenous changes in ability belief

P Detailed & panel data on parents’ general educational investments

» Identified two types of information frictions
P Well-educated parents with performance info

» Individual-level characteristics

» Proposed novel and low-cost solutions
P increased educational investment & students’ performance
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Literature Review & Contributions

® Literature on machine learning application

» Growing literature: job performance, bail decisions, hiring decisions
(Mullainathan and Spiess, 2017; Kleinberg et al., 2015; Hoffman et al., 2018)

» Among the first to implement machine learning in education

Came up with machine-learning algorithms based on rich historical
academic performance data

> Eliminate belief biases & help with parents’ decision optimization
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Literature Review & Contributions

® Literature on the modeling of educational investment decisions (secker, 1962;
Becker and Tomes, 1979; Glomm, 1997; Raut and Tran, 2005)

» Empirical evidence on the importance of parents’ aspirations (Galab et al., 2013;
Spera et al., 2008; Bernard et al., 2019)

Incorporate aspiration in parents’ decision model

Test the model predictions empirically

» Find a non-monotonic correlation between ability belief and investments
around aspirations
P When and why are belief & investments become substitutes or complements
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QOutline

Background
® Theoretical Framework

® Experimental Design & Data

Empirical Results
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Background & Context

Location: Guizhou, China
Why China?

® Education investment is very important in China

» The ranking of average spending on education per child: (CNN Money, 2017)
P US: NO. 4 (2,923 USD per year), 5% of average annual wage

P China : NO. 6 ( 2,145 USD per year), 19% of average annual wage
® |t has snowballed in the past few years
> After-school training market annual increase rate: over 30%
> Attracted attention from policy-makers
® One-Child policy
» No sibling tradeoff issues

® Simple college admission system

»> Only one exam matters - College Entrance Exam(CEE)
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Theoretical Framework: Set up

Context: parents of high-school students
Parents’ optimization equation:

u=U(C)+ V(P(t,El),A), st. C+El=1

® U(C): the utility from consumption

® V(.): the utility from child’s college admission

® P(t, El): predicted CEE performance

® ¢ : parents’belief of their children’s current ability
® FJ| : parental education investment

® A parental aspiration (CEE performance needed for ideal college)
Assumptions:

® Assumption 1: Utility has a bonus when aspiration is reached
V(P(t, El), A) = R(P(t, El)) + k - 1{P(t, EI) > A}
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Theoretical Framework: Graphic Explanation
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Theoretical Framework: Graphic Explanation
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Theoretical Framework: Graphic Explanation
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Theoretical Framework: Graphic Explanation
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Theoretical Framework: Graphic Explanation
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Theoretical Framework: Prediction - Nonlinear

Elye-mp(®)
A -1
EI* R™(t,A)
R7 (6,4)
—— EI*(t, Ag)
== EI'(t,A;)

v

® Aspiration not reached (t < to):
» Invest to reach aspiration

> Substitute - the lower the ability belief, the higher the investment
» The higher the aspiration, the higher the investment

® Aspiration reached (t > tp):
» Invest until MC = MB

» Complement - the higher the ability belief, the higher the investment
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Experiment

Location: Guizhou, China
Participants: Parents of High-school students (12th grade)
Experiment: Change parents’ belief & aspiration exogenously

Remove biases caused by two types of information frictions

® Friction 1: Can't predict future performance
> e.g. Parents’ prediction accuracy

Parents’ Prediction Errors

21%
23%

99
39% 17%
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Experiment

Location: Guizhou, China
Participants: Parents of High-school students (12th grade)
Experiment: Change parents’ belief & aspiration exogenously

Remove biases caused by two types of information frictions
® Friction 1: Can't predict future performance
> e.g. Parents’ prediction accuracy

® Friction 2: Can't match in-school ranking to colleges
» Performance information: in-school rank
» College Admission: in-province rank

» Cohort sizes: 1,000 v.s. 400,000
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Intervention 1: ML Prediction

Issue 1: Can't predict future performance

Intervention 1: Machine Learning prediction of future performance
® Prediction of in-school ranking at CEE period
® | ASSO algorithm
» Trained with rich administrative data on alumni’'s performance
5-fold cross-validation & bootstrapping

>
» Pick around 40 most predictive variables out of 4000+
>

Most predictive variables:
P Performance in late 11th-grade

P Performance on math & physics
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Intervention 1: ML Prediction

® Prediction power:

> Out-of-Sample prediction power: R? > 96%

» More accurate than parents’ predictions

Parents’ Prediction Errors

Err <10%
21%

Err>50%
23%

Err btw 20%—%0%

6-209
30% Err btw 10%-20%

17%

Tiangi Gan

ML’s Prediction Errors

Err btw 10%-20%
8%

Err btw 20%-50%
| 3%

Err <10%
89%
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Intervention 1: ML Prediction Report Sample
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Intervention 1: ML Prediction

The Machine Learning Report includes:

® Introduction to Machine Learning algorithm

® Comparison of algorithm & parents’ prediction

® Predicted rank range

» Randomize framing styles - add random variation to shock intensity

» e.g. if the student’s ML prediction is 201-220

Your child’s performance one year
later is predicted to be in this range
v

Positive frame: 191-220 221-250

Negative frame: 81-110 111-140

Tianqgi Gan

251-280 281-310 311-340

Your child’s performance one year
later is predicted to be in this range
v

141-170 171-200 201-230
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Intervention 2: Rank-to-College Matching

Issue 2: Can't match in-school ranking to college levels

Intervention 2: Rank-to-College Matching Report
® The CEE score of students with similar in-school ranking
® The best three college these students can get in 2017 & 2018
® Random variation in treatment intensity with framing style
> e.g. real in-school ranking is 200

» Positive 180 v.s. Negative 220
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Experimental Design & Timeline

Nov 2020: Bascline

|

Dec 2020: Intervention

v
Feb 2021: 1% Follow-up

l

Apr 2021: 2" Follow-up

l

May 2021: 3% Follow-up
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Experimental Design & Timeline

Nov 2020: Baseline

All Sample
l (748 parents)
Dec 2020: Intervention _— ~__
[ P v T
v Group I Group IT Control Group
Feb 2021: 1% Follow-up ML Prediction Matching
l 249 parents 249 parents 250 parents
Apr 2021: 27 Follow-up [ parallel randomization ] [ parallel randomization ]
l Group LA Group I.B Group ILA Group II.B
Negative Positive Negative Positive
May 2021: 3% Follow- &
2y oTowtp (124 parents) (125 parents) (124 parents) (125 parents)
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Data
Survey data

® Parental Ability Belief: in-school ranking belief
® Aspiration
» IdealTier: Ideal tier of college (1-7 tiers, Tier 1 are top colleges)

» GoalRank: Parents’ belief about the in-school ranking needed for ideal tier
of college
® Parental Investment (in the past two months)

» Monetary investment
P Education-related: private tutoring and practice books

P Other issues: allowance and transportation fees

> Time investment
P Education-related: monitor studying, communicate with teachers

P Other issues: entertainment activities with children
® Demographics
> Parents’ education backgrounds
» Household’s annual income
» Number of kids
» Network with other parents
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Data

Administrative data
® Cohort 2011-2020
» Performance data on all monthly exam in high school
» CEE score & Colleges they can get in
» Train Machine Learning algorithm & Match in-school ranking to colleges
® Cohort 2021
> Monthly exam performance data (in-school ranking overtime)

> Two province-level exams (in-province ranking)
P Pre: Province-Level mock exam

P> Post: CEE
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Summary Statistics - Demographics

Table 1 Pre-Intervention Summary Statistics - Demographics

ML Matching  Control  Total

IncomeLevel®  3.012 3.072 2.900
(1.195)  (1.327)  (1.375) (1.302)
ChildNum 1.494 1.478 1500  1.491
(0.918)  (0.791)  (0.859) (0.860)
FatherEdu®  2.702 2.924 2.876
(1.065)  (1.043)  (1.092) (1.070)
MotheEdu®  2.641 2.719 2.692
(L111)  (1.082)  (1.107) (1.099)

Sample Size 249 249 250 748

® Average household annual income: 50k- 100k Yuan (7.7k - 15.4k USD)

® Average Parents’ education background: secondary to high school
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Summary Statistics - Parental Investment

Table 2 Pre-Intervention Summary Statistics - Parental Investment

ML Matching ~ Control Total

Edu. Monetary Inv.A 2687.7 26192  2608.4 (26384
(28326) (2754.0) (2228.8) (2617.3)
Oth. Monetary Inv.A  1439.9  1396.0 ~ 13006  (1378.6)
(1404.6) (1364.8) (1111.2) (1299.2)

Edu. Time Inv.B 26.68 26.37 25.10 26.05
(25.43)  (2479)  (22.61)  (24.28)

Oth. Time Inv.B 14.67 14.06 13.00 13.91
(15.43) (13.93) (11.69)  (13.76)

Sample Size 249 249 250 748

® Educational investments are twice of non-educational investments

® Edu. monetary investment is around 20% of monthly household income
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Summary Statistics - Performance and Belief

Table 3 Pre-Intervention Summary Statistics - Performance& Belief

ML Matching  Control  Total

SchoolRank 370.1 368.1 3711 369.8
(207.0)  (206.1) (2135) (208.6)
RankBelief 330.8 323.8 3287 (3279

(195.1)  (196.0)  (198.9) (196.5)
RankBelief-SchoolRank  -39.32 -44.32 -42.37  (42.01)
(57.24)  (58.74)  (59.68) (58.52)

Ideal Tier” 4.089 4.048 4084  4.074
(1.747)  (1.724)  (1.767) (1.744)

GoalRank 205.7 202.4 198.9  (202.4)
(154.5)  (147.0) (147.2) (149.4)

Sample Size 249 249 250 748

® Parents are too optimistic:
RankBelief-Rank = -42

® |n parents’ belief, most students haven't reached parental aspiration:
327.8 v.s. 202.4
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Summary Statistics - sample balance check
No significant difference across groups in baseline

Table 4 Sample Balance Check with OLS

A. Demographics

VARIABLES IncomeLevel ChildNum FatherEdu MotherEdu
(1) ) 3) (4)
ML X Negative 00194 00172 01583 00791
(0.143) (0094) (0117) (0121)
ML X Positive 02040 00184 0.1800 00280
(0143) (0094) (0117) (0.121)
Matching X Negative 01403 00204 00514 00177
(0143) (0.094) (0117) (0121)
Matching X Positive 02040 00216 00840 00360
(0143) (0094) (0117) (0121)
Observations s 748 8 s
Resquared 0005 0010 0008 0001

B. Performance, Belief, and Aspiration

VARIABLES In(RankBelief)  In(|RankBelief — SchoolRank|)  In(SchaolRank) dealTier In(GoalRank)
(5) (6) (Ul ®) [§]
ML X Negative 00310 00231 00189 00195 00513
(0103) ©01%2) (0.100) (0192) ©o113)
ML X Positive 00075 00095 00021 00040 00193
(0103) ©01%2) (0.100) (0192) ©113)
Matching X Negative 00141 00210 00020 00517 -0.0006
(0.103) (0132) (0.100) (0.192) (0113)
Matching X Positive 0019 00250 -0.0035 -0.0200 0.0260
(0.103) (0132) (0.100) (0192) (0112)
Observations 48 748 748 48 738
Resquared 0000 0.001 0000 0000 0.000

C. Parental Investment

VARIABLES In(Edu. Monetary Inv)  In(Oth. Monetary Inv.)  In(Edu. Time Inv.) In(Oth. Time Inv.)
(10) () (12) (13)
ML X Negative 00428 00365 00359 00490
(0117) (0.088) (0117) (0.108)
ML X Positive 00021 00399 00175 00273
(0117) (0.088) (0117) (0.108)
Matching X Negative 00045 00101 00132 00140
(0117) (0.088) (0117) (0.104)
Matching X Positive 00654 00496 00795 00544
(0117) (0.088) (0117) (0.108)
Observations 48 48 748 48
Resquared 0001 0001 0001 0001
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Preview of Empirical Results 1

® Two treatments significantly eliminated existing information frictions

> Realize children’s ability is not as high:
P Belief about in-school ranking increases by 6%,

> Belief inaccuracies decrease by 50%

» Realize ideal colleges are more difficult to get into:
P Perceived difficulty becomes 6% higher

P Parents aim at colleges below their previous goals (by around 0.11)
® Educational monetary investment significantly increases by 4.8% and 3.1%

® Children's in-province ranking get improved by 6.5% and 4.8%

Tiangi Gan Parental Education Decisions: Evidence from China Slide 35



Preview of Empirical Results 2

® causal impacts of belief on investment is nonlinear around aspiration

> Aspiration not reached:

> Ability belief becomes worse by 1% = edu. monetary investment increases by
1.7%

> Aspiration becomes higher by 1% = edu. monetary investment increases by

0.6%

> Aspiration reached:
P No significant effects

P Significantly different from the not-reach case

® |nvestment driven by the intervention is effective

» edu. monetary investment increases by 1% = academic performance get
improved by 0.6%
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Empirical Model - Pooled Sample

Yi: = a + i + APost + 31 Post - ML; - LessPositive;
+ BoPost - ML; - MorePositive;
+ B3Post - Matching; - LessPositive;
+ B4 Post - Matching; - MorePositive; + €

Y : belief inaccuracy, ideal tier, etc
Post;i;=1 if the observation is post-intervention
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Empirical Model - All Period

3

Y=o+ + Z(HtRoundt + p1:Round, -

t=1

+ po¢ Round, -
+ p3¢Round; -
+ pat Round; -

ML; - LessPositive;

ML; - MorePositive;
Matching; - LessPositive;
Matching; - MorePositive;) + €

(2)

Round;=1 if the observation is from round t
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Empirical Results: Ability Belief
Table 5 Effects on Parental Ability Belief (Pooled)

VARIABLES In(RankBelief ) In(|RankBelief — SchoolRank|)
(1) () 3) )
Post 0.001 0.001 0.380%** 0.380%**

) (0.009)

) (0.055)
Post X ML

078)
Post X Matching -0.198%*
(0.078)
Post ML X Negative -0.571%%*
(0.016) (0.095)
Post X ML X Positive 0 Y -0.408%**
(0.016) (0.095)
Post X Matching X Negative 0.017 -0.266***
(0.016) (0.096)
Post X Matching X Positive 0.010 -0.131
(0.017) (0.096)
Observations. 2,742 2,742 2,748 2,748
R-squared 0.023 0.025 0.030 0.031
Control Group Mean 5.49 3.77
Individual Fixed Effect Y
Num of Participants 748

® Ability belief become worse in machine-learning groups
® Dramatic reduction in belief inaccuracies

® Negative framing generates larger impacts as it causes a bigger shock
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Empirical Results: Aspirations

Table 6 Effects on Parental Aspiration (Pooled)

VARIABLES In(GoalRank) Ideal Tier
1) 2 3 @
Post 0.130%**  0.130%** 0.264%**  0.264%**
(0.021)  (0.021) (0.033)  (0.033)
Post X ML -0.042 -0.020
(0.030) (0.046)
Post X Matching £0.056* 0.111%4
(0.030) (0.047)
Post ML X Negative -0.004
(0.058)
Post X ML X Positive -0.035
(0.058)
Post X Matching X Negative 0.193**

Post X Matching X Positive

(0.036)
Observations 2,771 2,771 2,712
R-squared 0.033 0.033 0.107
Control Group Mean 5.05
Individual Fixed Effect Y
Num of Participants 748

® Matching treatment make parents realize the difficulty of college admission

® Some parents aim at colleges below their previous goals

® Effects are statistically significant only in the group with negative framing

Tiangi Gan
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Empirical Results: Investments

Table 7 Effects on Parental Investments (Pooled)

VARIABLES In(Edu. ) In(Oth. rylnv.) In(Edu. Timelnv.) In(Oth. Timelnv.)
@) @) ®) ) 5) (6) U] ®
Post 0.I31%%%  QI31%F*  0.027**F  0.027** 0.200%%%  0.200%%*  0.070*** 0.070***
(0012)  (0.012) (0.011)  (0.011) (0.016)  (0.016) (0.013)  (0.013)
Post X ML 9 v -0.003 0.011 0011
(0.016) (0.023) (0.018)
Post X Matching 0.009 0.005 0.003
(0.017) (0.016) (0.023) (0.018)
Post ML X Negative -0.006 0014 0.007
(0.020) (0.028) (0.022)
Post X ML X Positive 0.001 0.008 0015
(0.020) (0.028) (0.022)
Post X Matching X Negative 0014 -0.001 0.004
(0.020) (0.028) (0.022)
Post X Matching X Positive 0.004 0011 0.003
(0.020) (0.028) (0.022)
Observations 2,808 2,808 2,808 2,808 2,808 2,808 2,808
R-squared 0.205 0.010 0.010 0201 0201 0049 0049
Control Group Mean 7.00 3.12 243
Individual Fixed Effect Y
Num of Participants 748

® Both interventions significantly increased educational monetary investment
® Effects are significant only for groups with information framed more negatively

® No effects have been identified on the other three types of investments
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Empirical Results: Performance

Table 8 Effects on Students’ Performance (Pooled)

VARIABLES In(SchoolRank) In(ProvRank)
1) (&) 3 )
Post 0.029%** -0.017
(0.006) (0.017)
Post X ML £0.029**¥
9)
Post X Matching
(0.009)
Post ML X Negative -0.034%** £0.069*¥
(0.011) (0.029)
Post X ML X Positive -0.024** £0.060*¥
(0.011) (0.029)
Post X Matching X Negative -0.027** £0.063*¥|
(0.011) (0.029)
Post X Matching X Positive -0.012 (0.032)
(0.011) (0.029)
Observations 2,842 2,842 1,490 1,490
R-squared 0.013 0.013 0.044 0.044
Num of Participants 748 748 745 745
Control Group Mean 5.65 10.08
Individual Fixed Effect Y

® Performance get significantly improved in both treatment groups

® The impact is especially salient among negative framing
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Empirical Results: Dynamic Effects
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“The smaller the rank, the better the performance

® Ability beliefs & aspirations get updated shortly and persist overtime

® Educational monetary investment adjustments & performance
improvement are lagged by two months
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Empirical Model - 2SLS

Reach = 1 if RankBeliefpaseiine < GoalRankpssejine

NoReach = 1 if RankBeliefpaseiine > GoalRankpaseline

Rit: NoReach X In(RankBelief), Reach X In(RankBelief),
NoReach X In(GoalRank), Reach X In(GoalRank)

1st Stage:

~

3
Ry = a+7;+Z(OtRoundt+9tRoundt~Reach,-+pzt~Z,-+X,-/tﬂ+e,-t) (3)

t=1
2nd Stage:
Yi: = A+ n; + 11 Round; + 7 Round; - Reach; + orRit—1+ X,-;ﬁ +eir (4)

where t = {0,2,3}
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Empirical Results: Investment 2SLS

Table 9 2SLS - Effects of Belief and Aspiration on Investments

VARIABLES In( Edu.Monetarylnv.) In(Oth.Monetarylnv.) In(Edu. Timelnv.) In(Oth. Timelnv.)
@) 0] ©) ®

NoReach X In(RankBelief),_, [1.188%%¥) 0.250 -0.280 0.096

777777 (0.261) (0.224) (0.340) (0.243)

Reach X In(RankBelief),_, 0.010 0.607 -0.204

7777777777 (0.358) (0.544) (0.389)

NoReach X In(GoalRank),_, -0.137 -0.326 -0.008

7777777777 (0.179) (0.272) (0.195)

Reach X In(GoalRank),_, -0.098 0.436 -0.046

(0.183) (0.278) (0.199)

Observations 2,699 2,699 2,699
Individual Fixed Effect Y
Num of Participants 748

® Find significant nonlinearity around the aspiration
> Ability belief

> Aspiration
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Empirical Results: Performance 2SLS

Table 10 2SLS - Effects of Investments on Performance

VARIABLES In(SchoolRank) In(ProvRank)
(1) @)
In(Edu. Monetary Inv.) — [(0.434**%) (1.374%*%
(0.063) (0.379)
Observations 2842 1,490
Num of Participants 748 745
Individual Fixed Effect Y

® The additional parental educational monetary investments initiated by the
treatments are effective

® | ack of power for the identification of causal effects of other types of investments
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Conclusion

® reveals two information frictions
» Prediction bias

» Poor Matching

® Proposes and tests two novel interventions which significantly eliminate
existing information frictions

» 49% reduction in inaccuracies in parental belief about their children’s ability
»> 5% increase in parental educational monetary investments
»> 3% improvement in students’ performance

> Apply big data techniques to help with decision optimization

® Pin down the causal relationship between parental ability belief and
educational investments

» Nonlinear around parents’ aspirations

» Understand when and why parental investments and students’ ability
become substitutes or complements

» Prior beliefs and aspirations are important for policy designs
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Other On-going Projects

® Parental educational investments

» Understanding Mechanisms Underlying Peer Effects on Educational
Investment Among Parents: Evidence from China

» Invest in Talented or Invest in Disadvantaged: How Aspirations Affect
Parents’ Investment Strategy

® The applications of big-data techniques

» Worker Screening: Applications of Machine Learning Methods to Firm
Decision-Making (with Jing Cai and Shing-Yi Wang)

» How Machine Learning Techniques Help Students’ Optimize Their
Curriculum Choices and College Admissions

® Future: generalize the methodology to broader settings
> Poverty alleviation

» Collaborate with banks,insurance companies, and e-commerce companies
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Thanks!

All comments and feedback will be appreciated!

tganl@umd.edu
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