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moderation effects, natural clinical experiments,
and complex treatment-by-subgroup interactions
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Abstract
A critical juncture in translation research involves the
preliminary studies of intervention tools, provider training
programs, policies, and other mechanisms used to
leverage knowledge garnered at one translation stage into
another stage. Potentially useful for such studies are
rigorous techniques for conducting within-subject clinical
trials, which have advanced incrementally over the last
decade. However, these methods have largely not been
utilized within prevention or translation contexts. The
purpose of this manuscript is to demonstrate the
flexibility, wide applicability, and rigor of idiographic
clinical trials for preliminary testing of intervention
mechanisms. Specifically demonstrated are novel
uses of state-space modeling for testing intervention
mechanisms of short-term outcomes, identifying het-
erogeneity in and moderation of within-person treat-
ment mechanisms, a horizontal line plot to refine
sampling design during the course of a clinic-based
experimental study, and the need to test a treat-
ment’s efficacy as treatment is administered along
with (e.g., traditional 12-month outcomes).
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Fishbein et al. [1] outline the translation process from
basic science to widespread policy (their Table 1). An
essential bridge for using knowledge that is garnered
at one translation phase to advance practice at a later
translation phase (and vice versa) is the underlying
mechanisms which promote intervention outcomes
[1]. To illustrate, highly valuable evidence for back
translation is obtained in type 2 translation research
when hypothesized intervention mechanisms are not
associated with treatment outcomes, thus revealing an
error in our basic knowledge [2]. Translation science,
like intervention research in general, employs a some-
what limited segment of the research methodologies
that are available. The purpose of this manuscript is to
demonstrate idiographic techniques that offer wide
applicability for translation science in a non-technical

manner for researchers who could employ them in
collaboration with statisticians.
Predominant contemporary methods that are used

to test mechanisms are mediation and moderation
analyses [3, 4]. Within nomothetic studies (which de-
rive population- or subgroup-average estimates) such
as randomized clinical trials (RCTs), mediation and
moderation techniques are highly adept, elegant, and
flexible. Their limitations include requiring large sam-
ples, reliance on waves of data usually spaced by at
least 6 months (long after treatment has ended rather
than while treatment is delivered), and they assume
that the same mediation process occurs for all mem-
bers of a population. For a number of common and
important intervention research scenarios, alternative
techniques are preferred. Pilot studies provide forma-
tive knowledge early in each translation stage but are
typically too limited in sample and funding for nomo-
thetic methods. Even so, the critical contributions of
such studies merit using rigorous techniques. Addi-
tional scenarios include treatments for rare diseases
(which affect about 25 million US citizens) [5], emerg-
ing illnesses (e.g., Ebola), genetic microtrials, hard-to-
reach or small populations (e.g., Native American
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Implications
Practice: Idiographic clinical trials need to be
employed in pilot studies, research that requires
high external validity and clinic-based studies, and
to round out knowledge garnered from random-
ized clinical trials.

Policy: Idiographic clinical trials provide an assort-
ment of rigorous techniques for translational re-
search, especially pertinent to early stages of testing
knowledge gained in one type of translation for use
in another type.

Research: Idiographic clinical trials need to be
used for small populations, rare diseases, when
funds are sparse, and for treatment experiments
conducted within “real-world” clinical settings.
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tribes), clinical trials in third world countries, and pol-
icy studies in which “subjects” consist of organizations,
clinics, or states. Idiographic clinical trials (ICTs), also
termed N-of-1 or case studies, use within-subject ex-
perimental designs to focus intensively on individual-
level data over short time periods (e.g., 1 week to a few
months) and could be used in any of the aforemen-
tioned research scenarios [6].
Traditional N-of-1 or case studies were used to

inform clinician’s decision-making for individual
clients/patients whereas ICTs add rigorous data
analysis and may use medium-sized samples to
improve generalizability of results. ICTs overcome
biases of relying on visual inspection [7, 8], are
able to utilize small samples coupled with rigorous
methods, mediation testing investigates within-
person processes over time, do not assume the
same mediation processes occur across persons,
can study outcomes and mediators as treatment is
being administered, provide high external validity,
and are often conducted in “real-world” settings
rather than highly controlled laboratory settings.
Hence, ICTs have much to offer translation re-
search, which often must be conducted in applied
real-world settings, emphasize external validity
over internal validity, and use small N (as subjects
may be clinics, communities, or states).
Presented herein are secondary analyses of data

from recent ICTs in psychology and medical clinics
to illustrate the flexibility and potential uses of ICTs in
translational pilot studies when traditional nomothetic
methods could not be used. Detailed statistical treatise
is not included, because such resources are available
elsewhere [9–12]. Study 1 presents a replication pilot
study ICT in which moderated mediation is tested
(type 3 translation). Study 2 illustrated use of ICT
methods within natural clinical experiments and pro-
vided a technique for monitoring sampling progress
that can inform making adjustments to recruitment
strategy “on the fly” for quality control (type 3). Study
3 presents a pilot study ICT testing a novel dissemina-
tion venue (type 4 translation) and shows the sophisti-
cation of research questions that ICTs can test. Full
reports of each study can be requested from the
corresponding author.
Each of the three studies used one of two analysis

techniques, thus illustrating their wide utility. Both
techniques analyze time series data, which consist of
many repeated observations over a much shorter time
period than traditional nomothetic studies (e.g., daily
observations for 1.5 months). Trajectory analysis esti-
mates a trend over time in an outcome variable and
tests for hypothesized causes or correlates of variability
in the outcome (e.g., intervention, person character-
istics). In contrast, state-space modeling investigates
observation-to-observation (e.g., day-to-day) associa-
tions among multiple variables over time within indi-
viduals (e.g., to test whether change in one variable
precedes change in another or vice versa). Next, these
techniques are tersely summarized but also cite more
complete references.

ANALYTIC TECHNIQUES
Mixed model trajectory analysis—Mixed model trajectory
analysis (MMTA), also termed hierarchical linear
modeling, quantifies an individual’s outcomes as time
series observations at level 1, while aggregates of indi-
vidual and group data are analyzed at level 2 [6, 9, 10].
Maximum likelihood estimation and common fit sta-
tistics tested whether competing predictors, treatment
arms, and error covariance structures improved fit of a
model to observed data using SAS 9.3. Model param-
eters were obtained using restricted maximum likeli-
hood estimation. Some fit statistics are not reported
herein to conserve space but are available upon re-
quest from the corresponding author. Autoregressive,
heterogeneous autoregressive, autoregressive moving
average, and Toeplitz error covariance structures, each
with lag 1, were tested. TheKenward-Roger adjusted F
test reduced risk of type I error.
State-space modeling—Theorized treatment mecha-

nisms can be tested by comparing how associations
among mechanisms and outcomes differ between the
baseline phase (before treatment) versus during the
treatment phase using within-subject experiments.
Unified structural equation modeling (USEM) is a
form of state-space modeling which in some ways
resembles SEM but models observation-to-
observation changes (e.g., day-to-day or session-to-ses-
sion) within individuals [13]. Chow et al. [11] review
consistencies and differences between USEM and
SEM including their relative strengths and weaknesses
with regard to investigating intraindividual change and
interindividual variability.
USEM was modeled separately by individual and
study phase (e.g., as if each participants’ data were
from a separate sample) and aggregated. To acquire
fit statistics and parameter estimates aggregated across
entire samples or subgroups, their corresponding
parameters were fixed to be equal. The best fitting
model was then tested for heterogeneity among study
phases and/or subgroups. Tests of moderation (e.g.,
differences between genders or treatments) were con-
ducted by comparing the fit of two models: fixing
parameters to be equal across all participants versus
estimating parameters separately per level of the mod-
erator (e.g., males vs females). Competing models
were tested using Akakie’s I nformation Criterion,
Brown-Cudeck criterion, and likelihood ratio χ2 (for
nested models) with AMOS 19.
One limitation to ICTs is the need to delineate

certain analytic techniques specifically for intensive,
within-person time series data analysis. For example,
the fit statistics used herein for state-space model test-
ing have established literatures and examples in the
literature within time series data and ICTcontexts [11,
13]. Yet, alternative statisticsmay bemore appropriate,
offer greater power (in the case of LR χ2), or provide
requisite conservative adjustments of which the field is
not yet aware. Some recent advances in idiographic
statistics include a bootstrapping technique for model-
ing mediation analysis using time series data [14],
power analysis for randomized ordering of competing
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treatments [15], and using “moving windows” meth-
ods and non-parametric statistical testing to identify
distinct within-person patterns of behavior to forecast
a person’s change from one pattern to another [16].

Study 1: moderated mediation for testing program
effectiveness in a novel population
About 16% of US adults experiencemajor depression,
half of whom receive treatment for depression, and of
those, 42 % do not receive adequate care [17]. Less
evidence exists regarding treatment of depression in
men than women, yet men are more likely to experi-
ence symptoms of committing suicide, abusing sub-
stances, and engaging in risky or aggressive behavior
[18]. Men are also less likely to initiate mental health
services, andmen with depression who seek help often
go undiagnosed and untreated [19].
Depression and marital distress frequently co-occur,

and evidence suggests that each may influence the
other by way of multiple mechanisms [20]. Couple
therapy appears to be the most effective depression
treatment when relationship distress is co-occurring
[21]. However, as noted earlier, evidence is largely
limited to women with depression [20].
Originally, this pilot study tested the efficacy of

emotionally focused therapy (EFT) for reducing de-
pression in men and women who were also experienc-
ing relational distress [21]. EFT aims to enhance emo-
tional bonds and responsiveness between members of
a couple via novel interactions designed to enhance
emotional attachment and encourage sharing of emo-
tions. EFT has efficacy in women for enhancing mar-
ital satisfaction and reducing depressive symptoms
[20]. Cross-lagmodel mediations between relationship
satisfaction and depression were analyzed within indi-
viduals (see Fig. 2, later) [13, 22]. Herein, MMTAwas
conducted twice: first for outcomes as treatment was
administered and again with 12-month outcomes
added to explore differences between their results [23].

METHODS
Wittenborn et al. [24] pilot tested the efficacy of EFT
versus usual care (UC). Per the IRB-approved proto-
col, 15 couples seeking couple therapy were recruited
from a large, mid-Atlantic metropolitan area. Inclu-
sion criteria were heterosexual couples in committed
partnerships, both aged 18 years or older, either hav-
ing a Beck Depression Inventory-II score of 20–30
(mild to moderate depression), and both reporting
relationship distress. Exclusion criteria in either part-
ner were ongoing domestic violence, suicidality, or
substance use disorder; history of psychosis or bipolar
disorder; receiving other psychotherapy; or initiating
medication for depression less than 2 months before
screening. Eligibility screening was conducted by tele-
phone. At intake, couples completed consent forms,
assessments, and a video-taped interaction and were
randomly assigned to EFT or referral to UC for de-
pression. Study-funded treatment ended at week 17 of

participation. Data were first collected before the re-
search team was aware of ICT methods. Fortuitously,
data were collected at baseline, after each session, and
at 12 months post-baseline.
Beck Depression Inventory-II—Beck Depression
Inventory-II (BDI-II) measures depression severity in
adults with an internal consistency of α=0.92 [25].
BDI-II has good convergent validity, correlating with
other measures of depression, and construct validity
based on factor analysis.
Dyadic Adjustment Scale—Satisfaction subscale—The Sat-

isfaction subscale of the Dyadic Adjustment Scale
(DAS) assessed each partner’s relationship satisfaction
[26]. Greater scores indicate greater relationship satis-
faction, scores range from 0 to 50, and the Satisfaction
subscale has demonstrated reliability and validity in
varied populations.

RESULTS
MMTA tested the hypothesis that EFTwas associated
with greater satisfaction and less depression than UC
specifically in men. Three participants failed to pro-
vide 12-month data, so analyses of weeks 0 to 17 were
reconducted for only participants who provided long-
term outcomes. MMTA results differed considerably
between analyses that exclude versus include the 12-
month outcomes (Fig. 1). The best fitting model for
satisfaction during weeks 0 to 17 for the entire sample
was 30.5726+0.2894 (per week)−0.3030 (per week for
UC) (Fig. 1a); results changed little for only those who
also provided long-term outcomes: 30.1643+0.2407
(per week)−0.3358 (per week for UC). In contrast,
when 12-month outcomes were included, the model
was 29.5112+0.0949 (per week)+3.7920 (per week for
UC). The two models suggest opposite conclusions
regarding EFT; the short-term model suggests greater
satisfaction with EFT whereas the long-term model
suggests greater satisfaction with UC.
Outcomes for men’s depression also differed be-

tween the short-term and long-term models but not
to the same degree (Fig. 1b). The short-term model
predicting depression was 17.0116–0.6116 (per
week)+0.2548 (per week for UC); again, results were
similar for only those who also provided long-term
outcomes: 18.2032–0.5226 (per week)+0.2188 (per
week for UC). The long-term model was 14.6737–
0.2540 (per week)+0.1335 (per week for UC). Both
models implied that men’s depression is lessened to a
greater degree with EFT compared to UC.
The theoretical Granger causality USEM in Fig. 2

guided tests to clarify the sequence(s) of change among
men’s depression and relationship satisfaction. Each par-
ticipant’s model parameters appear in columns 2–6 of
Table 1. Table 2 presents fit statistics for (1) whole-
sample-aggregated estimates versus (2) treatment-
specific parameters (the latter better fit observed data).
A third, exploratory,model (3) tested the fit of subgroups
of participants based on the technique of Zheng et al. for
K-cluster analysis of their model parameters [13]. Four
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clusters emerged, summarized in the first, seventh, and
eighth columns of Table 1. This third model provided
the best fit, but cluster membership was not associated
with treatment (Table 1). A cluster-by-treatment
interaction may even better account for observed
data, however,sample size precluded such modeling.

DISCUSSION
The single consistent result from analyses was that
time-varying relationships between depression and
relational satisfaction during EFT (and UC) differ
considerably among individuals. Sequences in influ-
ence between the two appear to result at least as
much from individual differences as treatment type.
Also, EFT mechanisms appear to differ between
treatment administration compared to long-term
(e.g., 12 months) outcomes. Better understanding
of these mechanisms and individual differences
(and between cluster differences) in the processes
connecting relationship satisfaction and depression
has potential to improve EFT efficacy for men.
Results also suggest that different mediators operate
while EFT is delivered compared to sustaining
long-term outcomes [23]. Broadly speaking, testing

Granger causality can shed light on variance in
treatment mechanisms and provides stronger causal
inferences than nomothetic studies because results
reflect consistent changes within-persons over time.

Study 2: using ICT analyses in a clinical “natural experiment”
Over 70 % of critically ill intensive care unit (ICU)
patients experience agitation due to many sources
including pain, delirium, hypotension, hypoglycemia,
and alcohol withdrawal [27]. A universal goal of criti-
cal care practitioners is maintaining a patient’s comfort
using sedatives. Yet, 40 to 60 % of patients experience
inadequate relief from anxiety or over-sedation, and
little is known about the patient perspectives of ICU
sedation therapy [28, 29].
A barrier to research in the ICU is the infeasibility of

randomized trials. ICU patients often cannot be con-
sented for randomization due to delirium, being sedat-
ed before arrival, or needing emergent care such as
injury - related truama. Also, randomizing patients to
sedation management reflects efficacy rather than ef-
fectiveness within real-world ICU conditions.
Patients whose ICU stay spans the care of multiple

physicians often undergo a within-person natural

Fig. 1 | Trajectories of outcomes using data from study weeks 0 to 17 versus 0 to 52
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clinical experiment because of variability in sedation
practice, based on individual preferences. Additional-
ly, sedation practices vary because patient needs
change over time. For example, during extubation, a
patient may require a sedative that lacks respiratory
depression characteristics. At the ICU in study 2, dif-
ferent physicians administered midazolam, propofol,
or dexmedetomidine, allowing comparisons between
them in terms of (dis)comfort levels.
One studywas available to inform the hypothesis; in

89 surgical ICU patients receiving mechanical ventila-
tion, propofol and dexmedetomidine provided equiv-
alent amnesia and pain control, but dexmedetomidine
led to greater discomfort and sleeping difficulties [30].
The present study compared patient comfort among
sedatives using MMTA. Herein, data were reanalyzed

to demonstrate a technique that could be used in future
ICTs to monitor and adjust sampling to better imitate
an ideal ICT even when experimental conditions can-
not be carefully controlled.

METHODS
Benedict et al. [29] detailed the study methods.
Consistent with IRB approval, the 29 participants
were from a tertiary care ICU. During usual clini-
cal care, a nurse administered the Sedation-
Agitation Scale (SAS) at least once during each 8-
h shift [31]. Scores were the absolute value of the
difference between a SAS score from the ideal
range of 3.0–4.0 (scores in this range=0.0).

Fig. 2 | Theory-based exploratory model to test Granger causality of the sequence of change in relationship satisfaction and
depression

Table 1 | Standardized path coefficients for male participants and the four-cluster solution

ID Autocorrelation Cross-lag paths Common characteristics
unique to cluster
members

Study
armStoS2 DtoD2 StoD2 DtoS2

Cluster 1 A −0.02 0.64 −0.30 −0.96 Autocorrelation in
depression; Granger
causality from
depression to satisfaction

UC
B −0.05 0.71 −0.13 −0.56 UC
C −0.08 0.71 0.04 −0.54 EFT

Cluster 2 D 1.09 0.01 −0.69 0.26 Autocorrelation in
satisfaction only;
Granger causality from
satisfaction to depression
and less so the reverse
sequence

EFT
E 0.50 −0.09 −0.83 −0.40 EFT
F 0.47 0.05 −0.39 −0.28 UC

Cluster 3 Ga 0.16 0.50 0.31 −0.24 Moderate autocorrelation
for depression; small to
nil cross-lagged
correlations

UC
H 0.16 0.50 0.00 −0.20 EFT
I −0.33 0.33 0.11 −0.23 EFT

Cluster 4 Ja 0.65 0.64 −0.32 −0.20 Large autocorrelation in
depression and
satisfaction; moderate
to nil cross-lagged
correlations

EFT
K 0.86 0.76 −0.19 0.01 EFT
La 0.54 0.90 −0.04 −0.45 UC
M 0.63 0.91 −0.02 0.19 UC
N 0.55 0.76 0.12 0.05 EFT

Model parameters of one participant did not statistically fit into any of the clusters but resembled the pattern of cluster 2; they were −0.71, 0.07, 2.23, and −0.09,
respectively

S relationship satisfaction, D depression
a Participant dropped out of the study prior to longer term follow-ups
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Inclusion criteria were 18 years or older and re-
ceiving continuous infusion of midazolam, propofol,
or dexmedetomidine for at least 24 h while me-
chanically ventilated. The sample was 58.6 % male,
age X =49 years (SD=17 years), 65.5 % were sur-
gical patients, and the expected mortality rate was
about 15 %. Respiratory failure (24.1 %) and motor
vehicle/motorcycle collisions (17.2 %) were the
most common admission diagnoses. Dexmedetomi-
dine was rarely used, so analyses compared propo-
fol versus either dexmedetomidine or midazolam.

RESULTS
Length of ICU stay (median=14 days or 15 phy-
sician shifts) and days on mechanical ventilation
(median=4 days) were extensive. Data were 224
SAS scores. Mean (SD) SAS scores aggregated
over all shifts for all participants, for propofol
(n=179), midazolam (n=42), and dexmedetomi-
dine (n=8), were 3.78 (0.77), 3.31 (1.1), and
2.98 (0.76), respectively. The MMTA model was
SAS=0.275527–0.010276 (no. of shifts)−0.228983
(using propofol). Thus, patient sedation improved
the longer patient that was in the ICU and using
propofol. Propofol (rather than an alternative)
almost corrected patient’s initial descrepency
(i.e., the intercept) from the optimal SAS range.
Demographics were not associated with SAS
scores (p>0.05).

DISCUSSION
This study illustrated one real-world scenario that re-
quired methods which compliment traditional RCTs.
A limitation to relying on a natural experiment to
imitate an ICT is that study phases may deviate from
carefully controlled conditions. Post hoc, how closely
the natural experiment resembled an optimal multiple
baseline design was evaluated using the horizontal line
plot of Tueller et al. [32] of the schedule of each
participant’s receipt of study medications (Fig. 3). Al-
though transition points from one medication to an-
other (i.e., lengths of experimental phases) appear ran-
dom, relatively few participants received multiple
medications. Fortunately, the pattern of study phases
within the context of this study reinforced the conclu-
sion that propofol is the preferred sedative because the
negative effects of dexmedetomidine and midazolam
occurred after propofol’s beneficial outcomes (i.e.,
they had to reverse the effect of propofol). Using the

horizontal line plot of Tueller et al. [32] one or more
times during the recruitment/data collection of a nat-
ural experiment, ICT may inform subsequent partici-
pant recruitment (e.g., to over-recruit participants hav-
ing experimental conditions that previously had been
under sampled) to strengthen the study design. Bene-
dict et al. [29] used additional data and analysis to
present supplemental results from additional patient
reports that supported the MMTA results reported
herein.

Study 3: using MMTA for complex intervention investigations
Diabetes is the seventh leading cause of death in
the USA [33]. Hyperglycemia, which can lead to
ketoacidosis, is the primary cause of complications
from diabetes including heart disease, stroke, blind-
ness, kidney disease, and nervous system disease.
About 215,000 individuals with diabetes are youn-
ger than 20 and most have type 1 diabetes (T1D)
[34]. Managing blood glucose is especially impor-
tant for adolescents because of diabetes’ chronic
course and the potential for cumulative health
problems. Glycemic control generally declines in
youth with T1D as they transition from childhood
to adolescence and then adulthood [35]. Glycemic
control reduces or postpones diabetes-related com-
plications; however, adolescents’ glucose manage-
ment is poor on average [36]. Fundamental man-
agement of T1D requires taking at least four glu-
cose tests daily. Each additional daily blood glucose

Days in ICU 

Fig. 3 | Schedule of study patient’s medications. Each horizontal
line represents the duration of a participant’s length of study
participation in days

Table 2 | Fit statistics of three competing subgroupings

Path parameters fixed equal… χ2, df RMSEA AIC BCC LR χ2, df
vs model 1

1. Across all participants 1199.09, 171 0.15 1277.1 1305.0 –

2. Within treatment arms 1183.18, 166 0.15 1271.2 1302.6 15.9, 5
3. Within each cluster 1124.27, 151* 0.15 1242.3* 1284.4* 58.9, 20*
Models 2 and 3 are not nested and thus were not compared using LR χ2

df degrees of freedom, RMSEA root mean square error of approximation, AIC Akakie’s information criterion, BCC Brown-Cudeck criterion, LR likelihood ratio
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test is associated with 0.4 % decreased glycated
hemoglobin (A1C) [37] and, in turn, 10.5 % de-
creased risk of diabetes-related complications [38].
Treatment providers cannot monitor each

patient’s daily glucose testing. Tested herein was
an alternative real-world approach: automated,
internet-based monitoring and reinforcement of
patient glucose testing. MMTA preliminarily test-
ed its effectiveness in adolescents with T1D who
used less than four glucose tests per day. Effects
of two interventions with documented efficacy
(motivational interviewing (MI) and contingency
management (CM)) were controlled. Monetary
contingencies were used (e.g., rather than praise
or other alternatives) to provide the greatest like-
lihood of an effect.

METHODS
Raiff et al. [39] detail the study methods. A
hybrid participant-as-own-control, with embedded
RCT, design tested whether the internet interven-
tion increased frequency of daily glucose tests
over and above MI and CM. Participants were
randomly assigned to either receive monetary
incentives that were contingent on web camera-
verified adherence with the guidelines (experi-
mental group) or to a non-contingent group
who received incentives independent of their
own adherence (a “yoked” control group). Yoked
control groups are scientifically rigorous, used to
evaluate the relative impact of a contingency that
is linked to a novel intervention (controlling for
the effect of the reinforcer), and generally show
poorer outcomes compared to contingent partic-
ipants. Randomization was stratified by age (13–
15 vs 16–18) and gender. The overall possible
total contingency earnings ($220) is comparable
to similar CM studies [40].
The multi-phase, ABCA, design consisted of (A)

baseline of 5 days, (B) one session of MI, (C) 20 days
of web intervention with randomized CM, and (A)
20 days of withdrawal of interventions (termed return
to baseline). For withdrawal, participants were
instructed to continue using the studymeter for 20days
and report their daily glucose testing, and testing
records were taken from participant glucometers.
Per the IRB-approved protocol, 52 participants

were recruited through an urban outpatient dia-
betes care center during regularly scheduled med-
ical appointments. Inclusion criteria were ages
13–18, T1D diagnosed at least 1 year prior, using
less than four blood glucose tests a day, having
internet access at their residence, and completed
assent and parental/guardian consent. Participants
were loaned a web camera and/or laptop com-
puter (if needed) and given a glucometer and
testing supplies. The Bayer Contour USB™ gluc-
ometer was used because it can generate reports
via a computer’s USB port. In this way, investi-
gators verified blood glucose tests.

RESULTS
Randomization was successful, as experimental and
non-experimental groups were equivalent in age
(X =15 years, SD=1.5 years), race (28.8 % Caucasian,
50 % Latino, 11.6%African-American), annual house-
hold income (median of about $67 K), age of T1D
diagnosis (X =7 years, SD=3.6 years), and A1C at
intake (X =9.5, SD=1.7). Table 3 presents fit to the
data for modeling MI, CM assignment, and the web
intervention. Additional effects that were tested (qua-
dratic slope for time, linear slope for MI/baseline, and
random effects for time) did not statistically improve
model fit (p<0.05).
Figure 4 presents the best fitting model as plotted

trajectories and an equation. MI was associated with
one additional glucose test per day (0.9821). An addi-
tional 1.4 glucose tests (1.4080) were associated with
the web intervention phase and another two thirds was
associated with receiving contingencies (0.6502). Dur-
ing the withdrawal phase, intervention effects gradual-
ly declined. Older adolescents responded better to the
web intervention (0.4619) than younger adolescents.
No age differences were found during baseline, with-
drawal, or in response to MI.

DISCUSSION
Results suggested that the web-based monitoring in-
tervention increased daily glucose tests in adolescents
with T1D. Similar to past CM findings, efficacy de-
creased with removal of contingencies. A treatment
termination that does not negate treatment effects
may improve long-term effectiveness. Alternative
reinforcers or more gradual removal of reinforcers
are two potential strategies. CM outcomes might be
improved in adolescents younger than 16 years with
greater parental involvement, use of different contin-
gencies, or alternative venues for monitoring (e.g.,
smart phones). Results also illustrated back-
translation implications regarding developmental dif-
ferences in outcomes and treatment delivery venue.

Implications
The utility of pilot study ICTs was demonstrated
in three distinct translation-oriented studies. The
first involved testing treatment generalization to a
new population as well as heterogeneity in
within-person mechanism pathways toward out-
comes (type 2 translation). Study 2 involved type
3 translation in terms of effectiveness of compet-
ing treatments within a real-world setting; it also
illustrated a technique to monitor how adequately
data collection during a natural experiment
resembles the needed ICT design (enabling on
the fly sampling adjustments). The third study
tested an adaptation of a treatment for delivery
via a novel venue that could be disseminated to a
large patient population. Each study also gener-
ated implications for back translation, including
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for type 0 translation (revealing heterogeneity in
influences between relationship satisfaction and
depression, differences in sedating effects among
medicines, and developmental differences be-
tween younger versus older adolescents).
Each study also demonstrated solutions to tra-

ditional barriers to RCTs including small sam-
ples, limited funding, pilot studies, and the need
for a real-world setting with high external valid-
ity. Two ICTs were conducted in clinical settings
as treatment was administered to clients/patients,
providing greater external validity and more di-
rect implications for effectiveness compared to
traditional, highly controlled randomized trials.
The flexibility and sophistication that ICTs offer
were illustrated, ranging from a natural experi-
ment that occurred as a biproduct of normal
clinical procedures to a complex design which
controlled for the effects of two treatments while
testing for a treatment-by-age interaction.
It is important to consider disadvantages of

ICTs, which include limitations to generalizing
results especially when samples are quite small
or N=1, the historical tradition in ICTs to not
statistically analyze data, and generally being

limited to investigations of large effect sizes. As
with RCTs, ICTs might identify subgroups of
clients/patients but do so by identifying similari-
ties among the individuals (e.g., homogeneous
clusters) in terms of trends of outcomes or relat-
ed characteristics, in a bottom-up manner [13].
Population inferences are usually not the purpose
of an ICT. But, for such studies, the importance
of replication in ICTs corresponds to the propor-
tion of the population that is contained in the
ICT sample size. For a true N-of-1 study that is
used to guide a clinical decision for the patient
(i.e., population=1), replication is irrelevant. For
a rare disease, a small sample (N<50) may rep-
resent a large proportion of the population of
those with the disease. For drawing inferences
about a large population, replicating a single
ICT is requisite.
Although the techniques demonstrated here re-

quire advanced statistical expertise, they can be
widely used for testing innovative interventions,
translating knowledge from one stage to another
[1], shedding light on treatment mechanisms as
treatment is delivered, identifying heterogeneous
patterns of within-person mediation, and for

Table 3 | Fit statistics for MMTA models

Model (fixed effects) AIC BIC −2LL df LR χ2, dfa

1. Intercept, time, MI 6895.7 6905.7 6914.1 6 –

2. Add contingency phase mean effect 6712.0 6724.0 6734.1 7 183.7, 1
3. Add contingency phase slope effect 6653.2 6667.2 6679.0 8 58.8, 1
4. Add contingency phase × age interaction 6646.5 6662.5 6676.0 9 6.7, 1
5. Add mean effect of experimental group 6620.5 6638.5 6653.7 10 26.0, 1
Kenward-Roger correction was used. The only significant random effect was the intercept

AIC Aikake’s information criterion,BIC Bayesian information criterion, contingency phase receiving NS or CS, LL log likelihood, LR likelihood ratio, experimental group
participants who received web camera-monitored and contingencies for prescribed frequency of daily glucose tests
a For all LR χ2 tests, the comparison model is the preceding model

*p<0.01

Fig. 4 | MMTA trajectories of daily frequency of glucose testing in adolescents with T1D. The corresponding MMTA equation is
frequency of tests=1.9861–0.0055 (per day)+0.9821 (during MI phase)+1.4080 (for web intervention)−0.0693 (per day of web
intervention)+0.4619 (older teens during web intervention)+0.6502 (if received contingencies). Each model parameter reached
p<0.01 statistical significance
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implementation in many situations where a RCT is
infeasible. The breadth and depth of evolving ICT
methods offer many opportunities for translational
prevention research. This is especially true in light
of recent health care trends. In 2001, the Institute
of Medicine named patient-centered care a central
aim of US health care, illustrating the practical
need for ICTs which could underlie evidence-
based individualized treatment [41]. An important
component of the evolving personalized care and
medical home model movements is for patients/
clients to contribute to clinical decision-making;
ICTs provide a format for evidence-based
decision-making in which patients/clients and pro-
viders have the same information on which to base
decisions. Thus, introducing ICT methods for trans-
lation scientists and in novel health care contexts,
as was accomplished herein, serves an important
step toward disseminating them to applied research-
ers and providers.
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