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Intervention studies with developmental samples are difficult to implement, in particular when targeting demographically diverse communities. Online studies have the potential to examine the efficacy of highly scalable interventions aimed at enhancing development, and to address some of the barriers faced by underrepresented communities for participating in developmental research. During the COVID-19 pandemic, we executed a fully remote randomized controlled trial (RCT) language intervention with third and fourth grade students (N = 255; age range 8.19–10.72 years, mean = 9.41, SD = 0.52) from diverse backgrounds across the United States. Using this as a case study, we discuss both challenges and solutions to conducting an intensive online intervention through the various phases of the study, including recruitment, data collection, and fidelity of intervention implementation. We provide comprehensive suggestions and takeaways, and conclude by summarizing some important tradeoffs for researchers interested in carrying out such studies.
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INTRODUCTION


Intervention Research in Developmental Science

One overarching goal of developmental research is to improve children’s outcomes. The most direct way to achieve this goal is to implement an intervention – some manipulation of a child’s experience or environment – and determine whether it leads to positive changes in outcomes. Not only do such studies allow researchers to test the efficacy of specific intervention programs, but they also play a crucial role in understanding developmental phenomena by elucidating causal mechanisms. A randomized controlled trial (RCT) design is a gold standard for establishing causality and efficacy in intervention research.

Despite the importance of intervention studies in developmental science, executing these studies is difficult. Because effect sizes tend to be small in developmental intervention studies, large samples are needed to detect significant effects (Lortie-Forgues and Inglis, 2019; Kraft, 2020). Interventions must be administered with high fidelity, which can be challenging at a large scale and when they require the involvement of caregivers or educators (Fixen et al., 2005; O’Donnell, 2008; Barton and Fettig, 2013). While in-lab intervention studies allow for highly controlled testing environments, they run the risk of not generalizing to real-world settings (Lortie-Forgues and Inglis, 2019). Additionally, in order to substantially impact a child’s experiences or environment, interventions typically have to be implemented over a long period of time (e.g., on the order of weeks to months). Both recruitment and retention of participants in developmental research intervention studies pose significant challenges.

Further, if interventions are to be translated into wide use, they have to be highly scalable to large numbers of children in diverse environments. In particular, the field of developmental research has recently come under scrutiny for predominantly studying WEIRD (western, educated, industrialized, rich, and democratic) populations (Nielsen et al., 2017). Even in the limited context of the United States, participants from lower socioeconomic status (SES) backgrounds are consistently underrepresented in research (Manz et al., 2010; Nicholson et al., 2011), and the majority of developmental science publications do not achieve a race/ethnicity distribution that matches that of the United States population (Bornstein et al., 2013). In addition to the profound issues related to equity (Lorenc et al., 2013; Veinot et al., 2018), lack of diversity and representativeness in developmental science threatens the generalizability of findings and fundamentally hinders our understanding of human development (Nielsen et al., 2017).

One major roadblock to the inclusion of more representative samples is the low participation rates of families from disadvantaged backgrounds in research (Heinrichs et al., 2005). There are multiple barriers to research participation that these families face, including informational barriers (not knowing about research opportunities), perceptual barriers (how families view the purpose and significance of research), and practical barriers such as lack of time and access to transportation (Heinrichs et al., 2005; Whittaker and Cowley, 2012). There are also many hard-to-reach communities in remote areas, far from universities and research centers. Practical barriers are most prohibitive for families from disadvantaged backgrounds (Lingwood et al., 2020).



Online Studies: New Opportunities for Developmental Intervention Research

Online developmental research studies are becoming increasingly popular and have advanced rapidly during the COVID-19 pandemic. The main benefit of online studies is that they allow families to participate in research from the convenience of their own homes. These studies can take multiple forms, including moderated/synchronous video-based studies (i.e., a live experimenter interacts with a child over a video conferencing platform, such as the Parent and Researcher Collaborative1; see a review by Chuey et al., 2021), unmoderated/asynchronous video-based studies (i.e., through platforms that collect video without a live experimenter present, such as Lookit2; Scott and Schulz, 2017; for review see Rhodes et al., 2020), and unmoderated app-based studies (Gillen et al., 2021). Despite the increasing popularity of online developmental research and the promise of these methods for increased diversity and scalability (Casler et al., 2013; Scott et al., 2017; Kizilcec et al., 2020; Rhodes et al., 2020), online intervention research is still very limited (but see Kizilcec et al., 2020 for an example).

There are multiple factors to weigh when deciding whether and how to implement an online intervention study. For example, moderated research studies – particularly ones that target underrepresented populations – require a large investment of resources and labor (Rhodes et al., 2020). Using an online platform may increase geographic and racial representation (Scott et al., 2017; Rhodes et al., 2020), but at a potential risk of excluding low-income participants due to a lack of reliable internet and technology (Lourenco and Tasimi, 2020; Van Dijk, 2020). Disparities in access to internet and devices – i.e., the “digital divide” (Van Dijk, 2020) – were particularly apparent early in the pandemic, and concerns were raised about whether online studies would inadvertently decrease diversity in developmental studies (Lourenco and Tasimi, 2020). Finally, implementing research studies in participants’ homes, unlike in-lab studies, requires giving up some control over the study environment. In this paper, we describe some of the important factors to consider in the context of our experience implementing an intensive, fully remote RCT language intervention with third and fourth grade students (ages 8–10 years) from diverse backgrounds across the United States from summer 2020 – spring 2021. Notably, this study used a moderated online study design with extensive direct communication, and thus our suggestions are specific to this particular approach. We conclude by highlighting three main tradeoffs to think about when designing a remote intervention study with a developmental sample.



Case Study: A Remote Language Intervention Study During the COVID-19 Pandemic

During the COVID-19 pandemic, we implemented an RCT intervention to assess the impact of listening to audiobooks on reading and language skills. Third and fourth grade students were randomly assigned to the Scaffolding, Audiobooks-only, or Mindfulness (active control) group. Children in the Audiobooks-only condition received unlimited access to audiobooks via the Learning Ally platform3, curated based on their listening comprehension level. Children in the Scaffolding condition also received audiobooks and recommendations, as well as one-on-one online sessions with a learning facilitator twice per week, focused on improving their listening comprehension strategies and supporting their intervention adherence. The Mindfulness group completed a control intervention using a mindfulness app. The intervention period was 8 weeks for each group, with 2–3 h of pre-testing and 2–3 h of post-testing using a battery of measures administered via Zoom. We believe that this project will serve as an informative case study for other developmental researchers considering adapting intensive developmental interventions to an online format. Hypotheses, detailed methods, and results from the study will be presented in a separate manuscript (Olson et al., in preparation4).




RECRUITMENT

An important consideration for developmental researchers planning an online intervention study is whether they will be able to recruit a large enough sample size within a feasible time frame. Furthermore, researchers may be looking to recruit samples that are representative in terms of demographic variables like race/ethnicity and SES. As a case study, we will first describe our final sample characteristics, and then outline specific examples of recruitment efforts throughout the study period that led to this sample, including costs for various recruitment strategies.


Participants

Beginning in mid-summer 2020, we set out to recruit 240 third and fourth grade students (80 per group) with a broad range of demographic, geographic, reading level, and SES characteristics. To be eligible for the first pre-testing session, children had to be fluent in English, have a caregiver who spoke English or Spanish, and have no diagnosis of autism spectrum disorders or hearing impairments. Given that all sessions were held virtually, over Zoom, we unfortunately could not accommodate families who did not have internet or computer/tablet access (N = 14). However, because this study took place during the pandemic, many school systems provided children with access to these resources. We reached back out to families who expressed interest but initially lacked a computer and/or internet over the summer to see if they had been provided these resources by the school system during the school year. Since many families in poor and rural communities lack access to reliable internet (Lourenco and Tasimi, 2020; Van Dijk, 2020), our sample may not be representative of the most severely affected lower-income communities. Children were compensated $20 per hour for all pre-testing and post-testing sessions (approximately 6 h total during the study). Caregivers were additionally compensated $5 per survey for completing a total of ten surveys at the beginning and end of the study. Families also received lifetime access to the Learning Ally audiobook service after completion of the study, regardless of their group assignment.

Figure 1 shows demographic information for the 255 participants (age range 8.19–10.72 years, mean = 9.41, SD = 0.52) who were eligible for our study and were included in one of our three intervention groups, as well as how our sample compares to the United States Census data from 2020 (excludes participants who did not respond to these questions; NA = 24 for race/ethnicity, NA = 24 for maternal education, NA = 37 for paternal education). To demonstrate how the sample demographics in this study compare to similar in-lab and online studies, we also show demographic distributions from three comparison studies (Table 1 and Figure 1): a pre-pandemic longitudinal neuroimaging study conducted in our lab that relied on school partnerships and in-school testing for recruitment (Lab Study A, Ozernov-Palchik et al., 2017), a neuroimaging study conducted in our lab that used a combination of outreach events, advertisements, and social media to recruit participants (Lab Study B, Pollack et al., 2021), and an online intervention study conducted by another lab during the pandemic (Other Lab, Bambha and Casasola, 2021). We conducted a chi-square analysis to compare differences in the frequency of children with parental education of only high school between the current study and the four comparison samples (i.e., Lab Study A, Lab Study B, Other Lab, Census). The current study was not significantly different in the frequency of high school level education or below than the Lab Study A [X2(1) = 3.12, p = 0.078] and Lab Study B [X2(1) = 0.3, p = 0.584], but it had higher frequency of high school level education or below than the Other Lab study [X2(1) = 26.15, p < 0.001] and lower frequency than the 2020 United States Census data [X2(1) = 76.6, p < 0.001]. For a study conducted entirely online and during the pandemic, we successfully achieved a socioeconomically diverse sample comparable to pre-pandemic in-person studies that relied on in-school recruitment. Notably, the comparison online study – which did not specifically aim to recruit a diverse sample in terms of SES – included almost all mothers with at least a 4-year college degree. Thus, the transition to online studies does not automatically increase participant diversity in terms of SES.
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FIGURE 1. Comparison to two studies from our lab conducted prior to the pandemic (Lab Study A, Ozernov-Palchik et al., 2017; Lab Study B, Pollack et al., 2021), one from another lab conducting a similar study during the pandemic (Other Lab; Bambha and Casasola, 2021), and the 2020 US Census. For Lab Study B, we included all participants who completed any portion of the study. (A) Highest level of parental education attainment, including both parents, for all who responded (Lab Study A, N = 358; Lab Study B, N = 463; Other Lab [maternal only], N = 118; Current Study, N = 449). 2020 Census includes all adults 25 years and older. (B) Parent-reported race/ethnicity of the child, for all who responded (Lab Study A, N = 179; Lab Study B, N = 230; Other Lab, N = 115; Current Study, N = 231). Participants who identify as Hispanic/Latino are counted in that category, regardless of race. Other categories reflect that race alone (not Hispanic/Latino). *Bambha and Casasola reported maternal education only: obtained high school degree (118/118), obtained 4-year college degree or above (112/118); and reported Hispanic/Latino separately from race (15/115 were Hispanic or Latino).



TABLE 1. Comparison to three representative studies.
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We also evaluated differences in the frequency of white participants across the five samples. Our study had a lower frequency of white participants than Lab Study A [X2(1) = 13.58, p < 0.001], Lab Study B [X2(1) = 35.19, p < 0.001], the Other Lab study [X2(1) = 27.14, p < 0.001], and the 2020 United States Census [X2(1) = 14.02, p < 0.001]. The majority of developmental studies do not have representative samples in terms of racial diversity (Bornstein et al., 2013). There are important caveats to the comparison between the current study and the other lab studies, however. The in-lab studies were not conducted during a pandemic, and they involved neuroimaging. Despite their longitudinal nature, the in-lab studies did not include an intervention, which may have incentivized participation from some families. Nevertheless, although the comparison is not well-controlled, it suggests that we were successful in recruiting a diverse, representative sample of participants. Furthermore, we attained substantially more geographic diversity than is possible with in-lab studies. Our 255 participants came from a total of 26 states and 186 zip codes in the United States, plus Canada (Figure 2).
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FIGURE 2. Map of participants by state. Map shows number of participants per state that were sorted into one of the three intervention groups (N = 255). Not shown: 1 participant from Canada.




Overall Recruitment Strategies

To attain a diverse sample for our online intervention study, we tried several avenues for recruitment, including existing relationships with schools, new school partnerships, and online advertising. We received MIT Institutional Review Board (IRB) approval for all of our recruitment materials including flyers and social media ads in English and Spanish. These flyers and ads included a link directing caregivers to our participant screening survey. All study data, including data from the screening survey, were managed using REDCap (Research Electronic Data Capture), a secure, web-based software platform designed to support data capture for research studies (Harris et al., 2009, 2019). The landing page, available in English and Spanish, briefly outlined the study and asked the parent or guardian to provide contact information, a simple demographic profile of their child, and other factors relevant to the study (e.g., access to technology). We included the question, “Does your child receive free or reduced lunch at school?” and prioritized contacting the families that responded ‘yes’ to this question. Below, we describe the efficacy of our different recruitment strategies, as well as our takeaways for other researchers considering these methods for an online intervention study.


School Partnerships

We began recruitment efforts in summer 2020 by reaching out to large and diverse school districts with whom we had existing relationships. Our hope had been to disproportionately recruit lower SES students based on the profiles of the districts, such as public schools with high percentages of free/reduced lunch eligibility. We met with district leaders and principals, who expressed their enthusiasm and commitment to supporting our study. Fourteen schools, all with a large proportion of free/reduced lunch eligible families, officially partnered with our study. Outreach efforts by educators at our partner schools included pre-recorded phone calls to families, flyers, and text messages, with a range of 3–8 outreach attempts per school to their eligible students. This outreach yielded a relatively small fraction of the target number of students (Figure 3). It is important to note, however, that our school recruitment efforts took place during the early months of the pandemic when many educators were managing the logistics of school closures, and caregivers were getting accustomed to the new realities of remote learning. Additionally, our school partnership efforts were limited to schools with predominantly English and Spanish speaking parents and caregivers, as we were not able to accommodate families in additional languages. Online intervention studies that choose to focus their recruitment on specific school districts should likewise consider the predominant language(s) spoken within the community, as we found that our study required substantial ongoing communication with families to provide appropriate support and ensure adherence (see “Family Communication and Retention” section, below).
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FIGURE 3. Completed screening surveys and final participants by recruiting source.




Social Media

Our biggest recruitment success came from social media advertising through Facebook and Twitter. However, recruiting via these modalities introduced a unique set of challenges and considerations. One other online option we pursued was Craigslist targeted for specific zip codes, but this approach was ineffective due to Craigslist’s stringent policies regarding the categorization of ads.



Facebook

We first posted about our study on our lab’s Facebook page. Our lab had existing relationships with parent advocacy groups and other organizations that serve students with language-based learning disabilities. These organizations were more likely to include families from higher-SES backgrounds, so our initial social media recruitment efforts were skewed toward this demographic. We then transitioned to paid Facebook ads. Our initial push was not as fruitful, primarily due to a low budget: we originally invested $25 per posted ad, with each post spanning 3–5 consecutive days within a week. Each week, we launched a different ad until we exhausted our three differently themed ads (each available in English and Spanish), then started the sequence over again. After a month, we increased the budget to $300 per posted ad for subsequent weeks. With this latter approach, we settled on three consecutive 24-h days, usually Friday–Monday. Table 2 summarizes Facebook ad effectiveness for different representative configurations of ads.


TABLE 2. Effectiveness for three representative Facebook Ad configurations.
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Not surprisingly, it quickly became apparent that the amount of money invested resulted in increased study interest; the higher the investment, the more the ad is advertised across Facebook, Instagram, and Facebook messenger. The more the post is advertised, the greater the opportunity for engagement, and ultimately increased participation numbers. For future studies, if using Facebook, we recommend a generous social media budget to yield a large pool of participants. In total, we spent $4,389 on Facebook advertisements over the course of the study, and a total of 131 of our 255 participants indicated that they found out about our study via Facebook (Figure 3), resulting in an average cost of approximately $34 per participant recruited via Facebook (Table 2). However, the actual cost per Facebook-recruited participant varied widely during different ad campaigns (Table 2).

To help us recruit participants from lower-SES backgrounds, we used targeted advertising. Facebook provides an option to target specific audiences by selecting cities, zip codes, educational level, age of child, individual interests, and more. While more individuals from targeted communities will see the post across their social media accounts, it does not necessarily mean that each individual who engages with the post will enroll in the study, so consistently posting is key to increasing enrollment rates. For instance, after boosting our recruitment success by targeting ads at 25-mile radius circles around select cities (variously, Atlanta, Boston, Chicago, Dallas, Detroit, Houston, Los Angeles, Miami, New York, Philadelphia, Phoenix, and San Antonio), to target families closer to urban centers, we narrowed the radius to 10 miles in an attempt to recruit more lower-SES participants. Recruiting to this profile proved less successful than it was for the 25-mile radius group. We then used a “household income by zip code” list to try to further improve lower-SES recruitment, but as with the 10-mile radius effort, this approach was not successful. Table 2 shows estimated costs per participant (qualified and began the intervention) who learned about our study from one of the three ad campaigns. It should be noted that these estimates rely on open-ended report of how participants learned about the study, and that these ad campaigns proceeded sequentially over different times during the year, with substantial variation in exactly which areas were targeted. Thus, while we think the estimates are informative for researchers considering these strategies, many factors likely influenced the number of participants we recruited.



Twitter

Learning Ally, the non-profit audiobook company that we partnered with for the study, advertised our study via Twitter (Table 3). We attribute their much higher ad engagement (about 10x what we saw with Facebook) to their large and strong following. This higher ad engagement did not translate to more sign-ups, however, as no participants explicitly identified Twitter as how they found out about our study.


TABLE 3. Effectiveness for Twitter Ads.
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Takeaways

School partnerships allow for greater control over participant demographics, as researchers can choose to partner with schools that have specific demographic profiles. However, establishing these partnerships takes time and effort, and may yield modest recruitment for an intensive, out-of-school intervention program. While it is certainly possible to establish school partnerships for an online intervention study, it does require substantial resources (both time and money) from the research team. Social media advertising brings the benefits of both large reach and precision targeting. Since online intervention studies do not have geographic constraints, this recruitment strategy may be beneficial for other developmental researchers considering implementing an online intervention.

Response rates per ad shown are quite small – close to 800,000 people viewing the ad yielded less than 150 actual participants. For the paid advertising, the cost ranged from $0.25 to $1.40 per ad click. This relatively wide difference reflects whether the audience knows the advertiser (in the case of Learning Ally’s Twitter audience), how the ads were targeted by SES level (lower SES clicks had a higher cost), and what language the ads were in (English had a lower cost than Spanish). It is important to note that clicks do not remotely equate directly to study participants – the vast majority of people reaching the screener landing page (95%+) did not sign up for the study.

Overall, our recruitment efforts led to a representative sample of participants in terms of caregiver education and child’s race/ethnicity (Figure 1). We also attained substantial geographic diversity, with participants from 186 different zip codes and 26 different states in the United States, plus Canada (Figure 2). Our sample was not substantially more diverse in terms of caregiver education compared to other studies run by our lab that aimed to recruit diverse samples, but it was more diverse than another similar study run during the pandemic that did not explicitly aim to recruit a diverse sample based on caregiver education. Our sample was also more ethnically/racially diverse than similar in-lab studies and the general United States population. Thus, the transition to an online intervention format does not necessarily lead to more diverse samples on all dimensions without explicit efforts on those fronts, as well as a considerable recruitment budget.




FAMILY COMMUNICATION AND RETENTION

Another factor developmental researchers will need to consider when adapting to an online protocol for intervention studies is how to ensure continued engagement and adherence to the program. During our study, not only were we collecting data and administering an intervention online, but we were also doing so during a global pandemic. Families dealt with illness, death, financial stress, technological challenges, and other difficulties over the course of the study. We adapted our communication protocols to be as supportive to families as possible. We believe that these lessons are also worth sharing, as even in non-pandemic times, families encounter these and other challenges.


Personalized Communication Methods

Having robust procedures for family scheduling and communication was vital to our study. We had a dedicated research team whose primary role was to contact families and answer any questions that came up. This team included two full-time research staff, as well as 2–3 undergraduate research assistants available to troubleshoot specific questions regarding the use of the audiobook app. We received 15–35 emails per day regarding scheduling, rescheduling, payment requests, score report updates, app issues, etc.

Before the study began, we drafted email and text templates for key communication points at various stages before, during, and after the intervention. For example, we had templates for program orientation and onboarding procedures, appointment confirmation and session reminders, as well as periodic check-ins. In our screening form, we asked for each family’s preferred method of communication, and we used this method throughout the study. To ensure consistency in communication, one researcher was assigned to each family and handled all communication for that family. While communicating with families using various methods (i.e., emails, phone calls, text messages) was more time and labor intensive, we found that it boosted participation throughout the duration of our study. We observed high retention rates overall, but there was still attrition (Figure 4). Text and email reminders helped minimize missed appointments. If participants missed a session or were generally more challenging to communicate with, we noted this for their next session and asked the tester to send an additional reminder the day of the testing session to ensure attendance.


[image: image]

FIGURE 4. Participant pipeline and attrition.


For the Scaffolding Group in our study (i.e., the intervention group that met biweekly with ‘learning facilitators’ in addition to listening to audiobooks), the average family required approximately 37 points of contact throughout the study. This included appointment confirmations, reminders about reading books, payment details, and parent surveys. Similar levels of communication were required for the other groups (i.e., Audiobook-only and Mindfulness), with around 24 points of contact per family. Importantly, however, the number of contact points per family within each group varied based on families’ circumstances. Families with limited access to and knowledge of technology at home required additional support throughout the study from our research team. Families with more variable work schedules were more likely to miss sessions or need to reschedule. Thus, we strongly advocate for clear, consistent, and individualized communication with all families, which may especially affect the enrollment and retention of the participants from disadvantaged backgrounds.


Importance of Bilingual Research Personnel

There was a large proportion of Spanish-speaking families in our partner schools. Our final sample included 12% Spanish-speaking participants (30/255), and we had two bilingual Spanish-speaking full-time researchers to support these families. At the beginning of the study, there was a large effort to translate all study materials, surveys, and additional resources into Spanish. Although most of the translation effort was front-loaded, there was still a need for Spanish-speaking researchers throughout the study for family communication.



Scheduling

Since we had families from across the United States participate in our study, we had to account for multiple time zones when scheduling sessions with testers and learning facilitators. We were able to schedule sessions around each family’s schedule, including weekend and evening sessions. Each tester had a personal, secure Zoom link that was sent to the family before their scheduled session. Unlike in-person data collection, there was no limit to how many sessions we could book at one time, since physical space was not an issue. Testers called and attempted to troubleshoot with the family if the participant had difficulty getting onto Zoom. The child could complete sessions on a computer or tablet; we also allowed children to log onto the Zoom session via a cell phone in circumstances where no other option was available (only for tests without visual stimuli, as image size would be significantly reduced on a phone screen).




Retention

Most families who expressed initial interest by filling out our screening survey did not end up participating in our study. We experienced high attrition between screening, pre-testing, and group assignment. However, once participants completed onboarding procedures and began the 8-week intervention, attrition was quite low (Figure 4).

Flexible accommodations to families’ individual needs minimized mid-study attrition, but it could not be entirely prevented. In some cases, children were very resistant to participating in the intervention. For example, given the new distance-learning protocols implemented during the COVID-19 pandemic, some children reported not wishing to have more screen-time. This may be relevant for future studies if educators continue to rely on screen-based technology for learning in and out of school. In instances where children were especially resistant to participating, we did not pressure them to continue. In other instances, however, families simply stopped responding to emails and texts. We observed the greatest non-responsiveness at the end of the program, when attempting to schedule post-test sessions. When faced with non-responsive participants, we first followed-up with multiple (∼5) reminder emails, phone calls, and/or text messages, then we issued one final check-in email before suspending any further attempts to reach out.



Takeaways

Overall, we credit the efficiency of our communication pipeline to the use of pre-drafted email/text templates and maintaining an active log of all communications. We recommend frequent and consistent communication with participants to minimize attrition when conducting large-scale online intervention studies. Being timely with responses encourages participants to continue with the study and increases their participation at the post-testing portion of the study. To manage a large number of participant questions, it is important to have a main contact person for each family. We found that regular interaction with our families, via their preferred mode of communication, was effective in establishing rapport and maximizing engagement. Moreover, it is critically important to have bilingual staff who can closely support families who may speak another language. Finally, detailed study orientation materials and clear, step-by-step onboarding procedures are useful to ensure that participants understand all study requirements and to preemptively troubleshoot potential barriers to participation.




DATA COLLECTION

For developmental researchers that typically utilize in-lab assessments, a major adjustment when transitioning to online intervention studies is adapting measures for online administration. Here, we describe the measures we used, how assessment scores compared to in-lab administration of the same assessments, how we dealt with variable testing environments, and how we trained our team to administer assessments online.


Behavioral Battery Adaptation

Adapting assessments for online administration required careful consideration to ensure feasibility for both testers and participants. We decided to administer all assessments over Zoom, which allowed testers to directly interact with participants in real-time. For scoring purposes, we audio- and video-recorded each session and stored these recordings securely. The Zoom platform enabled testers to share their screens, allowing us to display scans of stimulus items and online assessment platforms.

Online administration of the assessments in our battery required various considerations and adaptations (Table 4). Some tests had already been adapted for online administration, and we used the publisher’s online administration and scoring platform. Other tests required tracking the child’s responses and simultaneous scoring that was not viable via the computer. We mailed packets to each tester containing printouts of these assessment score sheets along with dry-erase markers and plastic protector sheets. This packet also included a copy of the testing manual containing the required materials and procedures for all tests. These materials allowed testers to have fewer files open on their computer at once during the session. We used DropBox (MIT provides large storage space to its affiliates) to upload all materials for tester access (e.g., stimulus item scans, administration guidelines, etc.), and we used team Slack as a way to troubleshoot or to ask questions before, during, or after test administration.


TABLE 4. Assessments and adaptations for remote administration.
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Tester Training

The testing team consisted of graduate students from speech and language pathology or early education programs with experience administering psychoeducational evaluations to school-aged children. All testers were native English speakers, and some were also fluent in Spanish. All testers had prior knowledge of the Zoom platform and different file storing/sharing programs (e.g., DropBox, Google Drive). Testers were trained remotely on administering and scoring our assessment battery. Before starting their first session, testers scored a video-recorded session and were deemed ready if they achieved 95% reliability with the first scorer (an experienced tester). A team member reviewed and scored the video recording of each tester’s first session with a child and gave them feedback as necessary. Training continued until the testers were able to administer and score all assessments with high accuracy. Testers were blind to participants’ group assignments. One benefit of online testing is the ability to easily video record testing sessions. Doing so helped facilitate a more thorough reliability assurance than for in-lab studies that tend to only audio-record sessions.



Remote Administration

We also needed to adapt our general assessment administration procedures. Each session began with the tester confirming the child was in an optimal testing environment, and adjustments were made if necessary (i.e., moving to a quieter space in the home). Caregivers were asked for their permission to have the Zoom session recorded. The tester then reviewed the consent form with the caregiver and the assent form with the child, which had been emailed to the family before the session, and obtained verbal consent from both the caregiver and child. If the family’s primary language was Spanish, the initial session was scheduled with a bilingual tester, or another bilingual member of the team joined the session to obtain consent in Spanish. Testers then administered the assessments. These were split across 2–3 sessions, as the battery of tests was extensive, and children generally fatigued after about 90 min. Immediately following the session, testers uploaded the recordings of both the verbal consent/assent and the testing session to a secure server, and submitted records of participants’ responses.

Finally, we needed to establish data management and scoring procedures that ensured accuracy in the online setting. Since paper record forms could not be centrally stored with all of our testers working remotely, we created Google Forms to record participants’ responses for most assessments. Having digital copies of item-level responses helped with easily calculating reliability for each assessment (Table 4). The Google Forms were used to generate spreadsheets of participant data for each assessment. All records only used participant IDs. Other assessments required the use of the developer’s platform for scoring.


Testing Environment

The testing team encountered a variety of challenges unique to the virtual testing environment. In-person assessment allows for more knowledge of and control over what participants are doing during the session. With online administration, we relied more on children and caregivers to achieve consistency in the testing environment. For instance, during the online sessions, we needed to make sure that participants could see and hear what we expected them to, despite not having direct control over the visual display and audio output of their devices. Thus, testers regularly asked participants to confirm that they could see the screen-shared materials and hear their voice clearly, adjusting the size of materials on display and asking children to adjust their speaker/headphone volume as necessary.

The most common issues were loud background noise in the home and poor internet connection, which often affected audio quality for the participant, tester, or both. It was sometimes difficult to judge the quality of what the child was hearing, especially when caregivers were not present to provide feedback. For assessments that involved timed performance or stimulus items that could not be repeated, testers made adjustments to reduce validity concerns. If there was background noise and the child did not have a quieter space, testers asked the child to put on headphones or saved listening tasks for the following session when the child might be in a quieter environment. Child responses were often difficult to discern when answer choices involved rhyming letters (e.g., A, B, C, D), even after asking the child to repeat the response. In these instances, testers requested that the child type their answers into the chat on Zoom.

Internet connectivity and other technical factors (e.g., the ability to download and play audio files provided by the team) varied widely across participants and between sessions. Sometimes testers turned off the video portion of the Zoom call in an attempt to improve the audio connection. The team also encountered minor technical issues with specific aspects of the online administration process, such as problems with using the “Remote Control” function on Zoom on certain types of computers.

At times, the participant’s home environment was distracting for other reasons, such as family members or pets entering the room. Many children completed the testing from a desk, but many others completed it while sitting on a couch or in their bed, and some children needed reminders to sit up or change position to better focus on assessment tasks. Because some caregivers chose to remain in the room during testing, testers occasionally encountered caregivers who continued to help their child despite the tester’s requests not to. In particular, because caregivers were often off-camera, it was sometimes difficult to gauge the extent of the support given by the caregiver. The presence of caregivers in the room may have made some children more self-conscious about their performance, whereas other children appeared comforted by their presence. Also, because the tester could not see the child’s screen, some children may have attempted to look up answers to certain testing questions, though we do not believe this to be a significant issue overall. The ability to record and re-watch sessions while scoring was critical given these challenges unique to the home setting.

Finally, some children felt fatigued during sessions scheduled after the child had just spent several hours on the computer during remote learning. Testers offered breaks and/or ended the session based on their judgment of the child’s fatigue and engagement.



Scoring

To ensure validity, each assessment was double-scored by another tester. The second scorer watched session recordings (stored and accessed on a secure server) to verify the original scores provided by testers. If there were discrepancies between first and second scores, a core research team member who is an experienced clinician made the final scoring decision.

Scorers used an online spreadsheet to document the scoring process: the team would notate who second scored a test, their calculations of scores, any scoring discrepancies that were resolved, and any validity issues within a testing session. The scoring spreadsheet also contained formulas to automatically calculate raw scores to make the process more efficient. The second scorer documented the final scores in REDCap. Scorers were encouraged to consult and communicate with the team whenever scoring questions or concerns arose.



Reliability

We computed Cronbach’s alpha and split-half reliability for all of the standardized tasks administered in our study, except for one task where item-level information was not available from the publisher’s website (DIBELS). Table 4 provides reliability coefficients for the current study and, for comparison, the coefficients provided from the publisher for each of the subtests. The reliability coefficients for the online administration of the subtests were comparable to those reported by the publishers and are considered to be within the acceptable-good range.


Measurement Error

To further evaluate whether online administration of assessments introduced a measurement error, we calculated pairwise correlations among the standardized measures used in this study that overlapped with those administered for a different pre-pandemic in-person study in the lab (Lab Study A; Table 5). The comparison study (Lab Study A, Ozernov-Palchik et al., 2017) included 158 rising third-grade students with complete data for the relevant tests. Participants for this study were recruited from 21 schools in New England and represented a demographically similar sample to that of the current study (Figure 1). The correlation patterns among the variables in both studies were similar, suggesting that the same constructs were evaluated in the online version of the assessments as in the in-person version.


TABLE 5. Pairwise correlations among a sample of six variables from the current study and a comparable pre-pandemic in-person study from the same research lab.

[image: Table 5]




Takeaways

The training process for administration and scoring of online assessments was more labor intensive than in-person studies, as there was an additional layer of developing tester competency with managing Zoom, engaging the child, and recording scores in an accessible way. Difficulties included connectivity issues and controlling for the environment (i.e., background noise, distraction). The lack of control over the child’s home environment posed some reliability and validity concerns, but the flexibility of online administration also allowed for a greater ability to adapt to children’s and families’ individual needs. Some children may have benefited from testing in their home environment, as testing in an unfamiliar location can lead to anxiety or stress.

For those planning to implement an online testing battery in an intervention study, we recommend setting up clear and detailed systems for documentation. The amount of digital documentation was greatly increased through adaptation for virtual administration. Materials and data should be organized in the most centralized and streamlined way possible to avoid confusion and misplacement of files. Not all stimuli and record forms can be easily adapted for online administration, and alternative methods (e.g., scanning the original form) may need to be considered depending on the assessment and availability of technology to testers and participants. It can be helpful to compile a document outlining each test, how it is administered, and links to any websites or documents needed for administration so the team has a centralized procedural document to follow.

We also recommend that before starting a new online study, researchers outline guidelines for addressing technical or environmental issues that inevitably arise (e.g., what to do if you are having trouble discerning the child’s answer via Zoom). Technical and environmental factors cannot be eliminated when assessments are being administered virtually, but clear procedural guidance and detailed documentation during testing (e.g., noting the child’s behavior and any technical issues) can help reduce reliability and validity concerns. Having an online, real-time messaging system (e.g., Slack) is also an essential tool to ensure the team is able to communicate questions and concerns. Overall, the results for the standardized measures in the current study suggest equivalent effects of online testing to those of in-person testing, which are encouraging for the potential for future online intervention studies.




INTERVENTION

Developmental researchers transitioning to a fully online intervention study will need to carefully consider how to adapt materials, train the research team (particularly if they are not located in the same place), and address difficulties that may be more likely to arise in online settings. In particular, intensive implementation of an intervention during the pandemic introduced new challenges related to privacy and disclosure. Finally, qualitative data on individuals’ experiences participating in the study is important for identifying potential confounds and limitations, as well as for considering future scalability. We conclude this section by providing examples of feedback received from children and caregivers in our study.


Curriculum Adaptation

In our study, the Scaffolding Group received biweekly scaffolding sessions led by learning facilitators. For these sessions, we adapted an existing curriculum targeting oral language skills in elementary school children developed by the Language and Reading Research Consortium (LAARC; Jiang and Logan, 2019). We added verbatim scripts for the learning facilitators to read to the children. Before each session, the learning facilitators adapted these scripts to the particular text they were working on with their child. The online format allowed learning facilitators to more easily follow a script than during face-to-face communication, thereby assuring greater fidelity of implementation. We also adapted materials that are designed for use by teachers in a physical classroom to online administration. For example, we used the whiteboard feature in Zoom to draw and write words during the lesson. As part of their preparation for each lesson, the learning facilitators prepared slides with pictures of vocabulary words from the books. We embedded explicit instructions on how and when to utilize these virtual materials for each strategy. To avoid boredom and distraction, we incorporated activities to optimize child engagement during each lesson. All scaffolding sessions were recorded and stored on a secure server.



Learning Facilitator Training

We recruited and trained over 20 undergraduate students for the learning facilitator role during the study period. Students were interviewed and selected based on their experience and/or willingness to work with children and families, availability to meet consistently twice a week with their assigned participants via Zoom, and enthusiasm for the research. Our research team was ethnically and racially diverse, and many students were fluent in languages in addition to English. While over the summer most of the undergraduate students had full-time roles on the project, once the school year began, they had to juggle their work with their own courses and other responsibilities. Given the pandemic, many of the undergraduate students were not living on campus and completed their work from their own homes across the United States and in other countries. Our study team included many first-year students, students working in a lab for the first time, and students who did not come from a science background.

Learning facilitators underwent extensive training before being matched with participants to ensure implementation fidelity. First, we provided training in human subjects research, general strategies for working with young students, and background literature on language/reading and summer interventions. Learning facilitators were also trained on the Learning Ally audiobook platform, and began reading the books used in our study. Because all of these training sessions were remote, learning facilitators could refer back to the recordings as needed. Next, we reviewed the scripts for each lesson with learning facilitators in group meetings. Learning facilitators paired up to practice each component of the lesson with each other (e.g., check in, vocabulary instruction, and scaffolding instruction). Each learning facilitator then recorded a full practice session which was reviewed by a member of the core research team. Learning facilitators received feedback on their recorded session, and those that required additional practice were asked to record new verification videos that implemented this feedback before being assigned participants. Undergraduate students who joined our team after the first summer were matched up with an experienced learning facilitator who served as a mentor and practice partner during training and beyond.

Crucially, training did not cease when learning facilitators began working with participants. All learning facilitators attended weekly meetings where they discussed their participants’ progress and troubleshooted any issues. These issues ranged from how to properly implement specific strategies in the scaffolding curriculum, to how to communicate effectively with caregivers about scheduling, to how to respond to a child that shares difficult personal circumstances (see “Child Disclosure” section, below). Learning facilitators were encouraged to reach out to members of the research team any time they wanted to review a session and discuss strategies for working with a specific child, which was facilitated by the online nature of the study. A member of the research team also spot-checked session videos and provided feedback to learning facilitators as needed to ensure intervention fidelity. Finally, we cultivated an active community in a Slack channel, which allowed learning facilitators to post and answer questions promptly. This multi-tiered network of support enabled our team of undergraduates to thrive in the remote research setting. Notably, in addition to all of their responsibilities as learning facilitators, undergraduates also filled numerous other roles on the project such as developing proximal assessment materials, transcribing language samples, communicating with caregivers, and assisting with data maintenance.



Online Intervention


Technical Challenges During Scaffolding Sessions

The biweekly scaffolding sessions over Zoom introduced challenges unique to the virtual setting. First, researchers were dependent on the capabilities of their own and the participant’s internet connection and thus had to flexibly adapt when the connection was impaired. Many participants occasionally could not see or hear their learning facilitator during crucial parts of the session, or the learning facilitator could not discern what the participant was saying from the lagging audio. Learning facilitators took many steps to troubleshoot these issues while staying on Zoom. Turning cameras off, relocating closer to the Wi-Fi router, asking for a school-provided hotspot, and even using FaceTime or phone calls in tandem with Zoom helped mediate these issues. In a few cases, learning facilitators sent the session’s materials to families ahead of time to print out or download so the child would not have to wait for webpages or screen-sharing to load. Learning facilitators also supported participants who had difficulty logging into or using the Learning Ally audiobook app by asking participants to share their screens and walking them through the setup.

The online setting also enabled children to multitask during sessions. For example, there were numerous instances of participants attending sessions while siblings played video games in the same room, while friends were over, or while simultaneously doing something else on the computer. To address these distractions, learning facilitators would ask, “Are you distracted right now? How can we fix that?” and have the child come up with potential solutions. These solutions included putting on headphones, moving to another room, or asking the people around them to quiet down.



Child Disclosure

Disclosure of sensitive information occasionally came up during the testing and scaffolding sessions. In some cases this was prompted, as our study included parent and child questionnaires about experiences during the COVID-19 pandemic, negative feelings, and anxiety/depression. For example, a child disclosed that they thought about death ‘‘all the time’’ in response to a questionnaire item. We also anticipated that some scores on child self-report and parent-report anxiety/depression measures might fall in the clinically elevated range. In other cases, unprompted sensitive information was shared with researchers. For example, one child, when asked to use the vocabulary word ‘evasive’ in a sentence, said that they ‘‘used evasive action to avoid their mother hitting them.’’ To address these expected and unexpected issues, we developed a detailed protocol for the research team to follow, overseen by a clinical psychologist who is a member of the research team. The psychologist checked the questionnaire data for red-flag indicators (supplemental protocol5) weekly. If there were indicators that met our criteria for concern (e.g., anxiety or depression scores that were in the clinically elevated range), she reviewed the pertinent data available and contacted the parents/guardians to alert them about the areas of concern and potentially suggest that they consider seeking a professional consultation for further guidance, if they had not already done so. In most cases, the parents/guardians were aware that their child was struggling emotionally (and many had already sought professional help or were in the process of doing so).

If a child indicated negative thoughts or feelings directly to a research team member during a session, the research team members were instructed to notify the psychologist immediately following the session. The psychologist would then follow up with the parents/guardians as necessary. We handled the incidence when a child came up with an example sentence about trying to avoid being hit by their parent differently. Although the role of researchers in mandatory reporting is debated, many states mandate researchers working with children to report suspicion of child abuse (Allen, 2009). Consequently, we called State Child and Family Services, where the family lives, and did an anonymous screening. Based on the information we provided, we were told that “it doesn’t rise to the level of report.” We continued to monitor the child, but nothing alarming came up during the subsequent sessions.

We learned from this study that particularly when frequently working with children directly in their homes or when collecting sensitive information, issues related to children’s safety and wellbeing are likely to come up. We were fortunate to have a trained psychologist on our team who helped us develop a detailed protocol for dealing with these issues and who was responsible for communicating this information to families in a non-alarming but informative manner. Although not always mandated by the IRB, every study that involves children should include detailed procedures for handling sensitive information. Additionally, particularly for online studies that span several states, it is important to know which agency handles suspicions of potential abuse or neglect and what responsibilities researchers working with children have in that state.

Finally, it is important to support team members who may hear from children about difficult challenges they are facing. Most research assistants do not have mental health training, and thus may experience stress or other reactions to instances of child disclosure. Our learning facilitators were undergraduate students who themselves had been dealing with unprecedented challenges related to the pandemic. We addressed these potential challenges explicitly during training and through encouraging continuous communication within the team throughout the study, and by clearly indicating who to contact if such an issue arose. On our Slack channel and during weekly meetings, team members shared their experiences, debriefed, and coached each other on how to best respond to participants. In specific instances (described below), the clinical psychologist on our team provided one-on-one support to team members.




Qualitative Caregiver and Child Experiences


Child Reflections

At the end of the 8 weeks of meeting with learning facilitators, many participants did not want the study to end. When one learning facilitator started the last session with her student by saying, “Are you ready for our last lesson today?” the participant responded, “Yes, but I don’t want it to be our last lesson,” and ended up signing off the call by saying, “Okay, love you, see you, bye!” Another participant who always brought his favorite stuffed animal, Teddy, to the sessions remarked that, “Teddy is sad,” when saying their goodbyes at their final meeting.

Many children reported enjoying the study experience, even if they did not enjoy their regular school-related activities or reading. During her final session, one student remarked “I hate school! School is evil.” The learning facilitator said “Well, this is like school and this was really fun!” to which the participant said, “This wasn’t evil.” One participant who had previously stated he did not enjoy reading told his parent at the 7-week mark: “You know what’s so great about the audiobooks mum? It’s that they’re able to go into such more details than movies!” The parent expanded on this: “I cannot express the joy it brings me to hear my son starting conversations with me about stories he’s read. Last week he wanted to recount some various storylines to me from books. To [say] that we’ve been enjoying the experience is an understatement. Thank you.”

Many children also faced pandemic-related challenges that affected them during the course of the study. In addition to being out of school and having their social lives change, a few had family members who were directly affected by the virus. For instance, one participant was living with an uncle who had COVID-19. During one session, she told her learning facilitator, “People are in my house and it’s difficult for me and my mom because, you know, my uncle is going to die. They want to help him, but they can’t.” One week later, during the routine check-in, the learning facilitator asked how she was doing and the participant said she was sad; “Yesterday, my uncle died. We saw him and, like, it’s sad for me since I [have known] him since I was a kid. Me and my mom [were] crying.” Her learning facilitator expressed her condolences, letting the child know that this is an extremely difficult time. She made sure to offer the participant an opportunity for breaks, instating a codeword of “rainbow sunshine.” The learning facilitators adapted to meet the participants where they were at emotionally and mentally each session, knowing that the pandemic affected everyone’s lives differently, and were generally a welcoming, consistent presence in the participants’ lives for the duration of the study. Importantly, children participating in our research always come into our sessions with a variety of experiences. While the pandemic led to more consistent challenges among our participants, these difficult experiences – death, illness, stress, financial insecurity – should always be on the research team’s radar. At the end of the study, participants in the Scaffolding Group reported generally positive experiences (Table 6).


TABLE 6. Child experiences in scaffolding group.

[image: Table 6]


Caregiver Reflections

At the end of the study, caregivers filled out a reflection survey about their experience in the study. In general, caregivers of children in the Scaffolding Group did not find it difficult for their child to have biweekly online meetings with their learning facilitator (Table 7).


TABLE 7. Caregiver experiences in scaffolding group.
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Caregivers in both the Scaffolding Group and Audiobooks-only group likewise provided open-ended responses about their experiences in the study. Selected representative responses are included below (Table 8). Participants in the Audiobooks-only condition did not meet regularly with a learning facilitator, but they did receive weekly messages with updates on reading milestones and suggested book titles to read.


TABLE 8. Caregiver experiences in scaffolding and audiobooks-only groups.
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As reflected in these responses, caregivers in both groups had many positive experiences in the study. The remote learning environment fostered feelings of social isolation and loneliness for many children (as reflected in our surveys). In the Scaffolding Group, caregivers generally commented on interactions with the learning facilitators, and suggested that the connections forged between children and learning facilitators in our study may have helped ameliorate some of the negative socio-emotional consequences of the pandemic. This positive feedback is useful as we consider implementing future online interventions. In the Audiobooks-only Group, positive feedback focused on the reading experience and book selection.

Challenges were modest for both groups, and some challenges were not unique to the remote nature of the study. For instance, caregivers of children in the Scaffolding Group reported some difficulty finding time for sessions and getting their child to read the books, and some caregivers commented on the challenging nature of the vocabulary. In the Audiobooks-only Group, some caregivers noted that their child was not always interested in the recommended books. This group received the same book recommendations as the Scaffolding Group, but they did not discuss the books with a learning facilitator, which we hypothesized would impact their engagement. The Audiobooks-only Group also received only weekly updates; thus, they were unable to change books that did not interest them as easily as participants in the Scaffolding Group. Some caregivers also reported technical difficulties during and after the study. We relayed all technical issues to the audiobook company, and they worked with us and the caregivers to find solutions.




Takeaways

To properly measure intervention effects, we needed to ensure that both participants and learning facilitators were properly supported for an online intervention. Particularly for our learning facilitators, who had no previous experience implementing interventions, extensive training and open communication with supervisors and peers was critical. We found that weekly meetings and an internal study Slack channel provided opportunities for learning facilitators to learn from one another and troubleshoot issues. Consistent communication and chances to check-in were crucial since we could not share a physical lab space. Video recording of all sessions allowed for ensuring fidelity of implementation and consistency across different learning facilitators and sessions.

The Scaffolding Group provided useful lessons for other researchers conducting studies with frequent online meetings. Researchers should expect some sessions to have distractions and technical difficulties; thus, it is important to have plans in place to ensure the fidelity of the study. Families reported only modest difficulties with study demands, and feedback from caregivers and children were overall positive. Indeed, many children felt comfortable sharing even highly personal information with their learning facilitators. Researchers should establish clear protocols for how to deal with sensitive information shared by children and families, particularly for studies that involve lots of online interactions.




DISCUSSION

We implemented a fully remote RCT intervention (final N = 255 third and fourth graders, ages 8–10 years) targeting children’s language comprehension skills, which we described as a case study to explore various factors involved in conducting an online intervention study. We have summarized the challenges we faced, solutions we devised, and considerations for future research. Although our project represents a specific case study, and the implications should be considered carefully, we believe that the unique context of our study, its intensity and scale, and our diverse recruitment efforts allow us to derive ‘lessons learned’ that could be useful for others embarking on a similar project. We conclude by discussing what we believe to be the three main tradeoffs to think about when deciding whether and how to implement an online intervention study with a developmental sample (Figure 5).
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FIGURE 5. Tradeoffs for online intervention studies with developmental populations.



Internal vs. External Validity

An important goal of RCTs is to design and evaluate carefully controlled interventions that allow researchers to understand the precise causal mechanisms by which an intervention leads to learning gains. However, this can come at a cost – sometimes, the more controlled the intervention, the less likely it is to work in the “real world.” As with any other type of study, an online RCT intervention requires researchers to consider tradeoffs between internal validity (how well the experiment tests what it is meant to test and is not influenced by other factors) and external validity (how well the experiment replicates in a natural environment).

Most developmental studies optimize internal validity by conducting studies in labs. These studies are well-poised to isolate the precise mechanism or phenomenon researchers are interested in studying. However, there are also drawbacks to in-lab studies that are particularly relevant for researchers interested in conducting RCTs. In-lab developmental studies typically rely on convenience samples, which tend to be homogenous, thereby limiting generalization to other populations (Bornstein et al., 2013). Furthermore, due to multiple practical considerations (e.g., space limitations, transportation, scheduling issues), in-person studies tend to have smaller sample sizes than what is possible in online data collection. Finally, the ecological validity of such studies has been criticized – and the implications for what developmental processes look like in messy and unpredictable real-world settings, such as learning in a child’s home, are limited (Lortie-Forgues and Inglis, 2019). Thus, while implementing an RCT study online in children’s homes requires giving up some of the control of in-lab experiments and introduces additional noise, the tradeoff is that these studies can be more naturalistic and lead to increased sample diversity.

Especially important to consider for intervention studies is generalizability of effectiveness. On the other side of the spectrum from carefully controlled in-lab studies are large-scale educational RCT studies that implement interventions in schools and childcare settings. These studies tend to have higher external validity, but a side effect is increased noise. These studies often build on pilot studies that establish the value of a particular intervention under tightly controlled conditions, but they tend to have small efficacy in these real-world settings (Lortie-Forgues and Inglis, 2019). There are many reasons for this. For example, school settings may be prohibitive of careful sample selection using stringent exclusion criteria (i.e., one child in a classroom receives the intervention while another child does not). Although there are design and statistical methods to overcome these issues (e.g., Regression Discontinuity Design; Lee and Munk, 2008), online intervention studies can bypass them altogether by working with eligible children in their own homes, which expands the pool of participants who are eligible to participate while also allowing the use of specific eligibility criteria and random group assignments. Similarly, it is more difficult to monitor and ensure implementation fidelity of programs when working in complex formal institutional environments such as schools, as compared to negotiating logistics with a child-researcher duo. In our study, we were able to overcome these obstacles because we could closely monitor research activities via direct and continuous communication and video recording, and to document possible threats to validity during the various aspects of the study (e.g., background noise, child distraction, connectivity issues, implementation fidelity, etc.).

Thus, we suggest that the online implementation of intervention studies could improve the internal validity of such studies while maintaining their external validity. In online studies, the research team can operate within a well-controlled lab environment, while working with participants in natural, ecologically valid settings. We discussed several potential threats to the validity of our study, such as background noise and technological challenges that could impact reliable data collection. Based on the comparison of the reliability scores for the current study and in-lab studies, however, online data collection resulted in equally reliable data collection, supporting the feasibility of maintaining internal validity in remote developmental research. The increased racial and socioeconomic diversity of the current sample, as compared to in-lab samples, suggests that we were able to achieve greater ecological validity. Furthermore, our study was conducted entirely in children’s natural context – in their own homes – supporting its potential efficacy in real-world settings.



Available Research Resources vs. Participant Engagement

Implementing an RCT can be resource intensive – e.g., researchers’ time, project budget, number of personnel – and often requires making decisions regarding how many resources to devote in order to maximize participant engagement and retention. Participant engagement can be measured across different levels (Matthews et al., 2011). Recruitment is one such measure that considers the reach of the study to the target population. Many educational intervention studies rely on school partnerships for recruitment, which can be an effective strategy for recruiting a large number of children from diverse educational environments. However, establishing school partnerships requires substantial time and energy. The research team first has to clearly communicate the goals of the intervention and the benefits to that school’s community in order to get buy-in from school leaders and educators. This process typically relies on existing relationships with schools and institutional familiarity, which might be more difficult for a new investigator to establish. Even when schools are interested in a potential partnership, the bureaucratic processes can be extensive before the study can get started. It can also be difficult to randomly assign students to conditions within a school because once a school is enthusiastic about an intervention, the school often wants all their students to be placed in the intervention condition.

On the other hand, many developmental science studies recruit participants directly through advertisements and social media (Hurwitz et al., 2017). Social media recruitment efforts can reach a wide pool of potential participants at a reasonably low cost. Our social media reach was extensive, reaching people from hundreds of different zip codes across the United States, but this required intentional targeted advertising. Based on our recruitment data, through school partnerships and social media, we successfully reached the participant demographic we set to recruit.

Enrollment, retention, and intervention adherence are additional types of engagement, each with its own set of challenges. Our enrollment and retention outcomes were less successful than our recruitment reach. Our final sample, although still very diverse, was not representative of the diversity in schools and communities we targeted in our recruitment. For example, household income eligibility for free/reduced lunch is around $52,000. Although we targeted schools and communities with a high proportion of free/reduced lunch eligibility, we ended up with a median income with the $80,000–120,000 range. Thus, even though we allocated almost all of our recruiting budget and efforts to recruit lower-SES participants, our final enrollment was not skewed toward this demographic. Retention and intervention adherence represent two of the most critical factors to ensure the validity of intervention studies (Slack and Draugalis, 2001) and are most difficult to achieve when working with disadvantaged communities. Ensuring participant engagement in such communities is resource-intensive, requiring a substantial recruitment budget, a large and well-trained research team, and attractive incentives for participation.

There is a large body of evidence from parenting programs targeting underserved communities that show how program-level factors (e.g., team member composition, level of family support provided) interact with participant factors (e.g., SES, job demands, perception of research, language barriers) in ensuring enrollment and retention (Whittaker and Cowley, 2012; Hackworth et al., 2018). Families, especially those from lower-SES backgrounds, are more likely to enroll and stay in a program, for example, if they have an experienced research liaison who supports them in identifying and overcoming barriers to participation (Rivas-Drake et al., 2016; Hackworth et al., 2018). Our full-time, bilingual coordinators were available to check in and assist families using preferred communication methods, and researchers assisted families with troubleshooting the apps for the intervention. Clear communication on research objectives and the theoretical foundation of the intervention is important for reducing perceptual barriers to participation (Barlow et al., 2003; Moran et al., 2004). Professionalism and experience of team members (Hackworth et al., 2018), as well as their representativeness of the target community (Gray, 2002), were additional factors that ensured engagement. During our consent process, as well throughout the study, researchers were available to answer questions. We also hosted several information sessions for teachers and administrators in our partner district, as well as a bilingual (Spanish/English) session for parents at one of our partner schools. Intervention effects have been more significant in well-resourced studies, as compared to studies with fewer resources (Kim and Quinn, 2013). In general, across studies, there is an agreement that intervention programs targeting lower-SES communities require careful considerations of various factors that could affect direction of resources toward alleviating these barriers.

Online research may seem like a low-resource opportunity for obtaining larger, more diverse samples. With the advent of online platforms for developmental studies (e.g., Discoveries Online; Lookit), unmoderated research studies have become increasingly popular. Such studies, which allow participants to complete tasks on their own time and without the researcher’s direct involvement, front-load their resources for design but require minimal resources for implementation. We caution, however, that families from underrepresented backgrounds may still face greater barriers to engaging in such studies than participants that are typically included in research studies, and we echo calls to actively work toward providing support and internet access for these populations (Lourenco and Tasimi, 2020; Sheskin et al., 2020). This is particularly pertinent for longitudinal and intervention studies that require substantial researcher moderation in order to be successful. Indeed, a similar online intervention during the pandemic that did not explicitly target a diverse sample based on SES ended up with almost all mothers with at least a 4-year college degree (Bambha and Casasola, 2021). We found that even children in school systems that did provide devices and internet access sometimes experienced technical difficulties in our study. Thus, while online RCTs can remove certain resource constraints (such as space and travel compensation), researchers should expect to invest significant time and effort to achieve diverse samples and ensure their participation.



Geographic Diversity vs. Digital Divide

Online study participation with children, although not always feasible, can significantly increase sample diversity by allowing easy access regardless of a family’s geographic location and by minimizing caregivers’ time commitment (Rhodes et al., 2020; Sheskin et al., 2020). This is particularly crucial for longitudinal studies that include multiple sessions and a significant time commitment. Online developmental studies have recruited more diverse samples than in-lab developmental studies (e.g., Scott and Schulz, 2017; Scott et al., 2017), including more geographically diverse samples (Bambha and Casasola, 2021). Our study recruited participants from 26 different states in the United States (Figure 2), and our sample was comparable to or better than our prior in-lab studies in terms of socioeconomic and racial diversity (Figure 1). However, the accessibility of online study participation is still challenging for many families (Lourenco and Tasimi, 2020). Prior to the start of the pandemic, almost a third of public K-12 students in the United States lacked adequate internet access and/or an adequate device for distance learning (Chandra et al., 2020). While some school systems provided children with computers and internet access to enable remote learning, many children still lack technology that would enable them to participate in an online intervention study. We unfortunately had to exclude interested families who lacked a computer or tablet at home due to our assessment battery. Furthermore, the “digital divide” – that is, the gap between people who have computer and internet access and those who do not – is not equally distributed across geographic boundaries and demographic groups (Van Dijk, 2020). 37% of students in rural communities in the United States lack adequate internet connectivity at home, compared to 21% of students in urban environments (Chandra et al., 2020). Many of our participants struggled with internet connectivity issues and other technological challenges over the course of the study. Thus, it is important to take into account not only whether participants have access, but also whether they have complete access to these studies. In contrast, intervention studies that do not require the family to learn about the study and participate through their own technological platforms (such as most in-school interventions) allow researchers to ensure all participants in a constrained location can participate. Yet in-person interventions are not equally accessible to all geographic regions either – most of these studies take place near research institutions. One solution is to provide participants with the technology they need to participate in online research studies (Lourenco and Tasimi, 2020). Though adding additional costs to the study budget, providing devices with mobile data may lead to more representative samples as well as better data quality. For example, several large-scale projects have successfully deployed mobile devices loaded with educational content in rural locations in the United States and around the world, like small villages in Africa (Breazeal et al., 2016; Uchidiuno et al., 2018). This tradeoff may be worth the cost, particularly for home-based intervention studies. Online studies allow for geographic diversity of the research team as well. Our study team worked from multiple time zones, which allowed us to accommodate participants from across the United States. This also opens up the possibility for recruiting community members to be part of the research team. This type of participatory research may lead to higher recruitment, retention, and validity of intervention studies (Levac et al., 2019).




CONCLUSION

In response to the COVID-19 pandemic we conducted a scalable online RCT intervention study with children from diverse backgrounds across the United States. In this paper, we summarized the challenges we encountered and the tradeoffs to consider when implementing such studies. Despite possible threats to the internal validity of our study, difficulties in reaching demographically diverse populations, and resource-exhaustive efforts to support participant engagement and retention, we were able to conduct a study that provided educational support during a challenging time for both children and their caregivers. With the aforementioned considerations and tradeoffs in mind, we believe that fully remote intervention studies are a worthwhile endeavor for developmental researchers, and we expect to see more of them in the future.
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Comprehensive Test of Phonological Standardized measures to Audio files sent to families to NWR
Processing, 2nd Edition (CTOPP-2) — assess baseline working download ahead of time; a:0.73 a: 0.77
Non-word Repetition, Memory for memory skills child/caregiver asked to play each Split-half: 0.76 a: 0.8
Digits, Blending Words® file from their computer during MD a: 0.8
assessment. a: 0.8
Split-half: 0.84
BW
a: 0.84
Split-half: 0.86

Kaufman, 2004; 2Wiig et al., 2013; 3Good et al., 2002; Dunn and Dunn, 2007; SWechsler, 2011; 8Wagner et al., 1999.
a represents the Cronbach’s alpha and split-half represents the Spearman—Brown prophecy formula. Reliability coefficient values above 0.71 are considered acceptable
(George and Mallery, 2003). Publisher reliability information was obtained from the technical manuals and reports released by the respective companies.
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What did
your child
enjoy most
in this
study?

What did
your child
find most
challenging
in this
study?

Scaffolding group

“My child enjoyed all
aspects of the study. He is
proud to tell others that he
is participating in a study.
He is very excited to be
paid by gift certificates. He
loves how he can access
any book of his choosing.
He enjoyed the experience
of meeting weekly and
discussing the books with
someone.”

“My son really enjoyed
meeting with the learning
facilitator and was sad to
learn he would not be
meeting with the facilitator
anymore. He loved the
books and the platform
though | was hoping he
would read more without
me reminding him.”

“He enjoyed being
introduced to books he
may not have otherwise
picked out to read. He also
liked meeting with his
facilitator. He is a social kid
and the pandemic has
been hard, so seeing [his
learning facilitator] was a
highlight of the week.”

“She found the questions
and vocabulary hard.”

“He is not used to listening
to books and using the app
required more setup time
since he had to use his
laptop, so it was something
we had to remind him to
do.”

“Finding time to read the
books, especially without
distraction”

“Twice weekly meetings
with the facilitator was a lot
for our schedule”

“She sometimes did not
want to stop what she was
doing to attend scaffolding.
Also wanted to socialize
and share other things with
Facilitator not fully focused
on session”

Audiobooks-only group

“He definitely enjoyed listening
to the books that were
recommended the best!!”

“It allowed her to be
independent with her nightly
reading.”

“She enjoyed engaging with
the tester. She enjoyed being
able to pick her own book and
listen on her own. This
contributed to family
conversations regarding the
stories she listened too.”

“He really enjoyed the
interviews and listening
to/reading along w/Learning
Ally. I would like to continue it.
He would often have siblings
gathered around, reading
t0o.”

“Es una experiencia bonita
para los nifios,por que es una
manera de leer sin leer osea
escuchando,es diferente pero
me gusta,hasta la nifia de
segundo grado queria
escuchar los libros,me gusto
mucho.gracias sigan asi
ayudando a nifos a que le den
importancia a la lectura.”
Translation: “It is a beautiful
experience for the kids
because this way they can
read with listening, it's different
but I like it. Even my second
grade daughter wanted to
listen to the books. | enjoyed it
a lot. Keep up the good work”
“She did not like listening to
books she had no interest in.”
“Trying to read/listen to the
books she was not
immediately interested in. |
challenged her to try at least
half of the book to see if it
improved and she did not like
that.”

“The second book didn’t hold
her interest”

“Mostly technical problems”
“Por las circunstancias pasa
mucho tiempo conectado a
algun dispositivo electrénico y
aveces solo queria hacer otra
€osa,en circunstancias
normales creo seria su
actividad favorita.”

Translation: “Because of the
circumstances he spent a lot
of time connected to an
electronic device and
sometimes he wanted to do
something else. Under normal
circumstances this might have
been his favorite activity”





