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Abstract
Objective: Evaluate the feasibility, fidelity and preliminary efficacy of Camp NERF
to prevent unhealthy weight gain and promote healthy behaviours in children
during the summer.
Design: Camp NERF was an 8-week, multicomponent, theory-based programme
coupled with the US Department of Agriculture’s Summer Food Service Program.
Twelve eligible elementary-school sites were randomized to one of three
treatment groups: (i) Active Control (non-nutrition, -physical activity (PA), -mental
health); (ii) Standard Care (nutrition and PA); or (iii) Enhanced Care (nutrition and
PA, plus cognitive behavioural techniques) programming. Efficacy was deter-
mined by assessing mean change by group in child outcomes using hierarchical
linear regression models.
Setting: Low-income, urban neighbourhoods in Columbus, OH, USA.
Participants: Economically disadvantaged, racial minority children of elementary
school age (kindergarten–5th grade).
Results: Eighty-seven child–caregiver dyads consented; eighty-one completed pre-
and post-intervention assessments resulting in a 93·10% retention rate. Delivery of
the intended lesson occurred 79–90% of the time. Of the children, 56·98% (n 49)
were female; 89·53% (n 77) were Black. Overall mean change in BMI Z-score
from baseline to post-intervention was −0·03 (SE 0·05); change in BMI Z-score did
not differ significantly between treatment group. Change in nutrition, PA, mental
health or psychosocial outcomes did not differ between groups.
Conclusions: Results from the current study demonstrate feasibility and fidelity, yet
no intervention effect of Camp NERF. Instead, findings suggest that participation in
structured programming of any type (health behaviour-related or not) may
prevent unhealthy summer weight gain. Additional studies are needed to confirm
findings. Results have implications for child nutrition policy addressing the issue of
summer health.
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While recent reports indicate a plateau in US childhood
obesity rates, the number of obese children remains
high(1–3). In 2015–2016, obesity affected 18·5% of US
youth(3). This is concerning due to the devastating con-
sequences on children’s physical and mental health and

academic success(2,4,5). Troubling data indicate that
school-aged children experience unhealthy gains in BMI at
a rate nearly twice as fast during the summer months when
school is out of session compared with the school
year(2,6–12). African-American and Hispanic minority
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groups, sub-populations already at increased risk for
obesity, as well as girls, may be particularly vulnerable to
unhealthy weight gain during these non-academic
months(1,2).

Schools play a critical role in promoting healthy diet and
physical activity behaviours during the academic year(2,13).
There is a belief that the loss of access to the structure of
the school environment may in part explain unhealthy
summer weight gain (i.e. provision of healthy snacks and
meals; opportunity for structured and unstructured physi-
cal activity; nutrition-, physical activity- and health-related
policies and programmes)(14). The US Department of
Agriculture’s (USDA) food security net, specifically the
Summer Food Service Program (SFSP), is intended to
address this problem by providing access to nutritious
meals to children during the summer when school is out of
session(2,15). Unfortunately, attendance at USDA SFSP
sites, particularly open v. closed sites in which the site is
‘open’ to all children aged <18 years old and enrolment is
not required, and amount of meals served are low relative
to school-based nutrition programmes(2). According to the
Food Research Action Center, only one of seven free or
reduced-cost school lunch participants in the 2015–2016
school year received lunch in the summer of 2016
nationally(16). In Ohio, only 10·1% of free or reduced-cost
school lunch participants participated in the SFSP(16). Sta-
keholders hypothesize that these low numbers are due in
large part to a lack of age-appropriate and engaging
structured programming at sites to attract children(2).

Unfortunately, few efforts have been invested in
designing and testing evidence-informed nutrition and
physical activity programmes that may be delivered in
companion with the USDA SFSP to provide underserved
children with the resources to prevent excess weight gain
during the summer recess(2). The main objective of the
present study was to determine the impact of Camp
Nutrition Education Recreation and Fitness (Camp NERF),
a multicomponent nutrition, physical activity and mental
health intervention coupled with USDA SFSP open sites,
on child behavioural health and anthropometric out-
comes. Specifically, the aims and hypotheses were to:

1. Evaluate feasibility and fidelity outcomes of Camp
NERF. Hypothesis 1: Camp NERF will demonstrate high
feasibility (retention, attendance and satisfaction) and
fidelity (implementation, engagement) with child
participants.

2. Evaluate the efficacy of Camp NERF to improve child
anthropometric outcomes. Hypothesis 2: BMI Z-scores
will improve more from baseline to post-intervention
among children participating at the Enhanced Care
sites compared with Standard Care and Active
Control sites.

3. Evaluate the efficacy of Camp NERF to improve child
nutrition, physical activity, mental health and psycho-
social outcomes. Hypothesis 3: Fruit and vegetable

preferences, snack preferences, diet quality, physical
activity, self-concept, and social support for healthy
and unhealthy eating will improve more from baseline
to post-intervention among children participating at
Enhanced Care sites compared with Standard Care and
Active Control sites.

Methods

Research design
Camp NERF was a multicomponent nutrition, physical
activity and mental health intervention coupled to the
USDA SFSP, specifically open sites located at public ele-
mentary schools (twelve were recruited). It was an 8-week
pre-test/post-test group (site) randomized controlled trial.
Through daily access to healthy foods, safe play and
structured physical activity, along with engagement in an
evidence-informed health behaviour educational curricu-
lum, Camp NERF was designed to prevent unhealthy
weight gain during summer months in school-aged chil-
dren. Potential sites were identified by a community
partner whose responsibility is to support SFSP sites in
Franklin County, Ohio, and were considered eligible if
they were: (i) an elementary school; (ii) a USDA SFSP
open site; and (iii) lacking structured programming.
Twelve sites were identified as meeting these criteria and
randomized to one of three treatment or programming
groups: (i) Active Control (non-nutrition, -physical activity
or -mental health 4-H programming); (ii) Standard Care
(nutrition and physical activity programming); and (iii)
Enhanced Care (nutrition, physical activity and mental
health (i.e. cognitive behavioural techniques) program-
ming). Additional information regarding the Camp NERF
intervention research design and methods has been pub-
lished elsewhere(2).

Participants and recruitment
The Camp NERF target population was low-income, racial
minority children entering kindergarten through 5th grade
and their primary adult caregiver from urban neighbour-
hoods in Columbus, Ohio. Participants were recruited
through various methods including school announce-
ments, emails, flyers, phone calls and neighbourhood
canvassing. Prior to study enrolment, a caregiver consent
form, caregiver permission form and child assent form
were completed by participants. Participants received gift
card incentives at baseline and post-intervention for their
participation in the study.

Data collection

Data collector training
Data collectors were undergraduate and graduate students
from nutrition, public health or other related fields, and
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registered dietitian nutritionists. All data collectors under-
went an 8 h data collector training, which included
didactic sessions followed by role-playing to practice
techniques and become familiar with the instruments.
Toward the end of the 8-week intervention, prior to post-
test data collection, data collectors completed a 2 h review
training to reacquaint them with the instruments and learn
additional post-test data collection surveys.

Data collection timing
Children were interviewed at baseline and post-
intervention using the Camp NERF child assessment
form, which consisted of nutrition, physical activity,
mental health and psychosocial questionnaires. Demo-
graphic information was obtained from the Camp NERF
caregiver assessment form completed with each child’s
primary caregiver(2,17). Twenty-four-hour dietary recalls
were also conducted with children. In addition, child
height and weight were measured.

Interviews took approximately 30min and were con-
ducted in participants’ homes, the school site or another
community location. The assessment form was data col-
lector-administered, with the data collector reading each
question verbatim, including all possible responses, and
recording the participant’s response. If the participant
provided an ambiguous response, the data collector asked
questions to probe for a specific response. For younger
children, caregivers were asked to assist in completing and
verifying responses from the child interview when
deemed necessary.

Outcome measures
Demographic information was coded as follows. Child age
was ascertained by date of birth, which was utilized for
BMI Z-score calculations. For race, participants were
classified as either Black or non-Black (0=Black, 1=
non-Black). Participants were classified as Black if their
caregiver reported their child as being African, African
American, or both African or African American and
another race or ethnicity. All others were classified as
non-Black. For household income, a binomial variable
(low-income= 0; non-low-income= 1) was created.
Annual household income data were collected categori-
cally: (i) < $US 10 000; (ii) $US 10 001–20 000; (iii) $US
20 001–30 000; (iv) $US 30 001–40 000; (v) $US 40 001–
50000; (vi) $US 50001–60 000; (vii) $US 60001–80 000; and
(viii) > $US 80000. Participants were assigned an income
level based on the midpoint of their reported income range.
This annual household income level was compared with
national poverty guidelines(18) and, based on the number of
individuals living in the household (another question on the
caregiver assessment form), participants were classified as
low-income or non-low-income.

Children’s height and weight were assessed using the
National Health and Nutrition Examination Survey proto-
col(19). They were measured by a trained data collector

using a Hopkins Road Rod Portable Stadiometer and
BalanceForm High Accuracy Digital Scale. Height and
weight measurements were taken twice, averaged, and BMI
Z-score was calculated using the statistical software
Stata zanthro package, with age included as days calcu-
lated as the date of survey administration minus date of
birth(20).

Domel et al.’s validated preferences survey(21,22) was
utilized to assess potential changes in child liking of fruits,
vegetables and snacks under the presumption that pre-
ferences precede behaviour change(23). This twenty-eight-
item fruit and vegetable questionnaire lists ten fruits and ten
vegetables and enquires about liking each item (‘not a
lot’= 0, ‘a little’= 1 or ‘a lot’= 2). Total (0–40), fruit subscale
(0–20) and vegetable subscale (0–20) ‘liked it’ scores were
calculated. Subsequently, eight snack preference scenarios
were presented, e.g. ‘For a snack, do you prefer chips or
veggies anddip?’ Less healthy optionswere assigned a value
of 0 and healthier options were assigned a value of 1, and a
healthy snack preference score on a scale of 0–8 was cal-
culated. Internal consistency α coefficients(24) for the liking
vegetable and fruit combined scale, vegetable subscale, fruit
subscale and snack preferences scale were 0·75, 0·67, 0·60
and 0·74 at baseline and 0·77, 0·68, 0·61 and 0·72 post-
intervention, respectively.

The research plan for child dietary data was to collect
three (two weekdays and one weekend day) 24 h dietary
recalls(25–27). However, due to staffing constraints and
difficulty contacting caregivers, only one weekday 24 h
dietary recall was completed at baseline and post-
intervention. The data were collected in-person, utilizing
the USDA’s five-step multi-pass dietary recall
method(28,29). Data were entered using the Nutrition Data
System for Research (NDSR), version 2015(30). Dietary
outcomes included daily whole fruit servings (cup
equivalents), fruit juice servings (cup equivalents), total
fruit servings (cup equivalents), total vegetable servings
(cup equivalents), total fruit and vegetable servings (cup
equivalents), sugar-sweetened beverage servings (cup
equivalents) and total energy intake (kilocalories).

The ten-item School Physical Activity and Nutrition
(SPAN) questionnaire was used to assess child physical
activity and media-related sedentary behaviours(31–34).
Sufficiency in physical activity behaviours was based on
the Youth Risk Behavior Surveillance System(35) criteria
and recommendations of at least 20min of vigorous phy-
sical activity on 3 d/week or at least 30min of moderate
physical activity on 5 d/week(31–34). Physical activity vari-
ables were created (0= insufficient moderate or vigorous
physical activity; 1= sufficient moderate or vigorous phy-
sical activity). Finally, an overall insufficient physical
activity variable was created, defined as participating in
less than 4 d of moderate physical activity for 30min and
less than 2 d of vigorous physical activity for 20min.

Child self-concept was assessed using the thirty-item
Positive and Negative Affect Schedule (PANAS) survey(36,37).
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Thirty feelings or emotions (fifteen-item positive and
fifteen-item negative affect subscales) were presented to
the respondent and they were asked how often or to what
extent they experienced those feelings or emotions over
the past couple of weeks on a 4-point Likert scale
(0= ‘very slightly or not at all’; 4= ’extremely or a lot’).
Positive and negative affect scale scores from 0 to 60 were
calculated, which for the scale representing positive affect,
a higher score representing more positive feelings and for
the scale representing negative affect, a higher score
representing more negative feelings. Internal consistency
α coefficients(24) for positive and negative affect scales
baseline and post-intervention were 0·75 and 0·88 and
0·81 and 0·88, respectively.

The Social Support for Healthy and Unhealthy Eating
Questionnaire for Children consisted of four subscales to
measure support from friends or peers and caregivers for
healthy and unhealthy eating(38,39). The support for heal-
thy eating scales contained four items and the support for
unhealthy eating scales contained three items. Each
question inquired as to how often a friend or peer and
caregiver performed a task related to healthy and
unhealthy eating activities. Response options were on a
5-point Likert scale (0= ‘never’; 4= ‘very often’). Scale scores
ranged from 0 to 16 for the healthy eating scales (a higher
score represented higher support for healthy eating) and
from 0 to 12 for the unhealthy eating scales (a higher score
represented higher support for unhealthy eating). Internal
consistency α coefficients(24) for peer support for healthy
eating, peer support for unhealthy eating, caregiver support
for healthy eating and caregiver support for unhealthy eating
scales were 0·79, 0·68, 0·56 and 0·45 baseline and 0·76, 0·68,
0·67 and 0·64 post-intervention, respectively.

Process measures
Daily child attendance data at the individual level were col-
lected by the Camp NERF community partner starting in July
(week 3 of the 8-week intervention), when attendance at SFSP
sites normalizes, through the end of the intervention.

To assess satisfaction with Camp NERF programming,
child participants completed a brief satisfaction survey
during the post-intervention interview. Children were
asked to rate how much they liked or enjoyed Camp NERF
on a 4-point Likert scale (1= ‘I didn’t like it’; 4= ‘I liked it a
lot’). Also, children were asked three open-ended ques-
tions: (i) ‘What did you like best about Camp NERF?’;
(ii) ‘What didn’t you like about Camp NERF?’; and
(iii) ‘What would you change about Camp NERF?’

A Camp NERF daily process evaluation form was
developed for the present study and completed by trained
process evaluators who were not involved with interven-
tion implementation. For each component of the Camp
NERF curriculum – 4-H Programming (Active Control sites
only)(40), CATCH (Coordinated Approach to Child Health)
Nutrition Education and Physical Education (Standard Care
and Enhanced Care sites)(41–43) and COPE (Creating

Opportunities for Personal Empowerment) Mental Health
Education (Enhanced Care sites only)(44) – number of
minutes of each lesson and number of participants were
recorded and seven ‘yes’ or ‘no’ questions pertaining to
feasibility, fidelity and acceptability were answered. Space
for additional comments for each question was also pro-
vided and answers were summarized.

Data analysis
Power was calculated using change in BMI Z-score as the
primary outcome of interest. Based on results from a
previous pilot test(45,46), we assumed that between-subject
variation was normally distributed with an SD of 1·03 and
that between-site variation (nested within treatment
group) was negligible. Under these assumptions, recruit-
ing twenty participants per site (planning for 20% attrition)
provided approximately 70% power to detect a difference
of 0·5 points in change in BMI between the treatment
group and either of the two control groups using a one-
sided test at α= 0·05.

Exploratory data analyses were conducted. One child
was considered an outlier (change BMI Z-score) and
dropped from the baseline demographic and outcomes
analyses, but was included in process measure analyses
(i.e. retention). The χ2 test and ANOVA were completed to
determine if there were any significant demographic dif-
ferences by age, gender, race, income, baseline BMI Z-score
and weight status category between intervention groups.
Respective baseline and post-intervention means and
proportions of all child outcomes were calculated.

Missing data were present due to sensitivity of questions
for household income (n 12), fruit and vegetable pre-
ferences (n 2), snack preferences (n 3), self-concept
positive affect (n 8), self-concept negative affect (n 7),
social support for healthy and unhealthy eating scales
(n 3), physical activity (n 2), dietary intake (n 14), height
(n 7) and weight (n 7). Multiple imputation(47,48) was
employed to fill missing data values using the MI proce-
dure in the statistical software package Stata IC version
14(20). Imputation models were built with predicting vari-
ables including: site, site type, gender, age, race/ethnicity,
total Camp NERF attendance, number of adults residing in
the household and total number of individuals residing in
the household, as well as dependent variables of interest
when imputing an independent variable for analysis
models. Fifty imputation iterations were run for each
missing value and convergence was met(6).

Cronbach’s α tests of internal consistency were con-
ducted for food preference, self-concept, and social sup-
port for healthy and unhealthy eating scale and subscale
responses at baseline and post-intervention (reported
above). The intervention was tested by comparing change
from baseline to post-intervention in fruit and vegetable
preferences, snack preference, dietary intake, positive
affect, negative affect, friend or peer and caregiver social
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support for healthy and unhealthy eating (Hypothesis 3)
and BMI Z-score (Hypothesis 2).

For fruit and vegetable preferences, snack preferences,
dietary intake, positive and negative affect, and social
support for healthy and unhealthy eating, mixed-effects
hierarchical linear regression models were fit with site type
as the primary predictor. Other covariates included base-
line BMI Z-score, income, race and attendance. These
models (Models 1–17; Hypothesis 3) were calculated using
the following equation:

yijt = μ + β1ðSite TypeÞX1ijt + β2ðBaseline zBMIÞX2ijt

+ β3ðIncomeÞX3ijt + β4ðRaceÞX4ijt + β5 Attendanceð ÞX5ijt

+ δj + ϵijt

where yijt is the change in response/outcome variable for
the tth child (t= 1,…, Nij) in treatment i (Enhanced Care v.
Standard Care or Active Control) at site j ( j= 1,…, 9). X1,
X2, X3, X4 and X5 are the predictor variables site type,
baseline BMI Z-score (zBMI), income, race and atten-
dance, and β1, β2, β3, β4 and β5 are the corresponding
regression coefficients. μ is the y-intercept term; δj is a
random effect for the site; and ϵijt is a random measure-
ment error term. In Models 1–17, yijt is Δ Vegetable
Preference; Δ Fruit Preference; Δ Vegetable and Fruit
Preference; Δ Snack Preference; Δ Total Energy Intake; Δ
Whole Fruit Servings; Δ Fruit Juice Servings; Δ Total Fruit
Servings; Δ Total Vegetable Servings; Δ Total Fruit and
Vegetable Servings; Δ Sugar-Sweetened Beverage Servings;
Δ Positive Affect; Δ Negative Affect; Δ Caregiver Support
for Healthy Eating; Δ Peer Support for Healthy Eating;
Δ Caregiver Support for Unhealthy Eating; Δ Peer Support
for Unhealthy Eating.

Similarly, for BMI Z-score, a mixed-effects hierarchical
linear regression model was fit with site type as the pri-
mary predictor. Covariates included income, race and
attendance. This model (Model 18; Hypothesis 2) was
calculated using the following equation:

yijt = μ + β1ðSite TypeÞX1ijt + β2ðIncomeÞX2ijt

+ β3ðRaceÞX3ijt + β4 Attendanceð ÞX4ijt + δj + ϵijt

where yijt is Δ BMI Z-score.
For physical activity outcomes – sufficient moderate

physical activity, sufficient vigorous physical activity and
insufficient physical activity – mixed-effects hierarchical
logistic regression models were fit with site type as the
primary predictor. Other covariates included baseline
moderate/vigorous physical activity or baseline insufficient
physical activity, baseline BMI Z-score, income, race and
attendance. These models (Models 19–21; Hypothesis 3)

were calculated using the following equation:

yijt=μ+β1ðSiteTypeÞX1ijt +β2ðBaselinePhysicalActivityÞX2ijt

+β3ðIncomeÞX3ijt +β4ðRaceÞX4ijt +β5 Attendanceð ÞX5ijt

+β6 Baseline zBMIð ÞX6ijt +δj +ϵijt

where yijt is Sufficient Moderate Physical Activity; Sufficient
Vigorous Physical Activity; Insufficient Physical Activity.

Mixed-effects hierarchical linear and logistic regression
models account for any random-effects variability at the
site level. Introducing this random effect implies that there
were two sources of variability in these models: (i) a
between-site variability (captured in the σ2δ variance term)
and (ii) a residual per-observation or within-site variability
(captured in the σ2ϵ variance term). Furthermore, these
models estimated the degree to which the response for
participants at the same treatment site were correlated.

The study was approved by The Ohio State University
Social and Behavioral Institutional Review Board
(approval number 2014B0197).

Results

Baseline demographics
Eighty-seven children enrolled in Camp NERF. Descriptive
summaries of sample baseline measures are presented in
Table 1. There were significant differences between
groups in income level (P< 0·01) and baseline weight
status (BMI Z-score (P= 0·01) and weight classification
(P= 0·02)). Standard Care participants were had higher
income and higher mean BMI Z-score at baseline.

Process outcomes

Feasibility
Three of the twelve sites (two Active Control and one
Standard Care) dropped out after study launch due to low
attendance, which resulted in a 75% site retention rate
(Table 2). Eighty-one children (93·10% retention) completed
post-intervention assessments (Table 2). Retention rates by site
type were 95·24% (n 20), 93·10% (n 27) and 91·89% (n 34)
for Active Control, Standard Care and Enhanced Care sites,
respectively. There was no significant difference in participant
retention rate between sites (P=0·89; Table 2).

Daily attendance (month of July; total possible days n
23) was examined in two ways: (i) raw attendance and (ii)
attendance among children who participated in Camp
NERF more than once. The latter measure may be more
accurate, given that Camp NERF sites were open USDA
SFSP feeding sites. When considering raw attendance, the
mean was 56·77 (SE 3·66) %. Attendance rates by site type
were 66·67 (SE 8·24) %, 73·70 (SE 3·89) % and 38·33 (SE 5·16)
% for Active Control, Standard Care and Enhanced Care
sites, respectively, and varied significantly (Table 2;
P< 0·01). When considering attendance among children
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Table 1 Camp NERF baseline demographics, by site type, of school-aged children (kindergarten–5th grade) from low-income urban neighbourhoods, Columbus, OH, USA, June–August 2015

Total sample
(n 86)

Active Control
(n 21)

Standard Care
(n 28)

Enhanced Care
(n 37)

Mean or % SE or n Mean or % SE or n Mean or % SE or n Mean or % SE or n P value

Age (years), mean and SE 7·56 0·20 7·71 0·45 7·71 0·27 7·35 0·33 0·67║
Gender, % and n 0·85¶
Male 43·02 37 38·10 8 42·86 12 45·95 17
Female 56·98 49 61·90 13 57·14 16 54·05 20

Income†, % and n < 0·01¶
Low-income 59·46 44 77·78 14 24·00 6 77·42 24
Non-low-income 40·54 30 22·22 4 76·00 19 22·58 7

Race‡,§, % and n 0·11¶
Black 89·53 77 80·95 17 85·71 24 97·30 36
Non-Black 10·47 9 19·05 4 14·29 4 2·70 1

BMI Z-score§, mean and SE 0·58 0·12 0·05 0·19 0·95 0·19 0·61 0·21 0·01║
BMI classification§, % and n 0·02¶
Normal 70·51 55 95·24 20 51·85 14 70·00 21
Overweight 16·67 13 4·76 1 22·22 6 20·00 6
Obese 12·82 10 0·00 0 25··92 7 10·00 3

†For household income, a binomial variable (low-income= 0; non-low-income= 1) was created. Annual household income data were collected categorically: (i) < $US 10 000; (ii) $US 10 001–20 000; (iii) $US 20 001–
30 000; (iv) $US 30 001–40000; (v) $US 40001–50 000; (vi) $US 50 001–60 000; (vii) $US 60001–80000; and (viii) > $US 80 000. Based on responses to the categorical annual household income question, participants
were assigned an income-level based on the midpoint between the income range. For example, if a participant responded that her/his annual household income was between $US 10 001 and $US 20 000, s/he was
assigned an income level of $US 15 000. This annual household income level was compared with the national poverty guidelines(18) and, based on the number of individuals living in the household (another question on the
caregiver assessment form), participants were classified is low-income or non-low-income.
‡Participants were classified as Black if their caregiver reported the child as being African, or African American, or both African or African American and another race/ethnicity.
§Missing values pre-set; numbers presented do not represent imputed values.
║By ANOVA.
¶By χ2 test.

C
h
ild

fi
n
d
in
gs

fro
m

th
e
C
am

p
N
E
R
F
stu

d
y

1105



who participated in Camp NERF more than once, the mean
was 66·75 (SE 3·08) %. Attendance rates by site type were
77·78 (SE 6·51) %, 76·43 (SE 2·88) % and 50·32 (SE 5·00) % for
Active Control, Standard Care and Enhanced Care sites,
respectively, and varied significantly (Table 2; P< 0·01).

Camp NERF child participants were highly satisfied with
programming offered. The overall mean satisfaction score
was 3·33 (SE 0·15), which falls between ‘I liked it’ and ‘I liked
it a lot’ on the satisfaction survey. Mean scores by site type
were 3·53 (SE 0·21), 3·56 (SE 0·24) and 3·04 (SE 0·28) for Active
Control, Standard Care and Enhanced Care site participants,
respectively, and did not differ significantly between site
type (P= 0·26). Responses to open-ended questions on the
satisfaction survey are summarized in Table 3.

Fidelity
Overall, high fidelity was demonstrated for all Camp NERF
components, as was the 4-H curriculum at the Active Control
sites (Table 2). Delivery of the intended lesson occurred
between 79 and 90% of the time. The entirety of material was
presented 79–100% of the time. Child participants were
actively engaged 76–89% of the time. Camp NERF counsellors
were able to create positive and interactive environments
77–95% of the time and help child participants overcome
barriers and problem solve 75–100% of the time.

The mean number of children participating in Active
Control (4-H) and Standard Care (CATCH) programming was
9·65 (SE 1·28) and 2·81 (SE 0·30), respectively. The mean
number of children participating in Enhanced Care

programming was 6·50 (SE 0·37; CATCH portion) and 10·09 (SE
0·62; COPE portion). Additionally, the mean length of pro-
gramming was 73·44 (SE 11·20) min for Active Control (4-H)
and 35·53 (SE 1·95) min for Standard Care (CATCH). For
Enhanced Care, the mean length of programming was 39·58
(SE 1·37) min (CATCH) and 20·88 (SE 1·19) min (COPE) . These
times are consistent with expected delivery times(2).

Child outcomes

Anthropometrics
There was no intervention effect on weight status
(Table 4). Overall mean change in BMI Z-score from
baseline to post-intervention was −0·03 (SE 0·05; CI −0·13,
0·06). Mean change in BMI Z-score was −0·13 (SE 0·10; CI
−0·33, 0·06) for males and 0·04 (SE 0·04; CI −0·05, 0·12) for
females.

Child nutrition, physical activity, mental health and
psychosocial outcomes
There was no intervention effect on vegetable, fruit,
vegetable and fruit, or snack preference outcomes
(Table 4). In addition, there was no intervention effect on
dietary outcomes. Regarding physical activity outcomes,
there was no intervention effect; however, overall pro-
portions of participants achieving sufficient moderate
(5·24%) and sufficient vigorous (4·36%) physical activity
improved from baseline to post-intervention. In addition,
there was an overall decrease (12·99%) in the proportion

Table 2 Camp NERF daily feasibility and fidelity process evaluation outcomes in low-income urban neighbourhoods, Columbus, OH, USA,
June–August 2015

Active Control Standard Care Enhanced Care

4-H Programming

CATCH Nutrition
Education and

Physical Education

CATCH Nutrition
Education and

Physical Education
COPE Mental

Health Education

% or
Mean n or SE

% or
Mean n or SE

% or
Mean n or SE

% or
Mean n or SE

Retention, % and n 95·24 20 93·10 27 91·89║ 34
Attendance† (%), mean and SE 66·67 8·24 73·70 3·89 38·33¶** 5·16
Attendance‡ (%), mean and SE 77·78 6·51 76·43 2·88 50·32¶** 5·00
No. of participants§, mean and SE 9·65 1·28 2·81 0·30 6·50 0·37 10·09 0·62
No. of minutes of programming, mean and SE 73·44 11·20 35·53 1·95 39·58 1·37 20·88 1·19
Was this the planned lesson for the day? % Yes 90·48 – 89·47 – 83·33 – 79·07 –

Did camp counsellors present all material to meet
lesson objectives? % Yes

100·00 – 94·74 – 78·79 – 79·07 –

Were participants actively engaged & involved in
the programme? % Yes

76·19 – 84·21 – 89·39 – 85·05 –

Did the camp counsellors create a positive, interactive
environment? % Yes

85·71 – 94·74 – 77·27 – 76·74 –

Did camp counsellors help participants problem solve
regarding barriers to goal attainment? % Yes

100·00 – 94·74 – 75·00 – 83·72 –

Did camp counsellors allow time for questions? % Yes 95·24 – 94·74 – 53·79 – 76·74 –

Did camp counsellors answer questions adequately? % Yes 85·71 – 94·74 – 54·55 – 72·09 –

CATCH, Coordinated Approach to Child Health; COPE, Creating Opportunities for Personal Empowerment.
**P< 0·01.
†Attendance at site.
‡Attended >1 time.
§Attendance at programming delivered at site (note: children were not required to participate in programming at the site).
║By χ2 test.
¶By ANOVA.
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of participants who engaged in insufficient physical
activity from baseline to post-intervention. Finally, there
was no intervention effect on self-concept or perceived
social support from caregivers or peers for healthy and
unhealthy eating (Table 4).

Discussion

The summertime presents a window of risk for unhealthy
weight gain among low-income, minority children(6–12).
Few research efforts have been directed at testing
evidence-informed nutrition and physical activity pro-
grammes to equip children with necessary knowledge,
skills and other resources to prevent excess weight gain
during the summer. Camp NERF is the first evidence-
informed intervention to address disproportionate child-
hood weight gain in underserved children during the
summer.

In the current study,weobserved feasibility andfidelity of
Camp NERF, but no intervention effect. Rather a prevention
of unhealthy weight gain was observed across all groups,
indicating that participation in structured programming of
any type (health behaviour-related or not) may prevent
unhealthy weight gain during the summer. This finding is
consistentwith thephysical activity data inwhich therewere
overall proportional improvements with regard to physical
activity from baseline to post-intervention. However, it is

worth noting that due to relianceon theYouthRiskBehavior
Surveillance System physical activity recommendations
(20min of vigorous physical activity on 3 d/week or 30min
of moderate physical activity on 5 d/week), children in the
present study designated as sufficiently active may in fact
not be meeting the Centers for Disease Control and Pre-
vention’s recommendation of 60min or more every day of
the week(49).

Results from the current study are in line with the
Structured Days Hypothesis, which posits that obesogenic
behaviours are better regulated when a child is exposed to
structure (e.g. a school day, compared with times they are
not exposed to structure, e.g. weekend days or sum-
mer)(14). Specifically, these results suggest that when a
child participates in structured programming of any type
(i.e. health behaviour-related or not) during the summer
(e.g. a summer camp, where they have access to nutritious
foods and opportunities for safe play), obesogenic beha-
viours may be better regulated, contributing to a main-
tenance, as opposed to a decline, in health. That said, the
current study was not adequately powered to detect dif-
ferences between groups. To avoid a premature accep-
tance of the null hypothesis, it is imperative for future
efforts to be invested in repeating the study with a suffi-
cient sample size. Also, it is important to reference the
feasibility data, which indicated greater length (minutes) of
lessons, higher fidelity of lesson implementation and
greater satisfaction among participants at the Active

Table 3 Summary of Camp NERF participant satisfaction survey responses from school-aged children (kindergarten–5th grade) from low-
income urban neighbourhoods, Columbus, OH, USA, June–August 2015

Response

Question Mean SE P value

Satisfaction (scale: 1–4), mean and SE 0·26
Overall (n 77) 3·33 0·15
Active Control (n 20) 3·53 0·21
Standard Care (n 25) 3·56 0·24
Enhanced Care (n 32) 3·04 0·28

What did you like best
about Camp NERF?

∙ Interacting with the Camp NERF counsellors
∙ Taste tests
∙ CATCH physical education games
∙ Going to the gym, outside, the playground, etc.
∙ Making friends
∙ Lessons that included songs
∙ Learning
∙ Making crafts (Active Control sites Cloverbuds curriculum)

What didn’t you like about
Camp NERF?

∙ Lack of variety in games
∙ Length; desired for Camp NERF to be longer
∙ Sitting down during lessons
∙ Certain activities, e.g. kickball, matball
∙ Lack of ability for input to modify curriculum, i.e. suggesting games
∙ Lack of running around, going outside and exercising (Active Control sites)

What would you like changed
about Camp NERF?

∙ Lengthening the time for the COPE curriculum
∙ Inclusion of specific activities, i.e. soccer, scavenger hunts, piñatas, crafts, etc.
∙ Older kids desiring to read to the younger kids
∙ Request for more physical activity opportunities at Active Control sites, e.g. going
to the park, going to the gym

COPE, Creating Opportunities for Personal Empowerment.
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Table 4 Impact of Camp NERF intervention on outcomes of school-aged children (kindergarten–5th grade) from low-income urban neighbourhoods, Columbus, OH, USA, June–August 2015

B0 (Mean) SE T1 (Mean) SE Δ Mean SE β SE P value 95% CI

Food preferences
Liked vegetable (0–20)

Active Control 13·24 0·88 13·55 1·05 0·45 0·73 0·72 0·91 0·43 −1·07, 2·41
Standard Care 12·07 0·75 10·50 0·77 −1·50 0·20 0·13 0·97 0·89 −1·77, 2·03
Enhanced Care 12·19 0·73 11·82 0·69 −0·38 0·58 – – – –

Liked fruit (0–20)
Active Control 16·85 0·62 17·30 0·52 0·55 0·41 1·10 0·96 0·25 −0·78, 2·99
Standard Care 16·21 0·55 14·65 0·65 −1·57** 0·41 −1·26 1·03 0·22 −3·28, 0·75
Enhanced Care 16·69 0·51 16·27 0·55 −0·50 0·74 – – – –

Liked vegetable & fruit (0–40)
Active Control 30·09 1·19 30·85 1·31 1·00 0·85 1·77 1·51 0·24 −1·18, 4·73
Standard Care 28·28 1·13 25·15 1·33 −3·08** 0·77 −0·77 1·60 0·63 −3·90, 2·36
Enhanced Care 28·89 1·13 28·09 1·07 −0·88 1·16 – – – –

Snack preference (0–8)
Active Control 4·14 0·47 4·45 0·48 0·45 0·43 0·30 0·55 0·60 −0·79, 1·38
Standard Care 4·39 0·38 5·12 0·39 0·77* 0·30 0·99 0·56 0·08 −0·11, 2·08
Enhanced Care 5·13 0·38 5·88 0·32 0·67* 0·32 – – – –

Dietary intake
Total energy† (kcal/d)

Active Control 1693·75 180·90 1596·98 136·86 −102·79 220·60 150·74 335·08 0·65 −506·36, 807·85
Standard Care 1964·32 148·73 1783·72 146·94 −170·54 151·64 133·59 338·69 0·69 −530·58, 797·76
Enhanced Care 1749·05 134·49 1567·98 141·16 −161·51 218·15 – – – –

Total vegetable (servings/d)
Active Control 1·60 0·46 1·54 0·29 0·04 0·57 0·56 0·99 0·57 −1·38, 2·50
Standard Care 1·38 0·28 1·87 0·30 0·48 0·38 0·83 0·98 0·40 −1·09, 2·76
Enhanced Care 2·41 0·37 1·66 0·38 −0·60 0·66 – – – –

Whole fruit (servings/d)
Active Control 0·81 0·27 0·65 0·15 −0·14 0·29 0·63 0·49 0·20 −0·34, 1·60
Standard Care 0·94 0·27 0·97 0·30 0·39 0·36 0·70 0·53 0·18 −0·33, 1·73
Enhanced Care 0·75 0·20 0·38 0·15 −0·27 0·27 – – – –

Fruit juice (servings/d)
Active Control 1·42 0·28 1·51 0·36 0·10 0·41 0·10 0·70 0·89 −1·27, 1·46
Standard Care 1·85 0·42 1·25 0·26 −0·82 0·45 −0·47 0·72 0·51 −1·88, 0·94
Enhanced Care 1·49 0·33 1·08 0·25 −0·46 0·38 – – – –

Total fruit (servings/d)
Active Control 2·24 0·39 2·16 0·46 −0·04 0·42 0·30 0·86 0·43 −0·98, 2·30
Standard Care 2·80 0·47 2·23 0·39 −0·42 0·53 0·66 0·83 0·73 −1·38, 1·97
Enhanced Care 2·24 0·41 1·46 0·29 −0·73 0·53 – – – –

Total vegetable and fruit (servings/d)
Active Control 3·84 0·66 3·71 0·50 0·00 0·65 1·23 1·36 0·37 −1·44, 3·91
Standard Care 4·18 0·52 4·10 0·52 0·05 0·72 1·17 1·38 0·40 −1·53, 3·88
Enhanced Care 4·65 0·54 3·12 0·55 −1·34 0·95 – – – –

Sugar-sweetened beverage (servings/d)
Active Control 0·44 0·19 1·10 0·33 0·63 0·37 0·19 0·60 0·76 −0·99, 1·36
Standard Care 0·99 0·24 1·09 0·29 −0·01 0·39 −0·51 0·61 0·41 −1·71, 0·69
Enhanced Care 0·49 0·15 0·83 0·22 0·31 0·32 – – – –
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B0 (%) n T1 (%) n Δ % β SE P value 95% CI

Physical activity
Sufficient vigorous physical activity

Active Control 47·62 10 60·00 12 12·38 0·26 0·91 0·78 −1·52, 2·03
Standard Care 39·29 11 34·62 9 −4·67 −0·76 0·89 0·40 −2·51, 1·00
Enhanced Care 42·86 13 51·52 17 8·66 – – – –

Sufficient moderate physical activity
Active Control 71·43 15 85·00 17 13·57 0·39 0·93 0·67 −1·43, 2·21
Standard Care 78·57 22 69·23 18 −9·34 −1·22 0·90 0·18 −2·99, 0·55
Enhanced Care 72·22 26 81·82 27 9·60 – – – –

Insufficient physical activity
Active Control 47·62 10 30·00 6 −17·62 −0·04 0·74 0·85 −1·59, 1·31
Standard Care 46·43 13 57·69 15 11·26 0·70 0·73 0·33 −0·72, 2·13
Enhanced Care 65·71 23 36·36 12 −29·30* – – – –

B0 (Mean) SE T1 (Mean) SE Δ (Mean) SE β SE P value 95% CI

Self-concept
Positive affect (0–60)

Active Control 44·20 2·41 40·65 1·99 −3·26 2·22 −3·99 3·91 0·31 −11·66, 3·69
Standard Care 43·71 1·81 41·31 2·30 −2·46 2·83 −3·77 4·06 0·35 −11·72, 4·18
Enhanced Care 41·58 1·45 40·19 1·88 −0·21 2·25 – – – –

Negative affect (0–60)
Active Control 17·47 3·00 18·22 3·09 0·00 3·01 2·27 4·01 0·57 −5·60, 10·14
Standard Care 22·79 2·82 22·08 2·60 −1·32 2·38 −1·85 4·04 0·65 −9·78, 6·07
Enhanced Care 24·63 1·99 21·36 2·38 −2·00 2·34 – – – –

Social support
Caregiver support for healthy eating (0–16)

Active Control 10·38 0·58 9·50 0·79 −0·85 0·75 −0·64 1·42 0·65 −3·43, 2·15
Standard Care 10·30 0·69 9·76 0·84 −0·52 0·78 −1·37 1·49 0·36 −4·28, 1·55
Enhanced Care 9·47 0·74 10·39 0·75 1·13 0·99 – – – –

Peer support for healthy eating (0–16)
Active Control 6·10 1·11 6·60 1·12 0·50 1·15 1·42 1·48 0·34 −1·48, 4·32
Standard Care 6·03 0·74 4·40 0·80 −1·88* 0·72 −1·23 1·50 0·41 −4·16, 1·70
Enhanced Care 6·62 0·90 5·55 0·77 −0·93 0·85 – – – –

Caregiver support for unhealthy eating (0–12)
Active Control 4·19 0·53 3·60 0·60 −0·70 0·55 0·38 1·05 0·72 −1·67, 2·43
Standard Care 3·81 0·47 4·80 0·61 1·04 0·71 0·90 1·07 0·40 −1·19, 3·00
Enhanced Care 4·50 0·52 4·84 0·60 0·20 0·69 – – – –

Peer support for unhealthy eating (0–12)
Active Control 4·00 0·73 4·10 0·75 0·00 0·76 0·03 1·27 0·90 −2·45, 2·51
Standard Care 5·63 0·66 5·00 0·76 −0·68 0·95 −1·55 1·28 0·23 −4·06, 0·97
Enhanced Care 3·74 0·54 4·76 0·58 1·10 0·69 – – – –

Anthropometrics
BMI Z-score (−∞, +∞)

Active Control 0·05 0·19 −0·12 0·22 −0·11 0·07 −0·10 0·15 0·48 −0·39, 0·18
Standard Care 0·96 0·19 0·87 0·20 −0·05 0·12 −0·06 0·15 0·67 −0·35, 0·22
Enhanced Care 0·61 0·21 0·71 0·21 0·03 0·05 – – – –

B0, baseline; T1, post-intervention.
Reference group=Enhanced Care.
Predictor variables: site type (multinomial variable; 0=Enhanced Care, 1=Standard Care, 2=Active Control); income (dichotomous variable; 0= low-income, 1=non-low-income); race/ethnicity (dichotomous variable;
0=Black, 1= non-Black); baseline sufficient moderate physical activity (dichotomous variable; 0= not sufficient, 1= sufficient); baseline sufficient vigorous physical activity (dichotomous variable; 0= not sufficient,
1= sufficient); baseline insufficient physical activity (dichotomous variable; 0= sufficient, 1= insufficient); baseline BMI Z-score (continuous variable; −∞ to +∞).
Within-group difference: *P< 0·05, **P< 0·01.
†To convert to kJ, multiply kcal values by 4·184.
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Control and Standard Care sites compared with the
Enhanced Care sites. In the future, more work needs to be
done to integrate the CATCH and COPE curricula into
daily site activities to assure dose equality, and COPE may
need additional adaptations to assure age-appropriateness
and suitability for delivery in the summer camp setting.

Males’ overall change in BMI Z-score was negative
compared with females’ overall change in BMI Z-score,
which was positive. These data are consistent with national
trends, which indicate that girls are at increased risk for
overweight and obesity and for inappropriate weight gain
during the summer(1,11,12) and that as children age, girls tend
to be less physically active and more sedentary than
boys(50,51). Mere exposure to amore structured daymay not
have the samebeneficial effects onweight status for girls and
must be explored in future research.

The current study had many strengths. To our knowl-
edge, Camp NERF is one of the first evidence-informed
interventions designed specifically to address the issue of
unhealthy summer weight gain among economically dis-
advantaged school-aged children. The study design was a
group randomized controlled trial, strengthening the
interpretability and generalizability of the results. Finally,
the evaluation plan was robust in that it included an
assessment of feasibility and fidelity outcomes, as well as
measures of health behaviours and anthropometrics.

There were also limitations. First, the target sample size
of twenty participants per site was not achieved. Given the
small sample size, along with an imbalance in sample size
across groups with respect to income, a key confounding
variable, the results presented here should be interpreted
with caution and the experiment should be replicated to
avoid premature acceptance of the null hypothesis(52). At
most sites, child attendance was consistently more than
twenty individuals; however, ability to obtain caregiver
permission and consent was difficult as it is not required
for caregivers to drop off or pick up their children from
open SFSP sites. Investigators of future studies utilizing
open USDA SFSP sites as locations of research should
explore passive caregiver permission and consent options
with their respective Institutional Review Board. A second
limitation was the lack of a true control group. Because
Camp NERF was coupled with the USDA SFSP, a federal
child nutrition programme, the statutory right for partici-
pation applies. Ethically, restricting participation in open
SFSP sites was not allowable. Future research should focus
on identifying ways (i.e. alternative recruitment methods)
to include a control group (i.e. children who do not attend
SFSP sites) that are ethically compliant. For instance,
recruiting and enrolling participants (i.e. both those who
do and do not intend to attend an SFSP site during the
summer) prior to the end of the school year and tracking
them longitudinally into the following school year. A final
limitation is the limited or lack of validity testing of certain
subjective measures among younger children, which re-
emphasizes the need to exercise caution in interpreting

findings from the current study and demonstrates the need
for future research in this area of inquiry.

Conclusions

Camp NERF built on successful childhood obesity pre-
vention interventions that include nutrition and physical
activity components, concurrent knowledge and skill
building, coupling of intervention curriculum to avail-
ability of healthy foods, and opportunity for physical
activity and play(53,54). Studying the impact of such an
intervention over the summer provided valuable infor-
mation to address a high-risk period for children who are
vulnerable to excessive summer weight gain. Results from
the current study indicate that mere engagement in pro-
gramming (v. programming type, health behaviour-related
or not) may lead to prevention of weight gain, which has
direct implications for child nutrition policy with regard to
the SFSP. However, to conclusively determine the lack of
an intervention effect, it will be important for future
research to be adequately powered. In addition, as there is
a near complete dearth of information regarding health
behaviours and environmental settings of disadvantaged
school-aged children during the summer, future studies
should include an in-depth examination of key dietary and
physical activity behaviours as well as food, physical
activity and social environments of children.
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