STROBE Statement—checklist of items that should be included in reports of observational studies

	[bookmark: bold1][bookmark: italic1][bookmark: bold2][bookmark: italic2][bookmark: bold3][bookmark: italic3][bookmark: bold4][bookmark: italic4][bookmark: italic5]
	Item No.
	Recommendation
	Page 
No.
	Relevant text from manuscript

	[bookmark: bold5][bookmark: italic6]Title and abstract
	1
	(a) Indicate the study’s design with a commonly used term in the title or the abstract
	2
	…we used two outcome m.easures in two quasi-experimental pre-post studies.

	[bookmark: bold6][bookmark: italic7]
	
	(b) Provide in the abstract an informative and balanced summary of what was done and what was found
	2
	Background: Cities are renovating parks in under-resourced areas, but the impacts of these efforts on park use are rarely evaluated and therefore poorly understood. This evidence gap is partly due to challenges associated with conducting natural experiment evaluations in real-world settings. To advance evidence from park and playground natural experiments, we conducted a comparative evaluation of two renovations in low-income, predominantly Black neighborhoods in the United States (Baltimore, MD and Rocky Mount, NC), using emerging methods alongside established approaches. 
Methods: Through implementing the “Guide for Evaluating Playground Interventions”, we systematically described and compared contextual factors for each park renovation. To assess changes in park and playground use, we used two outcome measures in two quasi-experimental pre-post studies : (1) the System for Observing Play and Recreation in Communities (SOPARC) to measure observed park use and park-based moderate to vigorous physical activity (MVPA) at each intervention park and a matched comparison park, and (2) commercial geolocation mobile device data to measure the weekly average count of park and playground visits using 6-months of time-matched pre-and post-intervention data. 
Results: While there appeared to be some increases in the average weekly count of playground visits as measured by geolocation mobile device data for both interventions, SOPARC analyses were too under-resourced, and therefore under-powered, to produce definitive results intervention effectiveness.

	[bookmark: bold7][bookmark: italic8]Introduction
	

	[bookmark: bold8][bookmark: italic9][bookmark: bold9][bookmark: italic10]Background/rationale
	2
	Explain the scientific background and rationale for the investigation being reported
	3-6
	See manuscript. 

	[bookmark: bold10][bookmark: italic11]Objectives
	3
	State specific objectives, including any prespecified hypotheses
	6
	…we conducted a comparative case study using well-established and emerging methods to evaluate the impact of two park and playground renovations in low-income, predominantly Black neighborhoods located in the United States: Rocky Mount, NC and Baltimore, MD.

	[bookmark: bold11][bookmark: italic12]Methods
	

	[bookmark: bold12][bookmark: italic13]Study design
	4
	Present key elements of study design early in the paper
	6
	We used a comparative case study design to examine two park and playground renovations in low-income, predominately Black neighborhoods in the United States.(28)  Case studies seek to “investigate contemporary phenomena within its real-life context”.(29) Thus, for each case study we (i) systematically described study context (ii) conducted a quasi-experimental study design using well-established methods to evaluate the effect of the park and playgrounds renovations on park use and park-based physical activity (iii) examined the feasibility of using geolocation mobile device data for describing changes in park and playground visits throughout the study.

	[bookmark: bold13][bookmark: italic14]Setting
	5
	Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection
	7-9
	See Table 1. 

	Participants
	6
	(a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and control selection. Give the rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants
	9
	Both studies included one intervention park that was matched to a control park. In case study 1 the matching criteria for the control park were based on absence of a renovation during the study period, park size, park amenities, neighborhood demographics, geographic proximity, and feasibility. In case study 2 the control park was selected based on absence of renovation during the study period, neighborhood-level data on age, median household income, % Black, % High school graduate degree or higher (Table 2).

	[bookmark: bold14][bookmark: italic15]
	
	(b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of controls per case
	
	See Figure 2.

	[bookmark: bold16][bookmark: italic17]Variables
	7
	Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if applicable
	11-14
	See Figure 2. 
For the quasi-experimental studies, difference-in-difference (DiD) models were fit using multilevel negative binomial regression models to estimate the changes in the primary outcomes (park use, playground use, park-based MVPA, and playground-based MVPA) across parks and time, with an offset term for observation hours, park as a fixed effect, and a random intercept for day. All models were adjusted for weekend compared to weekday observation days as park use is consistently higher on weekends compared to weekdays.

	[bookmark: bold17][bookmark: italic18][bookmark: bold18][bookmark: italic19]Data sources/ measurement
	[bookmark: bold19]8*
	 For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of assessment methods if there is more than one group
	11-12;13
	The System for Observing Play and Recreation in Communities (SOPARC)1 was used to measure park use, playground use, park-based moderate-to-vigorous physical activity (MVPA), and playground-based MVPA, and to assess gender (male, female, girls (<19 years of age), boys (<19 years of age)) and age groups (total individuals, youth (<19 years of age)) of the persons observed. SOPARC is a validated tool for measuring park use and park-based MVPA in a wide range of populations, including low-income and high racial and ethnic minority neighborhoods.(33)  There is also high inter-rater reliability between pairs of observers when using SOPARC.(34) 

This study used Placer.ai’s2 commercially available mobility analytic platform that provides anonymized, aggregated estimates of visitation to physical locations using mobile device data. Visits are measured using geofenced points of interests (POIs). Each POI is defined as a polygon that represents the spatial footprint of a place.

	[bookmark: bold20][bookmark: italic20]Bias
	9
	Describe any efforts to address potential sources of bias
	9, 11, 26
	See Figure 2. Both studies included one intervention park that was matched to a control park. In case study 1 the matching criteria for the control park were based on absence of a renovation during the study period, park size, park amenities, neighborhood demographics, geographic proximity, and feasibility. In case study 2 the control park was selected based on absence of renovation during the study period, neighborhood-level data on age, median household income, % Black, % High school graduate degree or higher (Table 2). 

We are unable to conduct a validation study with Placer.ai because we lack access to the raw, individual-level mobile device visit data. With access to these raw data, it may be possible to validate this method using camera-based observation methods, that have been shown to be more reliable than in-person methods for measuring park use.(49)

	[bookmark: bold21][bookmark: italic21]Study size
	10
	Explain how the study size was arrived at
	23, 24
	For the evaluation using SOPARC, the research team was hired by NRPA close to when the renovations began on December 15, 2018, so the team was only able to measure one pre-intervention time point during the winter  
There were also small sample sizes for many pre and post measurement time points (Table 3), which is reflected in the wide and unstable 95% confidence intervals (Supplemental Table 2) and prevented us from performing subgroup analyses by gender. As shown in Table 1, this can be explained by the limited resources our research team had available to collect SOPARC data ($25,000 for 3 years). Data collectors were students who had scheduling conflicts with classes, breaks, absences, and the research team had to stop data collection due to safety concerns (i.e., perceived drug activity and unhoused populations), resulting in incomplete SOPARC observation sessions.


[bookmark: bold22][bookmark: italic22]Continued on next page 

	[bookmark: bold23][bookmark: italic23]Quantitative variables
	11
	Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and why
	14,15
	For the quasi-experimental studies, difference-in-difference (DiD) models were fit using multilevel negative binomial regression models to estimate the changes in the primary outcomes (park use, playground use, park-based MVPA, and playground-based MVPA) across parks and time, with an offset term for observation hours, park as a fixed effect, and a random intercept for day.

The aim of this analysis was to descriptively characterize how visitation levels varied before and after park reopening, rather than to estimate causal intervention effects. We used a descriptive analysis of annual estimates of average weekly count of park and playground visitors derived from geolocation mobile device data.

	[bookmark: italic24][bookmark: italic25]Statistical methods
	12
	(a) Describe all statistical methods, including those used to control for confounding
	14-15
	Descriptives statistics were used to determine the count (n) or count with proportions (n, %) for demographic characteristics of individuals observed using SOPARC across each park. For the quasi-experimental studies, difference-in-difference (DiD) models were fit using multilevel negative binomial regression models to estimate the changes in the primary outcomes (park use, playground use, park-based MVPA, and playground-based MVPA) across parks and time, with an offset term for observation hours, park as a fixed effect, and a random intercept for day. All models were adjusted for weekend compared to weekday observation days as park use is consistently higher on weekends compared to weekdays.(36) An interaction term between park and time variable was used to test if the amount of change within parks from pre- to post- intervention was significantly different between parks. This intervention effect was estimated as: Where the coefficient β_2on the interaction term (〖"Post" 〗_t×〖"Treat" 〗_i) represents the difference-in-differences estimate of the intervention’s effect on park use per hours observed relative to the control park and adjusted for weekend observation days. Model coefficients were exponentiated to incidence rate ratios (IRRs) and were interpreted as the expected rate of park or playground users (or persons engaged in MVPA) per hour. As we only collected data for one pre-intervention time period for both studies, it was not possible to test the parallel trends assumption and thus determine causality of the intervention using the DiD approach.
We used a descriptive analysis of annual estimates of average weekly count of park and playground visitors derived from geolocation mobile device data.
We excluded the intervention implementation time period (case study 1: 15  December 2018-22 September 2019; case study 2: 30 November 2023-5 June 2025), and 2020 data (03-15-2020 to 12-31-2021) due to the impacts of the COVID-19 pandemic on physical activity.(37) For both studies we examined 6 months of data due to availability across years at the time of the analysis for pre/post timepoints, and because this time interval included summer months when playground use is highest.(38) 
For case study 1 we used 6 months of time-matched 2017 and 2018 data prior to the park closure on 12-15-2018. The park opened on 09-22-2019, so we used 6 months of time-matched 2021 to 2025 data to measure the weekly average count of park and playground visitors for each year.
For case study 2, the park was closed on 11-30-2023 and reopened on 06-05-2025, so similarly, we used 6 months of 2021 to 2023 data prior closing, and time-matched 2025 data after opening.


	[bookmark: bold24][bookmark: italic26]
	
	(b) Describe any methods used to examine subgroups and interactions
	15
	Where the coefficient β_2on the interaction term (〖"Post" 〗_t×〖"Treat" 〗_i) represents the difference-in-differences estimate of the intervention’s effect on park use per hours observed relative to the control park and adjusted for weekend observation days.

	[bookmark: bold25][bookmark: italic27]
	
	(c) Explain how missing data were addressed
	
	NA

	[bookmark: bold26][bookmark: italic28]
	
	(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed
Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy
	
	NA

	[bookmark: bold27][bookmark: italic29]
	
	(e) Describe any sensitivity analyses
	
	NA

	Results

	[bookmark: bold29][bookmark: italic31]Participants
	[bookmark: bold30]13*
	(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed eligible, included in the study, completing follow-up, and analysed
	16-17
	SOPARC descriptive analyses showed differing patterns across the two case studies (Table 3). In case study 1, the total number of park users per hour, playground users per hour, and persons engaged in MVPA per hour declined from pre- to post- intervention for both the intervention and control parks. There was no change in youth engaged in MVPA per hour pre to post intervention for the intervention park but a decline for the control park.

	[bookmark: bold31][bookmark: italic32]
	
	(b) Give reasons for non-participation at each stage
	
	NA

	[bookmark: bold32][bookmark: italic33]
	
	[bookmark: OLE_LINK4](c) Consider use of a flow diagram
	
	NA

	[bookmark: bold33][bookmark: italic34][bookmark: bold34][bookmark: italic35]Descriptive data
	[bookmark: bold35]14*
	(a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential confounders
	16-17
	Table 3

	[bookmark: bold36][bookmark: italic36]
	
	(b) Indicate number of participants with missing data for each variable of interest
	
	NA

	[bookmark: bold37][bookmark: italic37]
	
	(c) Cohort study—Summarise follow-up time (eg, average and total amount)
	
	Table 3

	[bookmark: bold38][bookmark: italic38]Outcome data
	[bookmark: bold39]15*
	Cohort study—Report numbers of outcome events or summary measures over time
	17, 18-19
	Figure 3, Figure 4

	
	
	Case-control study—Report numbers in each exposure category, or summary measures of exposure
	
	

	
	
	Cross-sectional study—Report numbers of outcome events or summary measures
	
	

	[bookmark: italic40][bookmark: bold41]Main results
	16
	(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and why they were included
	14, 16-19, Figure 3, Supplemental Tables 2 & 3
	Figure 3. Multilevel negative binomial regression results for case study 1 are presented in Supplemental Table 2. Both unadjusted and adjusted models showed that for the renovated park in Baltimore, interaction terms for all post intervention waves (2019-2022) were not statistically significant (p>0.05). Figure 3 displays the expected users per hour for each time point for all study outcomes (plots A to D). The predicted margins for the two parks across all time points in Figure 3 further indicate that there was no difference in study outcomes from baseline (2018) to post-renovation data collection waves compared with the matched control (p>0.05).

All models were adjusted for weekend compared to weekday observation days as park use is consistently higher on weekends compared to weekdays.(36)

	[bookmark: italic41][bookmark: bold42]
	
	(b) Report category boundaries when continuous variables were categorized
	
	NA

	[bookmark: italic42][bookmark: bold43]
	
	(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
	
	NA


[bookmark: italic43][bookmark: bold44]Continued on next page 

	Other analyses
	17
	Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses
	
	NA

	[bookmark: italic44][bookmark: bold45]Discussion

	[bookmark: italic45][bookmark: bold46]Key results
	18
	Summarise key results with reference to study objectives
	 20-21
	This study implemented two novel and emerging methodological approaches (i.e., a guide for evaluations to capture context and geolocation mobile device data) for improving evaluations of park and playground renovations on park use in low-income, primarily Black neighborhoods. Both case studies examined substantial park and playground renovations implemented in neighborhoods with similar racial and economic profiles in US cities. However, by implementing Toftager et al.’s Guide, we showed that there were many differences across contextual factors (Table 1, Figure 1)(30). For example, the renovations at each park were guided by a unique policy or program (i.e., NRPA Parks build initiative vs City Parks and Recreation Master Plan) with different funding allocations, resources and equipment, and the community involvement varied. Important differences were also observed in evaluation capacity and timelines. While the evaluation teams were similar, there were different resources available ($125,000 for 5 years vs $25,000 for 3 years) and the length of relationships with the funders for each evaluation prior to the intervention varied. For case study 1, the research team was brought on quickly before the park renovation began, while for case study 2, the team had an established relationship for about 1 year prior to when data collection began.
Taken together, these differences across setting, intervention characteristics, and evaluation timelines highlight that improving external validity in park intervention research requires a shift in focus towards understanding how variation in context (both in terms of interventions and evaluations) shapes intervention effectiveness. In highly localized natural experiments, external validity is unlikely to be strengthened through replication alone. Instead, it depends on the systematic capture and reporting of contextual factors that influence how and why interventions work in particular settings. To support this, researchers need to develop and implement standardized methods for the evaluation and reporting of park and playground interventions, such as Toftager et al.’s Guide. Such approaches will support research teams to more effectively determine study design and methods based on available resources, enhance transparency, and to aid in translation of findings that are interpretable beyond the original study context.

	[bookmark: italic46][bookmark: bold47]Limitations
	19
	Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and magnitude of any potential bias
	24-25
	While this was the first study to implement Toftager et al.’s evaluation Guide for playground interventions to improve the quality of evidence, we did not apply the guide in the planning phase as noted by the guide. The guide is still being revised so it was not available during the planning stages of our case studies (30). And while our study team was involved in the evaluation process, this involvement was not early enough as evidenced by only collecting one pre-intervention measurement for both case studies. Without the ability to measure baseline conditions or pre-existing trends, it was not possible to draw any conclusions about the effectiveness of the intervention from our quasi-experimental studies.(45)  We were also not able to measure community engagement prior to the intervention, or suggest opportunities for improvement such as the process being led by a community champion rather than outside organization. We found that collecting any data directly from community members was only effective if we had a partnership with a champion. As such, we suggest that researchers carefully consider their ability to be involved early in evaluations, and reach out to potential collaborators proactively. This ultimately requires long-term community-building and involvement across sectors. 
In addition to the previously mentioned limitations of SOPARC data, this study is also limited by the many sources of measurement error associated with the aggregated cell phone data.(35, 46) In higher-density areas, more mobile devices are typically observed, so Placer.ai data availability is better and visitation can often be reported at finer temporal resolution. However, the study areas include lower population areas and Placer.ai applies privacy protections and does not report estimates when counts fall below minimum 50 observations.(35) Thus, daily estimates might have been reported as a zero value but do not actually represent a zero value. This limits the ability to perform individual-level or disaggregated analyses. Additionally, our analyses of playground visitation estimates may be less accurate because the size of the playgrounds are substantially smaller, (46) and Placer.ai does collect data associated with under 18 years of age, which likely biases report estimates towards zero.(47) Further, we could not perform a more sophisticated analyses because our assessment of pre-intervention data indicated that the parallel trend assumption was violated (Supplemental Figures 2 and 3).

	[bookmark: italic47][bookmark: bold48]Interpretation
	20
	Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar studies, and other relevant evidence
	26-27
	In 1996 the National Recreation and Park Association’s Park, Recreation, Open Space and Greenway Guidelines recognized that “a standard for parks and recreation cannot be universal, nor can one city be compared with another even though they are similar in many respects.”(50, 51) At the same time, scientific evaluation seeks to establish causal relationships and generate findings that are interpretable beyond individual study settings. However, current evaluation methods are poorly equipped to systematically capture, report, and theorize how contextual factors shape the effectiveness of park interventions, making external validity difficult to achieve in practice. 
Our study illustrates this challenge while also demonstrating potential ways forward. This includes the first attempt to implement a standardized reporting method for park and playground evaluations and first study to use mobile device GPS data in addition to the commonly used SOPARC methods for measuring park use. While there appeared to be some increases in the average weekly count of playground visitors as measured by cell phone data for both studies, SOPARC analyses were too under resourced to confirm these findings and produce definitive results on the effectiveness of the interventions. 

	[bookmark: italic48][bookmark: bold49]Generalisability
	21
	Discuss the generalisability (external validity) of the study results
	26
	In 1996 the National Recreation and Park Association’s Park, Recreation, Open Space and Greenway Guidelines recognized that “a standard for parks and recreation cannot be universal, nor can one city be compared with another even though they are similar in many respects.”(50, 51) At the same time, scientific evaluation seeks to establish causal relationships and generate findings that are interpretable beyond individual study settings.

	[bookmark: italic49][bookmark: bold50]Other information
	

	[bookmark: italic50][bookmark: bold51]Funding
	22
	Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the present article is based
	28
	This study was funded by the National Recreation and Parks Association, with funding from the BCI Burke Company, a large international playground equipment company. The BCI Burke Company had no influence on the methods, results, or conclusions of this paper. This study was also funded by the World Playground Research Institute, with funding from KOMPAN, a large international playground equipment company. KOMPAN had no influence on the methods, results, or conclusions of this paper.



*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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