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Objective To examine the process of change in a clinical trial of behavioral and nutrition 

treatment for children age 18–48 months with cystic fibrosis (CF) using single-subject 

analysis. Methods The 5-week treatment included nutrition counseling and child 

behavioral management training for parents and was designed to increase energy intake 

measured by diet diaries 600–800 calories per day. Results Energy intake changed at each 

meal, only when treatment was introduced (week 1: snacks, 420 to 691; week 2: breakfast, 

325 to 443; week 4: lunch, 350 to 443; and week 5: dinner, 373 to 460 calories per day). Total 

daily intake increased in a systematic fashion that exceeded the criterion set each week during 

treatment. Conclusions Toddlers and preschoolers with CF meet energy intake recommen-

dations as a result of behavioral intervention. Single-subject research designs are important 

methodologies for advancing clinical investigation in pediatric psychology.

Key words changing criterion design; multiple baseline design; parenting; pediatrics; single 

case experimental designs.

The consensus recommendation of the United States
Cystic Fibrosis Foundation is that children with cystic
fibrosis (CF) should eat a diet that has 120–150% of the
recommended dietary allowance (RDA) for energy per
day (Borowitz, Baker, & Stallings, 2002; Ramsey,
Farrell, & Pencharz, 1992). This level of energy intake is
suggested so that children can meet the clinical care goal
of normal growth (Borowitz et al., 2002). Recent studies
have shown that improved growth in young children
with CF is positively predictive of better lung function
(Konstan et al., 2003; Peterson, Jacobs, & Milla, 2003).
Yet, based upon current practice, young children with
CF are not meeting the energy intake recommendations
(Powers et al., 2002; Stark et al., 1995) or the goal of

normal growth (Cystic Fibrosis Foundation, 2004). For
the nutritional care of young children with CF to advance,
better treatments must be developed (Powers, Jones,
Patton, & Janicke, 2003; Stark, Mackner, Patton, & Acton,
2003). Such treatments could significantly improve the
long-term health of these children (Konstan et al., 2003;
Peterson et al., 2003).

A behavioral and nutrition treatment to increase
energy intake has been developed for toddlers and pre-
schoolers with CF (Powers, 2003; Powers, Byars, et al.,
2003). In a recent randomized clinical trial (Powers et al.,
2004; Powers et al., in press), this intervention was found
to produce superior energy intake compared with current
practice, and 100% of the children who received the
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treatment met the consensus conference recommendation
of greater than 120% RDA energy intake per day. Chil-
dren who received this treatment exhibited weight and
height velocities over a 12-month period that met the
clinical goal of normal growth. A between-group research
design focused on the average treatment effect in the two
groups (behavioral and nutrition treatment compared
with usual medical care) was used to determine whether
statistically and clinically significant outcomes were
obtained in this clinical trial. Although such a design can
include measures of the process through which treatment
objectives were accomplished, single-subject analysis
provides another mechanism for analyzing the process
of change. Moreover, single-subject research designs are
unique in their ability to illustrate changes (or the lack
thereof) for each individual that participated in the
treatment (Allen, Friman, & Sanger, 1992; Madsen, &
Bytzer, 2002).

In the randomized clinical trial, i.e., the focus of this
report, the behavioral and nutrition treatment was
designed to address energy intake goals one meal at a time
over a 5-week period. As such, the process of change in
energy intake during this treatment should be a system-
atic and gradual increase in total energy intake per day
over the course of the 5 weeks of intervention. Using
single-subject analysis, this process can be examined at
the group (i.e., dependent variable is the average daily
energy intake across subjects) and the individual subject
(i.e., dependent variable is the daily energy intake for a
single child) levels. Therefore, this report has two objec-
tives. First, using the group’s average energy intake per
day, the results of the randomized clinical trial were
examined with single-case research designs (such as mul-
tiple baseline and changing criterion designs; Barlow &
Hersen, 1984). The aim was to empirically demonstrate
that the planned process/mechanism of change occurred
for the group of subjects that received the behavioral and
nutrition treatment. It was hypothesized that energy
intake would increase only when snacks or a meal were
targeted during the intervention (multiple baseline across
meals) and that average total energy intake per day would
increase in a systematic, stepwise fashion over the course
of the 5-week treatment (changing criterion). Second,
single-subject analysis was used to examine how individ-
ual participant’s daily energy intake responded to the
treatment. The aim was to determine which subjects in
the trial were actually affected by the intervention and to
illustrate a typical subject’s response using a multiple
baseline across meals design. It was hypothesized that the
child’s energy intake would increase only when snacks or
a meal were targeted during the intervention.

Methods
Participants

Between February and August, 2003, 14 children with
CF and pancreatic insufficiency ages 18–48 months from
the CF Center of a major children’s hospital in the Mid-
western United States met criteria for enrollment. Ten of
the 14 families who met the inclusion criteria were
enrolled and randomized (71% of eligible families), with
four assigned to the behavioral and nutrition interven-
tion and six assigned to the usual care control condition.
Two families did not regularly attend clinic and could
not be reached by phone. Two families, although
expressing interest in helping their child improve his/
her nutritional status, declined to participate due to an
inability to commit the time needed to regularly attend
the weekly treatment sessions. Following the comple-
tion of the clinical trial, families in the control group
were offered the opportunity to receive the behavioral
intervention, and five of the six families chose to receive
the treatment. Families who received the behavioral and
nutrition treatment are currently being regularly assessed
as part of a 4-year follow-up study. To date, the 12-month
follow-up has been completed. The study was approved
by the institutional review board of the children’s hospi-
tal, and the child’s parent provided written informed
consent. All nine families who completed the behavioral
and nutrition intervention arm of the study are included
in this analyses. Participants included six males and
three females. All participants were Caucasian. Marital
status was married for seven and single for two families.
The mean age of participants was 31.5 months (SD = 6.2
months; range = 22–43 months), mean weight for age
z-score was −0.19 (SD = 0.85; range = −1.41 to 1.15),
and mean height for age z-score was −0.19 (SD = 1.01;
range = −1.31 to 2.03). Based upon the consensus con-
ference guidelines of the CF foundation, seven of the
nine participants were in the at-risk range for nutritional
status (78% of the sample). The other two participants
were in the acceptable range (Borowitz et al., 2002).

Measures

Children’s energy intake was measured using 7-day
diet diaries (Willett, 1990). At an initial study visit, all
families were provided with a food scale as well as mea-
suring cups and spoons. They were taught how to measure
food and complete the diet diary via written instruc-
tions, modeling, and active practice at this study visit.
Families were instructed to record information on the
diet diaries after each snack and meal. At each intervention
session, the diet diaries were examined for completeness,
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and the instructions for completion were reviewed. Dia-
ries were completed 1 week before intervention and then
weekly throughout the behavioral and nutrition inter-
vention (a total of 6 weeks). To date, diet diaries have
also been collected at a 3-month follow-up (with 4-day
records using the approach described above) and a
12-month follow-up (with 3-day records using a 24 h
recall method; Willett, 1990). All diet diaries were ana-
lyzed by trained research assistants supervised by a reg-
istered dietitian utilizing the Food Processor Program,
version 8.0 (ESHA, 2002). Information was obtained on
energy intake per snack/meal per day and total energy
intake per day.

Intervention

The behavioral and nutrition treatment combined indi-
vidualized nutritional counseling that targeted increas-
ing energy intake in one meal each week and parent
training of effective child behavior management skills
(Powers, 2003; Powers et al., 2004; Powers, Byars, et al.,
2003; Powers et al., in press). The treatment focused on
three areas: first, increasing calorie and fat intake, with a
goal of meeting 120–150% RDA for energy and 35–40%
of calories derived from fat; second, ensuring appropri-
ate dosage and timing of pancreatic enzyme replace-
ments plus regular meal schedule; and third, teaching
effective parent management skills (such as differential
attention using systematic praising and ignoring and age-
appropriate limit setting using contingency management)
to address common behavioral challenges of toddlers and
preschoolers at mealtime. Individualized goals were set
using data from each child’s pretreatment diet record.
Meals were targeted in the order of snacks (week 1),
breakfast (week 2), lunch (week 4), and dinner (week 5).
The general guideline involved increases of approximately
200 calories for snacks (individual snack goals were
note set of evaluated) and 175 for each meal, with a total
goal of 600–800 calories per day change pre- to post-
treatment. Individual sessions were conducted by a PhD
level therapist in an outpatient clinic setting. The thera-
pist was trained to use the intervention manual and
supervised during the trial by the principal investigator.
The usual care control condition involved scheduled
clinic visits every 3 months. During the clinic visits,
weight and height checks were obtained, and families
saw their CF physician. The CF dietitian was consulted
when diet and growth issues and/or pancreatic enzyme
replacement dosage changes were identified. This con-
trol condition was consistent with the 2001 CF Founda-
tion Consensus Conference guidelines for pediatric
nutrition in CF (Borowitz et al., 2002).

Results
Findings at the Group Level of Analysis

Figure 1 illustrates, using a multiple baseline across
meals format, the change in average daily energy intake
of the nine subjects by snacks and each of the three
meals for the 1 week of pretreatment and the 5 weeks of
intervention. Of note, there was no change in energy
intake for a specific meal or snacks until that meal or
snacks were targeted for change by the intervention.
When targeted, energy intake at a meal or snacks
increased and remained at a level greater than baseline
for that meal or snacks throughout the treatment. These
results demonstrate experimental control and show that
the changes were not due to the passage of time.

Figure 2 illustrates, using a changing criterion for-
mat, the average total energy intake per day of the nine
subjects for the 1 week of pretreatment and the 5 weeks
of intervention. Total energy intake of the nine subjects
at the 3- and 12-month follow-up assessments is also
included in the figure. Of note, the average total energy
intake per day increased in a stepwise fashion consistent
with the changing criterion approach of the interven-
tion. Although the criterion goal for snacks was set as
200 calories above baseline (M = 1,395 calories per day),
the group far exceeded this by reaching an intake of
approximately 400 calories above baseline following the
first intervention session (M = 1,767 calories per day).
Following the next session, which targeted breakfast, the
group average only increased about 20 calories (M = 1,794
calories per day). An examination of Fig. 1 shows that
after learning how to increase energy intake at breakfast,
participants balanced the overall goal of 375-calorie
increase from baseline between snacks and breakfast and
thereby exceeded the criterion set for total daily energy
intake during the 2-week period following the interven-
tion session focused on breakfast. Following the session
focused on lunch (week 4), the group again exceeded
the criterion set for total daily energy intake at that point
in the intervention (M = 2,021 calories per day). Finally,
after the session focused on dinner (week 5), the group
exceeded the set criterion and exceeded the overall
intervention goal of a 600- to 800-calorie increase in
total energy intake per day (actual change of 900 calo-
ries per day; M = 2,295 calories per day). At the 3-month
follow-up, the group decreased to an average energy
intake of 1,960 calories per day (or 565 calories per day
more than pretreatment). Although less than the intake
achieved at posttreatment, this level of intake corre-
sponds with 151% RDA, exceeding the upper end of the
recommendation of 120–150% RDA for energy intake.
At the 12-month follow-up, the participants were again
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found to be exceeding the goal of at least 600 calories
per day above baseline, averaging 2,026 calories per day
(or 631 calories per day more than pretreatment).
Although slightly less than the intake achieved at post-
treatment, this level of energy intake corresponds with
156% RDA, again exceeding the upper end of the recom-
mendation of 120–150% RDA for energy intake.

Because energy intake, although collected in a sys-
tematic and carefully monitored fashion by families, is
almost always measured in a self-report format within
clinical nutrition studies, the examination of whether
the reported changes in energy intake were associated
with child growth can add confidence to the assumption
that the dietary data were reliably and accurately mea-
sured. Hence, although not a primary endpoint for the
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Figure 1. Multiple baseline design 
illustrating change in daily energy intake 
across meals (n = 9).

Figure 2. Changing criterion design illustrating change in average 
energy intake per day (n = 9).
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pre- to posttreatment comparisons of the clinical trial,
weight and height assessments were collected at base-
line, posttreatment, and at the 3- and 12-month follow-
up for all nine subjects. Using pretreatment and 3-month
follow-up data, weight and height velocities for 6 months
were calculated. Clinical benchmarks were based upon
the 2000 Centers for Disease Control and Prevention
(CDC) growth charts for a same-aged child who was
growing at the 50th percentile (1 kg/6 months and 3.5–
4.5 cm/6 months, respectively). The average weight
velocity was 1.4 kg (SD = 0.33). Seven of the nine parti-
cipants (78%) met the weight velocity benchmark. How-
ever, the two who did not obtain the goal of 1 kg per
6 months were less than one-tenth of a kg from this goal.
The average height velocity was 5.1 cm (SD = 0.77). All
nine participants (100%) met the minimum benchmark
for height velocity; five of them exceeded the upper end
of the range expected across 6 months. Using posttreat-
ment and 12-month follow-up data, weight and height
velocities for 12 months were calculated. Clinical bench-
marks were based upon the 2000 CDC growth charts for
a same-aged child who was growing at the 50th percen-
tile (2 kg/12 months and 7–9 cm/12 months, respectively).
The average weight velocity was 2.5 kg (SD = 0.96).
Seven of the nine participants (78%) met the weight
velocity benchmark. The two children who did not
obtain the goal of 2 kg per 12 months were within 0.6
and 0.3 kg from this goal. The average height velocity
was 8.3 cm (SD = 1.2). All nine participants (100%) met
the minimum benchmark for height velocity. These data
support the hypothesis that children were meeting the
recommended energy intake levels of 120–150% (as was
reported via the diet records) thought to be needed for
individuals with CF to meet the goal of normal growth.

Findings at the Individual Subject Level of 
Analysis

Each child who received the treatment met the consen-
sus conference recommendation of greater than 120%
RDA energy intake per day, and the examination of sin-
gle-subject analyses for each child showed that changes
occurred via the process described under the group
analysis section (data not shown for each subject due to
space limitations). To illustrate the use of single-subject
analysis at the individual subject level, Fig. 3 presents a
multiple baseline across meals design for a subject who
showed a change in daily energy intake of 607 calories
per day from pretreatment to posttreatment. This case
was chosen because the change achieved was at the low
end of the targeted change of 600–800 calories per day,
and the subject was considered an example of an average

responder to the intervention (baseline = 1,441 calories
per day or 111% RDA; posttreatment = 2,057 calories per
day or 158% RDA). As with Fig. 1, there was no change
in energy intake for a specific meal or snacks until that
meal or snacks were targeted for change by the interven-
tion. When targeted, energy intake at a meal or snacks
increased and remained at a level greater than baseline
for that meal or snacks throughout the treatment. These
results demonstrate experimental control and show that
the changes were not due to the passage of time. Multiple
baseline across meals analysis of an individual subject
also allows for the examination of where the changes in
total intake occurred for a particular child. In this case,
the goal of a 200-calorie increase for snacks was achieved
(235 calorie increase), whereas for breakfast, lunch, and
dinner the increases were less than the goal of 175 calo-
ries per meal but consistently between 100 and 150 calo-
rie increases (breakfast = 117 calorie increase, lunch =
107 calorie increase, and dinner = 148 calorie increase).
Single case analysis is unique in its ability to illustrate
which subjects in a clinical trial were actually affected by
the independent variable (i.e., manualized behavioral
and nutrition intervention in this example).

Discussion

Using single-subject analysis, the process of change in
energy intake produced by a behavioral and nutritional
treatment for toddlers and preschoolers with CF who par-
ticipated in a randomized clinical trial was demonstrated.
The intervention was designed to produce increases in
energy intake one meal at a time over a 5-week period,
with the result being a stepwise increase each week in total
energy intake per day. As predicted, energy intake
increased only when snacks or a meal was targeted during
the intervention (multiple baseline across meals design),
and total energy intake per day increased in a systematic,
stepwise fashion over the course of the 5-week treatment
(changing criterion design). The planned outcome was an
increase in energy intake per day of 600–800 calories,
meeting the recommended goal of 120–150% RDA for
energy per day. This outcome was achieved and main-
tained at the 3-and 12-month follow-up assessments.
Growth velocity (weight and height) over 6 and 12 months
indicated that the changes in energy intake were associated
with a pattern of normal growth. Families did not have
contact with the research team during the follow-up. They
received usual care from the CF Center team. Because
energy intake was found to decease slightly from posttreat-
ment to 3- and 12-month follow-ups, booster treatment
sessions may be needed to assist with maintenance of
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change for some families. However, the growth velocity
outcomes and the fact that average total energy intake per
day continued to exceed the upper end of the current rec-
ommendations of 120–150% RDA per day suggest that the
intake achieved up to 1 year posttreatment may be at a
level that allows for clinically meaningful outcomes with
only usual clinical care at an accredited CF center.

This study shows how single case research designs
can be used to illustrate what led to changes and when
changes occurred during the course of treatment con-
ducted within a randomized clinical trial. From both a
group level (average energy intake across nine subjects)
and an individual subject level (daily energy intake by a
particular child), the results illustrate that the interven-
tion worked as it was designed and add further confir-
mation that behavioral and nutrition treatment to improve

energy intake in young children with CF is efficacious.
Behavioral and nutrition therapy may fill an important
gap regarding early, evidence-based nutritional interven-
tions in CF and lead to advances in the nutritional care
of young children with CF and pancreatic insufficiency
(Powers et al., 2004; Powers et al., in press). Future
studies need to focus on two complementary objectives:
first, confirmation of the efficacy of this treatment in a
large, multicenter, randomized clinical trial that includes
an attention control group and is designed to evaluate
energy intake, growth, and lung health outcomes in tod-
dlers and preschoolers with CF; and second, develop-
ment and testing of the effectiveness of this type of
therapy under real world conditions. In addition to illus-
trating the process of change in a clinical trial, single case
research designs may be particularly useful in the initial
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testing of treatments under real world conditions (Barlow
& Hersen, 1984; Drotar & Lemanek, 2001).

As many authors have suggested (e.g., Aeschleman,
1991; Allen et al., 1992; Backman & Harris, 1999;
Barlow & Hersen, 1984; Drotar & Lemanek, 2001; Elder,
1997; Kinugasa, Cerin, & Hooper, 2004; Madsen, &
Bytzer, 2002; Marvel & Amodei, 1992; Zhan &
Ottenbacher, 2001), single-subject research methodology
offers many advantages for advancing clinical investiga-
tion in pediatric behavioral medicine, as well as in many
other health care fields. Especially in pediatrics, where
at a single institution a relatively small population of
children may be affected by a particular disease or con-
dition, the rigorous use of single-subject analysis could
result in important pilot study results for new interven-
tions and, in and of themselves, the findings from stud-
ies that use these valid research designs could lead to
significant scientific and clinical care advances for the
field. Indeed, some areas of clinical research that have
had a notable impact on society, such as applied behav-
ioral analysis, were established on the basis of these
research methodologies. Barlow and Hersen (1984) as
well as Allen et al. (1992) are two of some excellent
works that extensively detail the strengths, weak-
nesses, and use of single case experimental designs.
Aeschleman (1991) is also an excellent reference that
highlights how some basic misconceptions about these
designs may have limited more widespread use of these
empirical strategies. The use of single-subject analysis
in this report will hopefully stimulate further applica-
tion and dissemination of these research designs in
clinical investigations conducted within the field of
pediatric psychology.
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