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HCI aspires to achieve equitable outcomes in our sociotechnical interventions. Prior work suggests that
improved evaluation and reporting of intervention disparities can help achieve more equitable outcomes. We
analyzed socioeconomic disparities in hybrid and online-only local support communities by quantitatively
operationalizing the access-adoption-adherence-effectiveness (AAAE) framework. The hybrid intervention
demonstrated statistically significant socioeconomic status (SES)-based disparities in adoption of community’s
asynchronous online platform, while the online-only intervention demonstrated statistically significant
disparities in access and adherence to synchronous online classes. Our findings suggest that disparities in
earlier elements of the framework “pipeline” may mask later disparities due to survivorship bias, highlighting
the importance of comprehensively examining the four elements of the framework. Using the example of a
parenting education community, we reflect on using the AAAE framework as a rigorous tool to evaluate a
sociotechnical intervention’s disparities, avoid survivorship bias, identify the most pertinent support needed,
and aid efforts toward sustained and equitable outcomes.
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1 INTRODUCTION
Disparities occur when one or more population subgroups face a pervasive inequality compared to
the general population for a benefit or resource [28, 35, 92]. In HCI, disparities have often been dis-
cussed in the context of marginalized people, defined as “groups that experience socially stratifying
processes of marginalization or exclusion from mainstream social, economic, cultural or political
life” [60]. As remote and hybrid approaches expanded after the COVID-19 pandemic unfolded
in 2020, the increased reliance on technology intensified disparities due to socioeconomic status,
particularly within local communities. Individuals from economically disadvantaged backgrounds
in these communities faced greater challenges adapting to the shift from in-person to remote
formats, which impacted their access to education, healthcare, and employment opportunities,
thereby exacerbating existing inequalities [40]. This phenomenon is termed “intervention gen-
erated inequalities” (IGI) [62, 98] to describe the “real and pernicious possibility” of technology
interventions working better for “those that are already better off”.

In this work, we use a local parenting education support community as an example to demonstrate
a way for assessing disparities across two interventions (in-person and hybrid). We chose this focus
because disparities in parenting education can have profound, far-reaching impacts on children
and families, especially those who are marginalized or excluded from mainstream social, economic,
cultural, or political life [53, 60]. Parenting education covers essential aspects of child-rearing such
as health, nutrition, discipline, and education, leading to better parenting, understanding of child
development, increased parental confidence, stronger peer support, and more access to community
resources [88]. Children also benefit by developing improved communication, language, and social
skills, along with a higher comfort level with school attendance. When disparities exist in parenting
education, they can lead to unequal opportunities and outcomes for children, affecting their overall
development, academic performance, and future prospects.

Prior calls have highlighted that reporting, understanding, and evaluating disparities are crucial
for equitable access to services and opportunities across all societal sectors, ensuring commu-
nity resilience and well-being [92]. Veinot et al. [94] developed the access-adoption-adherence-
effectiveness (AAAE) framework and utilized it in health informatics areas as a structured method to
understand and assess IGI. According to this framework, an intervention may exacerbate inequality
if it is more readily accessible to, more frequently adopted by, more consistently adhered to, or
more beneficial for socioeconomically advantaged groups, such as those with greater resources
or education. Unlike other commonly used frameworks for assessing disparities, such as intersec-
tionality [55, 79, 80, 83, 90], allyship [60], and the digital divide framework [75], which focus on
ensuring that marginalized individuals and their intersecting identities are adequately represented,
designing for social justice and balancing costs with benefits, AAAE emphasizes the systematic
identification of how an intervention can intensify or mitigate inequality at each stage from access
to effectiveness. Since same pitfalls can occur in technology-mediated solutions if the potential for
IGI is overlooked, we decided to bring the AAAE perspective from the health informatics domain
to HCI and CSCW to structurally evaluate intervention outcomes. By examining disparities at each
stage, the AAAE framework enables us to identify areas where technology-mediated solutions risk
reinforcing or exacerbating existing inequalities.
In our investigation, we collaborated with a local Early Childhood Family Education (ECFE)

program in the diverse urban North American city of St. Paul, Minnesota to understand and evaluate
socioeconomic disparities in formal parenting education and support settings before and during
the pandemic. This program, like many educational initiatives, transitioned from a hybrid model
combining in-person and online engagement to an exclusively online format due to state-mandated
COVID-19 restrictions. Despite the world recovering from the pandemic now, the two technological
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interventions we analyzed, hybrid and online-only1, remain prevalent in parenting education
settings. Thus, we conducted a large-scale study to analyze socioeconomic status (SES) disparities
and applied the AAAE framework in a quantitative manner to assess disparities in access, adoption,
adherence, and effectiveness among community members within both the hybrid and online-only
ECFE interventions. Specifically, we are interested in two research questions:

• RQ1: What access, adoption, adherence, and effectiveness disparities are present in a hybrid
intervention of a formal parenting education and support community?

• RQ2: What access, adoption, adherence, and effectiveness disparities are present in an online-
only intervention of a formal parenting education and support community?

Our findings show that the hybrid intervention demonstrated statistically significant disparities
in the adoption of the community’s asynchronous online platform, while the online-only inter-
vention demonstrated statistically significant disparities in access and adherence to synchronous
online video-based community classes, and in adoption of the asynchronous platform. While we
do not directly compare disparities between the two interventions due to differing comparison
requirements, this natural experiment allowed us to consider potential differences between the two
parenting education implementations in discussion.
Our contributions include (1) a quantitative empirical understanding of disparities in two real-

world community-based interventions—hybrid and online-only—in the understudied context of a
formal parenting education and local support community, (2) a quantitative operationalization of
the AAAE framework and its application in the domain of parenting education and local support
communities, (3) a methodological reflection on using the AAAE framework as a rigorous tool to
evaluate a community-based intervention’s disparities, avoid survivorship bias, identify the most
pertinent support needed, and aid efforts toward sustained equitable outcomes within community-
based interventions serving diverse communities.

2 RELATEDWORK
2.1 Hybrid Learning and Support Communities
Current research has investigated support communities in both online-only (e.g., [39, 53, 103]) and
in-person settings (e.g., [59]). In many cases, boundaries between online and offline spaces are
blurred [63], leading to hybrid communities that aim to blend in-person and online community
interactions. Strengthening connections and sustaining hybrid platforms can be supported by online
interactions, representing offline activities online, emphasizing shared identity, reducing uncertainty,
and fostering a sense of inclusiveness [11, 37]. In education, hybrid local communities have formed
when traditional in-person classroom teaching has transitioned to blended learning [61]. Success
has been found through the use of quality standards, mixed modalities, and active online and
offline learning strategies, which allow for comparable student performance at similar levels of
instructor interaction as before [71, 77]. Use of instant messaging for parent-teacher communication,
in addition to in-person interaction (among parents of school-aged children), has been found to
potentially compromise student privacy [44], highlighting the need to care for the security and
privacy of these often vulnerable conversations. Some communities have transitioned from online-
only to hybrid modalities (such as Meetup 2), while others transitioned from in-person only to
hybrid learning.

1The hybrid intervention made up of in-person synchronous and online asynchronous community engagement mechanisms,
and an online-only intervention based solely on technology-facilitated remote synchronous and asynchronous engagement
mechanisms.
2Meetup is a social media platform that organizes virtual and in-person events for people with shared interests, hobbies,
and professions.
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The COVID-19 pandemic triggered such transition from in-person (or hybrid) to online, which
exacerbated existing educational disparities, particularly in access to learning technologies [38, 65,
67]. Low-income and minority students faced significant challenges in accessing hardware and
software for remote learning [38, 52]. Studies suggest that the digital divide during the pandemic
was more pronounced in terms of community and social support rather than economic means [38].
Researchers emphasize the need for CSCW experts to collaborate with learning communities,
incorporating parent, teacher, and technology experiences in academic and community planning [4,
67]. Our studied community (ECFE) is one example that transitioned from being a blend of in-person
and online over the past few years, to online-only during pandemic, and back to in-person and
online blend post-COVID. In this study, we evaluated the disparities in both in-person and online
parenting education and support communities, using the AAAE framework to assess disparities
across multiple dimensions.

2.2 Role of Technology in Disparities
Numerous CHI and CSCW studies have examined the impact of disparities on technology-based sys-
tems in a variety of contexts [28, 29]. HCI for Development (HCI4D) has contributed methodological
learnings through research within disparate, cross-cultural, resource-challenged, often non-western,
geographical contexts [36, 55, 99]. Multiple studies have examined the impact of SES disparities
on technology-based services and issues such as income management [94], wage theft [34], job
search [70], family mobile use [41], computing education [95, 96], and healthy aging [46]. A review
of parent-education technologies from 31 studies found a successful improvement in “parent knowl-
edge, behavior, and self-efficacy” but showed a lack of adaptations for accessibility for underserved
populations [20]. The use of information technology for parenting by economically depressed com-
munities largely depends on their sense of community, equitable, meaningful communication, and
ability to influence peers and other stakeholders of the parenting ecology [54]. Lower SES parents’
concerns with “perceived lower technical skills” and “face saving” were found to reduce their ability
to access free online information sources for their children, putting them and their families at a
disadvantage [33]. These studies that highlight the importance of parental sense of community are
based on informal support communities created for parents by parents. Our study builds upon this
work by focusing on the understudied context of formal community-based parenting education
and support setting, and we aim to examine the role of socioeconomic disparities in the community
experiences within its hybrid and online-only variations.

Research on the role of technology in disparities has proposed frameworks on how to adopt a so-
cial justice orientation to design [22], and how to design with a focus on social justice [12, 21, 55, 60].
Frameworks have proposed considerations that foster inclusivity within the research commu-
nity [23], and holistic, centered engagement of the marginalized populations being served [21,
30, 45, 60]. Intersectionality has been explored as a framework to address complex identities and
discriminations [55, 79, 80, 83, 90, 101]. Pei and Crooks have proposed a focus on costs along with
benefits of an intervention [75], and along with Liang et al. advocate doing an ongoing evaluation
with participants about whether benefits are worth the cost [60, 75]. Frameworks mentioned above
provide for how to design for social justice, how to qualitatively account for costs alongside benefits,
and how to qualitatively evaluate the design for whether it is just (by asking if the individual
needing justice is centered, and whether their complex identities are adequately represented). Since
our goal was to conduct a detailed quantitative evaluation of whether formal parenting support
communities, such as ECFE, meet diverse needs, we decided to adopt the AAAE framework of
the health informatics domain [92], for its four-faceted approach to examine various aspects of
the deployment and sustained use of an intervention. AAAE framework helps evaluate whether
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an intervention is producing or exacerbating an inequality if it is more accessible to, adopted by,
adhered to, or effective for, advantaged groups compared with disadvantaged groups.

2.3 Role of Technology in Parenting Education
Prior research has established the importance of formal parenting education and its impact on
child outcomes [18, 53, 102]. The HCI community has also seen a growing interest in recent years
around the support of parenting, including motherhood [13, 14, 31, 47], fatherhood [6–8], and
parenting for special needs circumstances [3, 8, 25, 53, 85, 86, 89] through digital technologies.
Existing interventions have addressed new mothers’ physical, emotional, and sociological needs,
such as an infant monitoring system [47], breast pumps that better fit into mothers’ lives [31],
and breastfeeding support systems that engage with the felt life of breastfeeding mothers [14].
Research on parenting for special needs such as Autism Spectrum Disorder or ADHD discussed
design frameworks [86], information search and retrieval [85], behavioral needs assistance and
support [3, 25, 89], and parental stress management and social support [10, 26]. Researchers found
that new fathers manage online social judgment, form connections, and collectively advocate for
better support for fatherhood using technology [6, 7, 50]. These studies indicate that appropriate
technology interventions are beneficial and supportive for new parents of young children.

Studies on the design of parenting community-oriented sociotechnical systems recommend the
need to be sensitive to the vulnerabilities faced by new parents. This can be done by facilitating safe,
small group spaces [69, 91]. These spaces may either be digital [100] or face-to-face with local peer
parents [72], where they can participate in meaningful interactions [100] about shared concerns.
Being able to trust the content shared in these spaces [72], when exchanged under the guidance of
a trained expert or moderator [96], is helpful as well.
While prior research has focused on parenting communities for parents by parents, little has

examined a formal community-based parenting education and support setting, an opportunity
identified by Nieuwboer et al. [73]. In our study, we examine one such local community, St. Paul
ECFE, that offers formal parenting education and support opportunities through their face-to-face
small group parenting support classes, and Parentopia, an online permission-protected community
interaction platform. Both offer secure non-judgmental spaces for meaningful peer conversations
and learning, guided by licensed parent educators and early childhood educators.

3 METHODS
3.1 Context of Investigation and Settings
Early Childhood Family Education (ECFE) is a parenting program available to all Minnesota families
with children from birth to kindergarten entry. ECFE aims to strengthen the skills and resources of
parents and families to create the most supportive environments for their children’s learning and
development. Our community partner is one of the St. Paul ECFE programs. In 2019-2020, it enrolled
1662 parents for parenting education and support classes. Before the pandemic (March 2020), it
was organized in weekly two-hour ECFE in-person synchronous classes. The first hour is early
childhood education for parents and children, facilitated by a licensed early childhood educator.
The second hour is a small group discussion-based on parenting education and support within
a guided peer learning and support community setting, facilitated by licensed parent educators.
Parents register for the school year and may choose to attend one or more classes per week. Shortly
after the World Health Organization declared the COVID-19 viral disease a pandemic [2], St. Paul
ECFE, along with other ECFEs in Minnesota, replaced its in-person classes with synchronous online
classes using systems such as Zoom in response to COVID.
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In addition, this program provides asynchronous communication through Parentopia, an online
platform for interaction and information exchange between weekly classes, and extends as a parent
social networking site. To offer a secure place for parents, Parentopia restricts access to registered
ECFE parents, and to classroom(s) groups they are registered for. This helps preserve the sense
of small group privacy and community akin to an in-person small-group classroom setting. In
2019-2020, there were 1,153 Parentopia user accounts registered across 24 sites and 155 small group
forums.
Thus, ECFE classes, together with Parentopia, offer a blend of synchronous and asynchronous

educational interactions, providing continuous educator engagement and peer support. Building
on this context, our research investigates two interventions:

• Hybrid intervention refers to the combination of in-person, synchronous ECFE classes
complemented by asynchronous communication through an online platform, Parentopia.
This setup provides both live face-to-face interaction with educators and peers in specific
locations and ongoing online support and information exchange.

• Online-only intervention involves fully online synchronous classes using videoconfer-
encing tools like Zoom, paired with asynchronous communication through Parentopia. This
mode was adopted in response to the COVID-19 pandemic, allowing continued access to live
classes and online support without physical presence.

3.2 Participants
Our research investigates hybrid intervention and online-only intervention with the ECFE program.
Four of the ten ECFE sites in St. Paul (with related group forums) participated in our study.
Participating classes included age-based classes (e.g., birth-kindergarten, birth years months, 3-year-
old), Spanish language classes, and other topical classes such as Dads-only or African American
Families. Each of the sites had one licensed parent educator, two or more licensed early childhood
educators, and multiple teaching assistants. The diversity of St. Paul city and ECFE enrollment
populations provided us with a varied sample of parents, enabling us to study socioeconomic status
(SES) across three factors (see section 3.3.1). Participants with hybrid intervention consisted of
people who attended in-person classes and used Parentopia during this period. The online-only
cohort included some hybrid participants who transitioned to the online-only environment (while
some dropped out due to access difficulties) and others who joined after the online-only transition
began.

Participants in our research are parents or guardians (e.g., grandparents, aunts, uncles, friends of
parents, or nannies) who attend ECFE with the children. We recruited parents/guardians for the
social connectedness-related data collection through a survey (see section 3.3.2 Effectiveness). In the
hybrid intervention, 303 participants completed the survey, while in the online-only intervention,
270 participants filled out the survey. The demographic composition of those participants is provided
in Table 1. All study materials were approved by the University Institutional Review Board.

3.3 Measures and Framework
The goal of our two studies was to achieve a quantitative understanding of whether there were any
disparities among the participants’ community experiences based on their socioeconomic status
(SES). For this we used the SES factors, education levels, Income-to-Needs Ratio (ITNR) levels,
and language. To understand the role of disparities in the community experience, we adopted the
AAAE framework [94]. Details of how we operationalized each element of the framework within
the context of the two ECFE interventions are described below.
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Table 1. Population Composition of Participants Recruited for the Social Connectedness Survey

Hybrid
(N = 303)

Online-Only
(N = 270)

Parent Gender Male 59 51
Female 242 217
Other 2 2

Parent Average Age Male 37.23 38.18
Female 35.51 35.66
Other 28 28

Education Level Low 67 55
Medium 125 115
High 104 95
Prefer not to answer 7 5

Income-to-Needs Ratio Low 67 42
Low-Medium 66 75
Medium-High 97 87
High 34 30
Prefer not to answer 39 36

Language English 258 231
Non-English 44 38

Years attended ECFE (avg.) 2.14 2.25
Number of Children (avg.) All ages 2.003 2.081

under 18 y.o. 2.003 2.059
under 6 y.o. 1.502 1.533

3.3.1 Socioeconomic Status (SES) Measures. Following recommendations from Bornstein and
Bradley [16], wemeasured three SES components—education level, ITNR, and language proficiency—
and analyzed all framework elements accordingly. Education level was operationalized based on
the years of education [24], with up to 14 years of education (consisting of high school and some
college) defined as low education level, 16 years (with a 3- or 4-year college degree) as medium level
of education, and 18 or more years of education as high level of education (involving some graduate
education). Income-to-needs ratio (ITNR) was calculated by dividing the family’s household income
by the poverty threshold [93] for the corresponding family size and number of children below
18 [64]. ITNR was categorized into four levels, low, low-medium, medium-high, and high based on
quartiles. Language was categorized into two categories—those whose primary language is English
and those whose primary language is other than English.

3.3.2 Outcome Measures in the Context of the AAAE Framework. The AAAE framework evalu-
ates interventions through four components: Access (availability of services), Adoption (uptake
and integration), Adherence (sustained use), and Effectiveness (outcome success in real-world
conditions) [94]. We chose to use the context of the AAAE framework because it allows us to
comprehensively analyze disparities in both process and impact. We outline the outcome measures
for each component as follows:

• Access: To examine whether parents with lower SES were less likely to have access to ECFE’s
parenting education and support community services, we analyzed enrollment within the
ECFE classes, and accounts within the Parentopia platform, for disparity in access. For the
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hybrid intervention, disparity in access to classes was operationalized as a comparison of
demographics of ECFE enrollees against those of the whole city of St. Paul. For the online-only
intervention, disparity in access to synchronous classes was operationalized as a comparison
of demographics of those that attended online-only classes vs. those that did not.

• Adoption: To determine whether low SES parents adopted the ECFE community services for
the hybrid and online-only interventions at the same rate as high SES parents, we examined
attendance frequency in ECFE classes (for synchronous engagement) and Parentopia usage (for
asynchronous engagement). Attendance frequency was operationalized as the total number
of class sessions of a class attended by a participant divided by the number of sessions that
class was held. Parentopia usage was operationalized as the number of views, posts and
comments, and direct messages by the participant on the platform. Each feature was examined
for whether it was used (how many participated), and if used, to what extent (how much
usage).

• Adherence: To study whether parents with lower SES in education, ITNR, and/or language,
were more likely to drop out of ECFE’s parenting education and support community, we
analyzed how parents dropped out of participation in each of the two interventions - hybrid
and online-only. It is often not feasible to analyze behaviors of participants that drop out of an
intervention study because the study is the sole source of information about the participants,
and there is no information available for participants that drop out of the study. Siek et
al. [84] reported that published papers typically do not report on dropout rates and the
demographics of non-users and less-engaged users. In our effort, we collected information
from multiple sources through our partnership with the ECFE program including attendance
data to examine dropout counts. In our context, a parent was considered to have dropped out
if they did not attend the last four sessions prior to the end of the intervention’s time period.

• Effectiveness: To measure effectiveness, we defined social connectedness as the indicator
because increasing social connectedness is one of the primary goals of ECFE. Prior work
has also suggested that social connectedness with other parents and staff in parenting
communities is important to well-being in early childhood parenting [22]. We operationalized
the effectiveness of the hybrid and online-only interventions by examining the change in
parents’ social connectedness. Change in social connectedness was operationalized as the
change in global social provisions score (GSPS) for parents’ sense of connectedness with
other parents, and their sense of connectedness with community educators and staff. GSPS
was calculated using the Social Provisions Scale [22], consisting of 24 questions.

3.4 Data Collection
To study enrollment in synchronous classes for access, anonymized parent enrollment data for
the school year 2019-2020 was obtained from the community partner (who provided it from Eleyo,
their administrative system). This data consisted of two demographic elements, education level and
primary language. For comparison, we obtained St. Paul demographics data from the American
Community Survey [5]. For adoption, we obtained attendance data from the community partner
from which we calculated both the number of classes attended and number of classes held. This
was then used to calculate the attendance frequency. Adoption of asynchronous engagement
mechanisms was also examined by studying whether and to what extent parents used various
Parentopia features. For this, Parentopia usage data was collected through SQL queries for each
intervention time frame. This data consisted of counts of views, posts and comments, and direct
messages. For adherence, the weekly attendance data was used to calculate the dropout count for
parents of various socioeconomic categories. Whether the parent dropped out or not was based on
whether they attended classes for the last four weekly sessions of the parenting education class.
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Effectiveness was measured in terms of the change in the global social provisions score (GSPS)
over the timeframe of each of the two communities, hybrid and online-only. GSPS was calculated
using the Social Provisions Scale (SPS) [22] through a questionnaire administered in person at the
participating ECFE locations for the hybrid intervention related data collection, and online through
email, Parentopia and text messages for the online-only intervention related data collection. The
questionnaire packet also included demographic questions, and provided an informed consent
document seeking permission for collecting Parentopia usage data.

3.5 Data Analysis
We organize our data sets into independent unpaired groupings based on the socioeconomic
factors of education level (three levels - low, medium, high), ITNR (four levels, i.e. low, low-medium,
medium-high and high), and language (two levels, i.e. English and Other than English). For data
where normality and constant variance assumptions were met, independent samples t-test was used
for the two level language data, and ANOVA for the three level education level data and four level
ITNR data, with eta-square for effect size. These were followed by post-hoc tests with corrections for
multiple comparisons (Tukey, and Scheffe for imbalanced factor level group sizes, where applicable)
when main effect statistical significance (at significance level of 0.05) was detected. For data where
either normality or constant variance assumptions were violated, data transformations (e.g. log
or square root transformation) were done to determine if normality conditions could be met. If
the assumptions for normality still did not hold, Mann-Whitney U test for two-level language data
(with Rank-Biserial correlation for effect size), and Kruskal-Wallis with Dunn’s post hoc tests with
Bonferroni-Holm corrections for education level data (three levels) and ITNR data (four levels) were
conducted. For enrollment analysis where we compared our community enrollment by education
and language levels to corresponding population parameters from the American Community
Survey, we conducted 1-sample proportions test with continuity correction, and used Cohen’s h for
effect size. Categorical data was examined using contingency tables to compare expected to actual
counts, and analyzed with a chi-square test and/or Fisher Exact (for data sets with counts less than
5), and Cramer’s V for effect size. When we found high similarity between the factor levels and
no evident disparity (lack of statistical significance in the difference), we conducted equivalence
testing [56] using the two one-sided test (TOST) method with equivalence ranges suitable for
the domain/context, to determine whether there was statistically significant equivalence between
them. Independent sample t-test was used in the TOST for normally distributed continuous data,
one-sided Mann-Whitney U test for non-normal continuous data, and simple asymptotic interval
test (SAI) for binomial data [15].

4 RESULTS
In this section, we present the results of our investigation into the role that SES disparities have
played in different interventions of a formal parenting education and support community: (1) a hy-
brid intervention comprised of in-person classroom-based synchronous engagement, accompanied
with online asynchronous engagement (Parentopia), and (2) an online-only intervention comprised
of online, synchronous engagement using video-conferencing based meetings, accompanied with
online asynchronous engagement (Parentopia). We adopt the AAAE framework to report our
results.

4.1 Access
4.1.1 Hybrid. We examined synchronous classes enrollment for the hybrid intervention and
found statistically significant differences based on education level and primary language compared
with the demographics of the whole city. For education levels, the proportion of those with less
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Table 2. Socioeconomic factor-based analysis of synchronous classes enrollment in the hybrid intervention.
*p-value < 0.05, **p-value < 0.01, ***p-value < 0.001. Applicable to subsequent tables. +Test of English-speaking
population not conducted, as that was not a disparity-related concern.

Table	2:	Socioeconomic	Factor	based	Analysis	on	Synchronous	Classes	Enrollment	in	the	Hybrid	Intervention 
  Education Level  Language 
  Less than high school 
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High school 
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associate’s degree 
Bachelor’s degree or 

higher 
 English Other than 
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ECFE Enrollees’ 

Demographic 
Count 222 205 245 696  855 548 

Proportion 0.162 0.150 0.179 0.509  0.609 0.391 

<city> Demographic 
Count 26435 50235 62595 92337  135157 61443 

Proportion 0.114 0.217 0.270 0.399  0.687 0.313 

p-value, Cohen’s h < 0.001***, 0.140 < 0.001***,  
-0.174 < 0.001, -0.219 < 0.001***, 0.222  NA+ < 0.001***, 

0.164 

 
*p-value <.05, ** p-value < .01, ***p-value <.001 

1test of English-speaking population not conducted, as that was not a disparity-related concern. 
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 Education Level  Language 
 Low  

(N=149) 
Medium  
(N=334) 

High  
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Expected count of Enrolled 119.702 268.326 469.972  586.4 333.6 
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Table	4.	Socioeconomic	Factor	based	Analysis	of	ParentPlace	Accounts	(Has	ParentPlace	Account)	in	the	Hybrid	Intervention 
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Medium 
(N=125) 

High 
(N=104) 

 Low 
(N=67) 

Low to Medium 
(N=66) 

Medium to High 
(N=97) 

High 
(N=34) 

 English 
(N=258) 

Other 
(N=45) 

Count of Accounts  54 102 83  50 56 78 29  213  32 
Expected Count of Accounts 54.098 100.929 83.973  54.057 53.25 78.261 27.432  208.614 36.386 

p-value, Cramer’s V 0.942, 0.02  0.427, 0.103  0.111, 0.103 
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than high school education was found to be significantly greater in ECFE than in the whole city
(Cohen’s h = 0.14) while the proportion of those that were high school graduates was significantly
less in ECFE than in the whole city (Cohen’s h = -0.174). Proportion of those who had some college
or associate’s degree was also significantly less in ECFE than in the whole city (Cohen’s h = -0.219),
whereas the proportion of those with bachelor’s degree or higher was significantly greater than in
the whole city (Cohen’s h = 0.222) (see Table 2). In other words, the hybrid intervention enrolled
more participants at the higher and lower levels of education than the general population of the
city. Proportion of non-English speakers in ECFE was also found to be significantly greater than in
the city (p-value < 0.001) with a small effect size of 0.164. Overall, there was no disparity in access
to synchronous in-person classes detected in the hybrid intervention, for either parents with a low
education level or those whose primary language was not English.
For Parentopia accounts, we found that parents with low ITNR and those who were non-

English speakers had lower than expected counts of Parentopia accounts in the hybrid intervention
(Parentopia accounts were 50 for low ITNR compared to expected count of 54, and 32 for non-
English speakers compared to an expected count of 36). The counts of Parentopia accounts for
parents of both low and high education levels, on the other hand, were similar to their expected
counts (low education level parents had counts and expected counts of 54, and high education level
parents had a count of 83 compared to an expected count of 84). To more conclusively establish
that there was no disparity present in the education level and ITNR categories, we ran equivalence
tests and found a 90% CI of -0.09 to 0.11 for education level and -0.24 to 0.03 for ITNR, which did
not indicate equivalence at 𝛿 of 0.05. Thus, we cannot conclude whether disparity is present or
absent in access to Parentopia in the hybrid intervention (see Table 3).

4.1.2 Online-Only. Synchronous classes enrollment in the video-based classes of the online-
only intervention showed a statistically significant disparity for both education level and primary
language. Parents with low educational attainment enrolled in statistically significantly lower count
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Table 4. Socioeconomic factor-based analysis of synchronous class enrollment in the online-only intervention.
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Count 26435 50235 62595 92337  135157 61443 

Proportion 0.114 0.217 0.270 0.399  0.687 0.313 

p-value, Cohen’s h < 0.001***, 0.140 < 0.001***, -
0.174 < 0.001, -0.219 < 0.001***, 0.222  NA1 < 0.001***, 

0.164 

 
*p-value <.05, ** p-value < .01, ***p-value <.001 

1test of English-speaking population not conducted, as that was not a disparity-related concern. 
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	 	of 99 compared with the expected count of 119.7 (p-value < 0.001, Cramer’s V= 0.211). Similarly,
only 296 non-English speaking parents enrolled compared with an expected count of 333.6 (p-value
< 0.001, Cramer’s V= 0.17). The adaptation of ECFE as an online-only intervention appears to have
amplified inequality in access to synchronous video-based online classes among parents with lower
education level, and for non-English speaking parents (see Table 4).
We examined access to Parentopia accounts for the online-only intervention and found that

parents with low education level and low ITNR had slightly higher than expected counts of
Parentopia accounts. However, parents with high education level and high ITNR had counts
close to that expected. To more conclusively establish that there was no disparity present, we
ran equivalence tests and found no statistically significant equivalence, thus we cannot conclude
whether the disparity is present or absent in access to Parentopia in the online-only community
(see Table 5).

4.2 Adoption
4.2.1 Hybrid. Attendance frequency in synchronous classes for the hybrid intervention was
found to be descriptively similar for parents from both high and low socioeconomic status for
education level and language factors. The mean attendance frequency was 0.725 for low education
level and 0.755 for high education level. Similarly, the mean attendance frequency was 0.748 for
English speaking parents and 0.725 for non-English speakers, with no statistically significant
difference in either. Attendance frequency for ITNR showed a statistically significant difference
(p-value = 0.027) with a low effect size of 0.022, but pairwise comparisons using Dunn’s test with
Holm-Bonferroni correction indicated no significant differences in attendance frequencies between
parents with low ITNR vs. high ITNR. To more conclusively establish that there was no disparity
present, we ran equivalence tests and found statistically significant equivalence in attendance
frequency in the hybrid intervention for all three factors, education level, ITNR and primary
language with p-value being less than 0.001 for upper and lower bounds for all three (see Table 6).

For howmany participated in Parentopia usage (views, posts and comments, direct messages)
(Table 7), we found that parents of both low and high education level used those Parentopia features
at counts lower than expected in the hybrid intervention but the differences were not statistically
significant. Parents of low ITNR used Parentopia features at counts lower than expected, while those
of high ITNR used features at counts higher than expected. There was a statistically significant
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Table 6. Socioeconomic factor-based analysis of attendance frequency in synchronous classes in the hybrid
intervention.

	

Table	6.	Socioeconomic	Factor	based	Analysis	of	Attendance	Frequency	in	Synchronous	Classes	in	the	Hybrid	Intervention 
 Education Level  ITNR  Language 

 Low 
(N=61) 

Medium 
(N=122) 

High 
(N=67) 

 Low 
(N=60) 

Low to 
Medium 
(N=64) 

Medium to 
High 

(N=91) 

High 
(N=32) 

 English 
(N=244) 

Other 
(N=41) 

Attendance Frequency  
(Mean, SD)  

0.725, 
0.176 

0.74, 
0.21 

0.755, 
0.215 

 0.697, 
0.19 

0.77, 
0.198 

0.751, 
0.218 

0.778, 
0.167 

 0.748, 
0.208 

0.725, 
0.176 

p-value, eta-square  0.141, 0.003  0.027, 0.022  0.149 

Equivalence  
(Margin:  
-0.2, 0.2) 

p-value (Upper Bound)  < 0.001***  < 0.001***  < 0.001*** 
p-value (Lower Bound)  < 0.001***  < 0.001***  < 0.001*** 

Equivalence Bound (Upper Bound)  0.093  0.130  0.087 
Equivalence Bound (Lower Bound) 0.008  0.033  -3.40E-06 

*p-value <.05, ** p-value < .01, ***p-value <.001. UB means upper bound. LB means Lower Bound. 
	Table	7.	Socioeconomic	Factor	based	Analysis	of	Attendance	Frequency	in	Synchronous	Classes	in	the	Online-Only	Intervention 

 Education Level  ITNR  Language 

 Low 
(N=32) 

Medium 
(N=86) 

High 
(N=77) 

 Low 
(N=28) 

Low to 
Medium 
(N=51) 

Medium to 
High 

(N=75) 

High 
(N=20) 

 English 
(N=188) 

Other 
(N=8) 

Attendance Frequency  
(Mean, SD)  

0.693, 
0.22 

0.669, 
0.28 

0.675, 
0.26 

 0.648, 
0.239 

0.693, 
0.293 

0.649, 
0.255 

0.739, 
0.27 

 0.673, 
0.263 

0.696, 
0.276 

p-value, eta-square  0.984, 0.0009  0.33, 0.014  0.856, 0.0003 

Equivalence  
(Margin:  
-0.2, 0.2) 

p-value  
(Upper Bound)  

< 0.001***  0.018*  0.01* 

p-value  
(Lower Bound)  

< 0.001***  < 0.001***  0.03* 

Equivalence Bound 
(Upper Bound)  

0.089  0.23  0.125 

Equivalence Bound 
(Lower Bound) -0.100  <0.001  -0.175 

*p-value <.05, ** p-value < .01, ***p-value <.001 
  

Table 7. Socioeconomic factor-based analysis of Parentopia usage (how many users participated on views,
posts and comments, direct messages) in the hybrid intervention.
 

 
Table 8. Socioeconomic Factor based Analysis of Whether ParentPlace was Used in the Hybrid Intervention 

 
 Education Level  ITNR  Language 

 
Count, Expected Count Difference  Count, Expected Count Difference   Count, Expected Count Difference 

Low 
(N=67) 

Medium 
(N=125) 

High 
(N=104) 

p-value, 
Cramer's V 

 Low 
(N=67) 

Low to 
Medium 
(N=66) 

Medium to 
High 

(N=97) 

High 
(N = 
34) 

p-value, 
Cramer's V 

 English 
(N=258) 

Other than 
English 
(N = 45) 

p-value, 
Cramer's V 

Views 26, 
27.841 

56, 
51.943 

41, 
43.216 0.623, 0.057  20, 

28.17 30, 27.75 41, 40.784 20, 
14.295 0.04*, 0.178  113, 

104.733 10, 18.267 0.011*, 0.156  

Posts and 
Comments 

8, 
10.412 

23, 
19.426 

15, 
16.162 0.463, 0.072  6, 

10.913 13, 10.75 15, 15.799 9, 5.538 0.12, 0.149  43, 39.168 3, 6.832 0.134, 0.099  

Direct 
Messages 8, 9.054 20, 

16.982 
12, 

14.054 0.563, 0.062  4, 8.883 8, 8.75 15, 12.86 8, 4.508 0.082, 0.159  39, 34.059 1, 5.941 0.034*, 0.135 

 
 

Table 9. Education Level based Analysis of Amount of ParentPlace Usage (among users with non-zero usage) in the Hybrid Intervention 
 

 Low Medium High Difference 

 N Mean SD N Mean SD N Mean SD p-value, eta-squared 

Views 26 11.654 11.43 56 12.821 11.415 41 9.585 10.099 0.297, 0.022 

Posts and Comments 8 2.215 1.126 23 5.565 6.43 15 4.667 7.771 0.733, 0.042 

Direct Messages 8 2.75 2.315 20 4.6 5.236 12 4.667 6.358 0.829, 0.022 

 
 
 

Table 10. Income to Needs Ratio based Analysis of Amount of ParentPlace Usage (among users with non-zero usage) in the Hybrid Intervention 
 

 Low Low to Medium Medium to High High Difference 

 N Mean SD N Mean SD N Mean SD N Mean SD p-value, eta-squared 

Views 20 12.7 13.891 30 10.333 10.643 41 10.073 8.641 20 15.9 13.467 0.563, 0.039 

Posts and Comments 6 2 1.265 13 6.385 7.805 15 3.667 3.599 9 6.444 9.799 .608, 0.059 

Direct Messages 4 2.75 1.258 8 5.125 5.436 15 3.733 4.906 8 6.5 7.426 0.42, 0.057 

  
  

Table 8. Education level-based analysis of amount of Parentopia usage (how much usage on views, posts and
comments, direct messages among users with non-zero usage) in the hybrid intervention.

	

Table	6.	Socioeconomic	Factor	based	Analysis	of	Attendance	Frequency	in	Synchronous	Classes	in	the	Hybrid	Intervention 
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0.167 

 0.748, 
0.208 

0.725, 
0.176 
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Medium 
(N=125) 

High 
(N=104) 

p-value, 
Cramer's V 

 Low 
(N=67) 

Low to 
Medium 
(N=66) 

Medium to 
High 

(N=97) 

High 
(N = 
34) 

p-value, 
Cramer's V 

 English 
(N=258) 

Other than 
English 
(N = 45) 

p-value, 
Cramer's V 

Views 26, 
27.841 

56, 
51.943 

41, 
43.216 0.623, 0.057  20, 

28.17 30, 27.75 41, 40.784 20, 
14.295 0.04*, 0.178  113, 

104.733 10, 18.267 0.011*, 0.156  
Posts and 

Comments 
8, 

10.412 
23, 

19.426 
15, 

16.162 0.463, 0.072  6, 
10.913 13, 10.75 15, 15.799 9, 5.538 0.12, 0.149  43, 39.168 3, 6.832 0.134, 0.099  

Direct 
Messages 8, 9.054 20, 

16.982 
12, 

14.054 0.563, 0.062  4, 8.883 8, 8.75 15, 12.86 8, 4.508 0.082, 0.159  39, 34.059 1, 5.941 0.034*, 0.135 

 
 

Table 9. Education Level based Analysis of Amount of ParentPlace Usage (among users with non-zero usage) in the Hybrid Intervention 
 

 Low Medium High Difference 

 N Mean SD N Mean SD N Mean SD p-value, eta-squared 

Views 26 11.654 11.43 56 12.821 11.415 41 9.585 10.099 0.297, 0.022 

Posts and Comments 8 2.215 1.126 23 5.565 6.43 15 4.667 7.771 0.733, 0.042 

Direct Messages 8 2.75 2.315 20 4.6 5.236 12 4.667 6.358 0.829, 0.022 

 
 
 
 
 
 
 
 
 
 
 

Table 9. Income-to-needs ratio-based analysis of amount of Parentopia usage (how much usage on views,
posts and comments, direct messages among users with non-zero usage) in the hybrid intervention.
Table 10. Income to Needs Ratio based Analysis of Amount of ParentPlace Usage (among users with non-zero usage) in the Hybrid Intervention 

 
 Low Low to Medium Medium to High High Difference 

 N Mean SD N Mean SD N Mean SD N Mean SD p-value, eta-squared 

Views 20 12.7 13.891 30 10.333 10.643 41 10.073 8.641 20 15.9 13.467 0.563, 0.039 

Posts and Comments 6 2 1.265 13 6.385 7.805 15 3.667 3.599 9 6.444 9.799 .608, 0.059 

Direct Messages 4 2.75 1.258 8 5.125 5.436 15 3.733 4.906 8 6.5 7.426 0.42, 0.057 

  
Table 11. Language based Analysis of Amount of ParentPlace Usage (among users with non-zero usage) in the Hybrid Intervention 

 
 

 English Other Difference 
 N Mean SD N Mean SD p-value, eta-squared 

Views 113 11.23 10.798 10 14.5 13.352 0.31, -0.194 

Posts and Comments 43 4.767 6.597 3 3.333 0.577 0.523, -0.225 

Direct Messages 39 4.154 5.158 1 8 NaN NaN* 

 
* Number of observations is < 2 in direct_messages after grouping on n_Language 

 
 
 

Table 12. Socioeconomic Factor based Analysis of Whether ParentPlace was Used in the Online Only Intervention 
 

 Education Level ITNR Language 
 Count, Expected Count Difference Count, Expected Count Difference Count, Expected Count Difference 

 Low  
(N=55) 

Medium  
(N=115) 

High 
(N=95) 

p-value, 
Cramer’s V 

Low  
(N=55) 

Low to 
Medium 
(N=62) 

Medium 
to High 
(N=87) 

High 
(N=30) 

p-value, 
Cramer’s V 

English 
(N=232) 

Other than 
English 
(N=38) 

p-value, 
Cramer’s V 

Views 26, 
32.17 

70, 
67.264 

59, 
55.566 

0.163, 
0.117 

24, 
33.611 

42, 
37.889 

56, 
53.167 

21, 
18.333 

0.022*, 
0.203 

 147, 
133.185 8, 21.815 <0.001***, 

0.298 

Posts and 
Comments 

12, 
16.189 

34, 
33.849 

32, 
27.962 

0.307, 
0.094 

12, 
16.923 

24, 
19.077 

24, 
26.769 

12, 
9.231 

0.138, 
0.154 

75, 
67.022 3, 10.978 0.004**, 

0.187 

Direct 
Messages 

8, 
9.054 

20, 
16.982 

12, 
14.054 

0.563, 
0.062 

5, 
4.231 

4, 
4.769 

4, 
6.692 

5, 
2.308 

0.182, 
0.144 

16, 
15.467 2, 2.533 0.981, 

0.023 
*p-value <.05, ** p-value < .01, ***p-value <.001 

 
Table 13. Education Level based Analysis of Amount of ParentPlace Usage (among users with non-zero usage) in the Online-Only Intervention 

 
 Low Medium High Difference 
 N Mean SD N Mean SD N Mean SD p-value, eta-squared 

Views 26 16.885 12.606 70 18.043 11.028 59 21.492 14.032 0.297, 0.022 

Posts and Comments 12 2.5 1.567 34 2.794 2.056 32 2.532 1.606 1.0, 0.006 

Direct Messages 5 2.2 0.837 8 4.25 5.651 5 1.8 1.304 0.467, 0.089 

 
Table 14. Income to Needs Ratio based Analysis of Amount of ParentPlace Usage (among users with non-zero usage) in the Online-Only 

Intervention 
 

 Low Low to Medium Medium to High High Difference 

 N Mean SD N Mean SD N Mean SD N Mean SD p-value, eta-squared 

Views 24 15.25 8.624 42 18.643 14.41 56 21.232 14.335 21 20.19 7.897 0.343, 0.027 

Posts and Comments 12 2 1.044 24 2.917 1.909 24 2.917 2.263 12 2.417 1.311 0.927, 0.038 

Direct Messages 5 5 7.314 4 2 1.414 4 2.25 0.957 5 2.4 2.4 0.935, 0.110 

 
Table 15. Language based Analysis of Amount of ParentPlace Usage (among users with non-zero usage) in the Online-Only Intervention 

 
 English Other Difference 

 N Mean SD N Mean SD p-value, Rank-Biserial 

Views 147 19.592 12.632 8 11.25 8.481 0.06, 0.395 

Posts and Comments 75 2.667 1.818 3 2 1 0.688, 0.138 

Direct Messages 16 3.188 4.086 2 1.5 0.707 0.3826  

 
Table 16. Socioeconomic Factor based Differences among Parents Who Dropped Out in the Hybrid Intervention 

Table 10. Language-based analysis of amount of Parentopia usage (how much usage on views, posts and
comments, direct messages among users with non-zero usage) in the hybrid intervention. + Unable to perform
the calculation because the number of observations for direct messages in languages other than English is
less than 2.

 
Table 11. Language based Analysis of Amount of ParentPlace Usage (among users with non-zero usage) in the Hybrid Intervention 

 
 

 English Other Difference 
 N Mean SD N Mean SD p-value, eta-squared 

Views 113 11.23 10.798 10 14.5 13.352 0.31, -0.194 

Posts and Comments 43 4.767 6.597 3 3.333 0.577 0.523, -0.225 

Direct Messages 39 4.154 5.158 1 8 NaN+ NaN+ 

 
+ Number of observations is < 2 in direct_messages after grouping on n_Language 

 
 
 

Table 12. Socioeconomic Factor based Analysis of Whether ParentPlace was Used in the Online Only Intervention 
 

 Education Level ITNR Language 
 Count, Expected Count Difference Count, Expected Count Difference Count, Expected Count Difference 

 Low  
(N=55) 

Medium  
(N=115) 

High 
(N=95) 

p-value, 
Cramer’s V 

Low  
(N=55) 

Low to 
Medium 
(N=62) 

Medium 
to High 
(N=87) 

High 
(N=30) 

p-value, 
Cramer’s V 

English 
(N=232) 

Other than 
English 
(N=38) 

p-value, 
Cramer’s V 

Views 26, 
32.17 

70, 
67.264 

59, 
55.566 

0.163, 
0.117 

24, 
33.611 

42, 
37.889 

56, 
53.167 

21, 
18.333 

0.022*, 
0.203 

 147, 
133.185 8, 21.815 <0.001***, 

0.298 

Posts and 
Comments 

12, 
16.189 

34, 
33.849 

32, 
27.962 

0.307, 
0.094 

12, 
16.923 

24, 
19.077 

24, 
26.769 

12, 
9.231 

0.138, 
0.154 

75, 
67.022 3, 10.978 0.004**, 

0.187 

Direct 
Messages 

8, 
9.054 

20, 
16.982 

12, 
14.054 

0.563, 
0.062 

5, 
4.231 

4, 
4.769 

4, 
6.692 

5, 
2.308 

0.182, 
0.144 

16, 
15.467 2, 2.533 0.981, 

0.023 
*p-value <.05, ** p-value < .01, ***p-value <.001 

 
Table 13. Education Level based Analysis of Amount of ParentPlace Usage (among users with non-zero usage) in the Online-Only Intervention 

 
 Low Medium High Difference 
 N Mean SD N Mean SD N Mean SD p-value, eta-squared 

Views 26 16.885 12.606 70 18.043 11.028 59 21.492 14.032 0.297, 0.022 

Posts and Comments 12 2.5 1.567 34 2.794 2.056 32 2.532 1.606 1.0, 0.006 

Direct Messages 5 2.2 0.837 8 4.25 5.651 5 1.8 1.304 0.467, 0.089 

 
Table 14. Income to Needs Ratio based Analysis of Amount of ParentPlace Usage (among users with non-zero usage) in the Online-Only 

Intervention 
 

 Low Low to Medium Medium to High High Difference 

 N Mean SD N Mean SD N Mean SD N Mean SD p-value, eta-squared 

Views 24 15.25 8.624 42 18.643 14.41 56 21.232 14.335 21 20.19 7.897 0.343, 0.027 

Posts and Comments 12 2 1.044 24 2.917 1.909 24 2.917 2.263 12 2.417 1.311 0.927, 0.038 

Direct Messages 5 5 7.314 4 2 1.414 4 2.25 0.957 5 2.4 2.4 0.935, 0.110 

 
Table 15. Language based Analysis of Amount of ParentPlace Usage (among users with non-zero usage) in the Online-Only Intervention 

 
 English Other Difference 

 N Mean SD N Mean SD p-value, Rank-Biserial 

Views 147 19.592 12.632 8 11.25 8.481 0.06, 0.395 

Posts and Comments 75 2.667 1.818 3 2 1 0.688, 0.138 

Direct Messages 16 3.188 4.086 2 1.5 0.707 0.3826  

 
Table 16. Socioeconomic Factor based Differences among Parents Who Dropped Out in the Hybrid Intervention 

 

  Education Level ITNR Language 

  Low 
(N=67) 

Medium 
(N=125) 

High 
(N=104) 

Total 
(N=296) 

Low 
(N=51) 

Low to Medium 
(N=82) 

Medium to High 
(N=97) 

High 
(N=34) 

Total 
(N=264) 

English 
(N=258) 

Other  
(N=45) 

Total 
(N=303) 

Count of Dropouts 6 3 7 16 5 4 6 2 17 14 4 18 

Expected Count of Dropouts 3.622 6.757 5.622 16 3.284 5.28 6.246 2.189 17 15.327 2.673 18 
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Table 11. Socioeconomic factor-based analysis of attendance frequency in synchronous classes in the online-
only intervention.

	

Table	6.	Socioeconomic	Factor	based	Analysis	of	Attendance	Frequency	in	Synchronous	Classes	in	the	Hybrid	Intervention 
 Education Level  ITNR  Language 

 Low 
(N=61) 

Medium 
(N=122) 

High 
(N=67) 

 Low 
(N=60) 

Low to 
Medium 
(N=64) 

Medium to 
High 

(N=91) 

High 
(N=32) 

 English 
(N=244) 

Other 
(N=41) 

Attendance Frequency  
(Mean, SD)  

0.725, 
0.176 

0.74, 
0.21 

0.755, 
0.215 

 0.697, 
0.19 

0.77, 
0.198 

0.751, 
0.218 

0.778, 
0.167 

 0.748, 
0.208 

0.725, 
0.176 

p-value, eta-square  0.141, 0.003  0.079, 0.022  0.149 

Equivalence  
(Margin:  
-0.2, 0.2) 

p-value (Upper Bound)  < 0.001***  < 0.001***  < 0.001*** 
p-value (Lower Bound)  < 0.001***  < 0.001***  < 0.001*** 

Equivalence Bound (Upper Bound)  0.093  0.130  0.087 
Equivalence Bound (Lower Bound) 0.008  0.033  -3.40E-06 

*p-value <.05, ** p-value < .01, ***p-value <.001. UB means upper bound. LB means Lower Bound. 
	Table	7.	Socioeconomic	Factor	based	Analysis	of	Attendance	Frequency	in	Synchronous	Classes	in	the	Online-Only	Intervention 

 Education Level  ITNR  Language 

 Low 
(N=32) 

Medium 
(N=86) 

High 
(N=77) 

 Low 
(N=28) 

Low to 
Medium 
(N=51) 

Medium to 
High 

(N=75) 

High 
(N=20) 

 English 
(N=188) 

Other 
(N=8) 

Attendance Frequency  
(Mean, SD)  

0.693, 
0.22 

0.669, 
0.28 

0.675, 
0.26 

 0.648, 
0.239 

0.693, 
0.293 

0.649, 
0.255 

0.739, 
0.27 

 0.673, 
0.263 

0.696, 
0.276 

p-value, eta-square  0.984, 0.0009  0.33, 0.014  0.856, 0.0003 

Equivalence  
(Margin:  
-0.2, 0.2) 

p-value  
(Upper Bound)  

< 0.001***  0.018*  0.01* 

p-value  
(Lower Bound)  

< 0.001***  < 0.001***  0.03* 

Equivalence Bound 
(Upper Bound)  

0.089  0.23  0.125 

Equivalence Bound 
(Lower Bound) -0.100  <0.001  -0.175 

*p-value <.05, ** p-value < .01, ***p-value <.001 
 

Table 8. Socioeconomic Factor based Analysis of Whether ParentPlace was Used in the Hybrid Intervention 
 

 Education Level  ITNR  Language 

 
(Count, Expected Count) Difference  (Count, Expected Count) Difference   (Count, Expected 

Count) Difference 

Low 
(N=67) 

Medium 
(N=125) 

High 
(N=104) 

p-value, 
Cramer's V 

 Low 
(N=67) 

Low to 
Medium 
(N=66) 

Medium to 
High 

(N=97) 

High 
(N = 
34) 

p-value, 
Cramer's V 

 English 
(N=258) 

Other than 
English 
(N = 45) 

p-value, 
Cramer's V 

Views 26, 
27.841 

56, 
51.943 

41, 
43.216 0.623, 0.057  20, 

28.17 30, 27.75 41, 40.784 20, 
14.295 0.04*, 0.178  113, 

104.733 10, 18.267 0.011*, 0.156  
Posts and 

Comments 
8, 

10.412 
23, 

19.426 
15, 

16.162 0.463, 0.072  6, 
10.913 13, 10.75 15, 15.799 9, 5.538 0.12, 0.149  43, 39.168 3, 6.832 0.134, 0.099  

Direct 
Messages 8, 9.054 20, 

16.982 
12, 

14.054 0.563, 0.062  4, 8.883 8, 8.75 15, 12.86 8, 4.508 0.082, 0.159  39, 34.059 1, 5.941 0.034*, 0.135 

 
 

Table 9. Education Level based Analysis of Amount of ParentPlace Usage (among users with non-zero usage) in the Hybrid Intervention 
 

 Low Medium High Difference 

 N Mean SD N Mean SD N Mean SD p-value, eta-squared 

Views 26 11.654 11.43 56 12.821 11.415 41 9.585 10.099 0.297, 0.022 

Posts and Comments 8 2.215 1.126 23 5.565 6.43 15 4.667 7.771 0.733, 0.042 

Direct Messages 8 2.75 2.315 20 4.6 5.236 12 4.667 6.358 0.829, 0.022 

 
 
 
 
 
 
 
 
 
 
 

disparity for how many parents viewed (p-value = 0.04, Cramer’s V = 0.178). Low ITNR suffered
a statistically significant disparity in how many users viewed posts in Parentopia. Non-English
speaking parents faced a statistically significant disparity for views and direct messages in the
hybrid intervention, with view count being 10 compared with expected count of 18.267 (p-value =
0.011, Cramer’s V = 0.156), and only one parent using direct messages compared with expected
count of 5.941 non-English speaking parents (p-value = 0.034, Cramer’s V = 0.135).
We separately analyzed how much of Parentopia usage by removing users with zero usage.

Among parents that used Parentopia, those with low education level had higher average views
compared with those with high education levels, but had lower average posts, comments and direct
messages. To more conclusively establish that there was no disparity present, we ran equivalence
tests but found no statistically significant equivalence, thus we cannot conclude whether disparity
is present or absent. Those with low education level viewed more, but posted, commented, and
messaged less. However, the results were not statistically significant (Table 8). Parents with a low
ITNR had a lower average use compared to parents with a high ITNR in all Parentopia features
(Table 9). To more conclusively establish that there was no disparity present, we ran equivalence
tests but found no statistically significant equivalence, thus we cannot conclude whether the
disparity is present or absent. Among non-English speaking parents that used Parentopia, parents
had higher average views and lower average posts and comments. The non-English speaking
parents who used direct messages had a higher average use of 8 messages compared with parents
that spoke English who had 4 messages on average (Table 10).

4.2.2 Online-Only. Attendance frequency in synchronous classes in the online-only interven-
tion was found to be descriptively similar across all three socioeconomic factors of education level,
ITNR and language. Means of attendance frequency, for parents with low education level, low ITNR
and non-English speakers were 0.693, 0.648 and 0.673, respectively, with no statistically significant
differences. To establish that there was no disparity present we ran equivalence tests and found
statistically significant equivalence for education level (p-value < 0.001 for both upper and lower
bounds), and primary language ( p-value of 0.01 and 0.03 for upper and lower bound respectively).
ITNR was statistically significant in the lower bound (p-value = 0.001) but not in the upper bound
(p-value = 0.108). Overall, adoption of ECFE’s online-only intervention appears to be equivalent
across parents of both low and high education levels, and among both whose primary language is
English or non-English (see Table 11).

Regarding how many participated in Parentopia usage (Table 12), parents of low education
level used features at a lower count than expected, while those of high education level used the
features at a higher count than expected, except for direct messages. There was a statistically
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Table 12. Socioeconomic factor-based analysis of Parentopia usage (how many users participated on views,
posts and comments, direct messages) in the online-only intervention.

Table 10. Income to Needs Ratio based Analysis of Amount of ParentPlace Usage (among users with non-zero usage) in the Hybrid Intervention 
 

 Low Low to Medium Medium to High High Difference 

 N Mean SD N Mean SD N Mean SD N Mean SD p-value, eta-squared 

Views 20 12.7 13.891 30 10.333 10.643 41 10.073 8.641 20 15.9 13.467 0.563, 0.039 

Posts and Comments 6 2 1.265 13 6.385 7.805 15 3.667 3.599 9 6.444 9.799 .608, 0.059 

Direct Messages 4 2.75 1.258 8 5.125 5.436 15 3.733 4.906 8 6.5 7.426 0.42, 0.057 

  
Table 11. Language based Analysis of Amount of ParentPlace Usage (among users with non-zero usage) in the Hybrid Intervention 

 
 

 English Other Difference 
 N Mean SD N Mean SD p-value, eta-squared 

Views 113 11.23 10.798 10 14.5 13.352 0.31, -0.194 

Posts and Comments 43 4.767 6.597 3 3.333 0.577 0.523, -0.225 

Direct Messages 39 4.154 5.158 1 8 NaN NaN* 

 
* Number of observations is < 2 in direct_messages after grouping on n_Language 

 
 
 

Table 12. Socioeconomic Factor based Analysis of Whether ParentPlace was Used in the Online Only Intervention 
 

 Education Level ITNR Language 
 Count, Expected Count Difference Count, Expected Count Difference Count, Expected Count Difference 

 Low  
(N=55) 

Medium  
(N=115) 

High 
(N=95) 

p-value, 
Cramer’s V 

Low  
(N=55) 

Low to 
Medium 
(N=62) 

Medium 
to High 
(N=87) 

High 
(N=30) 

p-value, 
Cramer’s V 

English 
(N=232) 

Other than 
English 
(N=38) 

p-value, 
Cramer’s V 

Views 26, 
32.17 

70, 
67.264 

59, 
55.566 

0.163, 
0.117 

24, 
33.611 

42, 
37.889 

56, 
53.167 

21, 
18.333 

0.022*, 
0.203 

 147, 
133.185 8, 21.815 <0.001***, 

0.298 

Posts and 
Comments 

12, 
16.189 

34, 
33.849 

32, 
27.962 

0.307, 
0.094 

12, 
16.923 

24, 
19.077 

24, 
26.769 

12, 
9.231 

0.138, 
0.154 

75, 
67.022 3, 10.978 0.004**, 

0.187 

Direct 
Messages 

8, 
9.054 

20, 
16.982 

12, 
14.054 

0.563, 
0.062 

5, 
4.231 

4, 
4.769 

4, 
6.692 

5, 
2.308 

0.182, 
0.144 

16, 
15.467 2, 2.533 0.981, 

0.023 
*p-value <.05, ** p-value < .01, ***p-value <.001 

 
Table 13. Education Level based Analysis of Amount of ParentPlace Usage (among users with non-zero usage) in the Online-Only Intervention 

 
 Low Medium High Difference 
 N Mean SD N Mean SD N Mean SD p-value, eta-squared 

Views 26 16.885 12.606 70 18.043 11.028 59 21.492 14.032 0.297, 0.022 

Posts and Comments 12 2.5 1.567 34 2.794 2.056 32 2.532 1.606 1.0, 0.006 

Direct Messages 5 2.2 0.837 8 4.25 5.651 5 1.8 1.304 0.467, 0.089 

 
Table 14. Income to Needs Ratio based Analysis of Amount of ParentPlace Usage (among users with non-zero usage) in the Online-Only 

Intervention 
 

 Low Low to Medium Medium to High High Difference 

 N Mean SD N Mean SD N Mean SD N Mean SD p-value, eta-squared 

Views 24 15.25 8.624 42 18.643 14.41 56 21.232 14.335 21 20.19 7.897 0.343, 0.027 

Posts and Comments 12 2 1.044 24 2.917 1.909 24 2.917 2.263 12 2.417 1.311 0.927, 0.038 

Direct Messages 5 5 7.314 4 2 1.414 4 2.25 0.957 5 2.4 2.4 0.935, 0.110 

 
Table 15. Language based Analysis of Amount of ParentPlace Usage (among users with non-zero usage) in the Online-Only Intervention 

 
 English Other Difference 

 N Mean SD N Mean SD p-value, Rank-Biserial 

Views 147 19.592 12.632 8 11.25 8.481 0.06, 0.395 

Posts and Comments 75 2.667 1.818 3 2 1 0.688, 0.138 

Direct Messages 16 3.188 4.086 2 1.5 0.707 0.3826  

 
Table 16. Socioeconomic Factor based Differences among Parents Who Dropped Out in the Hybrid Intervention 

significant disparity for how many parents viewed (p-value = 0.022, Cramer’s V = 0.203) based on
ITNR, with 24 low ITNR parents viewing compared with expected count of 33.611, whereas 21
high ITNR parents viewed compared with an expected count of 18.333. There was a statistically
significant disparity for how many parents viewed (p-value < 0.001, Cramer’s V = 0.298), or posted
and commented (p-value = 0.004, Cramer’s V = 0.187), based on language, in the online-only
community. 21.815 non-English speakers were expected to view, but only 8 did, whereas 147
English speakers viewed where only 133.185 were expected to do so. Three non-English speakers
posted or commented where 10.978 were expected to, compared with 75 English speakers posting
or commenting where 67.022 were expected to.
For how much of Parentopia usage among those that used Parentopia in the online-only

intervention (Table 13), posts and comments and direct messages were similar for parents from both
high and low education levels. Means of posts and comments were 2.5 and 2.532, for low and high
education respectively with a p-value of 1.0. Means for direct messages were 2.2 and 1.8 for low and
high education respectively with a p-value of 0.47. To more conclusively establish that there was no
disparity present, we ran equivalence tests and found statistically significant equivalence in posts
and comments (p < 0.001 for both upper and lower bounds, margin of equivalence -2 to +2), and in
direct messages (p-value = 0.02 for both upper and lower bounds, margin of equivalence -2 to +2).
There was similarity among parents that posted and commented with a mean of 2.0 for low ITNR
parents compared with a mean of 2.42 for those with high ITNR (Table 14). To more conclusively
establish that there was no disparity present, we ran equivalence tests and found statistically
significant equivalence in posts and comments (p-value < 0.001 for both upper and lower bound,
margin of equivalence -2 to +2). For language based analysis, among those parents that did view,
there was disparity but it was not statistically significant (p-value = 0.06, Rank-Biserial = 0.395, see
Table 15). Posts and comments were similar with mean for non-English speakers being 2.0, and that
for English speakers being 2.67. To establish that there was indeed no disparity present, we ran
equivalence tests and found statistically significant equivalence for posts and comments (p-value
upper-bound = 0.049, p-value lower-bound = 0.004, margin of equivalence -2 to +2). Non-English
speaking parents were less likely to use direct messages with a mean of 1.5 compared to a mean of
3.188 for their English speaking counterparts.

4.3 Adherence
4.3.1 Hybrid. Dropout counts for low SES were higher than their expected counts in the hybrid
intervention across all three factors. Low education level dropout count was 6 compared with
the expected count of 3.622; low ITNR had a dropout out count of 5 compared with an expected
count of 3.28, and non-English speakers had a dropout count of 4 compared with an expected
count of 2.673. No statistically significant differences were found for dropout counts in the hybrid
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Table 13. Education level-based analysis of amount of Parentopia usage (how much usage on views, posts
and comments, direct messages among users with non-zero usage) in the online-only intervention.

Table 10. Income to Needs Ratio based Analysis of Amount of ParentPlace Usage (among users with non-zero usage) in the Hybrid Intervention 
 

 Low Low to Medium Medium to High High Difference 

 N Mean SD N Mean SD N Mean SD N Mean SD p-value, eta-squared 

Views 20 12.7 13.891 30 10.333 10.643 41 10.073 8.641 20 15.9 13.467 0.563, 0.039 

Posts and Comments 6 2 1.265 13 6.385 7.805 15 3.667 3.599 9 6.444 9.799 .608, 0.059 

Direct Messages 4 2.75 1.258 8 5.125 5.436 15 3.733 4.906 8 6.5 7.426 0.42, 0.057 

  
Table 11. Language based Analysis of Amount of ParentPlace Usage (among users with non-zero usage) in the Hybrid Intervention 

 
 

 English Other Difference 
 N Mean SD N Mean SD p-value, eta-squared 

Views 113 11.23 10.798 10 14.5 13.352 0.31, -0.194 

Posts and Comments 43 4.767 6.597 3 3.333 0.577 0.523, -0.225 

Direct Messages 39 4.154 5.158 1 8 NaN NaN* 

 
* Number of observations is < 2 in direct_messages after grouping on n_Language 

 
 
 

Table 12. Socioeconomic Factor based Analysis of Whether ParentPlace was Used in the Online Only Intervention 
 

 Education Level ITNR Language 
 Count, Expected Count Difference Count, Expected Count Difference Count, Expected Count Difference 

 Low  
(N=55) 

Medium  
(N=115) 

High 
(N=95) 

p-value, 
Cramer’s V 
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(N=55) 

Low to 
Medium 
(N=62) 

Medium 
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(N=87) 

High 
(N=30) 

p-value, 
Cramer’s V 

English 
(N=232) 

Other than 
English 
(N=38) 

p-value, 
Cramer’s V 

Views 26, 
32.17 

70, 
67.264 

59, 
55.566 

0.163, 
0.117 

24, 
33.611 

42, 
37.889 

56, 
53.167 

21, 
18.333 

0.022*, 
0.203 

 147, 
133.185 8, 21.815 <0.001***, 

0.298 

Posts and 
Comments 

12, 
16.189 

34, 
33.849 

32, 
27.962 

0.307, 
0.094 

12, 
16.923 

24, 
19.077 

24, 
26.769 

12, 
9.231 

0.138, 
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75, 
67.022 3, 10.978 0.004**, 

0.187 

Direct 
Messages 

8, 
9.054 

20, 
16.982 

12, 
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0.563, 
0.062 

5, 
4.231 
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4, 
6.692 

5, 
2.308 

0.182, 
0.144 

16, 
15.467 2, 2.533 0.981, 

0.023 
*p-value <.05, ** p-value < .01, ***p-value <.001 
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Table 16. Socioeconomic factor-based differences among parents who dropped out in the hybrid intervention.

 

  Education Level ITNR Language 

  Low 
(N=67) 

Medium 
(N=125) 

High 
(N=104) 

Total 
(N=296) 

Low 
(N=51) 

Low to 
Medium 
(N=82) 

Medium to 
High 

(N=97) 
High 

(N=34) 
Total 

(N=264) 
English 
(N=258) 

Other  
(N=45) 

Total 
(N=303) 

Count of Dropouts 6 3 7 16 5 4 6 2 17 14 4 18 

Expected Count of 
Dropouts 3.622 6.757 5.622 16 3.284 5.28 6.246 2.189 17 15.327 2.673 18 

p-value, Cramer’s V 0.121, 0.119 0 .725, 0.071 0.365,0.052 

  
Table 17. Socioeconomic Factor based Differences among Parents Who Dropped Out in the Online Only Intervention 

 

  Education Level ITNR Language 

  Low 
(N=55) 

Medium 
(N=115) 

High 
(N=95) 

Total 
(N=265) 

Low 
(N=42) 

Low to 
Medium 
(N=75) 

Medium 
to High 
(N=87) 

High 
(N=30) 

Total 
(N=234) 

English 
(N=232) 

Other than 
English 
(N=38) 

Total 
(N =270) 

Count of Dropouts 23 29 18 70 20.00 18.00 12.00 10.00 60 44.00 30 74 

Expected Count of 
Dropouts 14.53 30.38 25.09 70 10.77 19.23 22.31 7.69 60 63.59 10.42 74 

p-value, Cramer’s V 0.009**, 0.19 < 0.001***, 0.278 < 0.001***, 0.468 

*p-value <.05, ** p-value < .01, ***p-value <.001 
 

Table 18. Education Level based Analysis of Social Connectedness in the Hybrid Intervention 
 

 Low Medium High Difference 

 N Mean SD N Mean SD N Mean SD p-value, eta-squared 

GSPS with Other Community Parents 15 8.133 9.884 58 5.276 9.975 50 5.62 11.607 0.648, 0.007 

GSPS with Community Staff 15 6.867 7.14 57 4.053 9.555 47 4.979 9.721 0.576, 0.009 

 
Table 19. Income to Needs Ratio (ITNR) based Analysis of Social Connectedness in the Hybrid Intervention 

 
 Low Low to Medium Medium to High High Difference 

 N Mean SD N Mean SD N Mean SD N Mean SD p-value,  
eta-squared 

GSPS with Other Community Parents 15 3.8 7.163 34 4.706 9.183 45 4.822 10.321 15 11.533 16.256 0.141, 0.05 

GSPS with Community Staff 14 3.786 10.282 34 3.5 8.192 43 4.209 8.405 15 9.4 13.298 0.215, 0.043 

 
 
 

Table 20. Language based Analysis of Social Connectedness in the Hybrid Intervention 
 

 English Other than English Difference 

 N Mean SD N Mean SD p-value, Rank-Biserial 

GSPS with Other Community Parents 118 5.746 10.544 5 6.2 13.535 0.749, 0.086 

GSPS with Community Staff 114 4.816 9.502 5 3.8 3.962 0.868, 0.046 

 
  

intervention, and the effect sizes were low with Cramer’s V at 0.119 for education level, 0.071 for
ITNR, and 0.052 for non-English speakers (see Table 16).

4.3.2 Online-Only. We found statistically significant disparity in adherence across all three SES
factors of education level, ITNR, and language based on dropout counts. Parents in the low levels
of all the three SES factors dropped out at a higher rate than expected, with statistical significance
across all factors (see Table 17). Parents with low educational attainment dropped out at a significant
rate (p-value = 0.009) but their effect size was smallest (Cramer’s V=0.19) among the three SES
factors. Non-English speaking parents with low ITNR also dropped out with significance (p-value
< 0.001), and the effect size was larger albeit still small for parents with low ITNR (Cramer’s V =
0.278), while non-English speaking parents overall dropped out with a medium effect size (Cramer’s
V = 0.468). The adaptation of ECFE as an online-only intervention appears to have amplified the
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Table 17. Socioeconomic factor-based differences among Parents who dropped out in the online-only inter-
vention.
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Table 18. Education Level based Analysis of Social Connectedness in the Hybrid Intervention 
 

 Low Medium High Difference 

 N Mean SD N Mean SD N Mean SD p-value, eta-squared 

GSPS with Other Community Parents 15 8.133 9.884 58 5.276 9.975 50 5.62 11.607 0.648, 0.007 

GSPS with Community Staff 15 6.867 7.14 57 4.053 9.555 47 4.979 9.721 0.576, 0.009 

 
Table 19. Income to Needs Ratio (ITNR) based Analysis of Social Connectedness in the Hybrid Intervention 

 
 Low Low to Medium Medium to High High Difference 

 N Mean SD N Mean SD N Mean SD N Mean SD p-value,  
eta-squared 

GSPS with Other Community Parents 15 3.8 7.163 34 4.706 9.183 45 4.822 10.321 15 11.533 16.256 0.141, 0.05 

GSPS with Community Staff 14 3.786 10.282 34 3.5 8.192 43 4.209 8.405 15 9.4 13.298 0.215, 0.043 

 
 
 

Table 20. Language based Analysis of Social Connectedness in the Hybrid Intervention 
 

 English Other than English Difference 

 N Mean SD N Mean SD p-value, Rank-Biserial 

GSPS with Other Community Parents 118 5.746 10.544 5 6.2 13.535 0.749, 0.086 

GSPS with Community Staff 114 4.816 9.502 5 3.8 3.962 0.868, 0.046 

 
  

adherence inequality among parents with lower education level, lower ITNR, and for non-English
speaking parents.

4.4 Effectiveness
4.4.1 Hybrid. Change in social connectedness of parents with other parents, and with staff,
was positive and higher among parents with low education levels compared with parents of high
education levels with mean GSPS (MGSPS) of parents with low education levels being 8.133, and
that with high education levels being 5.62; MGSPS of staff with low education levels was 6.867
and that of staff with high education levels was 4.979 (Table 18). To more conclusively establish
that there was no disparity present, we ran equivalence tests but found no statistically significant
equivalence, and thus cannot conclude whether disparity is present or absent.
Change in social connectedness of parents with other parents, and with staff, was positive but

lower among parents with low ITNR compared with parents of high ITNR (MGSPS of parents with
low ITNR was 3.8, MGSPS of parents with high ITNR was 11.533; MGSPS of staff with low ITNR
was 3.786 and MGSPS of staff with high ITNR was 9.4) (Table 19).

Change in social connectedness of parents with other parents, and with staff, was positive and
similar among parents that spoke English compared with non-English speaking parents (MGSPS of
English speaking parents with other parents was 5.746, MGSPS of non-English speaking parents
was 6.2; MGSPS of English speaking parents with staff was 4.816, while MGSPS of non-English
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Table 20. Language-based analysis of social connectedness in the hybrid intervention.

 

  Education Level ITNR Language 

  Low 
(N=67) 

Medium 
(N=125) 

High 
(N=104) 

Total 
(N=296) 

Low 
(N=51) 

Low to 
Medium 
(N=82) 

Medium to 
High 

(N=97) 
High 

(N=34) 
Total 

(N=264) 
English 
(N=258) 

Other  
(N=45) 

Total 
(N=303) 

Count of Dropouts 6 3 7 16 5 4 6 2 17 14 4 18 

Expected Count of 
Dropouts 3.622 6.757 5.622 16 3.284 5.28 6.246 2.189 17 15.327 2.673 18 

p-value, Cramer’s V 0.121, 0.119 0 .725, 0.071 0.365,0.052 

  
Table 17. Socioeconomic Factor based Differences among Parents Who Dropped Out in the Online Only Intervention 

 

  Education Level ITNR Language 

  Low 
(N=55) 

Medium 
(N=115) 

High 
(N=95) 

Total 
(N=265) 

Low 
(N=42) 

Low to 
Medium 
(N=75) 

Medium 
to High 
(N=87) 

High 
(N=30) 

Total 
(N=234) 

English 
(N=232) 

Other than 
English 
(N=38) 

Total 
(N =270) 

Count of Dropouts 23 29 18 70 20.00 18.00 12.00 10.00 60 44.00 30 74 

Expected Count of 
Dropouts 14.53 30.38 25.09 70 10.77 19.23 22.31 7.69 60 63.59 10.42 74 

p-value, Cramer’s V 0.009**, 0.19 < 0.001***, 0.278 < 0.001***, 0.468 

*p-value <.05, ** p-value < .01, ***p-value <.001 
 

Table 18. Education Level based Analysis of Social Connectedness in the Hybrid Intervention 
 

 Low Medium High Difference 

 N Mean SD N Mean SD N Mean SD p-value, eta-squared 

GSPS with Other Community Parents 15 8.133 9.884 58 5.276 9.975 50 5.62 11.607 0.648, 0.007 

GSPS with Community Staff 15 6.867 7.14 57 4.053 9.555 47 4.979 9.721 0.576, 0.009 

 
Table 19. Income to Needs Ratio (ITNR) based Analysis of Social Connectedness in the Hybrid Intervention 

 
 Low Low to Medium Medium to High High Difference 

 N Mean SD N Mean SD N Mean SD N Mean SD p-value,  
eta-squared 

GSPS with Other Community Parents 15 3.8 7.163 34 4.706 9.183 45 4.822 10.321 15 11.533 16.256 0.141, 0.05 

GSPS with Community Staff 14 3.786 10.282 34 3.5 8.192 43 4.209 8.405 15 9.4 13.298 0.215, 0.043 

 
 
 

Table 20. Language based Analysis of Social Connectedness in the Hybrid Intervention 
 

 English Other than English Difference 

 N Mean SD N Mean SD p-value, Rank-Biserial 

GSPS with Other Community Parents 118 5.746 10.544 5 6.2 13.535 0.749, 0.086 

GSPS with Community Staff 114 4.816 9.502 5 3.8 3.962 0.868, 0.046 

 
  

Table 21. Education level-based analysis of social connectedness in the online-only intervention.Table 21. Education Level based Analysis of Social Connectedness in the Online-Only Intervention 
 

 

 Low Medium High Difference 

 N Mean SD N Mean SD N Mean SD p-value, eta-squared 

GSPS with Other Community Parents 3 -8.333 6.028 40 0.475 6.664 33 -0.273 4.557 0.078, 0.081 

GSPS with Community Staff 3 -0.333 2.082 40 -1.95 4.326 31 0.742 4.816 0.925, 0.081 

 
Table 22. Income to Needs Ratio based Analysis of Social Connectedness in the Online-Only Intervention 

 
 

 Low Low to Medium Medium to High High Difference 

 N Mean SD N Mean SD N Mean SD N Mean SD p-value, eta-squared 

GSPS with Other Community Parents 7 0.286 14.396 21 -0.762 4.742 33 0.394 4.046 8 -2 4.342 0.078, 0.081 

GSPS with Community Staff 7 -2.571 3.735 20 0.7 3.701 33 -0.576 5.006 8 -3.75 2.765 0.925, 0.081 

 

Table 22. Income-to-needs ratio-based analysis of social connectedness in the online-only intervention.

Table 21. Education Level based Analysis of Social Connectedness in the Online-Only Intervention 
 

 

 Low Medium High Difference 

 N Mean SD N Mean SD N Mean SD p-value, eta-squared 

GSPS with Other Community Parents 3 -8.333 6.028 40 0.475 6.664 33 -0.273 4.557 0.078, 0.081 

GSPS with Community Staff 3 -0.333 2.082 40 -1.95 4.326 31 0.742 4.816 0.925, 0.081 

 
Table 22. Income to Needs Ratio based Analysis of Social Connectedness in the Online-Only Intervention 

 
 

 Low Low to Medium Medium to High High Difference 

 N Mean SD N Mean SD N Mean SD N Mean SD p-value, eta-squared 

GSPS with Other Community Parents 7 0.286 14.396 21 -0.762 4.742 33 0.394 4.046 8 -2 4.342 0.078, 0.081 

GSPS with Community Staff 7 -2.571 3.735 20 0.7 3.701 33 -0.576 5.006 8 -3.75 2.765 0.925, 0.081 

 

parents was 3.8 (Table 20)). To more conclusively establish that there was no disparity present, we
ran equivalence tests but did not find any statistical significance, thus we cannot conclude whether
the disparity is present or absent.
Overall, change in social connectedness in the hybrid intervention was positive and varied for

the three socioeconomic factors, with the mean for low education level parents being higher, that
for low ITNR being lower, and for non-English speaking parents being similar to their English
speaking counterparts.

4.4.2 Online-Only. Change in social connectedness of parents with other parents was negative
and lower among parents with low education levels (MGSPS of -8.333) compared with parents of
high education levels (MGSPS of -0.273). Change in social connectedness of parents with staff was
negative for parents with low education levels (MGSPS of -0.333) but positive for parents with
high education level (MGSPS of 0.742) (Table 21). To more conclusively establish that there was no
disparity present, we ran equivalence tests but found no statistically significant equivalence, thus
we cannot conclude whether the disparity is present or absent.

Change in social connectedness of parents with other parents was positive and higher among
parents with low ITNR (MGSPS of 0.286), whereas that of parents of high ITNR was negative
and lower (MGSPS of -2.0). Change in social connectedness of parents with staff was negative for
both, parents with low (MGSPS of -2.571) and high ITNR (MGSPS of -3.75) (Table 22). To more
conclusively establish that there was no disparity present, we ran equivalence tests but found no
statistically significant equivalence, thus we cannot conclude whether the disparity is present or
absent.

Change in social connectedness could not be analyzed for the language factor due to lack of data
points for non-English speaking parents.
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Overall, the change in social connectedness in the online-only intervention, with other parents
and with staff, was negative for both education level and ITNR, with two exceptions. High-education
level parents saw a small positive change in their social connectedness with community staff, and
low ITNR parents saw a small positive change with other community parents. The results were not
statistically significant and thus we cannot conclude whether disparity was present or absent.

5 DISCUSSION
We conducted quantitative assessments of disparities in two interventions—hybrid and online-
only—of a formal parenting education and support community. In this section we summarize our
findings, discuss insights from our findings about disparities from these two community-based
interventions, and reflect on the use of the AAAE framework, to provide recommendations and
future directions for a quantitative examination of disparities in community-based interventions.

5.1 Summary of Findings
We examined disparity in access, adoption, adherence and effectiveness for both the hybrid (RQ1)
and the online-only (RQ2) interventions. Table 23 summarizes the findings of our study, which
demonstrate a disparity and which did not, and includes references to the pertinent result tables
for further details.
Although our aim is not to directly compare disparities between the two interventions due to

conditional restrictions that require different comparison subjects (such as evaluating disparities in
access, see section 4.1), this natural experiment did provide us with an opportunity to reflect on
possible differences between these two implementations of a parenting education community. It
was observed that the online-only intervention amplified access inequality for synchronous classes
among low education and non-English speaking parents. It also amplified adherence inequality for
asynchronous classes, among parents of low socioeconomic status across all three SES factors. Both
hybrid and online-only interventions showed a disparity in adoption of ECFE’s online platform.
Low ITNR and non-English speaking parents faced a disparity in adopting to Parentopia. And, while
we cannot conclude whether disparity was present or absent, effectiveness of ECFE, operationalized
as change in social connectedness, was found to be negative for both education level and ITNR,
in the online-only community with two exceptions. There was a small positive change for high
education level parents with community staff, and for low ITNR parents with other community
parents.

5.2 Implications for Reducing Socioeconomic Disparities
While a quantitative comparison of the disparities in the two interventions was not an empirical
goal of this work, the results provide an opportunity to contrast the experiences in the two inter-
ventions. From our findings, the online-only intervention presented more significant disparities
compared with hybrid intervention, which we argue must take into account differing interven-
tions when building local support communities. The disparities were particularly highlighted in
access and adherence. For example, with online-only intervention, parents of lower education and
non-English speakers participated at rates significantly below expected values, and parents from
disadvantaged groups, especially non-English speakers and low ITNR parents, dropped out at a
much higher rate. Investigating disparities is a necessary step toward more inclusive design in
HCI, but we acknowledge that the task of resolving differences in the form of design is often less
than straightforward. For example, our results only revealed the results instead of diving into the
process of the results (e.g., through interviews or other qualitative methods). Despite this, in this
section, we reflect on our findings for the four components of the AAAE framework and come up
with research and design implications for identified disparities using the lens of inequities in costs
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Table 23. Summary of Findings. In this table, Yes means we found disparities; No means we did not find any
disparities through data analysis.

Framework Elem. Outcome Measures Hybrid Online-only

Synchronous classes enroll-
ment

No, with statistically signif-
icant difference in favor of
low SES parents [Table 2]

Yes, with statistical sig-
nificance [Table 4]

Access Parentopia accounts count Results are inconclusive
[Table 3]

Results are inconclusive
[Table 5]

Attendance frequency in syn-
chronous classes

No, with statistically signif-
icant equivalence [Table 6]

No, with statistically signifi-
cant equivalence [Table 11]

Parentopia usage—How
many participated? Yes, with statistical sig-

nificance [Table 7]
Yes, with statistical sig-
nificance [Table 12]Adoption

Parentopia usage—How
much usage?

Results are inconclusive
[Tables 8, 9, 10]

Results are inconclusive
[Tables 13, 14, 15]

Adherence Classes dropout counts Results are inconclusive
[Table 16] Yes, with statistical sig-

nificance [Table 17]

Effectiveness Change in social connected-
ness

Results are inconclusive
[Tables 18, 19, 20]

Results are inconclusive
[Tables 21, 22]

vs. benefits [75]. Note that, although we discuss the research and design implications in this section
based on the four elements of the AAAE framework, these implications might be effective across
multiple elements, especially when viewing this framework as a pipeline (see Section 5.3.1).
Access. Our results show that there is statistically significant equitable access in the hybrid

intervention for in-person classes (i.e. low SES parents accessed the classes at higher numbers
than the general population of St. Paul). However, video-based classes had a statistically significant
disparity in access in the online-only intervention (i.e., low SES parents accessed video-based
classes at a lower count than expected). In Parentopia accounts, hybrid intervention provided
inequitable access whereas online-only intervention provided equitable access (albeit without
statistical significance). Compare with hybrid intervention, disparities in video-based online classes
may stem from multiple challenges such as limited space, inadequate equipment [16], disrupted
routines, and increased childcare duties [97]. These factors likely escalated the startup costs [75],
preventing access for some low SES families. Lower usage of Parentopia among low SES families
in the hybrid setting could be due to a lesser focus on online interactions given opportunity for
face-to-face interactions, while the online-only model made specific efforts to facilitate equitable
access to Parentopia, especially for low SES families.
To respond to access issues in computing interventions for local communities, future research

should prioritize the identification and measurement of access barriers [57, 66, 82, 92], an area often
overlooked in HCI and CSCW studies. This involves not only determining whether access issues
exist, but also identifying which specific participant segments or outreach efforts are affected. Once
these challenges are identified, solutions such as leveraging public institutions like libraries or
schools to facilitate internet and device access, providing technical support, and adapting services
for low-capacity devices or slow internet connections could mitigate barriers [92], especially when
remote participation is the only option. Considering information accessibility is also important
to solve this issue [32, 74]. For example, web-based systems could be designed to address access
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issues by highlighting key information tailored to different audiences [81]. Additionally, as CSCW
technologies evolve into large-scale information infrastructures, designers must consider for non-
local constraints such as standardization and embeddedness to maintain accessibility [68].

Adoption. We did not detect any disparity in adoption of in-person classes in the hybrid or online-
only interventions. But for Parentopia usage, in hybrid intervention, low SES parents showed lower
than expected engagement. This disparity in adoption was more pronounced for parents with low
education, lower income-to-needs ratio (ITNR), and non-English speakers, potentially exacerbated
by access issues. Despite this, when low SES parents did use Parentopia, their interaction patterns
varied—they viewed content more but engaged less through posts and comments compared to their
higher SES counterparts. This echoed prior research that educated, and higher-income individuals
are more likely to adopt new technologies [9]. Conversely, in online-only settings, their viewing
decreased but their engagement levels matched those of higher SES parents. Several factors may
have contributed to the lower adoption among low SES parents, including sufficient alternative peer
interactions, preference for familiar online platforms, privacy concerns, and lack of technological
support from ECFE or their social networks [92].
To address these challenges, future initiatives could include supporting educators to manage

multiple communication channels, and adopting a community-based participatory design approach
to involve all stakeholders in the design process [19, 49]. Designers should prioritize local-specific
needs and cultural relevance depending on the user base. For example, in our case, in a city
where 46% speak a non-English language, online platforms like Parentopia should support multiple
languages and offer comprehensive staff training for technological assistance to parents. In addition,
encouraging peer support can also facilitate more equitable platform adoption. For example, low-
cost social media platform with peer support can promote adoption of new products by facilitating
learning and alleviating uncertainty [104]. Peer support networks can be particularly helpful for
those who may feel less confident or face obstacles in using the platform, ultimately leading to
broader and more inclusive usage [58]. Ad hoc transient communities and peer matching algorithms
can facilitate effective peer support in online learning environments [87, 105].

Adherence. Parents of the hybrid intervention had differences in adherence to in-person parent-
ing classes across the three SES factors, but these differences were not statistically significant. In
the online-only intervention, there was a statistically significant disparity in adherence across all
three SES factors. This disparity may be attributed to the exacerbation of maintenance costs such
as COVID-related material and mental stressors as time passed. It may also be due to progressively
worsening community experiences with technology products such as Zoom due to ongoing tech
unfamiliarity, and/or inadequate technology support from ECFE and/or their support networks. It
may also be that benefits of participation were not commensurate with difficulties experienced (e.g.
inadequate sense of community via a zoom class, and/or inadequate experiences for their children).
Community-based programs like ECFE that integrate online platforms can improve attendance
by providing flexibility to attend from multiple class offerings including late evening timings,
secure class recordings to watch independently, and providing for the simultaneous engagement of
“older” young children (ages 3 - 5) with teaching assistants to reduce home distractions. Educator
training on conducting sensitive group conversations and building community online, engaging
young children online, along with brief and universally appropriate [92] parent training for online
community participation via tools like Zoom, may help enhance participation benefits.
Effectiveness. Change in social connectedness for the hybrid intervention was positive for

all three socioeconomic factors, but varied. In the online-only intervention, change in social
connectedness was negative for education level and ITNR, with two exceptions (data was not
available for the language factor). Although presence or absence of disparity could not be concluded
due to lack of statistical significance, with an increase in social connectedness across all SES, the
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hybrid intervention fulfilled a critical ECFE goal. This may be attributed to connections experienced
in the in-person parenting classes, and their extension through the complimentary online platform.
The negative changes for education level and ITNR in the online-only interventionmay be attributed
to the reduced efficacy of video-based online classes to foster social connectedness among peer
parents. This may be caused by inadequate training for educators in community building and
participation on mechanisms like Zoom, and limitations experienced from device-based community
engagement. And as noted, resource-constraints during COVID may further limit parents’ ability or
interest in social connectedness with program peers. In addition to suggestions for training for staff
and parents, and identifying ways to engage young children (e.g., integrating children’s voices into
design and planning processes [27]), we recommend conducting community-based participatory
design [19] with diverse parents and staff including those who have experienced ECFE during
COVID, to identify novel ways to enhance community connectedness in both online-only and
hybrid settings. In addition, local communities often have multifaceted objectives regarding what
constitutes effectiveness. In our case, we focused on changes in social connectedness because a
major goal of ECFE is to create a support network in which parents and staff can mutually share
guidance as they navigate parenting. However, as an educational setting, ECFE could also use
learning outcomes (e.g., parenting knowledge or skills) to measure effectiveness. Should future
work prioritize these educational metrics, researchers would need to embed and design evaluation
mechanisms directly into the technological intervention, thereby facilitating the collection of
reliable data and enabling validation of the intervention’s impact.

5.3 Method Reflections on Using AAAE Framework to Assess Disparities
We reflect on how the AAAE framework aids a comprehensive evaluation of disparities in a
community intervention, with the four stages of the framework serving as a “pipeline” to facilitate
understanding the impact of earlier stages on subsequent ones. We explain how this framework
may also help target participant cost examination and support efforts.

5.3.1 Using AAAE Framework as a comprehensive tool for evaluating disparities. We recommend
that the four elements of the AAAE framework may provide a comprehensive and accurate un-
derstanding of the equitability of all aspects of the intervention. If a study were to only examine
one element, say effectiveness, which is not unlikely in computing studies, they risk reaching a
conclusion different than when all elements of the framework are considered. In our research, we
found statistically significant disparity in not just one, but two upstream elements of the online-only
intervention, leading us to a very different conclusion than if we had only looked at effectiveness.
As we applied the AAAE framework, there appeared to be an implicit sense of a pipeline to

the framework where each element depended on the one before it. If some participants suffered
a disparity in one of the elements, the other “downstream” elements no longer applied. For ex-
ample, when non-English speaking participants of the ECFE online-only intervention suffered
a disparity in the “access” element (i.e. they did not or could not access the online-only ECFE),
then “adoption of”, “adherence to” and “effectiveness of” that intervention were not applicable for
that participant segment. Similarly, when low education level participants of online-only ECFE
suffered an adherence disparity, they were able to access and adopt the intervention, but chose to
or had to drop out, creating a disparity in “adhering to” the intervention, making the downstream
element of “effectiveness” not applicable. We suggest that the four elements of the framework be
considered as dependent on the one before it, and not as disconnected elements to be evaluated
independently. Treating the AAAE framework as a “pipeline” also provides the ability to detect
and avoid survivorship bias [1]. If researchers only examine later stages (such as “adherence” or
“effectiveness”), they risk overlooking individuals who already fell out of the pipeline due to earlier
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barriers (e.g., poor language access, lack of digital literacy), thus results of the intervention may
be overly optimistic. For community-based interventions in particular, this has implications that
excluding those who dropped out or never started can mask the very disparities such programs
aim to reduce. By tracking each stage from access onward, researchers could gain a more accurate
picture of which populations are being served, who is slipping through the cracks, and how the
intervention might be improved to ensure the equity.

5.3.2 Using AAAE Framework to target participant cost examination and support efforts. Our current
effort demonstrates how a quantitative evaluation using the AAAE framework enables the determi-
nation of which (if any) elements or stages of the pipeline have disparities. This insight may help
identify relevant participant costs [75] to target pertinent supportive actions. If there is an access or
adoption disparity, participants may be faced with startup costs such as hardware acquisition and
internet connectivity costs, along with a steep learning curve that may lead to excessive reliance
on support networks, for assistance and pooled resources. There may be a need to examine if the
intervention itself is contributing to disparities at various stages of the pipeline. For example, the
intervention may not have robust other language online interfaces or class offerings. This was
reflected in our results as a disparity in adherence for language SES factor. This speaks to the need
for the program/intervention to examine and address issues in its design, services, or policies that
may be contributing to disparities in its use. Adherence and effectiveness disparity may be caused
by the ongoing challenge of maintaining digital access including financial constraints leading to
outdated aging devices, as well as the continual need for technical support, learning, device upkeep,
and emotional management for sense of excessive reliance on support networks. To mitigate an
adherence and effectiveness disparity, and support sustainable engagement, would require the
interventionist to address these ongoing maintenance and affective challenges, including providing
a safe space for the participants to ask for both material and emotional assistance.

5.4 Limitations and Future Work
In this section, we outline the limitations of this study and explore potential ways to extend our work.
First, our study utilized quantitative methods, which limited our ability to delve into the underlying
reasons for the observed disparities in the online-only setting of the ECFE program. However,
disparities were less pronounced in the hybrid setting, which benefited from existing support
structures that promoted more equitable experiences. While some studies [33, 34] have found
reasons for inequalities suffered by lower SES parents in accessing free internet based technologies,
they involve informal peer learning communities for parents. The follow-on work we propose would
build upon these findings by examining why a formal, expert-facilitated parenting community may
be subject to disparities when provisioned online-only, despite providing non-disparate hybrid
community experiences.

Second, our analysis treated each SES factor independently based on established SESmeasurement
practices [17]. However, the complexities of social identities suggest the need for an intersectional
approach in future studies. Future research should consider employing an intersectional frame-
work [78, 80, 83, 90, 101] to provide a more nuanced understanding of how combined factors like
race, gender [48, 55], and SES interact and evolve over time, affecting experiences within diverse
demographic communities. This intersectional approach could address the limitations posed by
treating SES components in isolation and the static nature of SES categorization in longitudinal
studies.
Third, this study indicates the value of technological interventions considering all aspects -

access, adoption, adherence and effectiveness - in evaluating their sustained impact upon the
populations they aim to serve. Without doing so, they may be creating a partial picture at best, and
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an incorrect picture at worst, of the true effectiveness of their interventions. This is not easy to do,
as our own study has shown—Each aspect of the framework may require its own data collection
and analysis, and effort to ensure its completeness and accuracy. We encourage researchers to
quantitatively examine the impact of their community interventions on disparities in their target
communities, following the examples we have described, ensuing an examination of all aspects
of this framework. Specifically for community interventions in parenting education communities,
participatory research can be done to further examine the reasons behind the disparities identified,
and involve all stakeholders of the community.

In addition, as this work was conducted during the global COVID-19 pandemic in 2020, there was
a “planetary pivot” to digitally mediated remote education [99], where erstwhile hybrid or in-person
education systems were forced to transition to online-only learning, creating an extreme but unique
opportunity to advance digitization due to an immersive exposure to the digital environment [86].
However, the pandemic potentially exacerbated disparities in the online-only settings due to
shifts in community dynamics and increased social distancing, reduced in-person interactions [51],
reduced self-efficacy, and learner control, inability to maintain social ties [42, 76, 86]. Despite these
challenges, we believe our results provide valuable insights into disparities by operationalizing the
AAAE framework in two different intervention settings, even after the quarantine. We encourage
the use of this framework in examining the impact of disparities among participants of any
community-based intervention. We also encourage future research to replicate this study within a
community-based participatory design [43, 53]. Such design would include all stakeholders of the
formal parenting education and support ecology, including parents, educators, administrators, and
younger children, from both marginalized and not marginalized segments of the target population.
It would ensure a dialog that brings out ideas where the former, being centered in the design
process, asserts their needs/costs, the latter recognizes them [23], and together the design is closer
to being equitable for the real world where both exist.

6 CONCLUSIONS
In this study, we explore socioeconomic disparities within a formal parenting education and support
community. Utilizing the AAAE framework, we analyzed two interventions: hybrid (in-person
synchronous classes with asynchronous online communication platform Parentopia) and online-
only (online synchronous classes with asynchronous online platform Parentopia). Our results show
significant SES-based disparities in the adoption of Parentopia in the hybrid intervention, whereas
the online-only intervention exhibited significant disparities in access, adherence, and adoption,
exacerbating social inequalities. Moreover, we found that early disparities in the framework can
mask later ones due to survivorship bias, underlining the need for a thorough examination of all
framework elements to accurately assess intervention equity. Our contributions are threefold: (1)
We provide a quantitative empirical analysis of disparities in two community-based interventions;
(2) We operationalize the AAAE framework quantitatively to the domain of parenting education
and support; (3) We offer methodological insights into using the AAAE framework to identify
disparities, prevent survivorship bias, and promote equitable outcomes in diverse community
settings.
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