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In this paper, we measure parenting styles through unsupervised machine

learning in a panel following children from age 5 to 29 months. The topic

model classifies parents into two parenting styles: “warm” and “cold”.

Parents of the warm type tend to respond to children’s expressions in a

supportive manner, while parents of the cold type are less likely to engage

with their children in an encouraging manner. Warm parenting is more

likely amongst educated and older mothers. Although styles reveal some

persistence, the share of parents with a warm style decreases with the age

of the child, in particular for boys. Children of warm parents achieve

higher cognitive and non-cognitive scores at later ages. We find that the

topic model estimated on different sample splits, such as by education or

child age, reveal additional information while maintaining robust overall

patterns.
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1. Introduction

Early childhood investments have been shown to be crucial for children’s human capital

development (Cunha, Heckman and Schennach 2010, Del Boca, Flinn and Wiswall 2014,

Attanasio, Meghir and Nix 2020), but the measurement of interactions between different di-

mensions of investment is challenging due to their complexity (Attanasio 2015). Parental

time investments generally are captured through different activities parents engage in with

their children, such as visits to museums or the frequency of a parent reading to their chil-

dren. The number of activities considered is either vast or restricted arbitrarily. When many

investments are considered, they generally are combined (log-)linearly in latent factor models

or using principal component analysis. More recently, the debate about parenting styles has

emerged in economics emphasizing that not only investments, but also the style of investing

matters (Fiorini and Keane 2014, Doepke and Zilibotti 2017).1 In developmental psychology,

Baumrind (1967) already classified parenting styles and related them to behavioral traits

among pre-school children. This approach was extended by McCoby and Martin (1983) to

four styles along two dimensions: warmth and control.

Parenting is characterized by a complex set of interactions and decisions. Draca and Schwarz

(2018) discuss why linear combinations of features with the highest degrees of variance in the

data, as is the case for principal component analysis or factor analysis, may not provide op-

timal summaries of complex data-generating processes. This paper proposes a new method-

ology to summarize parenting styles based on parental interactions with their children using

unsupervised machine learning.2 One advantage of this approach is that it allows aggregating

any number of granular parental activities in a non-linear fashion. The algorithm learns from

the co-occurrence of parental actions, and given that it is a mixed-member model, the same

action can be assigned to different types.3 If, on the one hand, a parent regularly checks

1In the earlier economics literature, parenting styles were defined as an index of punitive/aversive
parenting using four questions about how the parent responds when the child misbehaves (Burton,
Phipps and Curtis 2002).

2With the availability of the necessary data, the approach could easily be applied to summarize
parental investments rather than styles as well.

3This stands in contrast to k-means clustering where attachment to one cluster comes at the
expense of the attachment to the other.
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on a child, and combines this with hugs and kisses, this could be considered warm control

in the words of McCoby and Martin (1983). If, on the other hand, regularly checking on a

child co-occurs with yelling at the child, the parenting style could be considered controlling

combined with a lack of warmth.

When we restrict the algorithm to identify two styles, we find that parents’ styles can

be classified into “warm” and “cold” types.4 The reason we limit the estimation to two

styles is twofold. First, we only observe ten different parental actions, which complicates the

identification of more types. Second, two types simplify the exposition.5 Warm parents are

more likely to be supportive of their children’s progress and speak directly to their child,

while cold parents are characterized by hardly interacting with their children in the presence

of the interviewer, and if they do, they tend to do so in a negative manner. In line with ad-

hoc classifications in developmental psychology, the two parenting styles we discover can be

interpreted as high warmth and high control versus low warmth and low control. Although

parenting styles exhibit some persistence over time, we find that parents are more likely

to adopt a warm parenting style when the children are younger. While there are no gender

differences when the children are 5 months old, boys are considerably less likely to be exposed

to the warm parenting style when they are 29 months old.

We contribute to two strands of literature. First, we contribute to the literature concerned

about parenting styles.6 They generally draw the distinction between parenting styles in

terms of permissive, authoritarian, or authoritative. The empirical approaches tend to classify

4The labels warm and cold are not necessarily meant to be interpreted as good versus bad. While
we do believe (and find correlational evidence), that, on average, the warm parenting style is better, too
much of a warm parenting style might have drawbacks (Haidt and Lukianoff 2018) and the institutional
environment might prime parents to adopt different styles (e.g. Elliott and Reid 2019).

5In Section 4 we expand to three parenting styles and find that the algorithm can separate a
‘high control’ from the cold type. This emerging style is more active than the cold type but not as
affectionate as the warm type.

6One can roughly separate this literature into two strands: First, the literature relating parent-
ing styles to child development (e.g., Cunha 2015, Doepke and Zilibotti 2019, Doepke, Sorrenti and
Zilibotti 2019, Cobb-Clark, Salamanca and Zhu 2019, Agostinelli et al. 2020). Second, the literature
studying the role of parenting styles in the intergenerational transmission of traits (e.g., Brenøe and
Epper 2019; Zumbuehl, Dohmen and Pfann 2021; Falk et al. 2021). Further, Del Boca et al. (2019)
propose a model in which parental types are not merely the outcome of utility maximization by the
parents but the result of a bargaining process with the children. Kiessling (2020) studies how parents
perceive the returns to parenting styles in terms of warmth and control using hypothetical scenarios.
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parenting styles based on a single binary response to a survey question, such as how important

obedience is for a respondent (e.g., Agostinelli et al. 2020) or latent factor models (e.g., Falk

et al. 2021). Our approach allows capturing parenting styles based on many questions with

complex interactions. Moreover, an advantage of our data on parental activities is that they

are not self-reported, but are observed and recorded by the enumerator, which should help

to reduce systematic measurement error, and are the same set of actions observed across

multiple survey waves. Our new interpretable measure summarizing the large dimensionality

and complexity of parental activities is predictive of human capital above and beyond the

predictive power of parental socio-economic characteristics, and we find that styles at the age

of 5 months exhibit a higher correlation with cognitive and non-cognitive outcomes at age 6

than the styles at older ages.7

Second, we add to the rapidly growing use of machine learning in Economics to classify

behavioral types. The latent Dirichlet allocation (LDA) was originally developed by computer

scientists Blei, Ng and Jordan (2003). The underlying idea is to classify text documents into

a mixture of small number of topics. One key is that the topics are not predefined but are

backed out through co-occurrence. We apply the same idea of topics to behavioral types.

Other approaches to classifying behavioral types using LDA are Bandiera et al. (2020) who

classify CEOs using detailed time-use surveys and find that CEOs distinct behavior affects

firm performance. Draca and Schwarz (2018) use LDA to measure political ideology. We

contribute to this literature by using LDA to classify parenting styles and look at its relation

to human capital accumulation in very early childhood.

2. Data

We use the Québec Longitudinal Study of Child Development (QLSCD), a detailed panel

of a representative sample of families from Québec, a province in Canada, with a baby born

between October 1997 and July 1998. More specifically, we focus our work on the 1,985

families who participated in the first three waves of the panel, conducted when the designated

7Despite the intuitive results we cannot claim causal effects due to the lack of an exogenous shock
to parenting styles. This is a common feature of studies measuring the impact of parenting styles or
human capital accumulation more general.
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baby was 5, 17 and 29 months old.

We rely on the Observations of Family Life (OFL) instrument filled by the enumerator at

the end of the annual interview. It includes observations made during the interview about the

behaviour of the key respondent –the mother in 99% of the cases– and her interactions with

her baby. This has the advantage of not relying on self-reported behavior which is common

in the human capital literature and a potential source of bias.

We exclude mother-children pairs for whom the OFL instrument was not completed at child

ages 5, 17 or 29 months because the child was sleeping. We end-up with a sample of 1,443

mother-children pairs. Table 1 describes the socio-economic characteristics of the families.

We focus our analysis on the ten variables from the OFL instrument that assess the behavior

of the interviewed mother toward her child. Table 2 displays descriptive statistics for these

variables. We see that some parental actions are highly dependent on the age of the child.

For instance, the share of parents regularly checking on their child decreases from 72% when

the child is 5 months old to 32% when the child is 29 months old.
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Table 1—: Descriptive statistics

N Prop.
Number of siblings
No sibling 656 45.5
One 560 38.8
Two or more 227 15.7
Household type
Two-parent 1,179 81.7
Blended 159 11.0
Single-parent 102 7.1
Missing 3 0.2
Mother’s age
Less than 25 332 23.0
25-29 446 30.9
30-34 469 32.5
35 and more 195 13.5
Missing 1 0.1
Mother born outside Canada
No 1,301 90.2
Yes 140 9.7
Missing 2 0.1
Language spoken at home
French 1,176 81.5
Other 265 18.4
Missing 2 0.1
Mother education
High school degree or less 380 26.3
Some college education 681 47.2
College degree 380 26.3
Missing 2 0.1
Parental working status
Two-parents: both work 984 68.2
Two-parents: one works 304 21.1
Two-parents: none work 45 3.1
Single-parent: works 38 2.6
Single-parent: does not work 58 4.0
Missing 14 1.0
Below poverty threshold
No 1,106 76.6
Yes 317 22.0
Missing 20 1.4
N 1,443 100

Note: The table shows descriptive statistics for families in our sample at the time of the
first interview in 1998, when the designated child is 5 months old.
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Table 2—: Parental actions across waves

Proportion of mothers who ...
Wave 1 Wave 2 Wave 3
5 months 17 months 29 months

Regularly checks on her child 71.7 47.8 31.9
Speaks spontaneously to her child 40.6 43.2 46.3
Answers to her child 45.0 46.8 57.4
Kisses and hugs her child 42.6 17.3 13.9

Screams toward her child < 0.5 4.9 6.8
Is annoyed by her child 1.6 7.1 10.5
Reprimands her child < 0.5 4.3 5.5

Supports her child’s progress 38.0 26.1 25.5
Organises play time 58.5 53.6 43.6
Gives pedagogical toys 68.2 59.0 43.7

Observations 1,443 1,443 1,443

Note: The table describes the behaviour of the respondents and their interactions with their
children during the annual QLSCD interview in terms of percentages. Behaviours are
evaluated by the enumerator during the interview. Statistics are presented for the three first
waves, when the designated child is 5, 17 and 29 months old.
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3. Discovering latent parenting styles

In the next step, the different features of parental behavior are summarized into inter-

pretable behavioral styles using a machine learning algorithm based on the latent Dirichlet

allocation. This methodology developed by Blei, Ng and Jordan (2003) is a clustering algo-

rithm for discrete data, which traditionally was meant to reduce the high dimensionality of

text into an arbitrary number of topics specified by the user. Each parental action can be

featured with differing importance in each style, and each parent can be a mixture of styles.

The algorithm learns from the co-occurrence of counts through Bayesian updating. The

idea is that if certain actions tend to appear together, they are likely to be linked to each other.

In Appendix A we explain the technical details. For the sake of simplicity and interpretation,

our main specification is based on two parenting styles.8 The final output of the algorithm

is the distribution of actions for each style and the style distributions for each parent. With

this information at hand, we can then relate parenting styles to parental characteristics and

human capital accumulation.

3.1. Parenting styles

In our main specification we aim to detect two styles using the three waves together. We

estimate the classification for the entire sample with each parent providing three observations.

In Section 4 we investigate the stability and consistency of the classification by estimating

alternative models separately by wave and maternal education. We also expand to three

parenting styles, and estimate a unique parenting style per family by summing across the

three waves before estimating the topic model.

In Figure 1 we display the probabilities of actions by the two types (left panel) and the

standardized importance of an action within a style (right panel).9 The red bars represent

the warm style and the blue the cold style.

8We also present results for three styles in Section 4. Allowing for four styles does not give any
additional insights as the algorithm cannot levy enough information in order to distinguish a fourth
style, wherefore the types look very much like with three types, just that one of the types is duplicated.
Therefore, the results are not shown.

9The displayed probabilities in the left panel do not sum to 1. The remaining probabilities are not
taking the respective actions.
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Let us focus on the left panel for an illustration of the topic model. Picture a mother

following a warm parenting style. While the mother is being interviewed, she closes her eyes

and repeatedly draws an action from the warm action distribution (red bars).10 The most

likely action she will draw is giving the baby a pedagogical toy. The likelihood of drawing

this action is proportional to the size of the red bar. Now picture a mother following a cold

parenting style. She closes here eyes and draws from her action pool. The most likely outcome

is that she draws nothing, the blue bars are very small. Now if she actually does choose an

action, it is most likely to be checking on the baby. In contrast to this example, parents

generally do not follow pure styles, but a mix of the two. So a mother following a 50% warm

style and 50% cold style will alternate between red and blue bars when she is deciding on her

actions.

In the left panel we see that the main difference is the high amount of actions for the warm

type, and the absence of actions by the cold type. The action that distinguishes the two types

most in relative terms are supportive comments made by the parent to the child about its

progress. While it is very common for the positive type to make supportive comments about

the progress of the child, this is hardly the case for parents of the negative type, i.e. warm

parents are 626 times more likely to do so. Similarly large differences exist for speaking to

the child directly. The few actions the cold type engages in include reprimanding the child

or expressing annoyance.

In the right panel we see the importance of a given action within a style, i.e. we subtract

the overall mean of all actions from the probability of each action and divide by the standard

deviation within that style. In this way it becomes very clear that warm mothers are much

more likely to give pedagogical tools and react to noises than reprimand or scream at the

baby. The cold parent, in contrast, checks on the child regularly if engaging with the child at

all. The distribution of actions across types suggests that what distinguishes parents is the

richness and warmth of action by one type versus absence of interaction by the other, hence

the labels warm and cold parents.

10Unfortunately, we do not observe how often parents engage in certain actions for each visit which
would provide richer information for the model to learn from.
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Figure 1. : Distribution of actions by parenting style

Gives pedagogical tools
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Standard deviations

Warm Cold

Standardized within style

Notes: The left panel describes the topic share of actions for each of the two parenting styles.
The right panel shows the standardized importance of an action within a style by setting the
mean to 0 and the standard deviation to 1.

The LDA algorithm assigns to each parent a share of parenting style 1, the warm style

(and with the remaining probability they follow style 2, the cold style). Figure 2 shows

the distribution of the warm parenting style for the pooled sample in which each parent

appears three times. While many parental styles are an intermediate mix of styles, we see

a concentration of two masses: one with a low probability of engaging in a warm style (i.e.

with a high probability of engaging in the cold style) and the opposite.
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Figure 2. : Distribution of parenting styles
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Notes: The transparent bars represent the binned probabilities of the probability of engaging
in a warm rather than a cold parenting style, while the solid line is the kernel density. The
sample is the pooled sample in which each parent appears three times.
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3.2. Correlates and persistence of parenting styles

In Figure 3 we show the distribution of warm types by maternal education. In the left panel,

we see that mothers with high school or less tend to be of the cold type with an average share

of warm style of 41.8%. In the middle panel, we see that for mothers with some college

education the distribution appears closer to bi-modal with an average probability of warm

style of 48.3%. Finally, in the right panel we see that amongst more educated mothers with

a college degree, the average likelihood of being engaging in a warm parenting style increases

to 53.9%.

Figure 3. : Distribution of styles by maternal education averaged across waves
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Notes: The transparent bars represent the binned probabilities of the probability of engaging
in a warm rather than a cold parenting style, while the solid line is the kernel density. The
sample is the pooled sample in which each parent appears three times.
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While the previous figure suggests that the likelihood of being a warm mother is increasing

in education, we take a more systematic look at the relationship between type and individual

characteristics by regressing the probability of being a warm type on age, education, poverty

level, whether the parent is an immigrant, marital status, employment status, number of

siblings, and the gender of the child. In Figure 4 we see that parents with one additional child

have a parenting style that is 5 percentage points colder, and with at least two more children

it is 8 percentage points colder. The warmth of parenting styles appears to be increasing in

maternal age; for instance, it is more than 11 percentage points greater for mothers older than

35 years compared to those younger than 25 when the first survey is conducted. Warmth also

increases with education and is 12 percentage points higher for those with a college degree

than for those without any college education. We also find weaker evidence that warmth is

lower for mothers born outside Canada and for French speaking mothers. In contrast, we find

no difference between single and married mothers.

Next we look into the persistence of parenting styles across waves. In Figure 5 we see that

parenting styles flow from warm to cold over the course of the three survey waves. Estimating

an autoregressive process in Table 3 reveals a persistence parameter of 0.31. When regressing

parenting style on individual fixed effects one achieves an R2 of 0.52. This analysis suggests

both significant persistence, but also substantial movement.

In order to investigate which characteristics can explain changes across waves, we regress

warm parenting in wave 3 minus warm parenting in wave 1, i.e. the change in warm parenting,

on family characteristics. We plot the coefficients in Figure 6. The only clear correlations

are a strong drop for French speaking households by 11 percentage points, who already had a

lower warmth at baseline, and for boys it declines by 5 percentage points. It is notable that,

while there are no difference in the baseline level of parenting style by gender of the child, by

the time of the third wave boys are less likely to receive a warm parenting style.
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Figure 4. : Warm style probability and family characteristics
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Notes: Coefficient plot with 95% confidence intervals from regressing warm parenting style
on family characteristics using the pooled sample.
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Figure 5. : Distribution of styles by wave
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Notes: The transparent bars represent the binned probabilities of the probability of being a
warm type rather than a cold type, while the solid line is the kernel density.

Table 3—: AR(1) estimation of warm style

(1) (2) (3)
Pooled Wave 2 Wave 3

Warm style in t− 1 0.313*** 0.261*** 0.363***
(0.017) (0.025) (0.025)

Constant 0.302*** 0.333*** 0.275***
(0.010) (0.015) (0.013)

Observations 2,886 1,443 1,443
R-squared 0.100 0.070 0.131

Note: Estimation of warm parenting style as autoregressive process using OLS. The column
headings indicate the estimation sample of the dependent variable. Robust standard errors
clustered at the family level in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Figure 6. : Increase in warm style probability from first to third wave and family character-
istics
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Notes: Coefficient plot with 95% confidence intervals from regressing warm parenting style in
wave 3 minus warm parenting style in wave 1 on family characteristics using the classification
of the disaggregated sample.
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4. Alternative classifications of parenting styles

Some actions might be more pertinent to certain ages of the child, as is indicated by the

shift in the distribution of actions in Table 2. Therefore, styles might change as well. In

Figure 7 we show the distribution of actions across styles when estimating the topic model

on each wave separately. In general, we see similar patterns to the pooled estimation. On the

left, we see that within the warm style supporting progress, kissing the baby, and regularly

checking on the baby become less prevalent features of the warm style from wave to wave. On

the right side, we see that the cold style features some control by regularly checking on the

baby, giving toys, or organizing playtime in the first wave. However, by the third wave, the

cold type stands out through extreme inaction. While estimating the classification for each

survey wave separately provides the previously mentioned insights, it comes at the expense

of comparability over time.

Next, we estimate topic models separately for each maternal level of education. In Figure

8 we see in the left panel that the warm style is highly related across levels of education, with

each action represented with a similar probability as in the benchmark estimation. However,

in the right panel, we see some differences for the cold type. On the one hand, the cold style of

the college-educated mother is characterized by some control and structure, featuring a minor

level of some activities, for instance, regularly checking on the baby, organizing playtime, or

giving pedagogical toys. On the other hand, the mothers with at most high school education

mostly engage in negative actions, such as screaming, reprimanding, or expressing annoyance,

if engaging in any activity at all.

As discussed in the Introduction, behavioral psychologists tend to define more than two

parenting styles. We, therefore, use the same method as in the benchmark case but allow

for three styles instead of two. In Appendix Figure B.1 we show in the left panel the level

of importance that each action forms within a style and in the right panel the standardized

importance of actions within each of the three styles. While two of the styles are very similar

to the previous estimation with two styles, a new style emerges which we label “high control”

for which regularly checking on the baby is by far the most prevalent action amongst this

parenting style.
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Figure 7. : Distribution of actions by style estimated separately by wave
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Notes: The figure describes the topic share of actions for the warm (left) and cold (right)
parenting styles estimated separately for each of the three waves.

We also test an alternative way of feeding the data into the topic model by summing the

actions of each parent across the three waves, thereby limiting each parent to one single

observation. In Appendix Figure B.2 we see that, while the resulting warm style is very

similar to the benchmark case, aggregating the data reveals a slightly more active cold style.

Finally, we test whether priors play an important role for the stability of the resulting

parenting styles. In Appendix Figure B.3 we see that changing a prior has close to no

effect. These alternative estimations highlight some of the trade-offs involved when using

a topic model to summarize parenting styles. Estimating the LDA on separate samples

reveals systematic differences, allowing for comparisons of the prevalence of actions across
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Figure 8. : Distribution of actions by style estimated separately by maternal education
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Notes: The figure describes the topic share of actions for the warm (left) and cold (right)
parenting styles estimated separately by parental education.

and within styles. However, this can come at the expense of reducing the comparability of

assigned parenting styles across the different samples, when looking at dynamics over time,

or relating styles outcomes, as, for instance, warmth in wave 1 then might not mean the same

thing as warmth in wave 2. In the next section, we will relate parenting styles to cognitive

and non-cognitive outcomes of the children.
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5. Relating parenting types to children’s outcomes

In the following we investigate whether children exposed to different parenting styles have

better cognitive and non-cognitive outcomes at age 6, i.e. almost 4 years after the final survey

wave for which we measure parenting styles. We look into the relationships between styles

and skills for alternative ways of estimating the LDA, in particular the pooled LDA, which is

our benchmark, and the LDA estimated on the aggregated data. Moreover, we compare the

correlations between skills and parenting styles using LDA to more commonly used methods

such as principal component analysis and k-means clustering.

To test the relationship between parental type and the accumulation of children’s cognitive

skills, we use the results from six cognitive tests conducted at age 6, so 4 years after our final

wave.11 Here the sample size reduces to 811 children who took the tests. We extract the first

factor across the six tests and standardize the score obtained with a mean of 0 and a standard

deviation of 1.

In the first column of Table 4 we regress the cognitive score measure at age 6 on parental

warmth in each of the three waves obtained from the pooled LDA, which is our benchmark

summary of styles. We find that the parenting style at the youngest age, i.e. when the baby is

5 months old, exhibits the highest correlation with the outcomes measured later in childhood.

Moving from the coldest to the warmest parenting style is associated with an increase of 0.34

standard deviations in cognitive test scores.12 In column (2) we add a range of controls and

find that this coefficient reduces to 0.23 but remains significant at the 10% level. While

we have no exogenous variation and therefore cannot claim causality, this correlation does

contribute suggestive evidence to the debate about when critical periods of human capital

development might be.

11Specifically, we use the scores from the following six tests: test on numbers, ROST test, test on
words (EVIP), memory test (VCR), intersection game (FIT), and block design test (WISC-III).

12While a direct comparison to an intervention is not the aim of this paper, we provide some
information for the sake of interpretation of the magnitude: Duflo, Dupas and Kremer (2011) find that
tracking students in school by prior achievement increased test scores by between 0.14-0.19 standard
deviations, and Attanasio et al. (2020) find that a randomized early childhood intervention targeting
parental investments disadvantaged of children aged 12 to 24 months led to an increase in cognitive
skills of 0.25 standard deviations. These effects were measured about 1.5 years after the interventions
ended and are considered to be large in magnitude.
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In column (3) we show the results when taking the average of the three warmth levels

across the three waves and find a large and significant coefficient of 0.71. However, once

we add controls in column (4) the coefficient reduces to 0.29 and is slightly too noisy to be

significant at conventional levels. In column (5) we use the parenting style estimated using

the aggregated data and again find a large significant coefficient of 0.54, which in column (6)

when adding controls reduces to 0.24, but is precise enough to remain significant at the 10%

level.

As a comparison in column (7), we include the first score from a principal component

analysis and in column (8) we use a dummy derived using k-means clustering. According

to the R2, the strength of the association between parenting style and cognitive skills is

similar across the three models.13 However, one benefit of the LDA classification lies in its

interpretation. Column (6) indicates that children from pure warm type parents have 0.24

standard deviation higher cognitive skills than children from pure cold type parents after

including a range of controls. The principal component method does not allow us to deliver

such an intuitive interpretation as it is less clear what moving from a low to a high score

entails. The interpretation of the coefficient from the k-means clustering method in column

(8) is more straightforward. It indicates that children of parents with a warm parenting style

have 0.15 standard deviation higher cognitive skills than those with parents with a cold style.

The effect is smaller with the cluster algorithm than with the LDA algorithm since it classifies

parents between two styles, but does not allow parents to be of a mixed type as the LDA

does.

In Table 5 we repeat the same exercise for non-cognitive scores, with a greater score repre-

senting less behavioral problems.14 We find relatively similar albeit weaker associations than

for cognitive skills. Again warmth at 5 months exhibits the strongest correlation without

controls in column (1), but not anymore with controls in column (2). Mean warmth from the

13When excluding controls, the R2 for explanatory power of the parenting style measured using the
aggregated LDA for cognitive skills is 5% higher than for the principal component method and 11%
higher than for k-means clustering.

14We use the standardized value of the first factor of six measures of non-cognitive skills, namely
not suffering from hyperactivity, inattention, anxiety, emotional disorders, aggressiveness, and social
withdrawal (as reported by the mother).
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pooled LDA displays a coefficient of 0.33 with controls in column (4), and warmth from the

aggregated data 0.25 with controls in column (6), both significant at the 10% level.
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Table 4—: Regression of cognitive skills on parenting styles

Pooled LDA Aggregated LDA PCA KMEANS

(1) (2) (3) (4) (5) (6) (7) (8)

Warm t = 1 0.344** 0.227*
(0.135) (0.133)

Warm t = 2 0.197 0.002
(0.149) (0.146)

Warm t = 3 0.168 0.070
(0.135) (0.132)

Warm (mean) 0.705*** 0.292
(0.183) (0.178)

Warm 0.539*** 0.244*
(0.134) (0.129)

Score comp. 1 0.029*
(0.016)

Cluster ID 0.147**
(0.067)

Constant -0.354*** -0.368*** -0.344*** -0.363*** -0.270*** -0.340*** -0.222** -0.446***
(0.097) (0.138) (0.097) (0.137) (0.076) (0.125) (0.106) (0.149)

Observations 811 811 811 811 811 811 811 811
R-squared 0.019 0.157 0.018 0.156 0.020 0.157 0.156 0.158
SES controls NO YES NO YES NO YES YES YES
Joint signig. 0.00 0.26

Note: Measures of parenting styles are summarized as specified in the column headings.
‘Pooled LDA’ is the benchmark method, ‘aggregated LDA’ is by summing parental actions
over the three waves before running the LDA, ‘PCA’ is principal component analysis, and
‘KMEANS’ is k-means clustering. The dependent variable is computed by taking the first
factor of six measures of non-cognitive ability at age 6 years old. The score is standardized
with a mean zero and a standard deviation of 1. SES controls include family composition
(number of siblings, household type), maternal characteristics (age, whether born outside
Canada, educational attainment), parental working status, language spoken at home, and
whether family is below poverty threshold. They are described in more details in Table 1.
The joint significance is the p-value from an F-test of joint significance for the three style
variables. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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Table 5—: Regression of non-cognitive skills on parenting styles

Pooled LDA Aggregated LDA PCA KMEANS

(1) (2) (3) (4) (5) (6) (7) (8)

Warm t = 1 0.224* 0.119
(0.132) (0.132)

Warm t = 2 0.043 0.032
(0.147) (0.145)

Warm t = 3 0.195 0.177
(0.142) (0.141)

Warm (mean) 0.456** 0.328*
(0.181) (0.188)

Warm 0.341*** 0.250*
(0.131) (0.136)

Score comp. 1 0.027
(0.017)

Cluster ID 0.138*
(0.071)

Constant -0.228** -0.424*** -0.223** -0.425*** -0.171** -0.389*** -0.269** -0.480***
(0.097) (0.141) (0.096) (0.141) (0.076) (0.128) (0.114) (0.152)

Observations 811 811 811 811 811 811 811 811
R-squared 0.008 0.077 0.008 0.076 0.008 0.077 0.076 0.077
SES Controls NO YES NO YES NO YES YES YES
Joint significance 0.07 0.34

Note: Measures of parenting styles are summarized as specified in the column headings.
‘Pooled LDA’ is the benchmark method, ‘aggregated LDA’ is by summing parental actions
over the three waves before running the LDA, ‘PCA’ is principal component analysis, and
‘KMEANS’ is k-means clustering. The dependent variable is computed by extracting the
first factor of six measures of cognitive ability at age 6 years old. The score is standardized
with a mean zero and a standard deviation of 1. SES controls include family composition
(number of siblings, household type), maternal characteristics (age, whether born outside
Canada, educational attainment), parental working status, language spoken at home, and
whether family is below poverty threshold. They are described in more details in Table 1.
The joint significance is the p-value from an F-test. Robust standard errors clustered at the
family level in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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6. Conclusion

Human capital accumulation is one of the most important fundamentals of productivity

and innovation. However, summarizing inputs into the human capital production functions

is riddled with complications, including the potentially high dimensionality and non-linear

relationships between parental actions. In this paper, we provide a new way to summarize

parental styles adopted from computational linguistics. We use an unsupervised machine

learning model, the latent Dirichlet allocation, to classify parenting styles into two types.

The resulting types can be interpreted as warm parents who encourage their children and

express their affection, versus cold parents who do not interact much with their children and

are more likely to punish them when they do so.

We show that these two styles relate systematically to parental characteristics, i.e. mothers

with higher education and older mothers tend to be more likely to engage in warm parenting.

Over time warm parenting declines, in particular when the child is a boy. Moreover, we

show that the warmer a parenting style, the higher levels of cognitive and non-cognitive

skills achieved years later. While we cannot establish a causal relationship between parenting

styles and outcomes due to the nature of the data, we are optimistic that future studies

including natural experiments or randomized control trials can make use of the proposed

methodology to classify parenting styles based on rich information of their actions without

having to artificially reduce the number of actions or investments based on ex-ante priors

or ex-post information. The proposed approach can be done with an extremely large set of

actions or even detailed time use data in a relatively agnostic way, potentially allowing the

identification of more styles.
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Appendix A: Latent Dirichlet allocation

Adapting the technical terms from Blei, Ng and Jordan (2003) for text and applying to our

objective, the corpus of behavioral actionsD is composed of parents w of actions. A behavioral

type is a probability distribution over all actions. The assumed underlying process with which

types generate actions is by drawing θ from a Dirichlet distribution with hyperparameter α.

Then for each action n of all actions N , one chooses a type from zn. After that an action wn

is chosen for the corresponding type zn from a Dirichlet distribution with hyperparameter β.

Written formally, the generative process of actions is expressed as the following joint dis-

tribution

p(β, θ, z, wd) =
k∏

i=1

p(βi)
D∏

d=1

p(θd)(
N∏

n=1

p(zd,n|θd)p(wd,n|β, zd,n)).

Given the corpus of actions, the task of the algorithm is to infer the type-specific action

distribution and the parent specific type distribution. So the posterior distribution of the

latent variables is given by

p(β, θ, z|wd) =
p(β, θ, z, wd)

p(wd)
.

In order to infer the marginal distribution p(wd), which can be done through approximation

using Gibbs sampling, or Variational Kalman Filtering and Variational Wavelet Regression,

we rely on the Stata implementation developed by Draca and Schwarz (2018). Draca and

Schwarz (2018) use the inference algorithm developed by Hoffman, Bach and Blei (2010) and

implemented by Pedregosa et al. (2011). As is the case in Draca and Schwarz (2018), the

assumption of the independence of responses does not strictly hold in our approach. If an

action has been recorded, the same action is not recorded again for the same person. They

discuss in detail why the inference of LDA is nonetheless still valid. For the execution we rely

on the implementation made available by Schwarz (2018).
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Appendix B: Additional figure

Figure B.1. : Distribution of actions with three styles
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Notes: The left panel describes the topic share of actions for each of the two parenting styles.
The right panel shows the standardized importance of an action within a style by setting the
mean to zero and the standard deviation to 1.
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Figure B.2. : Distribution of actions by parenting style when aggregating data
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Notes: The left panel describes the topic share of actions for each of the two parenting styles.
The right panel shows the standardized importance of an action within a style by setting the
mean to zero and the standard deviation to 1. While in the benchmark each parent/survey
wave provide one observation, here each parent provides one observation by summing all their
actions.
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Figure B.3. : Distribution of actions with different priors
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Notes: The figure describes the topic share of actions for the warm (left) and cold (right)
parenting styles estimated using different priors. The legend specifies the hyperparameter α,
i.e. the parent specific style prior.


