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SPECIFIC AIMS 
Though overall vaccination coverage of children in the US remains high,1,2 sustaining current coverage 

levels is increasingly tenuous. Public trust in vaccines has eroded,3 nonmedical exemptions from 
kindergarten-entry vaccine requirements have increased,4,5 and the proportion of parents 
refusing or delaying childhood vaccines has grown significantly.6,7 This has resulted in a persistent 
and prominent threat to individual and public health from large clusters of unvaccinated individuals that 
facilitate the transmission of vaccine-preventable disease.8,9 Interventions to mitigate this threat are needed.10 

Pediatric primary care providers are critical to efforts to stem the rise in childhood vaccine refusal and 
delay.11 Parents cite pediatric providers as the most important influence on their vaccine decision-making12 and 
provider communication behaviors used with parents during vaccine conversations at health supervision visits 
can influence parental vaccine acceptance.13-15 Opel et al. have shown in observational work that when 
providers initiate their recommendations of childhood vaccines using a presumptive format (e.g. “Well we have 
to do some shots.”) rather than a participatory one (e.g. “How do you feel about vaccines today?”), fewer 
parents—including vaccine-hesitant parents (VHPs)—voice resistance to the vaccine recommendation14 and 
have increased odds of accepting all the recommended vaccines by visit’s end.16  

Independently complementing Opel et al.’s work, O’Leary et al. have identified Motivational Interviewing 
(MI) as an effective strategy for increasing compliance with provider vaccine recommendations. In a large, 
cluster randomized controlled trial (RCT) that focused on adolescent vaccinations, providers were educated on 
how to use MI with parents who verbally resisted vaccine recommendations. This intervention increased 
vaccine uptake and improved physician self-efficacy in vaccine discussions with VHPs.   

While both a presumptive communication format for initiating vaccine recommendations and MI each hold 
promise as individual strategies for increasing childhood vaccination, combining the two using a tiered 
approach could have an additive effect on vaccine acceptance. We propose a novel and innovative provider 
vaccine communication strategy —Presumptively Initiating Vaccines and Optimizing Talk with 
Motivational Interviewing (PIVOT with MI)— in which providers use a presumptive format to initiate 
the childhood vaccine recommendation with all parents followed by use of MI with parents who voice 
resistance to that recommendation. The main objective of the proposed study is to evaluate the 
impact of the PIVOT with MI intervention on child immunization status.  

The specific aims and hypotheses of this proposal are: 
Aim 1: To develop the PIVOT with MI intervention provider training program. We will use an 
iterative process involving provider feedback through sequential focus groups to develop a multifaceted and 
feasible provider training program of the PIVOT with MI strategy with scalable components for dissemination. 
Aim 2: To evaluate the impact of the PIVOT with MI intervention on child immunization status 
at 19 months of age. We will conduct a pragmatic cluster RCT using covariate-constrained randomization to 
balance key covariates in 24 practices from 2 practice-based research networks in Washington and Colorado. 
Providers in intervention practices will receive the PIVOT with MI intervention training program and providers 
in control practices will give usual care. All parents of newborns at intervention and control practices will be 
administered a short-form version of the validated Parent Attitudes about Childhood Vaccines survey17,18 over 
an 18 month enrollment period to identify VHPs. Our primary outcome will be the mean percentage of days 
under-immunized for the 22 doses of 8 vaccines recommended from birth to 19 months among children of 
VHPs. Immunization data will be obtained from the Washington and Colorado immunization information 
systems. We hypothesize that children of VHPs at intervention practices will be less under-immunized than 
children of VHPs at control practices. 

Aim 2a: To assess the fidelity of the PIVOT with MI intervention. We will videotape a proportion 
of provider visits with VHPs at intervention practices to observe adherence to the intervention. We 
hypothesize that intervention providers will use PIVOT with MI techniques in >80% of encounters. 



Aim 3: To evaluate the impact of the PIVOT with MI intervention on parent and provider 
experience. We will use a cross-sectional survey design to assess visit experience of VHPs at intervention and 
control practices. We will conduct pre-, interim - and post-intervention surveys of intervention and control 
providers to assess time spent and self-efficacy in discussing vaccines with VHPs. We hypothesize that VHPs at 
intervention visits will have a higher-rated experience than VHPs at control practices and intervention 
providers will spend less time and have improved self-efficacy in vaccine discussions with VHPs compared to 
control providers. Additionally, due to implications of COVID-19 on research and health care delivery, a new 
survey will better help the study team understand the extent of the impact of COVID-19 on the delivery of 
health supervision visits at our pediatric clinics, specifically on infant vaccine delivery and uptake.  

 
The proposed study uses a rigorous design to test an innovative, evidence-based provider communication 

strategy to address a critical public health problem. We plan to use our results to inform future dissemination 
and implementation work conducted within the American Academy of Pediatrics’ Pediatric Research in Office 
Settings network and the American Academy of Family Physicians’ National Research Network. 
 
 

RESEARCH STRATEGY 
A. SIGNIFICANCE 

The reduction of vaccine-preventable diseases (VPDs) is a top public health priority in the 
US today.19 Parental refusal or delay of childhood vaccines is a key contributor to the persistence of outbreaks 
of VPD20 and is associated with higher inpatient admission and ED utilization rates,21 increased morbidity,22-24 
and death.25 There is therefore renewed emphasis on sustaining and improving childhood vaccine 
coverage.11,26_ENREF_25 

Vaccine-hesitant parents (VHPs) are an important population for targeted interventions 
aimed at improving vaccine acceptance.27 VHPs are a large (10-30%),13,17,18,28,29 heterogeneous group of 
parents who refuse and/or delay at least one recommended vaccine for their child.30 Compared to the small 
minority (1-2%) of parents who completely reject vaccines,31 VHPs hold less negative attitudes and beliefs 
towards vaccines13,30,32-34 and therefore are more likely amenable to behavior change.27  

Provider communication with VHPs is critical to achieving this behavior change.35 VHPs 
consider their child’s pediatric provider to be a key information source in their decision-making about vaccines 
and their child’s health,13,15,30,32,36  with a proportion of initially hesitant parents reporting that they changed 
their mind about delaying or refusing a vaccine after their child’s provider addressed their concerns, provided 
them with additional information, or gave them reassurance.13,15  Consequently, how providers discuss 
and recommend vaccines is significant. The quality and presence of a provider’s recommendation has 
been associated with increased uptake of childhood and adolescent vaccines.37-

47_ENREF_37_ENREF_41_ENREF_44_ENREF_45 Moreover, Opel et al. have found in observational work that the 
communication format used to initiate the vaccine recommendation is influential: a presumptive (e.g. “Well we 
have to do some shots.”) rather than a participatory (e.g. “How do you feel about vaccines today?”) format was 
associated with increased parental vaccine acceptance of childhood vaccines.14,16_ENREF_42 In a recent 
randomized controlled trial (RCT) based on this work, there was a 5.4% (95% confidence interval [CI]: 1.1%–
9.7%) increase in HPV vaccine uptake in adolescents attending clinics whose providers received training on the 
presumptive format for initiating the HPV vaccine recommendation compared to control clinics whose 
providers received no training, with no difference in uptake between control clinics and clinics whose providers 
received training on use of the participatory format.48 _ENREF_49 This evidence strongly suggests that provider 
use of the presumptive format can increase parental acceptance of vaccines. 

_ENREF_10_ENREF_28Several barriers exist to integrating these communication strategies into 
health supervision visits. First, a presumptive format for initiating the vaccine recommendation has been 
associated with decreased odds of parents rating their visit experience highly,16 raising concerns that any short 
term gain in parental vaccine acceptance with use of this strategy may be negated by decreased vaccine uptake 
over the long term.49 Second, a substantial percentage of providers lack confidence in communicating with 
parents who have concerns about vaccines28 or perceive their discussion will do little to change a parent’s 
mind.50 To address these barriers, O’Leary et al. have explored the feasibility and efficacy of 
using Motivational Interviewing (MI) when parents resist the vaccine recommendation. MI is a 
well-established, evidence-based, patient-centered framework for behavior change51-68_ENREF_69 that is 



effective even when delivered in a single session.54,62 MI’s 3 essential elements—having a conversation, 
leveraging inherent motivation for behaviors, and making the conversation person-centered—make it well 
adapted for use with VHPs given their known communication preferences regarding vaccines.15,30 In a large 
RCT, O’Leary et al. found that provider use of MI in discussions with parents who verbally resisted the HPV 
vaccine recommendation resulted in increased HPV vaccine acceptance and improved provider perceptions of 
their ability to influence parental vaccine decision-making. 

A major gap in our understanding of how to effectively communicate with parents in the 
early childhood vaccine context is the lack of experimental evidence for specific strategies. 
Though experimental evidence has emerged in the adolescent vaccine context, data in the early childhood 
vaccine context supporting specific communication strategies like the format of the vaccine recommendation 
remains observational and from small sample sizes.10 There has only been one randomized trial of a provider 
communication strategy designed to improve parental hesitancy in the childhood vaccine context, but it did not 
test the impact of the strength, format, or presence of a provider’s vaccine recommendation.28  
We propose to conduct a cluster RCT among 24 practices in 2 practice-based research networks (PBRNs) in 
Washington and Colorado to evaluate the effect of a provider communication strategy that combines the 2 
communication strategies studied by Opel et al. and O’Leary et al.—the Presumptively Initiating Vaccines 
and Optimizing Talk with Motivational Interviewing (PIVOT with MI) intervention—on child 
immunization status as well as on parent and provider experience. The PIVOT with MI intervention involves 
providers using the presumptive format to initiate the childhood vaccine recommendation with all parents 
followed by use of MI if a parent verbally resists the recommendation. This tiered approach involving 2 
complementary communication strategies has the potential to have the additive effect of improving parental 
vaccine acceptance and provider self-efficacy while preserving a highly-rated parent visit experience. This 
proposal is therefore responsive to existing gaps and barriers to communicating with parents about vaccines by 
not only addressing the need for experimental evidence demonstrating the effectiveness of specific 
communication strategies_ENREF_10 in the childhood vaccine context,10 but also addressing concerns about 
parent visit experience with use of the presumptive format alone and provider confidence in communicating 
with VHPs.   

B.  INNOVATION  
This study is innovative in 3 ways. First, we are seeking to shift current practice by testing the 

effectiveness of a novel provider-based communication intervention in improving childhood 
vaccine uptake. At present, the lack of experimental evidence for specific vaccine communication strategies 
in the childhood vaccine context has hindered the development of a standardized approach to communicating 
with VHPs69,70 and hampered progress in efforts to address vaccine hesitancy.71 

Second, the PIVOT with MI intervention applies innovative insights from behavioral 
economics and decision psychology, two fields of emerging importance in understanding 
human behavior,72 to the vaccine encounter.73 In particular, the presumptive initiation format leverages 
choice architecture as a means to achieving a desired goal: whether a decision is presented as an opt-in or opt-
out impacts the choice made, with the large majority of choosers sticking with the default decision made for 
them.74,75_ENREF_77 The primary driver behind this behavior is status quo bias, a cognitive bias inherent to 
human decision-making that results in an aversion to actively changing a decision that has already been 
made.76  



Third, we are the first to propose and test the use of MI techniques when parents resist the 
presumptive (i.e. opt-out) recommendation. Interpersonal communication dynamics have been shown 
to be a key influential factor affecting health behavior,77 but most resources developed for providers when they 
encounter VHPs do not account for these dynamics. Instead, these resources are primarily based on the 
Information Deficit Model,78 which assumes that misperceptions are due to a lack of knowledge and that the 
solution is to provide more information. Yet, there is robust literature across disciplines to suggest that simply 
providing information often does not lead to people changing their views and may even create a dynamic in 
which a parent is actually less receptive to information a provider may impart.79,80 By training providers to use 
communication techniques based on the principles of MI when parents voice resistance to the presumptively 
formatted vaccine recommendation, we seek to avoid this negative dynamic and thus better equip providers to 
change the vaccination behavior of VHPs. 

C.  APPROACH 
C.1. Preliminary Studies 

The following list of studies is intended to provide evidence of the rationale for the PIVOT with MI 
intervention and the study team’s expertise in the methods proposed in the current application. Please also 
note that the study team has expertise in organizing and conducting provider focus groups to obtain feedback 
on vaccine materials and intervention design, as 
proposed in Aim 1.81-83 

C.1.a. Development and Evaluation of the 
Parent Attitudes about Childhood Vaccines 
Short Form (PACV-SF) Survey (Opel, PI; 
Taylor, Co-I; Zhou, Co-I): The PACV is a 15-item 
survey designed to identify VHPs that takes <5 
minutes to complete and reads at the 6 – 7th grade 
level. We developed the PACV using a standard 
iterative process.84 The PACV’s validity was then 
evaluated in 2 separate studies and found to have 
both construct and predictive validity.17,18_ENREF_69 
Ongoing evaluations of the PACV support its validity 
in different geographic populations29,85,86 and clinical 
settings.87 In collaboration with investigators at 
Texas Children’s, we have also developed a Spanish 
version of the PACV using the 4-step WHO guidelines for translation of instruments.88 

Opel and Zhou also conducted a secondary analysis of predictive validity data to identify a short form of the 
PACV (PACV-SF; Table 1). Different candidate item combinations and score thresholds were optimized on 4 
criteria: 1) reflection of the major sub-domains of vaccine hesitancy; 2) specificity [to minimize false positives]; 
3) sensitivity [to maximize true positives]; and 4) minimize the total number of items on the PACV-SF. 
Construct validity data was then used as a cross-validation sample to assess PACV-SF performance.  

We found that hesitant responses on ≥3 of 4 items optimized our 4 criteria: it had an 85% (95% CI: 75, 92) 
sensitivity and 96% (95% CI: 94, 98) specificity in the original sample and 90% (95% CI: 79, 96) sensitivity and 
95% (95% CI: 90, 98) specificity in the validation sample for identifying respondents with PACV scores ≥50. 
We concluded that the PACV-SF is valid for identifying VHPs and will be used to do so in the proposed study. 

C.1.b. Impact of a Provider Communication Strategy on Parental Vaccine Hesitancy Towards 
Childhood Vaccines (Opel, Co-I): Opel et al. conducted a cluster RCT of 56 pediatric and family medicine 
clinics in the greater Seattle metropolitan area to test the effect of a provider communication strategy on 
parental vaccine hesitancy.28 There were 26 clinics in the control arm in which parents of newborns received 
usual care and 30 clinics in the intervention arm in which providers received training on a communication 
strategy called: “Ask, Acknowledge, and Advise.” The centerpiece of this strategy was an algorithm in which 
providers were first encouraged to begin the vaccine recommendation by asking parents what questions they 
had about the immunization schedule, then acknowledging parental vaccine concerns, and finally, advising 
parents in a manner specific to their concerns. The intervention training included a well-attended (68% of 
providers) didactic session at baseline that incorporated videos of providers modeling the communication 
strategy. Providers in intervention clinics also received paper materials detailing the framework as well as 
monthly e-mail newsletters and a link to the study website that included a webinar version of the training.  

Our primary outcome was the change in the proportion of parents who were VHPs (as measured by the 
PACV) at recruitment after the birth of their child and follow-up when the child was 6 months old. We found 
that among all enrolled parents, 11.3% were VHPs. The proportion of VHPs at baseline and follow-up changed 

Table 1. PACV-SF: Positive if ≥2 hesitant responses 
No. Item Hesitant Response 
1 Have you ever delayed having 

your child get a shot for 
reasons other than illness or 
allergy?* 

Yes 

2 How concerned are you that a 
shot might not prevent the 
disease? 

Very concerned, 
somewhat concerned, 
or not sure 

3 Overall, how hesitant about 
childhood shots would you 
consider yourself to be? 

Very hesitant, 
somewhat hesitant, 
or not sure 

4 I trust the information I 
receive about shots. 

Strongly disagree, 
disagree, or not sure 

*Only delay of the birth dose of the hepatitis B vaccine 
would be relevant for parents of children ≤2 months old, as 
was used and evaluated in a prior study18 



from 9.8% to 7.5% in intervention clinics and 12.6% to 8.0% in control clinics (adjusted odds ratio [aOR]: 1.22; 
95% confidence interval [CI]: 0.47-2.68). We concluded that this provider communication strategy was not 
effective in reducing parental vaccine hesitancy. This trial, in part, informed the work described below in 
C.1.c. where we found that the opposite approach to the ‘ask’ strategy—a presumptive initiation of the vaccine 
recommendation—was more effective. It also provides evidence of our expertise in recruiting for and 
conducting a pragmatic cluster RCT of a provider vaccine communication intervention. 

C.1.c. Identification of Initiation Format as a Relevant Provider Vaccine Communication 
Practice (Opel, PI; Taylor, Co-I; Robinson, Co-I; Zhou, Co-I; Hofstetter, Co-I): In a pilot cross-
sectional observational study to characterize the provider-parent vaccine discussion, Opel et al. videotaped 
vaccine discussions (N=24) between VHPs of children 2 – 15 months old and 9 different pediatric providers 
from 6 practices in the Seattle, WA area belonging to the Puget Sound Pediatric Research Network (PSPRN).89 
We identified 6 provider communication practices that appeared relevant to parental vaccine decision-making, 
including how providers initiated the vaccine discussion. In our sample, we found providers used 2 ways to 
initiate the vaccine discussion: a presumptive format, in which they presupposed that shots would be given 
(e.g. “Well we have to do some shots.”), or a participatory format, in which providers encouraged parental 
input and agency in the vaccine decision (e.g. “What do you want to do about shots?”).  

In a follow-up cross-sectional study to quantify how the 2 initiation formats were associated with parental 
vaccine acceptance and visit experience, Opel et al. enrolled 16 pediatric providers from primary care practices 
in PSPRN and other Seattle area practices (N=9) and videotaped 111 of their vaccine discussions with parents 
of 1 – 19 month old children.14,16 We enrolled both hesitant and non-hesitant parents using the validated PACV 
survey.17,18,84 We found that parents had significantly higher odds of verbally resisting vaccine 
recommendations immediately after the provider initiated the vaccine discussion if the provider used a 
participatory rather than a presumptive approach (aOR: 17.5; 95% CI: 1.2 – 235.5). Furthermore, a 
participatory (vs. presumptive) approach was associated with decreased odds of accepting all vaccines by visit’s 
end (aOR: .04, 95% CI: .01, .15) but increased odds of a highly rated visit experience (aOR: 17.3; 95% CI: 1.5, 
200.3). In a secondary analysis of visits that contained a discussion of influenza vaccine, we also found parents 
had increased odds of accepting influenza vaccine at visit’s end when providers initiated their influenza vaccine 
recommendation using a presumptive (vs. participatory) format (aOR 48.2, 95% CI: 3.5-670.5).  

In a second follow-up study, we assessed whether a participatory format—though associated with decreased 
vaccine acceptance after a single visit compared to a presumptive format—would be associated with increased 
parental vaccine acceptance over time. We conducted a longitudinal prospective cohort study in which we 
enrolled VHPs (defined as PACV score ≥50) of newborns (N=72) prior to their child’s 2 month health 
supervision visit at Group Health Cooperative (GH), an integrated health care system based in Seattle, WA. 
After their child’s 2, 4, and 6 month visits, we asked parents what format their child’s provider used to begin 
the vaccine discussion (categorized as presumptive, participatory, or neither) utilizing a validated instrument 
for parent self-report of provider initiation format. We used GH records and Washington State Immunization 
Information System (WAIIS) records to assess child immunization status at 8 months of age and after each 
visit. We found that exclusive (vs. non-exclusive) use of a participatory format was associated with a child being 
37.2% (95% CI: 9.8, 64.6; P=.009) more days under-immunized at 8 months of age and visit-specific use of a 
participatory (vs. presumptive) format was associated with a child being 14% (95% CI: 1.4, 26.6; P=.03) more 
days under-immunized after each visit. Through these series of projects, we concluded that the 
presumptive (vs. participatory) communication format for initiating childhood vaccine 
discussions was positively associated with parental vaccine acceptance and negatively 
associated with parent visit experience, and that use of a participatory (vs. presumptive) format 
did not improve vaccine uptake over time. These studies provide a basis for the PIVOT with MI 
intervention and demonstrate our expertise in a number of methodological areas relevant to the current 
proposal including qualitative and quantitative research, measurement of our primary study outcome of 
days under-immunized, use of immunization registry data, and conducting research within a PBRN. These 
studies, however, are limited by their observational design, small sample sizes, and inability to make 
conclusions regarding the association of initiation format on immunization status beyond 8 months of age. 
The current proposal addresses these limitations by using an RCT design to test the PIVOT with MI 
intervention on immunization status at 19 months of age. 

C.1.d. The Physician Communication (PCOM) Study (Dempsey, PI; O’Leary, Co-I): O’Leary et 
al. conducted a cluster RCT involving 16 Colorado Children’s Outcomes Network (COCONet) practices and 125 
providers to assess the effect of the PCOM intervention on HPV vaccine uptake and on provider self-efficacy in 
communicating with parents about HPV vaccination. The intervention involved 4 intervention components: 
HPV fact sheets, the iVac website, and a decision aid for parents as well as in-person and video training on MI 



for providers. This provider training focused on MI processes made relevant to the HPV vaccination context, 
including engagement (seeing the vaccination decision through the parents eyes), collaboration (avoiding 
parent confrontation by inviting parents to examine their position from other points of view), and evocation 
(eliciting parents inherent motivation by evoking and reinforcing change talk [vaccine acceptance]).  
Using immunization data obtained from practices’ electronic health records (EHRs) and the Colorado 
Immunization Information System (CIIS), we found intervention practices had 8 percentage point higher 
increases from baseline in HPV vaccine series initiation than control practices (Table 2). To our knowledge, 
this is the first evidence for the effectiveness of MI techniques to change parental willingness to 
vaccinate. Provider surveys and qualitative interviews revealed that, of the 4 intervention components, MI 
was the most frequently used and most useful, with 72% of providers reporting using it frequently 9 months 

after the training occurred, and 79% of 
providers reporting it to be useful in 
facilitating HPV vaccine conversations with 
hesitant parents. Importantly, providers 
using MI reported spending less time 
discussing the vaccine during visits with 
VHPs compared to prior to the training 

(P<0.001) and had improved self-efficacy for changing HPV vaccine hesitant parents’ minds about vaccination 
(P=0.009). We concluded that MI is an effective communication strategy with parents who resist a provider’s 
HPV vaccine recommendation. These results provide a basis for the PIVOT with MI intervention and 
evidence of our expertise in the methodological areas relevant to the current proposal, including pragmatic 
trial design and implementation within a PBRN, assessment of practice, patient and provider factors 
associated with intervention deployment, and analysis of EHR and immunization registry data. 

C.2. Associated Research Partners  
The setting for this proposal is 2 independent and well-established regional pediatric PBRNs in 2 states 

(Washington and Colorado). Each of the practices in these PBRNs participate in CIIS and WAIIS (the 
immunization registries for each state), the main source of vaccine data for the project.  

C.2.a. Puget Sound Pediatric Research Network (PSPRN): PSPRN is a regional PBRN founded in 
1996 and currently directed by Taylor. PSPRN includes 6 core practices and 12 supplementary practices that 
participate in studies on an ad-hoc basis. PSPRN practices include >100 pediatricians, are situated in varied 
areas (urban, suburban, and rural), and encompass different practice settings (university-based, community-
hospital based, private, and multispecialty group). Opel has conducted preliminary studies for this proposal 
with PSPRN (see C.1.c.) and Taylor has conducted large studies with PSPRN including RCTs involving 500 
child participants and observational studies with over 1,000 patients.  

C.2.b. Colorado Children’s Outcomes Network (COCONet): COCONet is Colorado’s pediatric 
PBRN and is led by O’Leary. O’Leary and Dempsey have conducted preliminary study C.1.d. within COCONet. 
Through this and other studies, O’Leary has developed excellent working relationships with COCONet practices 

Table 2. PCOM Trial Results: Percentage point (PP) 
increases from baseline (BL) in HPV vaccine initiation 
HPV Vaccine Series 

Initiation (age) 
Intervention Control 

P 
BL Post Δ PP BL Post Δ PP 

11-12 years old 38% 51% +13% 41% 46% +5% 0.003 
13-17 years old 23% 32% +9% 30% 27% -3% <0.001 



and well-established mechanisms to access immunization data from these practices’ EHRs. COCONet currently 
has 60 member practices with >300 providers and several hundred thousand pediatric patients. There is a 
broad spectrum of both public and private practices within COCONet, with many of the practices having high 
proportions of VHPs as well as socio-economic and 
racial/ethnic diversity. O’Leary and other investigators within 
ACCORDS have been working with practices within the 
network on research projects for >15 years. 
C.3. Overview of Study Activities  

This study aims to assess the impact of the PIVOT with MI 
intervention on child immunization status and can 
conceptually be divided into 3 phases (Figure 1). Phase 1 
involves an iterative process to develop, review, and revise the 
PIVOT with MI provider training components, including the 
use of provider focus groups for input on the usability, 
understandability, and acceptability of training materials. 
Phase 2 is a cluster RCT using covariate-constrained 
randomization to balance key covariates in 24 PSPRN and 
COCONet practices (excluding COCONet practices that 
participated in the PCOM study; see C.1.d.) to assess the effect 
of the PIVOT with MI intervention on the immunization 
status of children of VHPs at 19 months of age. Phase 3 
involves the assessment of secondary outcomes, including 
parent visit experience and provider self-efficacy. 

C.4. Conceptual Framework 
In addition to its theoretical foundations in behavioral economics and decision science (see B.), the PIVOT 

with MI intervention is grounded in a conceptual framework by Resnicow et al. called the “Difficulty by 
Motivation” matrix (Figure 2).90  This matrix, which can be applied to both health behaviors and health 
behavior interventions, parses behaviors or interventions into 4 quadrants. Quadrants represent properties of 
the health behavior or intervention being considered (x-axis) and individual level factors including an 
individual’s motivation and/or competence to comply with the recommended behavior or intervention (y-axis). 
Vaccination can be categorized as a simple health behavior given it is an intervention with a high certainty of 

low risk and high benefit. Vaccine accepting 
parents reside in the upper left quadrant given 
their high motivation to comply with vaccination. 
Interventions to promote compliance with 
vaccination simply need to match this motivation, 
such as using a presumptive format for initiating 
the vaccine recommendation that leverages 
vaccination as a normative behavior. In contrast, 
VHPs reside in the lower left quadrant with high 
resistance and low motivation to comply. As such, 
interventions to promote vaccination with VHPs 
need to be more robust. Following a presumptive 
initiation of the vaccine recommendation, VHPs 
are more likely to verbally resist vaccination 
signaling to the provider that the parent is a VHP 
and is in need of a more intense intervention. 
This recognition can serve as a “pivot point” 

that triggers the provider to shift from the normative action of a presumptive recommendation to MI in order 
to try and leverage a parent’s intrinsic motivations for doing what they perceive is best for their child.  

C.5. Aim 1: To develop the PIVOT with MI intervention provider training program.  
C.5.a. Overview: The observational studies of Opel et al. (see C.1.c.) and the intervention study of O’Leary et 

al. (see C.1.d.) identify complementary strategies that can be used in a tiered manner to increase vaccine uptake 
without compromising parent visit experience. The combination of these 2 communication strategies is a novel 
and innovative, yet evidence-based, approach to addressing parental refusal or delay of vaccines in the 
pediatric outpatient setting. We will use an iterative process to develop, review, and revise the content, format, 
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structure, and processes involved in implementing the PIVOT with MI intervention. We will also conduct focus 
groups of providers at several points during this development to further enhance the usability, 
understandability, and acceptability of the training materials. 

C.5.b. Design: The PIVOT with MI intervention that we propose to develop will be multifaceted91-93 and 
include several approaches based on adult learning theory94 previously found to be effective in changing 
provider behavior.95,96 These approaches include interactive and tailored educational outreach,97 provider 
rehearsal and coaching,98 audit and feedback,99 booster learning sessions,98 and change agents.100 Specifically, 
we propose that the PIVOT with MI intervention include the following components: 1) an online video 
module introducing the PIVOT with MI communication strategy, its rationale, and a model vaccine visit 
utilizing it; 2) an in-person interactive provider training session that will include a) a brief didactic 
session on vaccine hesitancy, how the PIVOT with MI strategy addresses vaccine hesitancy, and practice data 
on vaccination coverage and vaccine hesitancy prevalence, b) baseline assessments of provider skills using the 
presumptive format and MI, and c) modeling of the PIVOT with MI intervention followed by provider rehearsal 
through role-playing and coaching by the study team; 3) provider reference sheets that provide brief and 
accessible summaries of the communication behaviors the comprise PIVOT with MI, along with example 
statements for key steps in the PIVOT with MI communication strategy; 4) two refresher trainings at 6 and 
12 months after the start of the intervention that will include a question and answer (Q+A) session regarding 
barriers to implementing the PIVOT with MI intervention followed by role-playing and coaching. The 12 month 
refresher training will also include a review of select videotaped encounters of intervention providers with 
VHPs to provide feedback for how to improve incorporation of PIVOT with MI into the vaccine discussion; 5) 
study champions will be identified among staff at each intervention practice to serve in a role of advocacy, 
information and implementation support for the study throughout the intervention period. The study 
champion will routinely solicit feedback from intervention providers regarding the PIVOT with MI intervention 
and liaise with the study team at regular intervals to communicate and help address implementation issues.  

C.5.c. Provider Focus Groups and Semi-Structured Interviews: To inform intervention development, we will 
conduct one 90-minute provider focus groups involving 5-10 providers (1 each in Washington and Colorado) at 
the start of the development process to elicit provider input on the format, length, and content of the proposed 
intervention components as well as to identify design and acceptability issues. We will subsequently conduct a) 
individual semi-structured interviews with a unique set of 5-10 providers at approximately month 6 of the 12-
month training material development period and b) second focus group at approximately month 9 that 
includes another unique set of 5-10 providers.  These interviews and second focus group will each to allow for 
review, input, and sequential refining of draft training content and materials. Vetted materials will be finalized 
and ready for implementation by the start of year 2 of the project. 

Recruitment of providers for interviews and focus groups will occur among primary care practices that will 
not be enrolled in the study to avoid contamination. Specifically, providers from 3 practices in Colorado that 
were in the intervention arm of the PCOM trial will be targeted, as these providers will be familiar with the use 
of MI for vaccine conversations and will be valuable resources for suggestions on adapting these techniques for 
use with parents of newborns. Providers will be provided with a $100 gift card for participation. 

Focus groups and interviews will be conducted by a trained moderator using a guide developed by the study 
team (Appendix 1). These focus groups and interviews will be in-depth and semi-structured, utilizing a 
combination of broad, open-ended questions and more specific probes. Focus groups will occur in person and 
individual interviews will occur over the phone with materials needed for review disseminated ahead of time. A 
co-moderator may take detailed notes during each in-person session or phone interview. Each focus group will 
be audiotaped and/or transcribed. 

C.5.d. Iterative Development Process: The study team will meet via conference call every 2 weeks for the 
first 12 months of the proposed project to develop the intervention. Study team members will first review 
moderator notes and transcribed audiotapes from the initial provider focus groups to inform the initial drafts 
of the components of the intervention. Opel, Taylor, Robinson, and Hofstetter will develop the training content 
for the presumptive initiation format that will include the incorporation of communication examples collected 
as part of preliminary work (see C.1.c.). O’Leary, Dempsey, and Garrett will develop the MI content by adapting 
MI training materials from the PCOM intervention (see C.1.d.). A draft video module will be developed in 
collaboration with CU Productions (see Facilities and Other Resources), a video production team used by study 
investigators for PCOM (see C.1.d.). The entire study team will review all draft content and revise iteratively to 
fit desired formats, time allotments, and study objectives. After presentation of the draft materials to providers 
during the 2nd and 3rd focus groups, the study team will again review moderator notes and transcribed 
audiotapes to iteratively identify and address design, content, and format issues to intervention materials.  



C.5.e. Online Video Module Post-Production: In the final year of the study period, the study team will again 
collaborate with CU Productions to adapt the video module used in the PIVOT with MI intervention in order to 
support its implementation in more general settings. This will involve incorporating lessons learned during the 
course of the study, creating a new introduction to the module that it is applicable to non-research settings, and 
developing follow-up video modules that simulate the in-person refresher trainings.  

C.5.f. Strengths and Limitations: The PIVOT with MI intervention will be multifaceted and intensive to 
maximize provider behavior change, will include scalable elements (online video module and provider 
references sheets) to promote implementation, and will be developed by a study investigator team comprised of 
general pediatricians, health services researchers, and communication experts with assistance from an 
experienced video production team. More than 6 focus groups may be needed to refine training content and 
materials. If so, additional focus groups will be conducted. 

 C.6. Aim 2: To evaluate the impact of the PIVOT with MI intervention on child immunization 
status at 19 months of age.  

C.6.a. Overview and Design: We propose to conduct a cluster RCT (Figure 3). We will randomize PSPRN 
and COCONet practices (N=24) to control and intervention arms using a covariate-constrained randomization 
approach. All parents of newborn infants receiving health supervision at a study practice will be screened for 
vaccine hesitancy at their child’s initial visit using the PACV-SF (see C.1.a.) in order to identify VHPs, the 
primary study population. Providers at intervention practices will receive the proposed 5-component PIVOT 
with MI provider training program (see C.5.b.). Providers at control clinics will give usual care. A subset of 
VHPs at intervention clinics who give us permission to contact them will have their child’s health supervision 
visit videotaped to assess intervention fidelity. Our main outcome will be child immunization status at 19 
months expressed as the mean percentage of days under-immunized from birth to 19 months. 

C.6.b. Setting and Population: Two regional PBRNs (PSPRN and COCONet) from 2 states (Washington and 
Colorado) will serve as the study setting (see C.2.). Both 
Washington and Colorado are ideal settings to conduct a study 
of an intervention designed to improve immunization rates 
among VHPs because both have a high prevalence of VHPs, 
with each ranking in the highest quintile among US states with 
respect to the proportion of parents claiming non-medical 
exemptions for their child from required school-entry 
vaccines.2  

C.6.c. Eligibility: Providers will be eligible if they belong to 
PSPRN or COCONet. All English- and Spanish-speaking 
parents with a newborn infant <1 month old receiving health 
supervision at a participating practice during the intervention 
period will be eligible. VHPs, defined as those who have a 
positive PACV-SF (see C.1.a.), will constitute our primary 
study population because we are most interested in changing 
their vaccination behavior.10,27 VHPs at intervention practices 
who indicate on the PACV-SF that study staff can contact them 
about participation in additional study activities will be eligible 
for the fidelity study (Aim 2a).  

C.6.d. Practice Recruitment: We have commitment from the PSPRN director and COCONet steering 
committee to use each network to recruit practices (see letters of support from Taylor and COCONet Steering 
Committee). Upon notice of award, Opel and Taylor will contact all PSPRN practices (N=18) and O’Leary and 
Dempsey will contact COCONet practices that didn’t participate in the PCOM study (N=50; see C.1.d.) to invite 
them to participate. Among interested clinics, meetings will be arranged between the study team and practice 
representatives, including any relevant decision makers such as office managers and managing partners. At 
these meetings, the timeline of the study will be reviewed and questions will be answered. Both PRBNs are 
large enough to accommodate declination from some practices due to unforeseen circumstances, such as 
provider turnover or new EHR implementation, and still meet sample size goals. Should the need arise to 
recruit more practices, Seattle- and Denver-area practices that are not part of PSPRN or COCONet will be 
approached. Both PIs have successfully included non-PBRN practices in past studies (see C.1.b.-d.).  

We will consider a practice enrolled when clinic leadership agrees to participate. After a practice is enrolled, 
Business Associates Agreements (BAA) and Data Use Agreements (DUA) will be drafted and signed as 
appropriate. Leaders at enrolled clinics will be asked to encourage provider participation and attendance at 
study kick off meetings (all practices) and communication trainings (intervention practices only). As an 
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incentive for providers to participate in the study and for intervention providers to be engaged through the 
project period, we will work with the American Board of Pediatrics and the American Board of Medical 
Specialties to get this project certified for Maintenance of Certification (MOC) Part 4 credit. All board-certified 
physicians are required to meet certain requirements to maintain their certification,101 and prior work has 
shown that getting projects certified for MOC credit increases engagement among providers.102,103 Study 
certification with MOC credit will also facilitate post-award dissemination of the proposed intervention and 
receipt of MOC credit by providers at control practices, since the MOC certification can be modified so that any 
eligible US physician could receive credit by completing the educational module and meeting other 
requirements. The study team has been successful in getting past projects certified for MOC credit (see C.1.d.) 
and using MOC credit as an incentive to increase provider study participation.  

C.6.e. Covariate-constrained Randomization: Practices will be the unit of randomization. A key issue in 
cluster-randomized trials is the possibility of covariate imbalance in practices assigned to different treatment 
arms.104-108 Thus, practices will be randomly assigned to assure balanced comparison groups using optimized 
probability sampling to the intervention or control arm in the following manner. From the pool of practices 
that agree to participate in the study, pre-study information will be collected on several characteristics that may 
influence study outcomes: percent of VHPs, percent of Vaccines-for-Children [VFC]-eligible patients, number 
of pediatric providers, and practice immunization rates of children 19-35 months old. These pre-study variables 
will then be used to develop and evaluate a balance criterion, defined as the sum of the squared differences 
between standardized practice means on these variables.105 All possible combinations of eligible practices in 2 
arms (intervention and control) will be generated using a SAS macro program.107 The distribution of the 
balance criterion for the 2 study arms will be used to define an acceptable set of study arms that are reasonably 
balanced in terms of the selected variables (minimum 10% of balance criterion).105 From this set, one set will be 
chosen at random and used to randomly assign each practice to intervention or control arms. This process will 
be undertaken in both Colorado and Washington as separate randomization procedures. We have successfully 
used covariate-constrained randomization in C.1.d. and other studies.109,110  

We will perform the following procedures to obtain pre-study information on these covariates: 
C.6.e.1. Assessment of the proportion of VHPs at each practice: For a period of 2 months prior to the start 

of the PIVOT with MI intervention period, we will administer an English- or Spanish-language version of the 
PACV-SF (see C.1.a.) to all English- and Spanish-speaking parents with newborns upon check-in for their 
newborn’s first visit at a participating practice. Practice staff will include the PACV-SF in the practice’s 
standard intake paperwork that parents are asked to complete at this first visit. We have utilized this 
design within COCONet practices in the past and have achieved nearly full participation even 
with a disclaimer on the survey stating its completion is voluntary and for research purposes. 
This design will allow us to obtain a stable estimate of the proportion of VHPs in each practice as well as refine 
the procedures necessary at each clinic to successfully integrate the PACV-SF into practice workflow, as this 
screening process will continue throughout the intervention. Study staff will visit study practices at regular 
intervals to pick-up completed surveys to score them and conduct data entry. One staff member at each 
practice will receive a $100 gift card as a thank you for overseeing the implementation of PACV-SF screening. 

C.6.e.2. Assessment of the proportion of VFC-eligible patients at each practice: The proportion of VFC-
eligible patients at each practice will be determined in collaboration with the office manager at each 
participating practice. In prior studies, office managers have been able to calculate this with a high degree of 
accuracy when compared to EHR or immunization registry data.  

C.6.e.3. Assessment of the number of pediatric providers: We will determine the number of pediatric 
providers at each practice using the contact information provided at practice enrollment by practice leaders.  

C.6.e.4. Assessment of the proportion of children who are up-to-date (UTD) on immunizations at each 
practice: We will conduct a retrospective analysis of UTD status for all recommended childhood vaccines 
among children 19-35 months old at each practice using vaccine administration data for each practice obtained 
from the two state’s immunization registries (WAIIS and CIIS). The WAIIS and CIIS operate in accordance 
with nationally recommended standards for immunization registries, and all PSPRN and COCONet practices 
participate in CIIS or WAIIS. Both CIIS and WAIIS use birth certificate data to identify children and cover 
≥95% of children <6 years old in their respective states.111 Both CIIS and WAIIS112 combine the immunization 
information from multiple sources into a consolidated, complete, and valid record of immunizations. Data 
quality assessments are done frequently. Offices are required to have <5% error rate in the registry, making 
these registries a highly accurate data source for assessing vaccine utilization.  



C.6.f. Intervention: Intervention specifics will ultimately be determined through the iterative process 
detailed in Aim 1 (see C.5.c.-d.). Therefore, what follows is preliminary and will be modified. At baseline, 
providers at intervention practices will be electronically sent a link to the online video module to view at their 
convenience. Modules will be approximately 30 minutes and will be encoded with a viewing tracker that will 
enable study staff to monitor its completion. Providers who have not viewed the module within 2 weeks will be 
sent up to 3 reminders with additional links to the video module. The window for viewing the video module will 
be 30 days, and viewing the video will be required for provider to receive MOC Part 4 credit. Based on our 
previous study utilizing a baseline video module (see C.1.d.), we expect a ≥70% completion rate. 

At the conclusion of the video module window, providers will be asked to attend a 90 minute interactive in-
person training session led by study staff. Attendance will be required for MOC Part 4 credit. This baseline 
training session will involve a baseline assessment of provider skills with the communication techniques 
introduced in the module and teaching and reinforcement of the PIVOT with MI strategy using modeling, role-
playing and coaching by the study team. Providers will also receive instructions on how to use the reference 
sheets developed in Aim 1. Each intervention practice will have its own in-person training session. For PSPRN 
practices, sessions will be led by Opel, Hofstetter, Robinson, and Garrett. For COCONet practices, sessions will 
be led by O’Leary, Dempsey, and Garrett. Based on our previous work, provider participation rate in this 
baseline training is expected to be ≥70% (see C.1.b. and C.1.d.). The intervention period will commence at the 
conclusion of this baseline training and last 36 months (constituting the 18 month parent recruitment period 
[see C.6.k.] and the 18 months after this period to allow for the last enrolled newborn to reach 19 months old). 

Six months into the intervention period, providers will receive a 60 minute in-person refresher training led 
by the same study team members. This will take a similar format to the initial training but will start with 
providers sharing their experiences with the PIVOT with MI intervention over the prior 6 months, with 
demonstrations from each provider of a difficult vaccine conversation with feedback from the MI trainer. At 12 
months into the intervention period, we will have a second 90 minute in-person refresher training that will also 
include viewing 3-5 selected videotaped encounters of 2, 4 and/or 6 month health supervision visits involving 
intervention providers (with their permission) from the preceding 12 months (see C.6.g.) to illustrate “dos and 
don’ts” of the PIVOT with MI strategy. We will ask providers at the refresher training what they thought went 
well and what could be improved after watching each videotape. Study champions (1 per practice) will support 
the PIVOT with MI strategy throughout the remainder of the intervention period by soliciting periodic 
feedback from providers on use of the intervention and addressing implementation issues with the study team. 

C.6.g. Data Collection and Implementation: During the intervention period, all English- and Spanish-
speaking parents of newborns will be screened with the PACV-SF prior to their initial visit at a participating 
practice by integrating the PACV-SF into standard practice workflow (see C.6.e.1.). The PACV-SF will also 
include demographic items that have been associated with under-immunization (birth order of their child, 
household income, marital status, parent self-designated race/ethnicity, gender, and number of children in 
their household)31,113-115 and be embedded in a larger survey to minimize ascertainment bias. 

To assess intervention fidelity (Aim 2a), a study RA will approach by phone English-speaking VHPs 
attending intervention practices who answer affirmatively to an item on the PACV-SF asking for their 
permission to contact them to determine their interest in participating in a study of provider-parent 
communication at health supervision visits in which their child’s visit will be videotaped. We will describe the 
study generally to parents in order to minimize the chance that parents alter their behavior to meet observer 
expectations. We will approach VHPs continuously throughout the intervention period to obtain a collection of 
videotaped encounters at different time periods to assess whether there is a waning of fidelity over time. We 
have chosen videotaping because it captures aspects of nonverbal communication that are (a) not captured by 
audiotaping alone and are essential to our study of vaccine acceptance (e.g. head nodding) and (b) necessary to 
provide visual feedback to providers during the 12 month refresher session (see C.6.f.).116 For those VHPs who 
are interested (based on our past studies, we expect >70% will be interested [see C.1.c.]), the study RA will 
meet the parent at their child’s next health supervision visit to obtain their written informed consent. The 
child’s visit will then be videotaped using a video-recorder equipped with a wide-angle lens and positioned in a 
corner of the exam room near the ceiling, consistent with the methods we have used in preliminary studies (see 
C.1.c.). All videotaped visits will be transcribed. Parents will receive a $25 gift card for participating. 

C.6.h. Blinding: Given our intervention, it is not possible to blind providers or investigators to study-arm 
allocation. However, our analysts will be blinded to study-arm allocation. We will also minimize selection bias 
by including all parents whose newborns receive health supervision at participating practices in the study and 
analysis. We will minimize participant bias by blinding providers to PACV-SF scores of parents and parent 
ascertainment bias by masking the PACV-SF during enrollment by embedding it in a larger survey.  



C.6.i. Primary Study Outcome: Our primary outcome will be the immunization status of children 
of VHPs at 19 months, 0 days of age expressed as the mean percentage of days under-immunized from 
birth to 19 months for 22 doses of 8 vaccines recommended during this interval (3 Hepatitis B, 3 Rotavirus, 4 
Diphtheria, tetanus, and acellular pertussis [DTaP], 3 Haemophilus influenzae, type b [Hib], 4 Pneumococcal 
conjugate, 3 Inactivated poliovirus [IPV], 1 Measles, mumps, rubella [MMR], and 1 Varicella). To calculate the 
mean percentage of days under-immunized, we will sum the days late for each dose and divide this by the 
maximum number of days a child could be late if they had received none of the total 22 doses for the 8 vaccines 
by 19 months. We have chosen to use the mean percentage of days under-immunized because it is a sensitive 
measure of under-immunization by accounting for missed vaccines doses and delay in receipt of vaccines.117 We 
have successfully used this measure in previous studies (see C.1.a. and C.1.c.). We will obtain immunization 
data from WAIIS and CIIS as described in C.6.e.4. As an exploratory secondary outcome, we will also measure 
the immunization status of children of non-VHPs (expressed as the mean percentage of days under-
immunized) since the PIVOT with MI intervention involves use of the presumptive format with all patients and 
therefore has the potential to also impact the vaccine behavior of non-VHPs. 

C.6.j. Analysis: We will conduct an intention-to-treat analysis. The patient will be the unit of analysis. We 
will examine baseline characteristics of parents in control and intervention arms using Pearson’s χ2 tests (or 
Fisher’s exact tests) for categorical variables and t-tests for continuous variables to assess for any unbalanced 
confounders. Any unbalanced confounders will be controlled for as covariates in all subsequent regression 
analyses. We will also compare baseline characteristics between parents with and without missing data. We will 
apply sensitivity analysis and multiple imputations techniques to address missing data. 

Given the nested structure of the data, we will apply mixed effects regression models to examine the effects 
of the intervention on our primary outcome while controlling for covariates and accounting for correlations due 
to clustering. Let 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 denote the percent days under-immunized for child k who receives care from provider j at 
clinic i, let 𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖 be the intervention indicator (0=control, 1=intervention) for the child, let 𝑿𝑿𝑖𝑖𝑖𝑖𝑖𝑖 be the collection 
of covariates that includes potential confounders (at patient, provider, or practice levels), then a mixed model 
that accounts for this specific nesting data structure can be specified by 

𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑇𝑇𝑗𝑗𝑗𝑗𝑗𝑗𝛼𝛼 + 𝑿𝑿𝑖𝑖𝑖𝑖𝑖𝑖𝛽𝛽 + 𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖
(3) 𝑢𝑢𝑖𝑖

(3) + 𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖
(2) 𝑢𝑢𝑖𝑖𝑖𝑖

(2) + 𝜖𝜖𝑖𝑖𝑖𝑖𝑖𝑖,  (1) 
for 𝑘𝑘 = 1,⋯ ,𝑛𝑛𝑖𝑖𝑖𝑖 first-level observations (patient) nested within 𝑗𝑗 = 1,⋯ ,𝑀𝑀𝑖𝑖 second level groups (provider), 
which are nested within 𝑖𝑖 = 1,⋯ ,𝑀𝑀 third-level groups (practices). 𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖

(3) and 𝑍𝑍𝑖𝑖𝑖𝑖𝑖𝑖
(2) are design matrices for the 

third- and second-level random effects. Further normality and independence assumptions will be placed on 
random effects and error terms if the outcome is continuous. The above model specification represents a multi-
level linear mixed model. Parameter estimates will be obtained through restricted maximum likelihood 
estimation. Robust sandwich standard error estimates to account for the clustering will be used for inference. 
In the above model specification, the parameter α captures the expected difference between intervention and 
control arms and will be our focus of inference. For binary outcomes, the above model specification can be 
adapted to mixed effects logistic regression with similar estimation and inference techniques.118 

For our fidelity study (Aim 2a), we will use conversation analysis (CA) to analyze use of the presumptive 
format to initiate the vaccine recommendation in videotaped data and the Motivational Interviewing 
Treatment Integrity (MITI) 4 system119 to assess MI fidelity. CA is the same analytic technique we have used in 
our preliminary work (see C.1.c.) and searches for patterns in the provider-parent interaction in which a 
behavior is systematically used to accomplish a social action either vocally or nonvocally.120 MITI utilizes a 5-
point Likert type scale to assess four MI dimensions (cultivating change talk, softening sustain talk, 
partnership, and empathy) and tallies 10 specific practitioner behaviors (questions, reflection, persuade with 
permission, giving information, affirm, emphasize autonomy, seek collaboration, persuade and confront). 
Summary scores include: (1) reflection to question ratio, (2) percentage of complex to simple reflections, and 
(3) percent of MI adherent statements.  

Robinson will utilize a subset of the videotaped encounters to develop a coding scheme for the PIVOT with 
MI communication practices. Opel and O’Leary will teleconference weekly with Robinson during this analysis 
to review identified communication patterns and their correlation to the PIVOT with MI intervention. After 
completion of the coding scheme, Robinson will then train multiple coders from the study team on the coding 
scheme using 10% of the videotaped data. We will measure inter-rater reliability between the coders using up 
to an additional 20% of the data until κ scores reach a minimum of .70. Coders will then continue to 
independently code all remaining data (and recode the initial 10% of training data). All discrepancies in coding 
between the coders will be resolved through discussion with Robinson.  

C.6.k. Sample Sizes/Power Calculations: Based on preliminary data (see C.1.a.), children of VHPs had a 
mean percentage of days under-immunized of 26.2% (standard deviation [SD] 29.8) from birth to 19 months of 



age for 6 vaccines combined (Hepatitis B, DTaP, Hib, IPV, MMR, and Varicella).18 This corresponds to an 
average of 37 days late per vaccine dose. To be able to detect with adequate power (≥90%) a decrease in under-
immunization of 10 days—a decrease that has the potential to be clinically meaningful since 27 days would not 
be considered late for most vaccines because of the 30 day window in which most vaccine doses are 
recommended121—we need to enroll 600 VHP/newborn pairs total, with 300 per arm and 25 at each of the 24 
study practices (assuming an α of 0.05, a SD of 20, and an intraclass correlation coefficient for within-clinic 
correlation of 0.0228). Assuming a 10% prevalence of VHPs (see C.1.b),28 we will need to approach 6,000 
parents to reach our sample size goal. This is feasible to achieve in our designated 18 month recruitment period 
given our design to integrate PACV-SF screening of parents of newborns into standard practice workflow and 
our estimate (determined by spot chart reviews at PSPRN and COCONet practices) that there are ≥10 
newborns per clinic per week in PSPRN and COCONet practices. If we vary our assumptions regarding VHP 
prevalence (7.5%) or SD (25), we would need to approach 8,000 and 12,000 parents, respectively, for adequate 
(≥90%) power to detect the same effect size, both of which remain feasible within the 18 month enrollment 
period assuming ≥10 newborns per clinic per week. If we have unbalanced enrollment across study arms (i.e. 
not 1:1 enrollment in intervention and control arms), we will continue enrollment beyond 600 VHP/newborn 
pairs total in order to reach at least 300 VHP/newborn pairs per arm given the impact of an imbalance on our 
power.  

For our fidelity outcome (Aim 2a), power can be considered in terms of the number of videotaped 
interactions needed to develop this coding scheme. Based on our prior studies (see C.1.c.), 3 videotaped visits 
per provider should be adequate to achieve sufficient behavioral variation across providers. We will therefore 
videotape up to 360 encounters (up to 180 in each state), which averages to 3 videotaped encounters per 
practice provider.  

C.6.l. Strengths and Limitations: We utilize a robust study design to minimize contamination as well as 
selection, ascertainment, and participant biases. Our use of 2 independent and well-established regional 
pediatric PBRNs facilitates generalizability and will provide a knowledge base for how an intervention can be 
integrated within a real-world practice setting, helping inform a dissemination and implementation follow-on 
study within the American Academy of Pediatrics’ (AAP) PROS network and American Academy of Family 
Physicians’ (AAFP) National Research Network (NRN). In measurement of the fidelity of the intervention, it is 
possible that provider behavior will be different when videotaped. However, other studies have demonstrated a 
negligible effect of the videotape on provider behavior.122 By design, we only measure immunization status at 19 
months of age given timeline constraints and therefore will not be able to assess the impact of the PIVOT with 
MI intervention on longer-term immunization status beyond 19 months of age.  

C.6.m. Potential Outcomes/Scientific Contribution: If the PIVOT with MI intervention is effective in 
improving immunization status of children of VHPs, this study will address a critically important public health 
problem using an efficient and feasible program that contains scalable components to promote dissemination.  

C.7. Aim 3: To evaluate the impact of the PIVOT with MI intervention on parent and provider 
experience.  

C.7.a. Overview and Design: Given the preliminary association of a presumptive format for initiating the 
vaccine recommendation with decreased odds of a highly-rated visit experience (see C.1.c.), we will assess the 
PIVOT with MI intervention’s impact on visit experience using a cross-sectional survey design of intervention 
and control VHPs. Also, given the preliminary association of decreased time spent discussing vaccines with 
VHPs and increased provider self-efficacy with use of MI in the PCOM intervention (see C.1.d.), we will use a 
pre-, interim -, and post - intervention survey of control and intervention providers to determine if the PIVOT 
with MI intervention has a similar impact. Lastly, provider use of a presumptive initiation format and/or MI in 
vaccine discussions may increase across practices broadly over time given publication and dissemination of our 
preliminary work. Therefore, we are interested in assessing use of these techniques by both control and 
intervention providers at baseline and after the intervention to better interpret our study results.  

C.7.b. Study Population: VHPs from both control and intervention practices who indicate on the embedded 
PACV-SF that study staff can contact them about participation in additional study activities will be eligible. All 
pediatric providers (MD, DO, ARNP, PA-C) from control and intervention practices will be eligible. 

C.7.c. Data Collection and Implementation: Each videotaped encounter participant will receive a $25 gift 
card as a thank you for their participation.  

We will administer a post-visit experience survey that has been adapted from the Outpatient Satisfaction 
Questionnaire123 and the Satisfaction with Immunization Service Questionnaire124 (Appendix 2) to VHPs in 
both control and intervention sites.  Due to COVID implications, we will separate the post-visit experience 
survey from the in-person visit where originally it was to be administered immediately after one of their child’s 
health supervision visits. For intervention and control VHPs, contact will be made after their child’s 2-month 



visit if the parent gave their contact information on the PACV survey and agreed to contacted to potentially 
participate in future research.  A RA will call and contact the parent to gauge interest in the survey and if so, 
will proceed with administering the survey either via an emailed link or over the phone, while the RA will enter 
their answers in real time in REDCap.  Once the survey is completed, the parent will receive a $20 gift card as a 
thank you.  

To assess provider time, communication approach, and self-efficacy in discussing vaccines with parents, we 
will administer surveys to all study providers at baseline, after the completion of the trainings in the 
intervention practices and at study completion. Baseline surveys will also include items querying provider 
demographic and practice characteristics. The survey instrument will be modified from a survey used in the 
PCOM project (see C.1.d.) and pilot tested (Appendix 3). The interim and post study surveys will have the same 
questions for both intervention and control providers, with a few additional questions evaluating the PIVOT 
with MI trainings and experiences among intervention providers only. Administration will be by paper or 
electronically, depending on practice preference. Participants will receive a $25 gift card for participation. In 
previous studies with similar methods, we’ve achieved 87-95% provider response rates. 

An additional survey taken by each of our pediatric clinics will better help us understand the impact of 
COVID-19 on health supervision visits and vaccine delivery and uptake. This survey will be administered in the 
summer months of 2020.  

C.7.d. Analysis: Since there is no optimal method for summarizing parent experience, we will use 2 
dichotomization methods: the top-box method,125-128 consistent with Consumer Assessment of Healthcare 
Providers and Systems survey scoring,129 and an alternative method123,130,131 in which an average score of ≥6 
(out of 7) on each of the 15 items is indicative of a highly rated visit experience.16 We will also summarize 
parent experience as a continuous variable. We will use Pearson’s χ2 test to compare parent (binary) ratings of 
visit experience between control and intervention arms. We will apply mixed effects logistic regression model 
to account for within-clinic correlation and any unbalanced confounding factors. When summarizing parent 
experience as a continuous variable, we will apply Box-Cox transformation if it is highly skewed and linear 
mixed effect models similar to Equation (1) to examine differences between control and intervention arms.  

For the provider outcomes, we will compare the pre- and post-intervention proportions of control and 
intervention providers who (1) spent <10 minutes vs. 10+ minutes discussing vaccines at a typical visit and 
during visits with parents who had vaccine concerns; (2) used the presumptive and/or MI techniques in 
vaccine discussions with families (always, frequently, sometimes, never); and (3) perceived they were able to 
influence parents’ vaccine decisions (Appendix 3). We will use Pearson’s χ2 test for an unadjusted analysis of 
the pre-post differences between control and intervention arms and multivariable logistic regression for 
adjusted analyses that control for potential confounding variables such as provider demographic and practice 
characteristics. Planned subgroup analyses include examining outcomes by practice type (public/private), 
%VHPs in the practice, and number of practice providers. Models will account for clustering of outcomes by 
practices where needed. 

C.7.e. Power calculation: For the parent visit experience outcome, we will have 80% power to detect a 13 
percentage point difference in the proportion of parents who rate their visit experience highly between control 
and PIVOT with MI practices if we enroll 312 VHPs (156 per arm) assuming a baseline proportion of 72% of 
parents who rate their visit experience highly_ENREF_1716 and equal distribution of participants in control and 
PIVOT with MI practices. For each of the provider outcomes, we will have 80% power to detect a 12 percentage 
point pre-post difference between control (1 percentage point pre-post difference) and intervention providers 
(13 percentage point pre-post difference), assuming 60 providers in each arm. Overall, this number of 
providers per arm for these provider outcomes seems feasible since we anticipate the proposed study will 
involve >120 total providers (5-7 providers per practice). 

C.7.f. Strengths and Limitations: We are only including VHPs who give us permission to contact them. 
There may be differential participation rates among VHPs in the control and intervention arms, resulting in 
unequal distribution and bias. Though we will account for this in our analysis, our results may nonetheless not 
be generalizable to parents and children with less access to health care and to parents less likely to participate. 

C.8. Future Directions 
We have designed the proposed study with dissemination in mind. Study materials will be developed so 

that they may be easily adapted to other settings, with particular focus on having the online video module 
available for use by others immediately (see C.5.e.). In addition, should this intervention prove effective, we 
intend to collaborate with 2 national PBRNs—the AAP PROS Network and the AAFP NRN—to test the 
intervention on a broader scale (see letters of support from the directors of PROS and NRN). 

 



 

 

C.9. Study Timeline 
Project Task Year 1 Year 2 Year 3 Year 4 Year 5 
Quarters         1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 
1) Obtain all needed Institutional Review Board approvals                      
2) Recruit PSPRN and COCONet practices                     
3) Develop PIVOT with MI provider training program                      
4) Obtain MOC-4 approval for PIVOT with MI program                      
5) Data collection for covariates in balanced randomization                     
6) Baseline provider survey and PIVOT with MI training                     
7) Parent/newborn enrollment period                     
8) Videotaping for fidelity of intervention                      
9) Refresher PIVOT with MI trainings                     
10) Parent visit experience surveys                     
11) Provider interim-intervention survey                     
12) COVID-19 survey to all practices                     
13) Access WAIIS and CIIS vaccine records                      
14) Provider post-intervention survey                     
15) Data analysis                      
16) Writing and dissemination                      
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