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2.1 The Technology of Skill Formation




* Letq;o and q; 1 denote, respectively, the stocks of the human capital of child i at birth
and 24 months.

* Let x; denote maternal investments in the human capital of child i during the first two
years of the child’s life. Let x; denote shocks to the development process.

* We assume that the technology of skill formation assumes the following parametric
specification:

Ing;; =¢;Ing;p +¢¥aInx; +Y3lng;pInx; +v;. (1)

* The translog parameterization in equation (1) is particularly convenient to make
progress on the elicitation of MSE about the technology of skill formation.

* To see why, let H; denote the mother’s information set.

* According to the technology function denoted in (1), it follows that:

E[lﬂ Ji1 |fInJI- Hi} =iy Inge + i y2Inx + p; gz Ingglnx, (2)
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2.2 Motor Social Development Scale




* For each child i and MSD item j, we define the latent variable d; ; according to the

following specification:

h.
dlij' — bj.ﬂ + 'I-]'_I,l (111 o + bj_.E El) — J‘]E'J'. {3:’
i1

* Let @ denote the cumulative distribution function (CDF) of a normal random variable
with mean 0 and variance 1.

* If we assume that ; ;~N(0,1) it follows that the probability that child i can perform
MSD task j is equal to:

. bj,ﬁ
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2.3 Instruments to Elicit MSE




* Figure 1 presents the survey instruments in detail.

* Panel A reproduces the elicitation items we use in the subjective probability form.
* Panel B shows the exact elicitation items in the age ranges form.

* Panel C presents the four scenarios of human capital at birth and investments.

* For the study participants, we showed a five-minute video that described the scenarios
before answering any questions.
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Panel A: Subjective-Probability Form

1. How likely 1s 1t that the baby will be able to learn to speak a partial sentence of three words or
more by age two?

2. How likely 1s 1t that the baby will be able to learn to say lus/her first and last names together
without anyone's help by age two?

3. How likely 1s 1t that the baby will be able to learn to count three objects correctly by age two?

4. How likely 1s 1t that the baby will be able to learn his or her own age and sex by age two?

Panel B: Age-Range Form

1. What do you think are the youngest age and the oldest age a baby leams to speak a partial
sentence of three words or more?

2. What do you thunk are the youngest age and the oldest age a baby leams to say lus/her first and
last names together without anyone’s help?

3. What do you think are the youngest age and the oldest age a baby leams to count three objects
correctly?

4. What do you thunk are the youngest age and the oldest age a baby learns lus or her own age and
sex?

Notes: This figure provides detailed information about both forms of the elicitation instrument. Panel A
reproduces the elicitation items in the subjective probability form. Panel B displays the elicitation items in
the age range form. Panel C describes the scenarios of human capital at birth and investments. The study
participants watched a short video describing these scenarios.
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Figure 1, Cont’d

Panel C: Definition of the Scenarios

Human capital at barth Investments
Scenario Short Short
mumber  description Full description description Full description

1 “High" Pregnancy lasted 9 months, “High” 6 hours per day doing
birth weight 15 8 pounds, HOME Scale activifies.
birth length 1s 20 inches.

2 “Low™ Pregnancy lasted 7 months, “High” 6 hours per day doing
birth weight 1s 5 pounds, HOME Scale activities.
birth length 1s 18 inches.

3 “High™ Pregnancy lasted 9 months. “Low™ 2 hours per day domng
birth weight 15 8 pounds, HOME Scale activities.
birth length 1s 20 inches.

4 “Low™ Pregnancy lasted 7 months, “Low™ 2 hours per day domng

birth weight 15 5 pounds,
birth length 1s 18 inches.

HOME Scale activities.

Notes: This figure provides detailed information about both forms of the elicitation instrument. Panel A
reproduces the elicitation items in the subjective probability form. Panel B displays the elicitation items in
the age range form. Panel C describes the scenarios of human capital at birth and investments. The study

participants watched a short video describing these scenarios.
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2.4 Estimation of Expectation of Child

Development




* We explore the IRT model to derive an error-ridden measure of maternal expectation
of the natural log of development at age 24 months, In q£ j k> from the reported

probability piL, jk-

* To do so, we invert equation (4) and solve for GiL' ik

b, : & (pk. ) —b;
lnqﬁj.k—(lnm—kﬁﬂ;’- )=[ (P:.;,L) j'ﬂ]. (5)

Lj.K
b, ; b; 4
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* 'The thick solid curve in Figure 2 shows the prediction from the IRT model for the
MSD item, “speak a partial sentence of three words or more.”

* 'The horizontal axis in Figure 2 shows the natural logarithm of the child’s age (in
months), while the vertical axis shows the maternal subjective probability that a child
will “speak a partial sentence of three words or more.”

* We use the IRT model to transform the subjective probability that the mother reports

into the corresponding natural log of age—the scale that we use for human capital at
age two.
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Figure 2

'1_
> 75
E
®
o
o
o
© =

=
°
©
£
@

2 rm -

|

I

|

I

0- l

T T ] T T
2 2.375 2.75 3.076 3.54 4

Natural log of age of child (in months)

Notes: This figure shows how we use the IRT model to relocate and rescale maternal subjective probability reports (shown in the
vertical axis) to error-ridden measures of the expectation of the natural log of human capital at age two years (shown in the
horizontal axis) for two scenarios of investments (“high” vs. “low”) when human capital at birth is “high.” When the investment
is “low,” the mother reports that there is a 25% chance that the child will learn how to speak a partial sentence with three words
or more by age 24 months. When the investment is “high,” the mother reports that the probability is 75% by age 24 months.
These probabilities correspond to 2.75 = In 16 and 3.076 = In 22, respectively. According to the IRT model, 25% of the 16-

month-old children and 75% of the 22-month-old children speak a partial sentence with three words or more.
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* To infer the respondent’s subjective probability that the child will learn how to speak
partial sentences by age 24 months, we need to construct how the probability varies
with age.

* In the analysis of the age-range data, we use the mothet’s answer to estimate a mother-
scenario specific IRT model along with the parameterization used in equation (3).

* Indeed, let d; ;  denote the latent variable that is determined according to:

diix =Dbijro+bijeina . — e (6)

where the shock 7]; ; . is normally distributed with mean zero and variance one.
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* If we combine the model in equation (6) with age ranges provided by the respondent,
we conclude that, according to respondent I, the probability that the child will learn
how to do MSD task j in scenatio k when a; j . = a; j i is:

Ay = 'I’[E:',j,k,u + E:’.j.}:.l 111&:‘.;‘,::]- (7)

* Analogously, the probability that the child will learn how to do MSD task j in scenario
k when ai,j,k = di,j,k 1S

Ay = ‘I‘[E:',j.k,ﬂ + Ef.j,k.l lﬂﬁ:',j,::]- (8)
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* If we manipulate the system in equations (7) and (8), we conclude that, for arbitrary j
and k, the following equalities hold:

- _DTHA) — @7 (4y)
bijra =

(9

— »
In S Ing; juk
and

®~1(A)In Q;jx — ¢~ 1(A))In Qi ik

_ a . 10
Lj:k.0 Ina;;; —Ina; .
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* 'The individual-specific IRT model states that this probability is:

pfx = ®[b; ;10 + Dy jpq In24] (11)

* We use equation (11), together with the IRT probability in equation (4), to derive an
error-ridden measure of maternal expectation of the natural log of development at age

24 months, In qu' x> from the implied probability p{fl jk

* To do so, we invert (4) and solve for In qu’k:

b, ; & 1(pa ) — b
In q;‘?}.’k — (ln 24 +£Eﬁh-ﬁ) — [ (_pi!..,r-k _I-I]]. (12:'
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* We illustrate the algorithm with Figure 3.

* 'The left panel in Figure 3 captures the first step of the process, which is described by
equations (9), (10), and (11).

* To construct this example, we assume that the study participant states that the age

ranges are 21 and 25 for the scenario in which both human capital and investment are
Cchigh 2
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Figure 3
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Notes: This figure shows the two steps involved in transforming age ranges to error-ridden measures of expectation of the
natural log of human capital at age 24 months. In the first step, which we show in the left panel, we use maternal reports of
the age ranges and assumptions about the interpolating function and the Parameters Ay and A4. For this figure, we assume
that the interpolating function is the normal CDF, Ag = 10% and A; = 90%. We show the transformation from age ranges to
subjective probability for two scenarios of investments (“high” vs. “low”) when human capital at birth is “high.”
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2.5 Identification




* Next, we shed light on the source of identification for MSE.

* In essence, the identifying information comes from three different types of moments
from the raw data.

* First, to identify l; y; 3 in equation (2), the coefficient on the interaction between
human capital at birth and investments, we rely on the following differences-in-
differences:

AE(Ing;4 |q,. H;) B AE (111 qi1 |E{n jﬂ)

M., = = U; .
17 Alnx x Alng, Alnx x Alng, L3 (13)
.Different.:e between Dt’f}‘erencé between
Scenarios 1 and 3. Scenarios 2 and 4.

where Alnx = Inx —Inx, Alngy = Inq; —Ingg and

AE(Ing;; |qo, ;) = E(Ing; 1 (g0, %), H:) — E(Ing; 1 |(go, x), ;).
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*  We can use the following moment to identify l; y; » in equation (2):

In ED AE (111 qi ‘EU’HJ lniu AE (ln Ji1 ﬁn,i}fi)
- Alnx x Alng, ~ Alnxx Alng,

(14)

M;, = Hiyp,2-

* Note that equation (14) 1s just a “weighted” difference-in-difference moment in which
the weights are the scenarios for human capital at birth.

* Finally, we can derive a moment that identifies l; 4 1 in equation (2):

lnfﬂE(ln qi1 |X :H"l-:l lngﬂ.E[:ln q; 1 |f, iH}} _
~  Alnx x Alngg B Alnx x Aln gy ~ oy

(15)

i3
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2.6 Estimation of MSE




Note that In q; ;.1 defined 1 equation (5) and In qulk defined 1n equation (12) are two error-ridden measures

7

LIk denote the measurement error

of maternal expectations about the natural log of cluld development. Let e

m form f, scemano k, MSD item j, and participant 1. We define g =

1

L L L L A A A Y - - i .
(ef11. €12, coer €1 f R ...,El-J_it.Ei_lll,...E,_-_j_kj...,El-um). We define m a sumlar fasluon the vectors

E(lll q; IEE,HJ, In i and E]_'= where Ei._.f.k = {:II'I quiJJ;{,lﬂ.’ILj‘Jk,lll q{,_;,-_jlklnth:}. F.Lﬂﬂll}ﬂ let '“"P*i =

(P,i,10 Hop,i, 2 o 1.2 ). Therefore:

Ing;y = E(Ing; |Z;, H;) + & = Zipy,; + €. (16)
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* Although the number of scenarios by itself is sufficient to estimate the individual MSE
parameters, it is not enough, without additional restrictions, to estimate maternal
subjective uncertainty (MSU) about the parameters of the technology of skill
formation (1).

o Let); =Var(@|qe, x, H;), avzi = Var(v;|qo, x, H;) and note that, given

parameterization (1),

var[:]'n'[?;i.l |Ei"lllJ Xy Hﬁ) - E;EJ'EJ' + ﬂ-‘ii [1?}
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2.7 A Factor Model Approach




* Then, the combination of parameterization (2) with Assumptions 1, 2, and 3 produces
the following latent MSE model:

Y fo AT
. ﬂt.qrz.i id, ﬂ.qii j.do ﬂ.EL i, ﬂ.Efl j.o
i1~ Alnx x Alngg T Myt X Al qo
— f f f — f
In q, (ﬂqu_%) — lngn (ﬂqf.LEU) lllﬁn (ﬂEf.LE.J) —In q, (ﬂEf-Lfi‘n)
M7 = ot w) ()
Ly Alnx x Alng, L2 Alnx x Aln gy
_ f f — f r
= Inx (ﬂqu._E) — l]1£(ﬂqfﬁ) s Inx (ﬁEEIJ.E) —Inx (&EE._LE)
0.3 Lyl ’

Alnx x Aln qp Alnx x Aln gy,
where

r _ f f —
ﬂqu'% =In 9iae® ~ In 9. (qoux) for g, € [ﬁ,ﬂ, qﬂ},

r  _ r _ I ¥
Ag;;.=1In 9.5, (3,) In q, . (a0%)” for x € {x,x}.
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* However, the latent MSE variables need not be orthogonal.

* Further, if the factors are highly correlated, the three latent MSE variables may be
summarized by fewer than three factors.

* To illustrate the issue, we return to the ideal moments (13), (14), and (15). Some trivial
algebra leads us to the following equations:

M;;+InxM;; =Alnx [&E[:ln qi1 |E, IH"E-)]
(20)
M;z +InxM;;, = Alnx [f_‘t.E(ln gi1

X, IH]-)].
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* 'These conclusions also are valid for the relationship between ;4 > and l; 4 3.

* Indeed, if we condition on scenarios for human capital at birth, then we can derive a
parallel set of cross-moment relationships:

M, +Inq,M;; = Alngo [AE(In g, [G,, 7:)]
(21)

M;; +IngoM;; = Alng, :&E (111 q; 1 ‘iﬂ’ :H"J]
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4.1 Sample Characteristics from the PHD

Study




* Table 1 presents the demographic characteristics of the PHD study sample.

* The participants are relatively young: 63.25% of the mothers enrolled in the study were
born between 1988 and 1997.

* The majority of these mothers are Non-Hispanic Black (around 54%).

* At the time of recruitment into the study, 60% of the participants were single, 30%
were married, and 10% were cohabiting.

* The participants tended to have lower educational attainment than do national
representative samples: 42% were high-school dropouts; 42% had a high school degree
or some post-secondary schooling, but only 16% had a four-year college degree or
more education.
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Table 1: Demographic Characteristics of PHD Study Participants

Characteristic Percentage
Year of Burth
Mother born between 1968 and 1977 3-54%
Mother born between 1978 and 1987 33.21%
Mother born between 1988 and 1987 63.25%
Race and Ethmicity
Mother 15 Hispamic 13.02%
Mother 15 Non-Hispanic Black 53.77%
Mother 1s Non-Hispanic White 26.64%
Other 6.57%
Educational Aftamnment
Less than high school diploma 42.09%
High school or some college 41.36%
Four-year college diploma or higher 16.55%
Marital Status
Single® 60.71%
Cohabiting 9.49%
Married 29 81%

Notes: a. In the single category, we include one participant who reported being separated and two participants who reported
being divorced at the time of enrollment in the study. The remaining individuals in this category (496 out of 499) reported being
single and never married at the time of enrollment into the study. b. We conducted the first wave when the mothers were in the
second trimester of their first pregnancy. c. We conducted the second wave when the children were 9-12 months old.

-



Table 1: Demographic Characteristics of PHD Study Participants,

Cont’d
Characteristic Percentage
Center for Emdenuological Studies Depression Scale
The score 15 greater than or equal to 16 29.32%
Household Income Per Year (y)
v <$25,000 44 77%
$25.000 < y < $55.,0000 20.56%
$55,000 < y < $105,0000 16.06%
v > $105,000 18.61%
Sample Size
First wave® 822
Second wave* 687

Notes: a. In the single category, we include one participant who reported being separated and two participants who reported
being divorced at the time of enrollment in the study. The remaining individuals in this category (496 out of 499) reported being
single and never married at the time of enrollment into the study. b. We conducted the first wave when the mothers were in the
second trimester of their first pregnancy. c. We conducted the second wave when the children were 9-12 months old.
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4.2 Analysis of the Elicitation Data




* Figure 4 presents the histograms of answers to that form.

* In the paper, we focus our attention on the first MSD item in both forms (“speaks a
partial sentence with three words or more”).

* The most noticeable pattern in responses is heaping on round numbers.

* Although respondents could choose any integer between 0 and 100, the raw data show
that respondents overwhelmingly chose multiples of 10.

* The heaping that we observe for “speaking a partial sentence with three words or
more” 1s also present for the other three MSD items we use in this study.

%



Figure 4
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Notes: This figure shows the histograms of maternal reports of subjective probability for the MSD item “child speaks a partial
sentence with three words or more” for all scenarios of human capital at birth and investments. The figure shows a pattern of
answers that indicates that the higher human capital at birth or investment, the higher the likelithood that the child will be able to

accomplish this task by age 24 months.
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* Table 2 presents the expectations of child developmental outcomes according to the
subjective probability form (see Section 2.4.1).

* We present these probabilities for the four MSD items and the four different scenarios
in which human capital at birth and investments are varied.

e Several remarkable results are evident in this table.
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Table 2: Summary Statistics of Answers to the Subjective Probability-

Elicitation Form

Panel A

Scenario 1

Human capital at birth 15 “lugh”

Scenario 2

Human capaital at birth 15 “low™

Brief description of Investment 15 “high” Investment 1s “high™
the MSD item Mean Median SD Mean Median SD
Speaks partial 82.27 90.00 16.97 67.28 70.00 2031
senfence (0.59) (0.84) (4.30) (0.71) (1.68) (4.37)
Counts three objects 79.27 §0.00 19.58 65.63 70.00 21.32
correctly (0.68) (0.84) (4.74) (0.74) (0.84) (4.48)
Knows own age and 63.89 90.00 16.61 6980 70.00 20.04
SEX (0.59) (0.84) (4.39) (0.70) (0.84) (4.24)
Says first and last 82.23 90.00 19.30 69.19 70.00 21.37
names together (0.67) (0.84) (5.15) (0.75) (1.60) (4.73)

Notes: This table shows the mean, median, and standard deviation (SD) of maternal reports of subjective probability for

each MSD item and scenario.
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Table 2: Summary Statistics of Answers to the Subjective Probability-

Elicitation Form, Cont’d

Panel B
Scenario 3 Scenario 4
Human capital at birth 1s “high” Human capital at birth 15 “low™
Brief description of Investment 1s “low™ Investment 15 “low™

the MSD item Mean Median SD Mean Median sSD
Speaks partial 5918 60.00 1843 4623 50.00 18.76
sentence (0.64) (0.92) (3.99) (0.65) (0.84) (4.02)
Counts three objects 56.63 60.00 2025 44 69 41.00 19.55
correctly (0.71) (0.84) (4.34) (0.68) (0.84) (4.20)
Knows own age and 59.84 60.00 18.82 47.15 50.00 19.13
SEX (0.66) (0.84) (4.15) (0.67) (0.84) (4.13)
Says first and last 59.68 60.00 20.11 47.15 50.00 20.75
names together (0.70) (1.68) (4.33) (0.72) (0.84) (4.41)

Notes: This table shows the mean, median, and standard deviation (SD) of maternal reports of subjective probability for
each MSD item and scenatrio.
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* Figure 5 presents the histograms when we aggregate maternal subjective probability
reports across MSD items for the subjective probability form.

* For Scenario 1, we still have some heaping at high probability values, but heaping has
been reduced for other scenarios because maternal reports across MSD items for a

given scenario are correlated but far from perfect.

* This property of high, but imperfect, correlation is an essential result for addressing
heaping and measurement error.

* Tigure 6 presents histograms of the expected log of human capital at age two.
* To obtain these estimates, we proceed in two steps.

* In the first step, we invert the IRT equation (5). The input in equation (5) is the
subjective probability for each scenario and MSD item.
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Figure 5
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Notes: This figure shows the histograms of subjective probability after we average maternal reports across the MSD items for
each scenario of human capital at birth and investment. The result is that subjective probabilities are far less likely to exhibit

heaping that we observed in Figure 4.
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Figure 6
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Notes: This figure displays the histograms of error-ridden measures of the expectation of the natural log of human capital at age
two years for each scenario of human capital at birth and investments. To produce these measures, we proceed in two steps. In
the first step, we transform, for each MSD item and scenario, the subjective probability data to an error-ridden, MSD-item
specific, measure of the expectation of the natural log of human capital.
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* Figure 7 presents the histograms of study participants’ reports of the youngest and the
oldest ages that children would learn how to “speak a partial sentence.”

* We show the youngest age in solid gray bars, and the oldest age in white bars delimited
with black lines.

* As in the subjective probability form, we observe heaping, particularly at multiples of 6
months.
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Figure 7
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Notes: This figure plots the histograms of maternal reports of age ranges for the MSD item “speak a partial sentence with three
words or more.” The solid gray bars show the youngest ages children will learn this MSD task for each scenario of human capital

at birth and investments.
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* In table 3, we display the mean, median, and standard error of youngest and oldest
ages for each MSD item and scenario of human capital and investments.

* As in the subjective probability form, we see that mean and median tend to move in
predictable patterns with the inputs.
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Table 3: Summary Statistics of Answers to the Age-Range Elicitation

Form

Panel A
Scenario 1 Scenaro 2
Human capital at birth 15 “high” Human capital at barth 15 “low™
Investment 15 “high™ Investment 15 “high™

Brief description of Youngest age Oldest age Youngest age Oldest age

the MSD item Mean  Median SD Mean Median sD Mean Median sD Mean Median SD
Speaks partial 13.96 12.00 572 2537 2400 978 1798  18.00 796 3003 3000 10.49
sentence {0.20) (0.00y (149 (034 (000) (2.10) (028) (042)y (197) (037) (076) (2.04
Counts three 23.10 24.00 018 3414  36.00 097 2585 24.00 10.10 3635  36.00 077
objects correctly (0.32) (025 (196 (035 (0530 (188 (035 (025 Q207 (O34 (025 (189
Knows own age 19.99 18.00 819 3107 3000 962 2328 2400 920 3402 3600 0.66
and sex {0.29) (0350y (1800 (034 (101 (1.87) (032) (050 (194 (034) (0500 (183
Says first and last 23.62 24.00 021 3433 3600 941 2626  24.00 975 36351 36.00 012
names together (0.32 000y (194) (033) (030 (185 (034) (050 (201) (032) (025 (1.83)

Notes: This table shows the youngest and oldest age for each MSD item and scenario.
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Table 3: Summary Statistics of Answers to the Age-Range Elicitation

Form, Cont’d

Panel B
SCenario 3 Scenario 4
Human capital at birth 15 “hugh” Human capital at birth 15 “low”™
Investment 15 “low™ Investment 15 “low™

Brief description of Youngest age Oldest age Youngest age Oldest age

the MSD item Mean  Median sD Mean Median sD Mean Median sD Mean Median sD
Speaks partial 19.07 18.00 233 3079 3000 1014 2278 24.00 0.65 3432 36.00 10.41
sentence {0.29) (0.25) (2.0 (035 (0.76) (2.00) (0.34) (050) (2.15) (036) (0.50) (1.97)
Counts three 27.55 24.00 1024 3773 36.00 389 3044 30,00 1083 4024 4200 3.64
objects comrectly (0.36) (0.50) (2.04) (031) (0.30) (1.78) (0.38) (092) (2.13) (0300 (1.01) (1.94)
Knows own age 2535 24.00 042 36.17  36.00 808 28384 30,00 1017 3906 4200 291
and sex {0.33) (0.00) (1.97y (031) (0D.00) (1.79) (0.35) (D50) (2.03) (031) (0.50) (1.89)
Says first and last 2801 27.00 087 3832 36.00 861 3081 30.00 1024 4072 4200 8.33
names together {0.34) (0.50) (1.95) (030) (0.30) (1.83) (0.36) (0.50) (2.08) (0299 (0.67) (1.96)

Notes: This table shows the youngest and oldest age for each MSD item and scenario.
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* Table 4 provides additional evidence of the influence of Ay and A; on our data.

* For each MSD item and each scenario, we estimate the share of the answers in which

the youngest age is above 24 months, and we assess the fraction of answers in which
the oldest age is below 24 months.

* Again, we find three predictable patterns.
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Table 4: The fraction of Youngest Age above 24 months or Oldest

Age below 24 months

Panel A

Scenario 1

Human capital at birth 1s “high”

Investment 15 “high”

Scenario 2

Human capital at birth 1s “low™

Investment 15 “Tugh”

Youngest age Oldest age Youngest age Oldest age
Brietf description of Fraction above  Fraction below 24  Fraction above Fraction below
the MSD item 24 months months 24 months 24 months
Speaks partial 0.129 0.657 0.290 0437
sentence (0.335) (0.475) (0.454) (0.496)
Counts three objects 0.573 0.280 0.642 0.186
correctly (0.495) (0.449) (0.480) (0.389)
Knows own age and 0.422 0.403 0.540 0.264
sex (0.494) (0.491) (0.499) (0.441)
Says first and last 0.620 0.236 0.698 0.155
names together (0.486) (0.425) (0.459) (0.362)

Notes: This table shows the fraction of reported youngest (oldest) age above (below) 24 months for each MSD item and

scenario. The fraction of youngest (oldest) age increases (decreases) with item difficulty and increase (decrease) with scenarios of

human capital at birth and investments. Standard error in parentheses.
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Table 4: The fraction of Youngest Age above 24 months or Oldest

Age below 24 months, Cont’d

Panel B
Scenario 3 Scenario 4
Human capital at barth 15 “high™ Human capital at barth 15 “low™
Investment 15 “low™ Investment 15 “low™
Youngest age Oldest age Youngest age Oldest age
Brief description of Fraction above  Fraction below 24  Fraction above Fraction below
the MSD item 24 months months 24 months 24 months
Speaks partial 0.335 0.378 0.505 0.263
sentence (0.472) (0.485) (0.500) (0.440)
Counts three objects 0.706 0.125 0.792 0.078
correctly (0.456) (0.331) (0.406) (0.268)
Knows own age and 0.635 0.161 0.740 0.105
sex (0.482) (0.367) (0.439) (0.306)
Says first and last 0.740 0.111 0.811 0.072
names together (0.439) (0.314) (0.391) (0.258)

Notes: This table shows the fraction of reported youngest (oldest) age above (below) 24 months for each MSD item and
scenario. The fraction of youngest (oldest) age increases (decreases) with item difficulty and increase (decrease) with scenarios of
human capital at birth and investments. Standard error in parentheses.
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* Figure 8 provides the histograms of the estimates of the subjective probability based
on age ranges.

* The histograms show not only heaping but also that respondents concentrate answers
at low or high values of the probability range.

*  When human capital at birth and investments are both “high,” the heaping is
pronounced at high probabilities.

* When both are “low,” we observe the opposite.

*  When one is “low” and the other is “high,” then the heaping is more or less equal at
both extremes of the probability range.
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Figure 8
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Notes: This figure shows the subjective probability data after transformation from age ranges. In this figure, we show the data for

the MSD item “speak a partial sentence with three words or more.”
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* Figure 9 shows the histograms of the averaged (or 26 aggregated) probabilities.

* For all of the scenarios, we can eliminate heaping at high levels of probabilities when
we average across MSD items.

* For Scenarios 3 and 4, there still is some heaping at low levels of probabilities.

.



Figure 9

Scenario 2
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Notes: This figure shows the histograms of the subjective probability average across MSD items for each scenario.

o



* Figure 10 shows the results.

* Itis interesting to contrast Figure 10 with the corresponding one from the elicitation
of subjective probability (Figure 6).

* In Figure 6, the distribution of answers for Scenario 1 is left-skewed.
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Figure 10
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Human capital at birth is high
Investment is high
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Notes: This figure shows the histograms of the averaged error-ridden measures of the expectation of the natural log of human
capital for each scenario when we average across MSD items for the age ranges elicitation form.
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4.3 Measurement Error and Testable

Restrictions




These “super-aggregate” measures still produce the same predictable patterns, but now
heaping is no longer a significant feature of the data.

* Itis the variation across scenarios in Figure 11 that the RCM estimator will explore to
estimate the individual-level MSE parameters.
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Figure 11

Scenario 1
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Notes: This figure shows the histograms of the averaged error-ridden measures of the expectation of the natural log of human
capital for each scenario when we average both across MSD items and elicitation forms.
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* Table 5 shows the results of our analysis.

* For the subjective probability elicitation form, we find that six factors summarize the
informational content of the data.

* The six factors have patterns precisely as predicted by the model presented in Section
2.7.

* TFactors 2-5 capture information due to the term /1{ Iz
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Table 5: Factor Loadings of the Measurements of Expectation of

Human Capital at Age 2
Subjective Probability-Elicitation Form

Factor Vanances

1 2 3 4 5 6

2951 2 608 2538 2362 2.320 0.733
Factor Loadings
Equation  Latent MSD

Number  Vanable Item 1 2 3 4 5 6
1 L3 1 0.008 -0.034 -0.041 -0.886 -0.044 0.170
2 L3 2 -0.043 -0.053 -0.842 -0.062 -0.048 0.257
3 L3 3 -0.048 -0.070 -0.033 -0.031 -0.861 0.277
4 L3 4 -0.056 -0.831 -0.081 -0.030 -0.056 0.249
5 Ly, 2 1 0.693 -0.047 -0.040 0.489 -0.100 -0.033
6 Ly, 2 2 0.777 -0.054 0.369 -0.061 -0.047 0.008
7 Ly 2 3 0.827 -0.059 -0.068 -0.057 0.381 -0.002
8 Ly 2 4 0.767 0.401 -0.043 -0.051 -0.073 0.015
9 L1 1 -0.024 0.054 0.045 0.841 0.056 0.300
10 Ly 1 2 0.029 0.076 0.826 0.036 0.035 0.341
11 Lly.1 3 0.008 0.056 0.046 0.045 0.841 0.347
12 Ly 1 4 0.011 0.801 0.052 0.068 0.103 0.336

Notes: This table displays the factor loadings when we estimate the latent variable model (18) in Section 2.7. The data come from
the subjective elicitation form.
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The results in Table 6 show that the factor analysis of the age-range form generates a
factor structure that satisfies the predictions of our model.

* As expected, the analysis generates four factors (Factors 1—4) that summarize the
correlation within MSD item measures.
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Table 6: Factor Loadings of the Measurements of Expectation of

Human Capital at Age 2

Apge-Range Elicitation Form

Factor Vanances

1 2 3 4 5 6
2951 2. 608 2538 2362 2320 0.733
Factor Loadings

Equation  Latent MSD
Number  Variable Item 1 2 3 4 5 6

1 Ly 1 0930 0020 0026  -0.024 0.046 0.056
2 e 2 0024  -0004  -0.896  -0.001 0.021 0.129
3 e 3 0001 -0908 0026 -0027  -0014 0.147
4 e 4 0001  -0.025 0011  -0.888 0.003 0.180
5 L2 1 0.755 0010  -0.019  -0.020 0.188  -0.054
8 L2 2 0010  -0.013 0.638 0.004 0.411  -0024
7 e 3 0.016 0.605 0051  -0.049 0.447 0.005
8 e 4 0026 0005  -0026 0.617 0.422 0.020
9 e 1 0.858 0.007  -0.014 0.002  -0.023 0.203
10 o 2 0.017 0.036 0.886  -0.002 0.011 0.183
11 L. 3 0.019 0.865 0.034 0.021 0.010 0.188
12 Loy 4 0.032 0.001 0.027 0.863  -0.003 0.164

Notes: This table displays the factor loadings when we estimate the latent variable model (18) in Section 2.7 for the data from the
age ranges form.

:



4.4 Estimates of MSE about the

Technology of Skill Formation




* Among other things, Table 7 presents the percentage of respondents for whom we can
reject the null hypothests.
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Table 7: Means of Maternal Beliefs about the Technology of Skill

Formation
Subjective-
Probability Age-Range
Both Forms Form Form
Iﬁz,f:.l 0.182 0.238 0.216
(0.008) (0.010) (0.011)
fiy,2 0.293 0.396 0.330
(0.009) (0.011) (0.012)
fy,a 0.028 0.050 0.029
(0.006) (0.009) (0.009)

Test of Parameter Constancy

Ho: Wiy = Hy; V1 J

. Reject Ho Reject Hy Reject Hy
Hy: Wiy j # Wy, for atleast onet, j

Hypotheses Tests (% Reject Hy)

HI]: p[fllﬁ,._l = 0; Hl: I[.Lf_;;,.}l =0 68.0% 92.0% 44 3%
HI]: p[fllﬁ,._g = 0; Hl: I[Lf_;;,.}g =0 5.7% 14.5% 2.6%

Notes: Generalized least squares standard error in parentheses
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* Figure 12 displays the marginal densities of MSE about 1; for j = 1,2,3.

* We fix the horizontal axis so that they take common values across all j.

e Itis, therefore, easy to see that the heterogeneity in MSE about 13 is of little
importance, regardless of whether we combine data from different forms or use data

from each one of the forms separately.

* Figure 12 also shows that the marginal distributions of MSE implied by the age range
form have lower means and higher variances for both 1 and .
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Figure 12
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Notes: This figure shows the kernel density estimates of the individual-level MSE parameters for each elicitation form separately
and jointly. We fix the horizontal axis to be able to compare the densities for the different parameters.
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* Due to space constraints, Table 8 shows only the estimated coefficients on dummies
for household income.

* We single out the income dummies because they are the only ones that systematically
correlate with all of the MSE parameters in whatever way we estimate them, that is,
when we combine data from both forms, when we use data only from one of the

forms separately, or when we apply different interpolation methods for the age-range
forms.
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Table 8: Correlation between MSE and Household Income of PHD

Study Participants

Both Forms Subjective-Probability Form Ape-Range Form

Dummies for household mcome per
vear (¥) i1 Mz Hi g3 i1 Higp,2 iz B 1 i,z Miwa
1($25,000 < y < $55.0000) 0.22%*  [35%** 0.19* .02 0.32%** 0.02 Q.20%** 2+ (24%*

(0.10) (0.09) (0.10) (0.10) (0.10) (0.10) (0.10) (0.09) (0.11)
1($55,000 < y = $105.0000) 0.17 0.37*=%  025%* 035 (45%= 022* 0.09 0.25%* -0.14

(0.13) (0.12) (0.11) (0.16) (0.12) (0.13) (0.12) (0.12) {0.10)
1(y = $105.000) D51***  Q47%%* _053*** 67F* 0.60*** _040*** D45 0.26% 037

(0.13) (0.14) (0.12) (0.12) (0.14) (0.13) (0.13) (0.14) {0.11)
Observations 822 822 322 822 822 822 822 822 822
R 0.071 0.064 0.090 0.080 0.062 0.080 0.058 0.071 0.046

Notes: This table shows the association of MSE parameters with household income. We standardized MSE parameters so that
they have mean = 0 and variance = 1.
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* To create Table 9, we residualized the “structural” factors to make sure that we purge
any correlation with “measurement error” factors.

* We then standardized the residualized factors to aid in the interpretation of our
findings.

* We analyze the relationship between “structural” factors and MSE as estimated from
subjective probability and age-range forms separately.
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Table 9: Relationship between MSE Parameters and Structural

Factors

Subyective-Probability Form

Vanable i1 iz ti .3
Structoral Factor 1 1) 204 %*+* 0 066*** -0.052
(0.010) (0.023) (0.033)
Structural Factor 6 0.892%** 0.031% 0.677%**
(0.017) (0.017) (0.043)
Observations 822 822 822
R 0.935 0.871 0.468
Age-Range Form
Variable Fhi ap,1 Higp2 Fi .
Structural Factor 3 A0.038%*+* 0.B35%** -0.015
(0.014) (0.022 (0.033)
Structural Factor 6 0.023%** 0.147%** 0.506%**
(0,019 (0.022 (0.042)
Observations 822 822 822
R 0.249 0.727 0.255

Notes: This table shows the relationships between the Structural Factors we introduced in 2.7 with the MSE parameters in
equation (2).
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4.5 MSE and Correlation with the HOME

Score




* 'Table 10 shows that ;4 » consistently predicts higher levels of investments as
measured by the scores on the HOME scale.

* One standard deviation in ;4 »1s associated with 11% of a standard deviation in

investments even after we control for the mother’s race, ethnicity, marital status,
educational attainment, and household income.
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Table 10: Correlation between MSE Latent Variables and HOME
Score

Variable Both Ssubjectrve Probability Age Range
Standardized w1 -0.024 -0.002 -0.095 -0.058 -0.014 0.031
(0.081) (0.074) (0.080) (0.074) (0.059) (0.033)
Standardized 143, 5 0.167***  0.114%**  (0.119%* 0.005** 0.170%**  (.083%*
(0.045) (0.039) (0.043) (0.040) (0.045) (0.038)
Standardized w3 -0.086 0.010 -0.040 0.034 -0.058 0.014

(0.067)  (0.061)  (0.066)  (0.062)  (0.048)  (D.042)

Demographic vanables No Yes No Yes No Yes

included

Observations 687 687 687 687 687 687

R 0.037 0.270 0.034 0.271 0.031 0.265

Notes: This table shows the correlation between the measure of investment (the Home Observation for the Measurement of the
Environment — HOME scores) and the MSE parameters.
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* Table 11 presents the results.

€C_ 2

* We mark with an “x” the variables the LASSO regression included in the prediction
model.
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Table 11: LASSO Regression

Dependent Variable: Standardized HOME Scores

Both Forms Subjective Probabality Age Range
Varnable CV Adaptive CV Adaptive CV Adaptive
Wi 1 X X
M2 X X X X X X

Wiwr3

Notes: This table shows the MSE parameters that are included in the final prediction model, as estimated by LASSO regressions.

The dependent variable is the measure of investment (the Home Observation for the Measurement of the Environment —
HOME scores).
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4.6 Robustness







