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ABSTRACT
Childhood socioeconomic status (SES) is associated with persistent
academic achievement gaps, which necessitates evidence-based,
scalable interventions to improve children’s outcomes. The present
study reports results from a replication and extension of a family-
based training program previously found to improve cognitive devel-
opment in lower-SES preschoolers. One hundred and one primarily
low-SES families with 107 children aged 4–7 years were randomly
assigned to the intervention or passive control group. Intent-to-treat
regression models revealed that children whose families were
assigned to the intervention group did not exhibit significant benefit
on composite measures of nonverbal IQ, executive functioning, or
language skills, though post-hoc analyses suggested marginal
improvement on the fluid reasoning subcomponent of nonverbal IQ.
Treatment-on-treated models revealed a significant positive effect of
intervention attendance on fluid reasoning and a negative effect on
vocabulary. We discuss potential causes for the non-replication,
including differences in the sample composition, size, and assess-
ment choices. Results suggest the need to more broadly assess scal-
able interventions with varying populations and ensure appropriate
cultural and geographical adaptations to achieve maximum benefits
for children from diverse backgrounds.
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Socioeconomic status (SES) is strongly related to many important life outcomes includ-
ing cognitive abilities, socioemotional skills, and achievement metrics (Bradley &
Corwyn, 2002; Duncan & Brooks-Gunn, 1997; Ursache & Noble, 2016; White, 1982).
SES is a multifaceted construct indexing an individual’s access to educational and finan-
cial resources, and commensurate social benefits. Children from lower-SES backgrounds
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frequently arrive at kindergarten with significant gaps in core school readiness skills,
including language, reasoning, and executive functioning (Garcia & Weiss, 2017; Lee &
Burkam, 2002; Ramey & Ramey, 2004), which often snowball into significant academic
achievement gaps throughout school and beyond (Duncan et al., 2007; Duncan &
Murnane, 2011). These persistent disparities have garnered many efforts to develop
effective, scalable interventions to reduce SES achievement gaps at the start of a
child’s education.

One subset of interventions for children facing early adversity are family-based, or
two-generation, approaches, which involve parent training programs alongside a parallel
component for children. Rather than exclusively focusing on child enrichment, such
programs aim to strengthen the resources and skillsets of parents to support their child-
ren’s development (Shonkoff & Fisher, 2013). Evaluations of various family-based pro-
grams provide a strong evidence base for both short- and long-term effects on
children’s cognitive and neural development, emotional/behavioral well-being, and
ultimate life outcomes (Neville et al., 2015), as well as commensurate improvements in
parental stress and mental health and interactive family well-being (Shonkoff & Fisher,
2013). Given such successful outcomes, family-based intervention programs serve as a
promising approach for impactful, scalable interventions to improve outcomes for chil-
dren from low SES backgrounds.

One previously successful family-based intervention program is Parents and Children
Making Connections—Highlighting Attention (PCMC-A; Neville et al., 2013). PCMC-A
is a nine-week (1 introduction, 8 content) family-based training program for families of
preschoolers that combines didactic, interactive, separate small-group parent and child
training sessions focused on increasing children’s attention and cognition by way of
improving family stress, contingency-based discipline, parental language use, and emo-
tion regulation. The theory of change focuses on engaging parents to support child
development, broadly construed. Specifically, program creators hypothesized that culti-
vating positive adult models and adult responsiveness across multiple contexts of par-
ent-child interactions would foster children’s attention and self-regulation skills while
reducing problem behaviors, which would in turn improve children’s learning across a
broad range of cognitive domains.

PCMC-A was designed for families with children (3–5 years old) attending Head Start
preschools in Oregon and was assessed via a randomized controlled trial in a sample of
typically developing (no developmental disorders, psychoactive medications, or services),
monolingual English, primarily (62%) white/Caucasian children living at or below the
poverty line ($22,050/year for a family of four in 2009) across the state of Oregon
(Neville et al., 2013). Neville et al. (2013) found that PCMC-A led to significant
improvements in self-reported parental stress, parent-child interactions, children’s verbal
and nonverbal cognition, children’s parent-reported social skills and problem behaviors,
and plasticity in electrophysiological measures of children’s brain activity during a
selective attention task as compared to both active and passive control groups. PCMC-
A’s reported efficacy and practicality make it a promising intervention to bring to other
communities.

To assess the value of expanding PCMC-A at a wider scale, it is important to test
whether it is feasible to replicate the intervention with fidelity in new populations.
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Common pitfalls of intervention programs include effects being specific to certain
demographics or programs being logistically difficult to implement at scale. For
example, one of the most successful early life intervention programs, Reach Up, a home
visiting program in Jamaica, showed impressive educational, social, and health benefits
for children 22 years later (Gertler et al., 2014; Walker et al., 2011). However, when
researchers tried to implement a similar program in Colombia, the positive effects faded
after two years (Andrew et al., 2018). The authors cite lack of piloting, high staff turn-
over, and implementation barriers as potential reasons behind their null long-term
effects. In the United States, researchers have spent the past two decades figuring out
the key ingredients for successful scaling of programs such as “The Incredible Years”
and “The Nurse-Family Partnership,” which have been shown to improve children’s
socioemotional outcomes. Researchers state gradual expansion, selection of good staff,
high quality training, and ongoing program evaluation and monitoring as key to suc-
cessful scaling of these programs (Olds, 2006; Webster-Stratton & Herman, 2010).
Cultural norms can also impact the effectiveness of scaling interventions. In the USA,
psychotherapy and health interventions that are culturally adapted to specific commun-
ities (e.g. the Latinx community) are more effective than non-adapted interventions, in
part because they increase participant engagement and retention (Acevedo-Polakovich et
al., 2017; Smith et al., 2011). There has been less research directly comparing standard
versus culturally adapted parenting based interventions in the United States. However,
studies have found that cultural adaptations for Latinx communities of evidence-based
interventions developed for Euro-American families, like the Parent Management
Training (the Oregon Model), a clinical and preventative family intervention, have been
efficacious (Meija et al., 2017; Parra-Cardona et al., 2017). Before expanding PCMC-A
to other sites within the United States or internationally, it is important to test its effect-
iveness and feasibility in another geographic location with different demographics from
the original sample.

The present study aimed to replicate and extend the results of PCMC-A in a different
kind of sample, namely Kindergarten and Pre-Kindergarten students from urban charter
schools serving predominantly families from lower SES backgrounds in Boston. Families
were randomized to either receive the intervention or to a school-as-usual control
group, and students were assessed for changes on several metrics of verbal and nonver-
bal cognition and executive functioning. While participants in this study were also pri-
marily from a lower SES background (79% on free or reduced price lunch, as qualified
by household income <185% of the federal poverty line, equivalent to 127% of the
regional Supplemental Poverty Measure), sample demographics differed from the ori-
ginal implementation in that children in the present study were on average a year older
(4–6 years instead of 3–5 years), were from an urban environment, were primarily from
racial/ethnic minority groups (95% non-white), and were not excluded based on home
language use (50% non-monolingual English), history of developmental disorders or
medication use, or special education/disability status (9% with Individualized Education
Plans). These modifications are important because, should the intervention scale to
reach families across the United States, it is crucial to know that it provides benefits for
lower-SES families from varying backgrounds. Given the wide-ranging benefits across
multiple cognitive domains in the original study, and the detailed cultural adaptations
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made in consultation with local parents, we expected to find similar benefits of PCMC-
A within this context.

Materials and Methods

Participants

Participants were 107 children from 101 families (including four sets of twins and two
sibling pairs aged one year apart). Children (n¼ 64 male, 60%) were in pre-
Kindergarten (n¼ 30, 28%) or Kindergarten (n¼ 77, 72%), both of which are full-day
programs in the metro region of implementation, which offers universal Pre-
Kindergarten in an elementary school setting. Children ranged in age from 4 years,
6months to 7 years, 1month (M¼ 5.78 years, SD¼ 0.59 years), at the first assessment
time point, pre-randomization (all but one child were younger than 6.5 years, with the
addition of one 7-year-old who had repeated pre-Kindergarten). Fifty-two (49%) of chil-
dren participated in additional in-lab cognitive and neuroimaging assessments as part of
another study not reported here.

Participants were recruited from eight over-subscribed public charter schools in
metropolitan Boston. The eight urban charters schools came from six Charter
Management Organizations (three schools were separate sites of one organization), all
of whom employed a rigorous approach to urban education with high academic expect-
ations, inquiry-focused and standards-based instruction, and ultimate goals of preparing
children for attending college. All children in either pre-Kindergarten (“K1”) or
Kindergarten (“K2”) in each school were invited to participate, through flyers, letters
home, and recruitment events held on parent-teacher nights and other family-based
school events. Research staff were supported by consultants from a local education-
based nonprofit and school-employed family liaisons to assist in personalized outreach
efforts. The study we attempted to replicate and extend (Neville et al., 2013) had three
groups of children (n¼ 66 intervention, 38 passive control, 37 active control). Since
effects were similar for active and passive control groups, the present study only
includes a passive control group. An a priori power analysis based on the average of
reported effect sizes for cognitive assessments (intervention versus passive control only,
d¼ 0.4, power ¼ 0.8, a¼ 0.05) determined a need for 156 (one-tailed) to 200 (two-
tailed) participants total using the same analytic approach. Even though the present
sample size of n¼ 107 is smaller than that recommended by the a priori power analysis,
it is slightly larger than the final sample of the original study (total n¼ 104, intervention
and passive control combined). Furthermore, post-hoc sensitivity analyses using the pre-
sent analytic methods with sample stratification (see below) determined that the present
study was powered to detect an effect as small as 0.22 standard deviations for IQ and
0.07 for language, less than half that of the original study.

Data from 101 children (95 families) were able to be linked to the state administrative
data including demographic information. The racial and ethnic identities of children
were as follows (see Table 1 for data by group): Hispanic (n¼ 55), African American
(n¼ 36), White (n¼ 5), Asian (n¼ 2), American Indian (n¼ 1), or multiple races
(n¼ 2). Eighty children (79%) qualified for free or reduced-price lunch (FRPL), defined
as having an annual household income (before taxes) at or below 185 percent of the
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federal poverty level threshold, which, given the high cost of living in the region of
implementation, is equivalent to 127% of the regional Supplemental Poverty Measure
(US Census Bureau, 2016 estimates). Fifty-one children (50%) were identified by their
schools as English Language Learners (ELL), and 9 (10%) had an Individualized
Education Plan (n¼ 4 for speech/language, 1 for autism, 5 unknown reason).

Figure 1 shows a modified CONSORT flow diagram of participation, and Table 1
reports the participant summary statistics overall and by treatment group. Participants
were randomly assigned at the family level to participate in the intervention (Figure 1).
Randomization was stratified by whether families participated in the additional cognitive
and neuroimaging assessments and whether they were recruited from the school with
the greatest number of participants (4 total categories). Table 1 column 4 reports the
difference between treatment and control groups. Each row represents a separate regres-
sion model where the outcome variable is the child’s characteristic, which is regressed
on treatment status and a series of dummy variables for the stratification groups. Thus,
the coefficient represents the average within stratification difference between treatment
and control. Stratification ensured that the experiment assessed the contrast between
treatment and control within the four groups because students who volunteered to par-
ticipate in additional testing might be different than those who did not, and students in
the school where we were able to recruit a higher proportion of families could be

Table 1. Baseline characteristics of participants.
All students
(N¼ 107)

Treatment
(n¼ 54)

Control
(n¼ 53) Difference regressions

(1) (2) (3) (4)

Age in months (SD) 68.82 (7.04) 68.98 (6.87) 68.66 (7.29) 0.17 (1.382)
Male 0.60 0.57 0.62 –0.05 (.096)
Grade Kindergarten 2 0.71 0.69 0.74 –0.05 (.089)
Race/Ethnicity
White 0.05 0.04 0.06 –0.02 (.044)
Black 0.36 0.35 0.38 –0.03 (.097)
Asian 0.02 0.02 0.02 <0.01 (.028)
Hispanic 0.54 0.58 0.50 0.08 (.1)
Othera 0.03 0.02 0.04 –0.02 (.034)

Limited English proficiency 0.50 0.54 0.47 0.07 (.101)
Individual education plan 0.10 0.10 0.10 <0.01 (.06)
Free/reduced price lunch 0.79 0.79 0.80 <0.01 (.082)
Language 0.00 –0.09 0.09 –.17 (.185)
Nonverbal IQ 0.00 –0.10 0.11 –.2 (.243)
Matrix reasoning 0.00 –0.13 0.13 –.27 (.22)
Working memory 0.00 –0.08 0.08 –.14 (.255)
Processing speed 0.00 –0.03 0.04 –.05 (.253)

Executive function 0.00 –0.07 0.07 –.12 (.209)
HKTS 0.00 –0.07 0.07 –.13 (.208)
Hþ F Incongru Acc 0.00 0.05 –0.05 .12 (.19)
Hþ F Mixed Acc 0.00 –0.10 0.10 –.17 (.206)

Notes. In columns 1–3, age is presented as mean (standard deviation) and all other demographic characteristics are pro-
portions. In Massachusetts, Kindergarten 2 is equivalent to Kindergarten in most other states (beginning at age 5 years).
For Race/Ethnicity, Limited English Proficiency, Individual Education Plan, and Free/Reduced Price Lunch, the sample
includes only the 101 students that could be linked to school administrative data. All cognitive measures were normal-
ized to have a mean of zero and standard deviation of one. In column 4, each row presents an estimate of the coeffi-
cient on treatment status from a separate regression model. All regressions include randomization strata fixed effects.
We cluster our standard errors at the strata and the errors are reported in parentheses. We also tested the component
of the nonverbal IQ and executive function composite, as well as distributional differences and none of these were stat-
istically significant.
aOther includes Native American and two or more races. HKTS is the Head-Knees-Toes-Shoulder task. Hþ F stands for
Hearts and Flowers. No estimates were statistically significant.
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different than other schools in our sample. For logistical reasons, families were random-
ized prior to the completion of the baseline assessments scoring. By chance, the treat-
ment group students tended to perform worse on the measures, though neither the
mean nor distributional difference were statistically significant. Of the 54 children (51
families) assigned to the intervention group, 32 children (from 30 families) completed
the intervention by attending all intervention sessions (59% completion rate). Four chil-
dren (from 4 families) attended some portion of the intervention (1, 3, 4, or 5 sessions),
and 18 children (from 17 families) did not attend any sessions. The elapsed time
between pre and post assessment sessions ranged from 74 to 99 days (M¼ 84.58,
SD¼ 5.10 days), and did not differ between assigned groups (t(105) ¼ 0.28, p¼ 0.27).

Analysis without covariates
• Total (n = 53 students from 50 families)

Analysis without covariates
• Total (n = 54 students from 51 families)
• Treatment Compliers (any sessions)

(n = 36 students from 34 families)
• Treatment Non-Compliers 

(n = 18 students from 17 families)

Invited to participate
(n = 584 students from 8 schools)

• Declined to participate or 
unreachable (n = 476)

• Student unable to complete 
assessment (n = 1)
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(n = 107 students from 101 families)
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Analysis (with covariates)
• Total (n = 52 students from 49 families)
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(n = 35 students from 33 families)
• Treatment Non-Compliers 

(n = 17 students from 16 families)

Analysis with covariates
• Total (n = 49 students from 46 families)

Missing Demographic 
Info (n = 2 students)

Missing Demographic 
Info (n = 4 students)

Figure 1. Modified CONSORT flow diagram of study participation.
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Training Program

The intervention program was a near-exact replication of the Parents and Children
Making Connections – Highlighting Attention (PCMC-A) program designed by Neville
et al. (for complete description, see Neville et al., 2013, Supplementary Material). Briefly,
this program consists of eight weekly 2-hour small group sessions (4–5 families per
group) preceded by one introductory session for enrolled children and any parents/care-
givers who would like to attend. Parents assigned to the intervention had the choice of
attending groups led in either English (n¼ 42) or Spanish (n¼ 12), which occurred on
either a weekday evening or Saturday. The child component of the intervention was
delivered in English, to match the children’s language of instruction at school.

The Spanish version of the intervention was originally adapted for Latinx families,
who were primarily of Mexican origin at the program creation site, as well as a separate
replication site in Colombia, according to a rigorous cultural adaptation model (for
more information, see Pakulak et al., 2017). While there were no changes to curriculum
content, the metaphors used to convey the content were occasionally modified. For
example, in discussing how to revise the parenting tools you inherit from your parents
and grandparents and build them up stronger, the English version used a metaphor of
restoring an old family car, while the Spanish version used a metaphor of adapting an
old family recipe. Because the Spanish speaking population at the current replication
site were primarily of Dominican origin, some word choices for translation were
changed, but no additional adaptations were made. No changes were made to the
English version of the parent curriculum; however, minor changes were made to the
child curriculum to accommodate differences in the availability of materials (e.g., an
activity that used snails to represent patience was replaced with worms, which are more
prevalent at the replication site). All interventionists were trained to reliability by study
staff from the original PCMC-A program (80 hours for parent facilitators, and 20 hours
for child facilitators). Additionally, all three parent facilitators were bilingual/bicultural
and learned both the English and Spanish versions of the curriculum to ensure consist-
ency across sessions.

Parents and children attended separate but simultaneous sessions at the child’s school
or a nearby participating school. Trained Parent Facilitators led caregivers in an inter-
active curriculum of strategies to target family stress regulation, contingency-based dis-
cipline, parental responsiveness and language use, and facilitation of child attention
through links to child training exercises. The first week was an introductory session,
and the remaining eight sessions each focused on a different topic of parent-child inter-
action. Parents were given “homework assignments” to try strategies at home and report
their experiences in the next session. Facilitators called participating parents weekly for
a 15-minute “check-in” to discuss implementation and effectiveness of the strategies.
Meanwhile, enrolled children participated in a 45-minute child curriculum called “Brain
Train,” which consisted of multi-sensory activities and games aimed to increase self-
regulation of attention and emotion states. As with the parents, each week introduces a
new topic and games and was led by pairs of trained Child Facilitators. After complet-
ing Brain Train, enrolled children received general childcare (along with any siblings or
additional un-enrolled children) until the parent group concluded. Both the parent and
child curricula were highly structured, such that it was very difficult for any deviations
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to occur. During sessions, meals were provided for all family members and other indi-
viduals who attended. Child care was provided for siblings and participating children
after the Brain Train session. Families received a $10 travel reimbursement each week
and were entered into a raffle for $25 awarded to one family per session.

Throughout the intervention, facilitators participated in a fidelity protocol designed
by PCMC-A staff. Specifically, the three parent facilitators and the six child facilitators
held weekly meetings with the intervention designers to debrief on that week’s session,
ensure that the curriculum was properly and faithfully delivered and consistent across
groups, and to prepare for the following week’s sessions. Specifically, the discussion
protocol included confirming the presence of principal intervention features, including
both the content of the curriculum (e.g., correct information, time allotted for each sec-
tion), as well as the process of delivery (e.g., the facilitator’s affect, promotion of discus-
sion, and handling of challenges). No curriculum deviations were noted in any of the
weekly meetings.

Cognitive Assessments

Assessments of cognitive ability were conducted within two weeks immediately before
and after the 8-week training period and delivered by testers blind to experimental con-
dition. Cognitive skills were assessed because they were an end target for intervention
outcomes, they can be measured objectively, and assessments could be administered
during school hours, so as to reduce additional burdens on parents. The theory of
change involves indirectly influencing child cognitive skills through parent-mediated
improvements to children’s attention and self-regulation skills, which were assessed in
the original study through parental report of child problem behaviors and electrophysio-
logical measures of selective attention. While the executive functioning assessments
described below measure components of attention and behavioral regulation, only 50%
of the present sample completed parental report of child problem behaviors in an
optional lab-based session. To avoid mixing of samples and sub-samples, the results of
the additional lab-based measures will be reported elsewhere.

All testing took place in a quiet private or shared room at each student’s respective
school, with the exception of one school in which the only place available was a nook
outlet off a hallway. Since English was the primary language of instruction at each
school, all child assessments were delivered in English. The cognitive assessments were
chosen to test similar constructs that showed improvement after the intervention imple-
mented by Neville et al. (2013), including nonverbal intelligence and receptive language.
In addition, two measures of executive function were included because the intervention
targeted many executive function skills. All data were double scored by coders blind to
condition. Discrepancies were resolved by a third blind coder. Scores on all cognitive
assessments were highly intercorrelated (Table 2).

To assess nonverbal intelligence (IQ), children completed the Matrix Reasoning,
Picture Memory, and Bug Search subtests of the Wechsler Preschool and Primary Scale
of Intelligence, Fourth Edition (WPPSI-IV; Wechsler, 2012). The WPPSI is a well-vali-
dated and standardized test of intellectual functioning designed for children ages
2.6–7.7. Matrix Reasoning measured fluid reasoning ability by having children choose
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which image completed a visual puzzle, which became progressively more difficult with
each trial. Picture Memory assessed visual working memory ability by having children
remember pictures for five seconds before identifying them from an increasing number
of distractors. Bug Search evaluated processing speed by having children complete as
many trials of finding a matching target bug out of five options in two minutes. Due to
only one version of the WPPSI-IV being available, the same stimuli were used for pre-
and post-testing. To be comparable to the study by Neville et al. (2013), we constructed
a composite non-verbal IQ measure by averaging the z-scored raw scores from all three
subtests. We also report the individual components for completeness. Bug Search was
invalid for two children, one each at pre- and post-testing (valid n¼ 106 at each time
point), so for these two children, averages from the other two measures were used to
create the nonverbal IQ composite (composite valid n¼ 107).

Language skills were assessed with the Peabody Picture Vocabulary Test, Fourth
Edition (PPVT-4; Dunn & Dunn, 2017), a well-validated measure of receptive vocabu-
lary. Experimenters read aloud progressively more difficult words, and children pointed
to the corresponding picture out of four given pictures. Form A was administered
before the intervention, and Form B was administered after the intervention to avoid
memorizing target words. The be consistent with the other measures, PPVT raw scores
were z-scored to be used as verbal IQ measure. PPVT-4 data was invalid for two chil-
dren, one each at pre and post testing (valid n¼ 105).

Executive function was measured with both the Head-Knees-Toes-Shoulders (HKTS)
task (McClelland et al., 2014) and the Hearts and Flowers version of the dots task
(Davidson et al., 2006). HKTS taps into the three main dimensions of executive func-
tion: working memory, attentional flexibility, and inhibition, and has been shown to
have high inter-rater reliability and validity in assessing children’s self-regulation in
diverse samples of children (McClelland et al., 2007, 2014; von Suchodoletz et al., 2013).
During the introduction of the task, children were told to respond to a command such
as “touch your toes.” In the first part of the task, children were asked to do the opposite
of the command; specifically, they were instructed to touch their head when the experi-
menter told them to touch their toes and vice versa. In the second part, two additional
commands are added (touching shoulders and knees) and in the final part, the rules are
changed (i.e. now head goes with knees). The measure includes 30 items and children
were given a score of 0 for an incorrect response, 1 for a self-correct, and 2 for a correct
response bringing the max score to 60. HKTS data was invalid for 3 children, one at
pre-testing and two at post-testing (valid n¼ 104).

The second executive function measure, Hearts and Flowers, was chosen because pre-
school age children have improved on this task after another executive function inter-
vention (Diamond et al., 2007). Like the HKTS, Hearts and Flowers also taps into all
three main dimensions of executive function. It was administered on a touch screen
computer using the Presentation program by Neurobehavioral Systems (Berkeley, CA).
Children responded by using their index finger to touch buttons on the right or left
side of the screen below the stimulus images. All children rested their hand on a
handlebar that was adjusted so that each child was index finger distance away from the
screen. Children completed a practice round of pressing buttons on the screen before
starting the experiment to ensure familiarization with the process. The overall structure
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of the task consisted of three blocks: a congruent block of 12 trials, an incongruent
block of 12 trials, and a mixed block of 49 trials. In all conditions, a red heart or flower
appeared on the right or left side of the screen. In the congruent trials, children were
told to press the button on the same side as the heart as a measure of working memory.
In the incongruent block, children were told to press the button on the opposite side of
the flower, requiring them to inhibit the tendency to respond on the side where the
stimulus appeared and working memory of the new rule. In the mixed block, congruent
and incongruent trials were intermixed, requiring all three components of executive
function. For all conditions, stimuli were displayed for 500 milliseconds (ms) with
1500ms to respond and an interstimulus interval of 500ms. All children received up to
12 practice trials before each block. The two main outcome measures were accuracy
(proportion correct) for the incongruent and mixed blocks. Any response faster than
200ms were considered to be anticipatory (Davidson et al., 2006) and excluded from
analyses. The first trial of the mixed block was additionally excluded from analyses.
Data from Hearts and Flowers was missing for one child at pre-testing (valid n¼ 106).
Similar to the nonverbal intelligence, in order to compare results to Neville et al. (2013)
we create an executive function composite measure by averaging the z-scored total
scores from HKTS, Hearts and Flowers incongruent proportion accuracy, and Hearts
and Flowers mixed proportion accuracy, using two of the measures where one was miss-
ing/invalid (composite valid n¼ 107). We also report the results separately by assess-
ment. See Table 2 for relationships amongst all cognitive measures at time 1 controlling
for age.

Analytic Approach

A series of multivariate regression models were used to estimate the impact of the inter-
vention on each cognitive outcome measure (the non-verbal IQ, verbal IQ, and execu-
tive function composites and each component in post-hoc tests) all of which were
standardized to have a mean of zero and standard deviation of one at baseline. We then
used the baseline mean and standard deviation for time 2.1 Each regression model con-
trols for the student’s baseline outcome measure.2 To account for the stratified random-
ization process, each model also includes indicators of whether the student participated
in additional in-lab assessments and came from the school where we recruited the most
students. As suggested by Athey and Imbens (2017), we cluster our standard errors at
the level of stratification.3

What we refer to below as Model 1 includes only those two variables and represents
an intent-to-treat estimate of the intervention’s effects. To obtain a more precise

1Note that Hearts & Flowers incongruent measures at time 2 remained skewed even though we attempted several
transformations. To assess if our EF composite was robust to our standardization, we ran several sensitivity checks for
each component of the EF composite. These modifications to our measure did not change the results reported.
2To assess the robustness of this approach, we change the specification to use the difference between the post- and
pre-assessment as the dependent variable instead of using it as an explanatory variable. The specification yields similar
results with generally larger standard error and does not change any of the conclusions we can draw.
3As a specification check, we also clustered the standard errors by school and whether the students came to MIT.
Clustering at the lower level allowed for more clusters (16), but varying cluster size and a small number of observations
in some clusters (<6). The specification increased the standard errors, but did not change the statistical significance of
our results for any outcome.

10 R. R. ROMEO ET AL.



estimate of this parameter, Model 2 adds controls for the student’s age and whether
prior to randomization the family requested to receive the training in Spanish or
English (noted on consent). Finally, because several families either did not attend the
sessions or were unable to attend all the sessions, Model 3 employed a 2-stage least
squares regression to estimate treatment-on-treated (TOT) effects. More specifically, we
use the random offer of admission as an instrument for a variable measuring the pro-
portion of sessions the family attended. The estimation strategy in Model 3 assumes a
linear relationship between the proportion of sessions attended and outcomes. Under
that assumption, the coefficient estimate can be interpreted as the effect of attending all
sessions as compared to attending none. For Model 3, we also show the first-stage pre-
diction and F-statistic to test for a weak first-stage instrument.

Results

The PCMC-A group did not exhibit significant improvement compared to the control
group on the nonverbal IQ composite measure (b¼ 0.07, SE ¼0.118, p¼ 0.61) or the
executive function composite measure (b¼ 0.03, SE ¼ 0.162, p¼ 0.85) (Table 3). The
PCMC-A group exhibited slight, non-significant declines in the verbal IQ measure (b ¼
$0.08, SE ¼ 0.032, p¼ 0.10). The addition of explanatory variables in Model 2 resulted
in little change in the coefficient or increase in the precision of the estimates. Finally,
using the randomization as an instrument for session attendance scaled up the coeffi-
cients for nonverbal IQ and executive function (although not to a point of statistical sig-
nificance), and scaled down the coefficient for verbal IQ, such that PCMC-A attendance

Table 2. Partial correlation amongst standardized cognitive measures at time 1 controlling for age.
1 2 3 4 5 6

1. Matrix reasoning
2. Processing Speed 0.36!!
3. Working Memory 0.39!! 0.33!!
4. PPVT 0.52!! 0.34!! 0.29!
5. HKTS 0.49!! 0.38!! 0.28! 0.48!!
6. Hþ F incongruent acc 0.24! 0.31! 0.11 0.19 0.30!
7. Hþ F mixed acc 0.34!! 0.43!! 0.32! 0.38!! 0.46!! 0.35!!

Matrix reasoning, processing speed, and working memory come from the Matrix Reasoning, Bug Search, and Picture
Memory subscales of the WPPSI-IV. PPVT stands for the Peabody Picture Vocabulary Test, Fourth Edition which assess lan-
guage skills. HKTS stands for Head-Knees-Toes-Shoulders executive function measures. Hþ F stands for Hearts and
Flowers executive function measure. Incongruent acc¼ incongruent block accuracy, and mixed acc¼mixed block accur-
acy. All p values are FDR corrected. !p < .05, !!p < .01.

Table 3. Effect of PCMC-A on the composite cognitive assessments.
Beta coefficient (SE) First-stage F-statistic

(1) (2) (3) (4)

Language –0.08! (0.032) –0.07 (0.032) –0.12!! (0.048) 13.18
Nonverbal IQ composite 0.07 (0.118) 0.06 (0.108) 0.11 (0.137) 12.9
Executive function 0.03 (0.162) 0.02 (0.166) 0.03 (0.231) 13.38

Note. Each cell reports an estimated treatment effect from a separate regression; standard errors clustered at the stratifi-
cation level are reported in parentheses. Model 1 controls for the baseline outcome and randomization strata fixed
effects. Model 2 adds controls for age and preferred language of the sessions. Model 3 uses treatment status as an
instrument for the proportion of sessions attended and includes all the controls in Model 2. Column (4) reports the
first-stage F-statistic. !p< 0.10, !!p< 0.05.
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exhibited a significant negative effect on the language measure (b ¼ $0.12, SE ¼ 0.048,
p ¼ .014).

Follow-up analyses explored whether the intervention had any impact on the individ-
ual measures that contributed to the non-verbal IQ and executive function composite
measures. There were no effects of the intervention on working memory (Picture
Memory; Table 4), processing speed (Bug Search; Table 4) or any executive function
measure (HKTS or Hearts and Flowers inhibition or mixed conditions). However, there
was a trend for the intervention group improving more than the control group on fluid
reasoning (Matrix Reasoning; b¼ 0.25, SE ¼ 0.092, p¼ 0.07; Table 4). This effect was
driven by larger improvements in the intervention group than the control group
between Time 1 and Time 2. Importantly, as noted in Table 1 there were no differences
between groups at Time 1 on all assessments. Model 2 shows these trend level effects
became significant with the addition of child age and preferred language of the adult
sessions (b¼ 0.23, SE ¼ 0.065, and p¼ 0.04). Among the families that attended more
sessions (Model 3), there were improvements on matrix reasoning (b¼ 0.38, SE ¼ 0.146
and p¼ 0.01), but not on the other cognitive measures. Finally, we examined the rela-
tion of a child’s age in months to treatment outcomes, but none of these models showed
any significant relation between age and pre-post differences on test scores.

Discussion

We found more limited effects of the PCMC-A intervention on children’s cognition
than did the original evaluation. Children who were assigned to the intervention
improved on fluid reasoning and this effect was larger in those who attended the inter-
vention. However, children who attended the intervention did not exhibit the same
increases in language over the 3-months as children in the control group. All other out-
comes, including the other nonverbal IQ measures and all executive functioning meas-
ures, resulted in null findings, indicating a general failure to replicate the positive effects
of PCMC-A under the present conditions. Although we recruited fewer students than
our a priori power analyses suggested, our sample size was powered to detect effects

Table 4. Effect of PCMC-A on the component assessments of nonverbal IQ and executive
functioning.

Beta coefficient (SE) First-stage F-statistic

(1) (2) (3) (4)

Matrix reasoning 0.25! (0.092) 0.23!! (0.065) 0.38!!! (0.146) 12.72
Working memory –0.14 (0.290) –0.14 (0.280) –0.23 (0.437) 12.25
Processing speed –0.02 (0.094) –0.02 (0.096) –0.03 (0.133) 13.16
HKTS 0.02 (0.082) 0.01 (0.092) 0.02 (0.125) 12.35
Hþ F Incong. Acc. 0.27 (0.219) 0.27 (0.216) 0.45 (0.317) 13.44
Hþ F Mixed Acc. –0.19 (0.187) –0.21 (0.167) –0.35 (0.304) 14.54

Note. Each cell reports an estimated treatment effect from a separate regression; standard errors clustered at the stratifi-
cation level are reported in parentheses. Model 1 controls for the baseline outcome and randomization strata fixed
effects. Model 2 adds controls for age and preferred language of the sessions. Model 3 uses treatment status as an
instrument for the proportion of sessions attended and includes all the controls in Model 2. Column (4) reports the
first-stage F-statistic. HKTS is the Head-Knees-Toes-Shoulder task. Hþ F stands for Hearts and Flowers. Statistical signifi-
cance level: !p< 0.10, !!p< 0.05, !!!p< 0.01.
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almost half the size of those reported in the original study for IQ and language (see
methods), and thus we do not believe our null findings are driven by sample size alone.

The positive impact on children’s fluid reasoning is consistent with results from the
original study (Neville et al., 2013), which found that the intervention led to improve-
ment on a composite non-verbal IQ measure comprising fluid reasoning, quantitative
reasoning, and working memory. However, the authors did not report results broken
down by non-verbal IQ component, so it is unclear if the originally reported positive
impact of PCMC-A on non-verbal IQ was driven by positive effects in reasoning specif-
ically. Although this intervention targeted many aspects of non-verbal IQ, it is possible
that it was most effective at improving reasoning due to its focus on problem solving
and encouraging children to make their own choices, which requires reasoning about
alternative options. Interventions that improve reasoning, but not other related non-ver-
bal IQ measures, are not unprecedented (Mackey et al., 2011). Alternatively, the effect
of the intervention on reasoning may simply be regression to the mean, since children
in the intervention group had slightly lower baseline fluid reasoning than children in
the control group (although not significantly so), and after the intervention both groups
had matrix reasoning scores in between the two groups’ initial scores. Future studies
with larger samples and more diverse reasoning measures are needed to explore whether
PCMC-A specifically improves fluid reasoning and the mechanisms underlying this
improvement.

Given the significant positive effects of the intervention on receptive language in the
original study, the present small negative effect was surprising. Although there were no
significant decrements in vocabulary scores, the group differences suggest that children
in the intervention did not exhibit typical age-related growth in vocabulary, perhaps in
service of other cognitive skills. One potential reason for this difference was that the
current study assessed only receptive vocabulary, while the original study assessed child-
ren’s ability to interpret, recall, and execute verbal directions. Because vocabulary is only
one component of language knowledge, it is possible that other receptive language
measures, such as sentence comprehension or verbal memory, would show neutral or
positive effects. Furthermore, the intervention focuses a great deal on parent-child com-
munication and turn-taking and suggested that parents aim to more closely approximate
the child’s utterance length by “locking in” to the child’s level of language use (Neville
et al., 2013, supplement page 8). Indeed, the original study reported an increase in par-
ent-child turn-taking during free play, but a decrease in parental mean length of utter-
ance. Other studies have reported that longer adult mean length of utterance is
correlated with children’s vocabulary growth (Hoff, 2003). Thus, it is possible that the
parent language strategies supported other components of children’s language skills over
vocabulary. However, we also encourage caution in interpreting this result too strongly;
given the short interval (mean of 12weeks) between test sessions, it is possible that the
family communication strategies may result in positive effects over a longer period of
time. Future studies should obtain more comprehensive measures of children’s receptive
and expressive language skills and track potential long-term changes.

There were a number of differences between the current PCMC-A intervention and
the original intervention reported by Neville et al. (2013) that could account for the
divergent results. First, our sample included children on average a year older than the
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original study (4–6-year-olds instead of 3–5-year-olds) because public elementary pro-
grams in the implementation region begin with universal pre-Kindergarten at age 4.
Although age did not moderate the intervention effects, other research has shown that
early interventions benefit younger children more than older children (Gardner et al.,
2010; Loeb et al., 2007). However, the PCMC-A intervention was specifically created to
target 3–5-year-olds, and thus may not have been as appropriate or effective for children
over the age of 5.

Additionally, the present study included a more racially, ethnically, and socioeco-
nomically diverse group of children from an urban environment, which may better
reflect the population that this intervention would reach if it were implemented at scale.
Furthermore, our sample included children who would have been excluded in the
Neville et al. (2013) study such as those with a history of developmental disorders, chil-
dren on medication, and children enrolled in individualized education plans, although
explicit data on the prevalence of these variables (other than IEPs) was not collected.
Our findings suggest that benefits of PCMC-A may not generalize to broader, more
racially, ethnically, and neurocognitively diverse samples of children. However, it is diffi-
cult to disentangle which, if any, of the sample differences may have had the greatest
effect on the differing findings.

Furthermore, the present intervention included both English and Spanish-speaking fam-
ilies, whereas Neville et al. (2013) report results for only English-speaking families.
Although the intervention was rigorously adapted for Spanish-speaking families, prelimin-
ary findings from the intervention creators suggest that the Spanish-language adaptation of
PCMC-A may have limited effects on nonverbal IQ measures and little to no effects on
children’s language or electrophysiological attention skills (Stevens et al., 2017). Thus, the
language of intervention delivery and/or the cultural demographics of enrolled participants
may impact overall intervention efficacy, such that the intervention may be uniquely bene-
ficial to different cultural groups or populations. Furthermore, for both English and
Spanish speaking families, our cultural adaptation of PCMC-A may have missed the mark.
Although minor adjustments were made to the PCMC-A curriculum from original imple-
mentation in Oregon to the present implementation in Massachusetts (see methods), we
did not run focus groups in Boston to make sure the broader goals of the intervention
aligned with the goals of the community. For example, one participant was resistant to a
lesson encouraging her to let her child make her own choices. This participant valued her
child following rules set by adults so as to avoid getting into trouble. Considering how
important it is for participants to ideologically align and “buy in” to the intervention (Hall
et al., 2016; Smith et al., 2011), we suggest that future adaptations employ a rigorous model
for geographical/cultural adaptation that involves a systematic, iterative process in close
collaboration with the communities to be served. This in general signifies how hard it is to
create “out of the box”/“one size fits all” parenting interventions. We also note that testing
bilingual children in English (the language of classroom instruction) may have limited our
abilities to detect meaningful intervention effects and underestimated these children’s
skills. Thus, assessments should also be approached and adapted through a culturally and
linguistically sensitive lens.

The intensive nature of PCMC-A also made both recruitment and regular attendance
an issue. Our school partners were committed to this research and allowed us to contact
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all families in their school (584 families total). However, only 18% of families enrolled
in the study (note that enrollment rate is not reported in the original Neville et al., 2013
study, limiting our ability to compare rates for external validity). The difference in
school structure between the original study (Head Start) and the present study (charter
schools) may have contributed to potential differences in family participation and attri-
tion. A major part of the Head Start mission is to establish family-wide supports
through an already existing infrastructure, which may have led to increased family buy-
in. Even though the participating charter schools strived to integrate families into their
work, and study staff and recruitment partners (see Methods) were highly skilled in cul-
tivating personal relationships with prospective families, these efforts might not have
been enough to sufficiently reach all eligible families and overcome other barriers to
participation. Although recruitment efforts included take-home flyers, direct phone calls,
in-person efforts at parent-teacher nights, and word of mouth from enrolled parents, it
is possible that some families were still unable to be reached. Furthermore, enrolling in
this intervention required a substantial time and travel commitment from parents, and
while there are many reasons families may not have attended the intervention, several
families reported limited free time and scheduling difficulties as barriers. Notably, many
of the enrolled participants attended extend school day programs, thus limiting available
time for evening sessions, if weekends were not an option. Although we tried to reduce
barriers to access by offering the intervention in English and Spanish at multiple loca-
tions and times, and by providing food, childcare, travel reimbursement, and monetary
incentives, it was not always enough. The same barriers may have driven noncompliance
amongst families assigned to the intervention. Only 36 of the 54 participants assigned to
the intervention attended any sessions (67%), and only 32 completed all sessions (59%).
Although enrollment issues and noncompliance are not rare for studies of this scope
with lower SES participants, the rate of enrollment and nonattendance suggests import-
ant considerations for scaling. Future work is needed to establish mutually beneficial,
translational research partnerships with lower-income, at-risk families to increase par-
ticipation and retention (e.g., O’Neil et al., 2019).

Additionally, issues of sample selection and randomization may have dampened
the demonstrated efficacy of the intervention. First, while all families at participating
schools were invited to attend, the families who opted into the study may not have
been the ones in the most need of the intervention curriculum. These families self-
selected into the public charter school lottery, and also had the time and resources
to attend weekly sessions, and thus may have already been highly motivated to help
their children’s cognitive development. Supporting this possibility, the mean score on
the standardized IQ and verbal measures were already within the average range
before the intervention, such that these students may not have had much room for
improvement (Diamond & Lee, 2011). Furthermore, although participants were
informed that they would be randomly assigned to either an intervention or control
group, most families wanted to receive the intervention. Because families in both
groups attended the same schools and many knew each other well, it is possible
there was some bleed-over of the intervention curriculum to the control group.
Indeed, at least one family in the control group reported learning some of the strat-
egies from a friend in the intervention group. Although randomization by school
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presents additional challenges, future studies are needed to determine whether cleaner
groups may affect between-group differences.

One final difference between the current study and the original study was the
choice of standardized assessments. The original study assessed nonverbal IQ with
the fluid reasoning, quantitative reasoning, and working memory subtests of the
Stanford-Binet 5th Edition nonverbal IQ scale (Roid, 2003), and assessed receptive
language with the Sentence Structure and Concepts & Following Directions subtests
from the receptive language section of the Clinical Evaluation of Language
Fundamentals-Preschool 2nd Edition (Semel et al., 2004). We assessed similar over-
arching cognitive constructions, but with different standardized assessments (see
Methods) and added measures to assess executive functioning given the executive
function-related neurophysiological changes reported in the original study. Thus,
there is a possibility that effects were unique toward these specific assessments, but
we find this alternative unlikely. Furthermore, the original study included parent and
teacher self-report of children’s social skills and problem behaviors, reports of parent-
ing stress, and electrophysiological measures of child brain functioning. Because the
present study aimed to minimize the time needs of parents and teachers, we admin-
istered all assessments during school hours, and thus were unable to measure any
potential positive impact of the intervention on parents or parent-reported
child behaviors.

Although positive effects of the intervention were limited after three months, it is
possible that benefits may show up later. So-called “sleeper effects” were observed in the
Perry Preschool program, another study that included parent support. Immediate bene-
fits of the program dissipated but became apparent years later in terms of educational
attainment, earnings, and social outcomes (Nores et al., 2005). Thus, it may be import-
ant to follow up with the children in this intervention to see if beneficial effects are evi-
dent later in life.

In summary, although this study did not find broad evidence for beneficial effects
of PCMC-A in the present sample, there is likely still promise of scalable family-
based training programs for helping children’s positive development. Furthermore,
the PCMC-A intervention is not an outlier, or a spurious success—other family-
based training program success cases include the Chicago Parent-Center Education
program (Reynolds & Ou, 2004), the Reach Up home visiting program in Jamaica
(Walker et al., 2000, 2005), the Multidimensional Treatment Foster Care for
Preschoolers intervention (Fisher et al., 2007; Fisher & Stoolmiller, 2008), as well as
many others. However, many of these approaches are multi-faceted, combining cog-
nitive, nutritional, and emotional resources. While we agree that interventions to
support child development require a holistic approach, scientifically this makes it
hard to untangle which factors are causal and necessary. Thus, moving forward it
will be important to run more targeted and tailored interventions to understand
which factors enable success, and for which groups of participants. Furthermore, it is
critical for future studies to better identify and ameliorate barriers to family partici-
pation and ensure appropriate cultural adaptation for all participants, and qualitative
analyses of participants’ experiences may reveal critical avenues for such advance-
ments. Although difficult to find, the right balance between intervention tailoring
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and scalability may provide optimal outcomes for the greatest number of children
and families.
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