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Abstract
Background Type 1 diabetes management involves self- and
social-regulation, with past research examining components
through individual differences unable to capture daily
processes.
Purpose Dynamical systems modeling was used to examine
the coordinative structure of self- and social-regulation
(operationalized as parental-regulation) related to daily diabe-
tes management during late adolescence.
Methods Two hundred and thirty-six late adolescents with
type 1 diabetes (M age = 17.77 years, SD = .39) completed a
14-day diary reporting aspects of self- (e.g., adherence behav-
iors, cognitive self-regulation failures, and positive and nega-
tive affect) and parental-regulation (disclosure to parents,
knowledge parents have, and help parents provide).
Results Self-regulation functioned as one coordinative struc-
ture that was separate from parental-regulation, wheremothers
and fathers were coordinated separately from each other.
Mothers’ perceived helpfulness served as a driver of returning
adolescents back to homeostasis.

Conclusions The results illustrate a dynamic process where-
by numerous facets of self- and social-regulation are coordi-
nated in order to return diabetes management to a stable state.

Keywords Type 1 diabetes . Self-regulation .

Parental-regulation . Adherence . Dynamical systems

Type 1 diabetes management in adolescence is a complex
regulatory task wherein both individual “self” and interper-
sonal “social” regulatory processes are critical to achieving
optimal diabetes management [1, 2]. Self-regulation (i.e., the
modulation of emotions, behaviors, and cognitions toward a
goal) [3] and social-regulation (i.e., social resources that serve
to modulate emotions, behaviors, and cognitions within the
dyad or group) [4] processes have been linked with diabetes
management in adolescents. For example, completion of ad-
herence behaviors (e.g., monitor blood glucose levels, main-
tain healthy diet and exercise, adjust insulin doses as a func-
tion of blood glucose, eating, and activity levels) increases
when adolescents are successful at self-regulating [5–7], in-
cluding regulating emotions such as negative affect about di-
abetes management [7–9] and cognitions such as remember-
ing to test and preventing distractions to testing [5, 9].
Diabetes management is also more optimal when adolescents
engage in parental-regulation processes such as disclosing to
parents so that parents can be knowledgeable about their dia-
betes management and provide support when needed [10, 11].
This social-regulation is integral along with self-regulation in
promoting successful diabetes management.

Typically, type 1 diabetes management has been studied via
static snapshots where management behaviors are predicted by
individual differences in self-regulation and/or social-regula-
tion. Optimal diabetes management requires multiple times
per day collecting information regarding blood glucose (BG)
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values, carbohydrates consumed, and completed or planned
exercise to make insulin dosage decisions aimed at maintaining
relatively normal BG levels [12]. Thus, as self- and social-
regulation take place multiple times per day concurrently, the
typical snapshot approach does not capture the transactional
way in which self-regulatory and social-regulatory processes
move together throughout time, nor how self-regulation may
relate to social-regulation (i.e., both adolescents’ attempts to
seek assistance from parents and parents’ efforts to provide
the help that is needed to support management).

The present study uses dynamical systems modeling—a
series of analytic techniques for studying change process-
es—to examine diabetes management as a system, capturing
the multidirectional relations of self- and parental-regulation
(i.e., social-regulation involving parents), as they are associat-
ed with daily diabetes management during late adolescence.
Late adolescence is a crucial time in development when par-
ents are less involved than at earlier time periods to support
diabetes management and adherence is deteriorating [13]. A
dynamical systems approach is ideal to capture real-time
transactional processes between adolescents and parents
[14], similar to those that are likely to occur when families
manage type 1 diabetes. Such models can identify what vari-
ables are drivers of change in self- and parental-regulation
processes across time, allowing us to understand the stability
of regulation within the diabetes management system. A dy-
namical system analysis of diabetes management addresses
recent calls within both the diabetes [2] and broader behavior-
al medicine literatures [15] to examine adherence and health
behaviors from a systems perspective.

As an example of the daily self- and parental-regulation
processes that comprise the diabetes management system—
processes that we will model from a dynamical systems per-
spective—imagine Morgan who struggles to test her BG
throughout the day. On a school day with an important exam-
ination period beginning, she frequently has to regulate her
negative affect about performance on the exams and finds
herself regularly “forgetting to test.” Her mother and father
become involved when Morgan discloses to her parents that
she has not tested all day at school. With this knowledge about
Morgan’s diabetes management, the next day they may assist
her more (e.g., texting reminders to test), which seems to
provide the support she needs to get her BG testing back on
track. Understanding how facets of self-regulation move to-
gether through time and are linked to aspects of social-
regulation in relation to mothers and fathers is important in
understanding diabetes self-management.

Complexity and Coordination

Inherently, examining diabetes management as a complex sys-
tem makes for a complex problem. Dynamical systems

modeling approaches aim to capture the relationships among
multiple variables simultaneously through time by character-
izing a variable as a function of its changes on previous and
future values [16]. Linkages between variables can then be
examined for their predictive contribution to the future values
of or changes in the other variables [17], generating a notion of
how variables function together, as a system. For example, in
the same way that autoregressive relationships are indicative
of consistency across time, the extent to which parental-
regulatory aspects of diabetes management predict changes
in parental-regulatory aspects (predicting its own change) in-
dicates the stability of parental-regulation over time. Further,
the extent to which self-regulatory aspects of diabetes man-
agement predict changes in parental-regulatory aspects
(known as coupling relationships) would be interpreted as an
indication of a driving influence in the push-pull self-parental
relationship.

The models proposed herein are based on theories of coor-
dination [18]—how variables in the same system move to-
gether. Coordination builds upon the notion of values
predicting changes into the future by considering what it
means when two or more variables change simultaneously—
the correspondence of changes rather than the correspondence
of value. Under coordination, a specific variable is believed to
contain both its own stable pattern through time (e.g., the
longitudinal declines in adherence behaviors seen across ado-
lescence) and the push and pull that comes from being coor-
dinated with other variables in the system (e.g., day-to-day
fluctuations in adherence linked to forgetting to test BG or
feeling distressed).

Butner et al. [19] modeled such coordination of changes
through a latent variable of the changes in multiple variables
in the diabetes management system, including self-efficacy,
self-control, and parental monitoring. Butner et al. [19] re-
vealed in adolescents managing type 1 diabetes that changes
in self-efficacy showed corresponding changes in behavioral
self-control such that when one showed a positive change, so
did the other. The inclusion of coordination using latent vari-
ables of changes allowed for the examination of different un-
derlying coordinative structures among these processes. For
example, while parental monitoring was coordinated between
parents, it was unlinked from coordinated changes in self-
efficacy and self-control.

Models of coordination can also identify drivers of coordi-
nation. That is, some variables may asymmetrically influence
the coordinated process and, in turn, the stability of the sys-
tem. These drivers have greater potential to push and pull the
other components back to the overarching stable pattern.
Further, such links can occur across coordinative factors po-
tentially linking self- and social-regulation factors, even if
these variables coordinate separately. For example, Butner
et al. [19] found behavioral self-control could predict the co-
ordination of the self while self-efficacy could not, suggesting
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that behavioral self-control may have been a key driver toward
the stable changes in their coordinated patterns through time.
Note that this is similar to a causal argument, but not actually
one, in that systems models inherently assume bidirectional
causal relationships, wherein the complex interactions among
variables can result in the emergence of some variables func-
tioning as key stabilizing factors [20].

Diabetes Management as Coordination

In the present study, we examined the dynamic processes of
daily diabetes management through a daily diary and consid-
ered multiple facets of diabetes management focused on self-
regulation (positive and negative affect, self-regulation fail-
ures, BG tests, problems with diabetes, adherence, and self-
efficacy) and parental-regulation (disclosing to parents, par-
ents’ daily knowledge of diabetes management, and parental
support). Developmental theories suggest three different plau-
sible models of how management components could move
together with the family system across time.

Self- and Parental-Regulation are All Coordinated
Together

Self- and parental-regulation could comprise one large coor-
dination pattern, implying that both are governed by some
general capacity of the adolescent (e.g., executive function)
and/or the larger family system. That is, late adolescents who
are better able to regulate themselves likely develop out of
families that are also better able to provide support and mon-
itor their adolescents [21]. Parent monitoring and knowledge
are associated with better adherence and might play a role as a
unified family system in fostering adolescent self-regulation
related to completing diabetes management tasks [13, 22, 23].

Self- and Parental-Regulation Aspects Coordinate
Together

Self-regulation could form one coordination pattern and
parental-regulation another (the parents as a team), illustrating
separateness between regulation occurring within the individ-
ual versus within their social system, consistent with Butner
et al. [19] Parental-regulation involving adolescents disclosing
to parents and parents having knowledge to assist when need-
ed may be related [10] and form its own coordinative system.
Separation between self- and parental-regulation could derive
from the declines that occur in parents’ involvement in and
knowledge of their child’s diabetes activities across adoles-
cence [13, 24].

Self-Regulatory Aspects and Each Parent Could
Coordinate Separately

In addition to self-regulation, the coordination of mothers and
fathers may be separate, given their different proximity to the
daily behaviors that comprise management, with mothers be-
ing more involved in daily management [25] For example,
mothers are often more involved in the day-to-day manage-
ment of children’s diabetes, while fathers are often involved
when greater problems with diabetes management arise [26].

In addition to these coordination structures, we also ex-
plored whether some variables serve as drivers of the coordi-
nated structure, allowing all aspects of the coordinated system
to be drivers. Differences between mothers’ and fathers’ in-
volvement led us to expect mothers would have more poten-
tial as a driving link between adolescent and social aspects of
management.

To test these hypotheses, we examined the three alternative
models of coordination using data from a larger longitudinal
study, where late adolescents completed a 2-week end-of-day
diary assessing multiple facets of self- and parental-regulation.
Our approach was to utilize multiple indicators of behavioral
(adherence, blood glucose checks, daily problems with diabe-
tes), cognitive (self-regulation failures, self-efficacy), emo-
tional (positive and negative affect), and social aspects of di-
abetes management (disclosure to parents, knowledge parents
have, and help received from parents) to determine the under-
lying structure of how these variables change from 1 day to the
next. We assessed the extent to which these 13 aspects of daily
management moved together, testing multiple different under-
lying coordinative structures. We hypothesized that self- and
parental-regulation would coordinate separately and that
mother and father aspects of parental-regulation would coor-
dinate separately given mothers’ greater involvement in daily
diabetes management [25]. Although we had no particular
hypotheses about what would drive self- and parental-coordi-
nation, we anticipated there would be identifiable links be-
tween parental- and self-regulation, especially involving
mothers.

Methods

Participants

High school seniors with type 1 diabetes were recruited for a
longitudinal study on diabetes and self-regulation during late
adolescence and emerging adulthood. Participants were re-
cruited from three outpatient pediatric endocrinology clinics
in two southwestern US cities. Of the qualifying 507 individ-
uals approached, 247 adolescents completed baseline assess-
ments (see [10] for more details).
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values, carbohydrates consumed, and completed or planned
exercise to make insulin dosage decisions aimed at maintaining
relatively normal BG levels [12]. Thus, as self- and social-
regulation take place multiple times per day concurrently, the
typical snapshot approach does not capture the transactional
way in which self-regulatory and social-regulatory processes
move together throughout time, nor how self-regulation may
relate to social-regulation (i.e., both adolescents’ attempts to
seek assistance from parents and parents’ efforts to provide
the help that is needed to support management).

The present study uses dynamical systems modeling—a
series of analytic techniques for studying change process-
es—to examine diabetes management as a system, capturing
the multidirectional relations of self- and parental-regulation
(i.e., social-regulation involving parents), as they are associat-
ed with daily diabetes management during late adolescence.
Late adolescence is a crucial time in development when par-
ents are less involved than at earlier time periods to support
diabetes management and adherence is deteriorating [13]. A
dynamical systems approach is ideal to capture real-time
transactional processes between adolescents and parents
[14], similar to those that are likely to occur when families
manage type 1 diabetes. Such models can identify what vari-
ables are drivers of change in self- and parental-regulation
processes across time, allowing us to understand the stability
of regulation within the diabetes management system. A dy-
namical system analysis of diabetes management addresses
recent calls within both the diabetes [2] and broader behavior-
al medicine literatures [15] to examine adherence and health
behaviors from a systems perspective.

As an example of the daily self- and parental-regulation
processes that comprise the diabetes management system—
processes that we will model from a dynamical systems per-
spective—imagine Morgan who struggles to test her BG
throughout the day. On a school day with an important exam-
ination period beginning, she frequently has to regulate her
negative affect about performance on the exams and finds
herself regularly “forgetting to test.” Her mother and father
become involved when Morgan discloses to her parents that
she has not tested all day at school. With this knowledge about
Morgan’s diabetes management, the next day they may assist
her more (e.g., texting reminders to test), which seems to
provide the support she needs to get her BG testing back on
track. Understanding how facets of self-regulation move to-
gether through time and are linked to aspects of social-
regulation in relation to mothers and fathers is important in
understanding diabetes self-management.

Complexity and Coordination

Inherently, examining diabetes management as a complex sys-
tem makes for a complex problem. Dynamical systems

modeling approaches aim to capture the relationships among
multiple variables simultaneously through time by character-
izing a variable as a function of its changes on previous and
future values [16]. Linkages between variables can then be
examined for their predictive contribution to the future values
of or changes in the other variables [17], generating a notion of
how variables function together, as a system. For example, in
the same way that autoregressive relationships are indicative
of consistency across time, the extent to which parental-
regulatory aspects of diabetes management predict changes
in parental-regulatory aspects (predicting its own change) in-
dicates the stability of parental-regulation over time. Further,
the extent to which self-regulatory aspects of diabetes man-
agement predict changes in parental-regulatory aspects
(known as coupling relationships) would be interpreted as an
indication of a driving influence in the push-pull self-parental
relationship.

The models proposed herein are based on theories of coor-
dination [18]—how variables in the same system move to-
gether. Coordination builds upon the notion of values
predicting changes into the future by considering what it
means when two or more variables change simultaneously—
the correspondence of changes rather than the correspondence
of value. Under coordination, a specific variable is believed to
contain both its own stable pattern through time (e.g., the
longitudinal declines in adherence behaviors seen across ado-
lescence) and the push and pull that comes from being coor-
dinated with other variables in the system (e.g., day-to-day
fluctuations in adherence linked to forgetting to test BG or
feeling distressed).

Butner et al. [19] modeled such coordination of changes
through a latent variable of the changes in multiple variables
in the diabetes management system, including self-efficacy,
self-control, and parental monitoring. Butner et al. [19] re-
vealed in adolescents managing type 1 diabetes that changes
in self-efficacy showed corresponding changes in behavioral
self-control such that when one showed a positive change, so
did the other. The inclusion of coordination using latent vari-
ables of changes allowed for the examination of different un-
derlying coordinative structures among these processes. For
example, while parental monitoring was coordinated between
parents, it was unlinked from coordinated changes in self-
efficacy and self-control.

Models of coordination can also identify drivers of coordi-
nation. That is, some variables may asymmetrically influence
the coordinated process and, in turn, the stability of the sys-
tem. These drivers have greater potential to push and pull the
other components back to the overarching stable pattern.
Further, such links can occur across coordinative factors po-
tentially linking self- and social-regulation factors, even if
these variables coordinate separately. For example, Butner
et al. [19] found behavioral self-control could predict the co-
ordination of the self while self-efficacy could not, suggesting
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that behavioral self-control may have been a key driver toward
the stable changes in their coordinated patterns through time.
Note that this is similar to a causal argument, but not actually
one, in that systems models inherently assume bidirectional
causal relationships, wherein the complex interactions among
variables can result in the emergence of some variables func-
tioning as key stabilizing factors [20].

Diabetes Management as Coordination

In the present study, we examined the dynamic processes of
daily diabetes management through a daily diary and consid-
ered multiple facets of diabetes management focused on self-
regulation (positive and negative affect, self-regulation fail-
ures, BG tests, problems with diabetes, adherence, and self-
efficacy) and parental-regulation (disclosing to parents, par-
ents’ daily knowledge of diabetes management, and parental
support). Developmental theories suggest three different plau-
sible models of how management components could move
together with the family system across time.

Self- and Parental-Regulation are All Coordinated
Together

Self- and parental-regulation could comprise one large coor-
dination pattern, implying that both are governed by some
general capacity of the adolescent (e.g., executive function)
and/or the larger family system. That is, late adolescents who
are better able to regulate themselves likely develop out of
families that are also better able to provide support and mon-
itor their adolescents [21]. Parent monitoring and knowledge
are associated with better adherence and might play a role as a
unified family system in fostering adolescent self-regulation
related to completing diabetes management tasks [13, 22, 23].

Self- and Parental-Regulation Aspects Coordinate
Together

Self-regulation could form one coordination pattern and
parental-regulation another (the parents as a team), illustrating
separateness between regulation occurring within the individ-
ual versus within their social system, consistent with Butner
et al. [19] Parental-regulation involving adolescents disclosing
to parents and parents having knowledge to assist when need-
ed may be related [10] and form its own coordinative system.
Separation between self- and parental-regulation could derive
from the declines that occur in parents’ involvement in and
knowledge of their child’s diabetes activities across adoles-
cence [13, 24].

Self-Regulatory Aspects and Each Parent Could
Coordinate Separately

In addition to self-regulation, the coordination of mothers and
fathers may be separate, given their different proximity to the
daily behaviors that comprise management, with mothers be-
ing more involved in daily management [25] For example,
mothers are often more involved in the day-to-day manage-
ment of children’s diabetes, while fathers are often involved
when greater problems with diabetes management arise [26].

In addition to these coordination structures, we also ex-
plored whether some variables serve as drivers of the coordi-
nated structure, allowing all aspects of the coordinated system
to be drivers. Differences between mothers’ and fathers’ in-
volvement led us to expect mothers would have more poten-
tial as a driving link between adolescent and social aspects of
management.

To test these hypotheses, we examined the three alternative
models of coordination using data from a larger longitudinal
study, where late adolescents completed a 2-week end-of-day
diary assessing multiple facets of self- and parental-regulation.
Our approach was to utilize multiple indicators of behavioral
(adherence, blood glucose checks, daily problems with diabe-
tes), cognitive (self-regulation failures, self-efficacy), emo-
tional (positive and negative affect), and social aspects of di-
abetes management (disclosure to parents, knowledge parents
have, and help received from parents) to determine the under-
lying structure of how these variables change from 1 day to the
next. We assessed the extent to which these 13 aspects of daily
management moved together, testing multiple different under-
lying coordinative structures. We hypothesized that self- and
parental-regulation would coordinate separately and that
mother and father aspects of parental-regulation would coor-
dinate separately given mothers’ greater involvement in daily
diabetes management [25]. Although we had no particular
hypotheses about what would drive self- and parental-coordi-
nation, we anticipated there would be identifiable links be-
tween parental- and self-regulation, especially involving
mothers.

Methods

Participants

High school seniors with type 1 diabetes were recruited for a
longitudinal study on diabetes and self-regulation during late
adolescence and emerging adulthood. Participants were re-
cruited from three outpatient pediatric endocrinology clinics
in two southwestern US cities. Of the qualifying 507 individ-
uals approached, 247 adolescents completed baseline assess-
ments (see [10] for more details).
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Adolescents were eligible to participate if they had been
diagnosed with type 1 diabetes for at least 1 year (M length of
diagnosis = 7.35 years, SD = 3.88), had English as their pri-
mary language, were in their final year of high school, lived
with a parent (68.4% lived at home with both biological par-
ents, 27.1% with one biological parent, and 4.5% lived with
adoptive parents or grandparents), would be able to have reg-
ular contact with parents over the subsequent 2 years (consis-
tent with objectives of the broader longitudinal study), and
had no condition that would prohibit study completion (e.g.,
severe intellectual disability and blindness).

Consistent with the patient population at participating
clinics, 75.2% of the full sample (N = 247) identified as
non-Hispanic White, 14.2% Hispanic, 4.8% African
American, and the remainder as Asian/Pacific Islander,
American Indian, or more than one race. Patients were
17.76 years old on average (SD = 0.39) and 60% were female.
Parents had a range of educational backgrounds, with 12.9%
of mothers and 18.2% of fathers having a high school educa-
tion or less, 37.2% of mothers and 25.1% of fathers with some
college or a vocational degree, and 34% ofmothers and 46.3%
of fathers with a bachelor’s degree or higher.

The present study analyzed baseline data from participants
who responded to the daily diary (N = 236). Adolescents in
this subsample were 17.77 years of age (SD = 0.39) on aver-
age and had been diagnosed with type 1 diabetes for an aver-
age of 7.34 (SD = 3.88) years. In this subsample, 62% of
adolescents were female, and 43% of patients reported using
an insulin pump. Sixty-three percent of our analyzed sample
was above the ADA age-specific recommendations
(HbA1c < 7.5%) for glycemic control (M HbA1c = 8.27,
SD = 1.62).

Procedure

The study was approved by the appropriate Institutional
Review Boards, with parents providing informed consent
and adolescents providing consent or assent. At an initial
meeting, participants were consented and completed other
measures for the broader study, and received instructions for
completing a subsequent confidential online survey and daily
diary procedure. The 14-day daily diary data were used for the
present analyses. For measures of mother and father involve-
ment, adolescents selected one mother and father figure to
report on consistently across time. If adolescents had more
than one mother or father figure, they selected the mother or
father figure who was most involved in their diabetes care
(97.2% of adolescents nominated biological mother and
90.9% nominated biological father). Each day, participants
received a link to a confidential brief electronic survey with
instructions to complete individually to indicate experiences
in the past 24 h. To facilitate diary completion, adolescents
received phone calls or text messages daily if they had not

completed the diary by 9p.m. Adolescents were paid $50 for
lab procedures and the online survey, and $5 for each daily
diary completed.

Daily Diary Measures

All daily diary measures were created for the present study by
the authors. To reduce burden and increase compliance, many
scales utilized as few items as possible while maintaining
adequate psychometric properties.

Self-Regulation

Daily Self-Regulation Failures

Adolescents reported daily on their experience of eight fail-
ures in diabetes self-regulation surrounding testing BG levels,
which is a crucial and difficult daily adherence behavior (e.g.,
“Each time I was about to test my BG, I got distracted by
something else.”) [5, 12] using a 1 (strongly disagree) to 5
(strongly agree) scale. A summed daily score was used, with
higher values indicating more failures (M = 16.35, average
number of days completed = 10.9). Inter-item reliability of
the eight items was calculated via random intercept models,
with both time and item treated as nested levels and was ex-
cellent (α = .98).

Daily Adherence

Teens rated their adherence to the diabetes regimen using six
items from the Self Care Inventory [27] that reflect manage-
ment behaviors that should be completed daily. Items were
rated for how well teens followed recommendations for each
behavior in the past 24 h using a 1 (did not do it) to 5 (did it
exactly as recommended) scale (α = .97, M = 4.17, average
number of days completed = 10.2).

Daily Frequency of BG Tests

Participants reported the number of times they checked their
BG levels with their glucometer in the past 24 h (M = 3.74,
average number of days completed = 10.5).

Daily Diabetes Problems

Participants completed a checklist of five diabetes-specific
stressful events (i.e., problem with high/low blood sugar, for-
getting or skipping a blood glucose test, taking wrong amount
of insulin, feel bad because of diabetes, and problem with
pump or continuous blood glucose monitor) derived from pre-
vious coding of open-ended descriptions of mother- and
adolescent-reported diabetes events [28]. The number of dia-
betes problems was measured by counting the number of
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diabetes problems endorsed each day (M = 1.16, average num-
ber of days completed = 12.2).

Daily Positive and Negative Affect

Participants rated howmuch they felt during the past 24 h nine
items tapping negative affect (3 each reflecting depressed
mood, anxious mood, and anger) and nine items reflecting
positive affect (3 each reflecting happiness, interest, and con-
tentment) developed by Cranford et al. [29] for use with daily
diaries. Items were rated on a 1 (not at all) to 5 (extremely)
scale, and average positive (α = .86,M = 2.86, average num-
ber of days completed = 11.0) and negative affect scores
(α = .87,M = 1.79, average number of days completed = 11.0)
were analyzed.

Daily Self-Confidence

Participants rated their confidence in their ability to manage
diabetes each day using a 1 (not at all confident) to 5 (extreme-
ly confident) scale [25] (M = 3.70, average number of days
completed = 11.0).

Parental-Regulation

Adolescents completed parental-regulation items separately
for mother and fathers to indicate disclosures to and help from
parents each day. To measure daily adolescent disclosure
about diabetes, participants responded yes or no to “Did you
tell your mother/father about things that happened with your
diabetes today, without her/him asking you?” (MMother = 0.27,
Mfather = 0.17, average number of days completed for moth-
er = 9.3, average number of days completed for father = 7.3).
To measure parental knowledge, adolescents rated “How
much does mother/father REALLY know about the diabetes
problems you had today (e.g., high or low blood glucose)” on
a 1 (nothing) to 5 (a lot) scale (MMother = 2.52, Mfather = 2.05,
average number of days completed for mother = 10.7, average
number of days completed for father = 9.7). To measure pa-
rental helpfulness, adolescents rated how helpful mother/
father was in providing support for diabetes on a 1 (not at all
helpful) to 5 (very helpful) scale (MMother = 2.71,
Mfather = 2.27, average number of days completed for moth-
er = 9.0, average number of days completed for father = 7.0).

Analysis Strategy

Our analytic strategy bridges two different approaches to es-
timating dynamical systems models—autoregressive and dis-
crete change models. Vector autoregressive models are a way
to represent coupling relationships between many simulta-
neous variables [30]. A future value of each variable is pre-
dicted by all the variables at a previous value in time. This

establishes two types of relationships: the stability of the sys-
tem through time (i.e., when a variable predicts itself) and a
coupling relationship (when a variable uniquely predicts one
of the other future variables).

We constructed discrete differences for each variable com-
prised of the variable at day t + 1 minus the variable at day t,
for all days and all individuals. To capture coordination, we
then constructed latent variables of these changes or latent
coordination factors, which are manifestations of the changes
in variables through time—how variables change together.
For example, if aspects of the adolescent’s self- and
parental-regulation all moved together, changes in the items
would load onto the same latent variable. Coupling relation-
ships were then captured through predicting the latent coordi-
nation factors as a function of the current variables, and sta-
bility information was captured in how a variable predicted its
own change, after accounting for the coordination factor.

Multiple possible coordinated arrangements were tested as
described above. The different loadings on the latent variables
capture scaling differences in the changes. For example, if the
loadings between two variables on the same latent coordina-
tion factor are 1 to 2, for every one unit change in the first
variable, we observe a corresponding change of two units in
the second. This relationship can be positive, implying in-
creasing and decreasing together, or negative, implying when
one increases, the other decreases.

We tested a total of three potential coordination factors. The
first treated all 13 changes at a given time point as the mani-
festation of a single latent construct at that time point. The
second separated the six parent items from the seven self
items. The third divided the parent items into separate mother
(three items) and father (three items) coordination factors. For
all models, coordination factors were allowed to freely corre-
late. These covariances represent regular movement of the
coordination factors with one another—though not consistent
enough to collapse into a single representation. The tested
lambda arrangements are in Fig. 1.

How each variable predicts its own changes after account-
ing for the latent coordinations captures the inherent stability/
instability of each variable through time. The scale of the
coefficient changes such that a negative value becomes indic-
ative of the variable showing an attractive pattern over time—
homeostatic properties (higher values of a variable are associ-
ated with greater negative change). A positive coefficient be-
comes indicative of a variable showing a repulsive pattern
over time—circumstances where the system is ever avoiding
a value.

The combination of the presence of a latent coordinative
structure and the potential for a variable to predict what re-
mains after the coordination factor depicts the taxonomic rep-
resentation of coordination observed. For instance, changes in
adherence can be parsed into changes that are coordinated (the
loading on the latent construct) and the portion that is not
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Adolescents were eligible to participate if they had been
diagnosed with type 1 diabetes for at least 1 year (M length of
diagnosis = 7.35 years, SD = 3.88), had English as their pri-
mary language, were in their final year of high school, lived
with a parent (68.4% lived at home with both biological par-
ents, 27.1% with one biological parent, and 4.5% lived with
adoptive parents or grandparents), would be able to have reg-
ular contact with parents over the subsequent 2 years (consis-
tent with objectives of the broader longitudinal study), and
had no condition that would prohibit study completion (e.g.,
severe intellectual disability and blindness).

Consistent with the patient population at participating
clinics, 75.2% of the full sample (N = 247) identified as
non-Hispanic White, 14.2% Hispanic, 4.8% African
American, and the remainder as Asian/Pacific Islander,
American Indian, or more than one race. Patients were
17.76 years old on average (SD = 0.39) and 60% were female.
Parents had a range of educational backgrounds, with 12.9%
of mothers and 18.2% of fathers having a high school educa-
tion or less, 37.2% of mothers and 25.1% of fathers with some
college or a vocational degree, and 34% ofmothers and 46.3%
of fathers with a bachelor’s degree or higher.

The present study analyzed baseline data from participants
who responded to the daily diary (N = 236). Adolescents in
this subsample were 17.77 years of age (SD = 0.39) on aver-
age and had been diagnosed with type 1 diabetes for an aver-
age of 7.34 (SD = 3.88) years. In this subsample, 62% of
adolescents were female, and 43% of patients reported using
an insulin pump. Sixty-three percent of our analyzed sample
was above the ADA age-specific recommendations
(HbA1c < 7.5%) for glycemic control (M HbA1c = 8.27,
SD = 1.62).

Procedure

The study was approved by the appropriate Institutional
Review Boards, with parents providing informed consent
and adolescents providing consent or assent. At an initial
meeting, participants were consented and completed other
measures for the broader study, and received instructions for
completing a subsequent confidential online survey and daily
diary procedure. The 14-day daily diary data were used for the
present analyses. For measures of mother and father involve-
ment, adolescents selected one mother and father figure to
report on consistently across time. If adolescents had more
than one mother or father figure, they selected the mother or
father figure who was most involved in their diabetes care
(97.2% of adolescents nominated biological mother and
90.9% nominated biological father). Each day, participants
received a link to a confidential brief electronic survey with
instructions to complete individually to indicate experiences
in the past 24 h. To facilitate diary completion, adolescents
received phone calls or text messages daily if they had not

completed the diary by 9p.m. Adolescents were paid $50 for
lab procedures and the online survey, and $5 for each daily
diary completed.

Daily Diary Measures

All daily diary measures were created for the present study by
the authors. To reduce burden and increase compliance, many
scales utilized as few items as possible while maintaining
adequate psychometric properties.

Self-Regulation

Daily Self-Regulation Failures

Adolescents reported daily on their experience of eight fail-
ures in diabetes self-regulation surrounding testing BG levels,
which is a crucial and difficult daily adherence behavior (e.g.,
“Each time I was about to test my BG, I got distracted by
something else.”) [5, 12] using a 1 (strongly disagree) to 5
(strongly agree) scale. A summed daily score was used, with
higher values indicating more failures (M = 16.35, average
number of days completed = 10.9). Inter-item reliability of
the eight items was calculated via random intercept models,
with both time and item treated as nested levels and was ex-
cellent (α = .98).

Daily Adherence

Teens rated their adherence to the diabetes regimen using six
items from the Self Care Inventory [27] that reflect manage-
ment behaviors that should be completed daily. Items were
rated for how well teens followed recommendations for each
behavior in the past 24 h using a 1 (did not do it) to 5 (did it
exactly as recommended) scale (α = .97, M = 4.17, average
number of days completed = 10.2).

Daily Frequency of BG Tests

Participants reported the number of times they checked their
BG levels with their glucometer in the past 24 h (M = 3.74,
average number of days completed = 10.5).

Daily Diabetes Problems

Participants completed a checklist of five diabetes-specific
stressful events (i.e., problem with high/low blood sugar, for-
getting or skipping a blood glucose test, taking wrong amount
of insulin, feel bad because of diabetes, and problem with
pump or continuous blood glucose monitor) derived from pre-
vious coding of open-ended descriptions of mother- and
adolescent-reported diabetes events [28]. The number of dia-
betes problems was measured by counting the number of
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diabetes problems endorsed each day (M = 1.16, average num-
ber of days completed = 12.2).

Daily Positive and Negative Affect

Participants rated howmuch they felt during the past 24 h nine
items tapping negative affect (3 each reflecting depressed
mood, anxious mood, and anger) and nine items reflecting
positive affect (3 each reflecting happiness, interest, and con-
tentment) developed by Cranford et al. [29] for use with daily
diaries. Items were rated on a 1 (not at all) to 5 (extremely)
scale, and average positive (α = .86,M = 2.86, average num-
ber of days completed = 11.0) and negative affect scores
(α = .87,M = 1.79, average number of days completed = 11.0)
were analyzed.

Daily Self-Confidence

Participants rated their confidence in their ability to manage
diabetes each day using a 1 (not at all confident) to 5 (extreme-
ly confident) scale [25] (M = 3.70, average number of days
completed = 11.0).

Parental-Regulation

Adolescents completed parental-regulation items separately
for mother and fathers to indicate disclosures to and help from
parents each day. To measure daily adolescent disclosure
about diabetes, participants responded yes or no to “Did you
tell your mother/father about things that happened with your
diabetes today, without her/him asking you?” (MMother = 0.27,
Mfather = 0.17, average number of days completed for moth-
er = 9.3, average number of days completed for father = 7.3).
To measure parental knowledge, adolescents rated “How
much does mother/father REALLY know about the diabetes
problems you had today (e.g., high or low blood glucose)” on
a 1 (nothing) to 5 (a lot) scale (MMother = 2.52, Mfather = 2.05,
average number of days completed for mother = 10.7, average
number of days completed for father = 9.7). To measure pa-
rental helpfulness, adolescents rated how helpful mother/
father was in providing support for diabetes on a 1 (not at all
helpful) to 5 (very helpful) scale (MMother = 2.71,
Mfather = 2.27, average number of days completed for moth-
er = 9.0, average number of days completed for father = 7.0).

Analysis Strategy

Our analytic strategy bridges two different approaches to es-
timating dynamical systems models—autoregressive and dis-
crete change models. Vector autoregressive models are a way
to represent coupling relationships between many simulta-
neous variables [30]. A future value of each variable is pre-
dicted by all the variables at a previous value in time. This

establishes two types of relationships: the stability of the sys-
tem through time (i.e., when a variable predicts itself) and a
coupling relationship (when a variable uniquely predicts one
of the other future variables).

We constructed discrete differences for each variable com-
prised of the variable at day t + 1 minus the variable at day t,
for all days and all individuals. To capture coordination, we
then constructed latent variables of these changes or latent
coordination factors, which are manifestations of the changes
in variables through time—how variables change together.
For example, if aspects of the adolescent’s self- and
parental-regulation all moved together, changes in the items
would load onto the same latent variable. Coupling relation-
ships were then captured through predicting the latent coordi-
nation factors as a function of the current variables, and sta-
bility information was captured in how a variable predicted its
own change, after accounting for the coordination factor.

Multiple possible coordinated arrangements were tested as
described above. The different loadings on the latent variables
capture scaling differences in the changes. For example, if the
loadings between two variables on the same latent coordina-
tion factor are 1 to 2, for every one unit change in the first
variable, we observe a corresponding change of two units in
the second. This relationship can be positive, implying in-
creasing and decreasing together, or negative, implying when
one increases, the other decreases.

We tested a total of three potential coordination factors. The
first treated all 13 changes at a given time point as the mani-
festation of a single latent construct at that time point. The
second separated the six parent items from the seven self
items. The third divided the parent items into separate mother
(three items) and father (three items) coordination factors. For
all models, coordination factors were allowed to freely corre-
late. These covariances represent regular movement of the
coordination factors with one another—though not consistent
enough to collapse into a single representation. The tested
lambda arrangements are in Fig. 1.

How each variable predicts its own changes after account-
ing for the latent coordinations captures the inherent stability/
instability of each variable through time. The scale of the
coefficient changes such that a negative value becomes indic-
ative of the variable showing an attractive pattern over time—
homeostatic properties (higher values of a variable are associ-
ated with greater negative change). A positive coefficient be-
comes indicative of a variable showing a repulsive pattern
over time—circumstances where the system is ever avoiding
a value.

The combination of the presence of a latent coordinative
structure and the potential for a variable to predict what re-
mains after the coordination factor depicts the taxonomic rep-
resentation of coordination observed. For instance, changes in
adherence can be parsed into changes that are coordinated (the
loading on the latent construct) and the portion that is not
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coordinated (what remains). If adherence were fully captured
by the coordination latent variable, then there is nothing left to
be predicted after accounting for the coordinated portion. If
adherence is able to predict what remains after removing the
coordinated portion, it suggests that some changes in adher-
ence are consistent enough to be predicted by its previous
values and some of the changes moved with the other coordi-
nated variables. Finally, if changes in adherence did not load
onto the coordination latent variable, then it is uncoordinated
with the others.

In our model, driving relationships were then identified by
variables uniquely predicting the latent coordination factors.
This is the extent to which a preceding value is able to unique-
ly predict how all the variables change together in the future.
Thus, they are also above and beyond the overall coordination
relationships, since coordination factors are allowed to freely
correlate.

This combined model resulted in a hybrid multilevel struc-
tural equation model, conducted in Mplus 7.23 [31]. All por-
tions of the model were included simultaneously. That is, we
had 13 changes (difference of next day value minus current
day value) from each individual at each point in time, and the
13 values of the same variables (current day value) also for
individuals at each point in time. The 13 changes formed

latent coordination factors, the 13 same time variables predict-
ed the portion of the changes not captured by the latent vari-
ables, and the 13 same time variables were also allowed to
predict all the latent changes. All of this occurred within and
across families in a multilevel model structure. Details of the
model expressed in matrix algebra and further estimation
choices are provided in Appendix 1.

On average, participants completed 11.2 diaries over the
14 days with missingness ranging from 1.2% (adherence) to
a maximum of 36.8% (fathers’ helping). To account for these
missing data, we utilized multiple imputations within Mplus
under the assumption that the model accounted for the
missingness (missing at random) [32]. In total, we generated
10 data files to counterbalance estimation efficiency with
model runtime.

Very little has been published to the best of our knowledge
on indications of model fit for hybrid multilevel SEMmodels,
and there is a reason to question the interpretation for many fit
indices under this complicated circumstance. We therefore
relied on the Bayesian Information Criterion (BIC), which
can be used for comparing both nested and non-nested models
where a lower value indicates model preference. Since our MI
procedure provided 10 BIC values for each model, we utilized
a criterion of BIC differentiation rather than absolute BIC

a

Fig. 1 Three different factor models to capture latent changes. The manifest variables are discrete differences, and the one, two, and three-factor models
further differentiate the roles of parents
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value. That is, we examined the extent to which the values
overall were better or if they were much more difficult to
differentiate. This logic is much closer to the Bayes Factor
of which the BIC is a rough estimate [33]. This, in combina-
tion with a preference for parsimony, allowed us to identify
the preferred coordination factor structure.

Results

In all 10 datasets, the BIC values for three different coordina-
tion factors resulted in lower values (by a difference in BIC
values of at least 1000). We therefore report the three-factor
solution. The matrix of loadings (L from Appendix 1) and
covariances among coordination factors is provided in Fig. 2
showing parameters in all the expected directions. The signs
of the loadings for each coordination factor suggest that coor-
dination in each case is scaled to higher values, indicating
changing toward better management. The positive relation-
ships among the coordination factors suggests that, though
the self, mother, and father showed some correlation through
time, these relationships still grouped into three distinct coor-
dinated components. Overall, this is consistent with self-
regulation having a distinct role from parental-regulation

involving mother and father in the diabetes management
system.

Figure 3 includes a figure of the own and coupling effects
that surpassed significance criteria of alpha = .05, two tailed
while Appendix 2 provides a table of all the individual coef-
ficients. Every variable showed a substantial “own” effect,
which was negative. This has two implications. First, changes
in all variables loaded onto a coordination factor, and all var-
iables maintained the ability to predict what remains in the
changes after accounting for this coordination. This means
the coordinative relationships did not dominate the patterns
in each variable through time; instead, we are observing pat-
terns that are a combination of their own tendencies and the
coupling relationships slipping into and out of changing to-
gether. Second, since all the own effects are negative, it sug-
gests that we are observing a stable system—each variable has
attractive properties.

For the self-coordination factor, both higher levels in
adherence and lower levels in self-regulation failures pre-
dicted increases in the coordinated portion of the self-
regulatory items. That is, above and beyond the other
relationships, these variables continued to predict future
shared changes. Coupling relationships like this are some-
times interpreted as representing driving relationships, in
that they are particularly important in guiding coordinated

b

Fig. 1 continued.
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coordinated (what remains). If adherence were fully captured
by the coordination latent variable, then there is nothing left to
be predicted after accounting for the coordinated portion. If
adherence is able to predict what remains after removing the
coordinated portion, it suggests that some changes in adher-
ence are consistent enough to be predicted by its previous
values and some of the changes moved with the other coordi-
nated variables. Finally, if changes in adherence did not load
onto the coordination latent variable, then it is uncoordinated
with the others.

In our model, driving relationships were then identified by
variables uniquely predicting the latent coordination factors.
This is the extent to which a preceding value is able to unique-
ly predict how all the variables change together in the future.
Thus, they are also above and beyond the overall coordination
relationships, since coordination factors are allowed to freely
correlate.

This combined model resulted in a hybrid multilevel struc-
tural equation model, conducted in Mplus 7.23 [31]. All por-
tions of the model were included simultaneously. That is, we
had 13 changes (difference of next day value minus current
day value) from each individual at each point in time, and the
13 values of the same variables (current day value) also for
individuals at each point in time. The 13 changes formed

latent coordination factors, the 13 same time variables predict-
ed the portion of the changes not captured by the latent vari-
ables, and the 13 same time variables were also allowed to
predict all the latent changes. All of this occurred within and
across families in a multilevel model structure. Details of the
model expressed in matrix algebra and further estimation
choices are provided in Appendix 1.

On average, participants completed 11.2 diaries over the
14 days with missingness ranging from 1.2% (adherence) to
a maximum of 36.8% (fathers’ helping). To account for these
missing data, we utilized multiple imputations within Mplus
under the assumption that the model accounted for the
missingness (missing at random) [32]. In total, we generated
10 data files to counterbalance estimation efficiency with
model runtime.

Very little has been published to the best of our knowledge
on indications of model fit for hybrid multilevel SEMmodels,
and there is a reason to question the interpretation for many fit
indices under this complicated circumstance. We therefore
relied on the Bayesian Information Criterion (BIC), which
can be used for comparing both nested and non-nested models
where a lower value indicates model preference. Since our MI
procedure provided 10 BIC values for each model, we utilized
a criterion of BIC differentiation rather than absolute BIC
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Fig. 1 Three different factor models to capture latent changes. The manifest variables are discrete differences, and the one, two, and three-factor models
further differentiate the roles of parents
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value. That is, we examined the extent to which the values
overall were better or if they were much more difficult to
differentiate. This logic is much closer to the Bayes Factor
of which the BIC is a rough estimate [33]. This, in combina-
tion with a preference for parsimony, allowed us to identify
the preferred coordination factor structure.

Results

In all 10 datasets, the BIC values for three different coordina-
tion factors resulted in lower values (by a difference in BIC
values of at least 1000). We therefore report the three-factor
solution. The matrix of loadings (L from Appendix 1) and
covariances among coordination factors is provided in Fig. 2
showing parameters in all the expected directions. The signs
of the loadings for each coordination factor suggest that coor-
dination in each case is scaled to higher values, indicating
changing toward better management. The positive relation-
ships among the coordination factors suggests that, though
the self, mother, and father showed some correlation through
time, these relationships still grouped into three distinct coor-
dinated components. Overall, this is consistent with self-
regulation having a distinct role from parental-regulation

involving mother and father in the diabetes management
system.

Figure 3 includes a figure of the own and coupling effects
that surpassed significance criteria of alpha = .05, two tailed
while Appendix 2 provides a table of all the individual coef-
ficients. Every variable showed a substantial “own” effect,
which was negative. This has two implications. First, changes
in all variables loaded onto a coordination factor, and all var-
iables maintained the ability to predict what remains in the
changes after accounting for this coordination. This means
the coordinative relationships did not dominate the patterns
in each variable through time; instead, we are observing pat-
terns that are a combination of their own tendencies and the
coupling relationships slipping into and out of changing to-
gether. Second, since all the own effects are negative, it sug-
gests that we are observing a stable system—each variable has
attractive properties.

For the self-coordination factor, both higher levels in
adherence and lower levels in self-regulation failures pre-
dicted increases in the coordinated portion of the self-
regulatory items. That is, above and beyond the other
relationships, these variables continued to predict future
shared changes. Coupling relationships like this are some-
times interpreted as representing driving relationships, in
that they are particularly important in guiding coordinated
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changes across all variables in the system. Mothers’ help
also predicted the coordinated changes in the self-compo-
nent. This is consistent with mothers playing a

particularly important role in contributing to coordination
among the self-regulation variables, and, notably, this is
above and beyond the other variables and the covariation

Fig. 2 Loadings from final
model. All variables are discrete
differences of future minus
current. Standard errors shown in
parentheses

c

Fig. 1 continued.
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of the coordination factors. No individual father’s item
uniquely predicted the self-coordination factor. However,
this does not mean that fathers had no contribution.
Rather, such contributions were not unique or were cap-
tured through shared movement among the coordination
factors (observed in the covariances).

For the parental-regulation coordination factors, paren-
tal knowledge predicted both mother and father coordina-
tion above and beyond the other relationships. This sug-
gests that parents’ knowledge of their adolescent’s diabe-
tes management activities is a key driver for both mother
and father movement up and down, helping stabilize and
destabilize the system. However, the arrangement of self-
regulation items predicting each parent’s coordination fac-
tor was quite different. For mothers, higher values in both
adherence and self-regulation failures predicted lower
values of the mother’s coordination factor. This is unex-
pected in that these two measures are reverse-scaled
(higher adherence is better management and lower self-
regulation failures is better management). However, fa-
thers’ coordination factor was only predicted by the total
number of diabetes problems the late adolescent experi-
enced that day (fewer problems predicted higher values in
the fathers’ coordination factor).

Discussion

This dynamical systems perspective to diabetes self-
management yielded several novel insights. First, during
late adolescence, aspects of behavioral, cognitive, and
emotional components to diabetes self-management func-
tioned as one coordinated structure, supporting broad no-
tions of self-regulation [3]. Second, these aspects of self-
regulation coordinated separately from aspects of
parental-regulation involving mothers and fathers in the
late adolescent’s diabetes management activities, consis-
tent with the developmental trend toward more indepen-
dent self-management across adolescence [13, 24].
Despite the fact that self- and parental-regulation involv-
ing mothers and fathers were distinct, they were positively
correlated, suggesting that they were all changing togeth-
er. Third, all aspects of self- and parental-regulation had
substantial effects of predicting their own changes above
and beyond coordination, suggesting that each aspect was
both distinct and connected with the others. Finally, there
were important connections between parental-regulation
(i.e., mothers’ perceived helpfulness) and self-regulation,
indicating that mothers’ help drives the coordination of
adolescents’ self-regulation.

Fig. 3 Network representation of relationships. Only those significant at
alpha = .05, two tailed are shown. Variables at the beginning of arrows
are current values, while the same variable at the head of an arrow is the

discrete difference (future minus current). Solid lines represent positive
relationships, and dashed lines represent negative relationships
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changes across all variables in the system. Mothers’ help
also predicted the coordinated changes in the self-compo-
nent. This is consistent with mothers playing a

particularly important role in contributing to coordination
among the self-regulation variables, and, notably, this is
above and beyond the other variables and the covariation

Fig. 2 Loadings from final
model. All variables are discrete
differences of future minus
current. Standard errors shown in
parentheses
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of the coordination factors. No individual father’s item
uniquely predicted the self-coordination factor. However,
this does not mean that fathers had no contribution.
Rather, such contributions were not unique or were cap-
tured through shared movement among the coordination
factors (observed in the covariances).

For the parental-regulation coordination factors, paren-
tal knowledge predicted both mother and father coordina-
tion above and beyond the other relationships. This sug-
gests that parents’ knowledge of their adolescent’s diabe-
tes management activities is a key driver for both mother
and father movement up and down, helping stabilize and
destabilize the system. However, the arrangement of self-
regulation items predicting each parent’s coordination fac-
tor was quite different. For mothers, higher values in both
adherence and self-regulation failures predicted lower
values of the mother’s coordination factor. This is unex-
pected in that these two measures are reverse-scaled
(higher adherence is better management and lower self-
regulation failures is better management). However, fa-
thers’ coordination factor was only predicted by the total
number of diabetes problems the late adolescent experi-
enced that day (fewer problems predicted higher values in
the fathers’ coordination factor).

Discussion

This dynamical systems perspective to diabetes self-
management yielded several novel insights. First, during
late adolescence, aspects of behavioral, cognitive, and
emotional components to diabetes self-management func-
tioned as one coordinated structure, supporting broad no-
tions of self-regulation [3]. Second, these aspects of self-
regulation coordinated separately from aspects of
parental-regulation involving mothers and fathers in the
late adolescent’s diabetes management activities, consis-
tent with the developmental trend toward more indepen-
dent self-management across adolescence [13, 24].
Despite the fact that self- and parental-regulation involv-
ing mothers and fathers were distinct, they were positively
correlated, suggesting that they were all changing togeth-
er. Third, all aspects of self- and parental-regulation had
substantial effects of predicting their own changes above
and beyond coordination, suggesting that each aspect was
both distinct and connected with the others. Finally, there
were important connections between parental-regulation
(i.e., mothers’ perceived helpfulness) and self-regulation,
indicating that mothers’ help drives the coordination of
adolescents’ self-regulation.

Fig. 3 Network representation of relationships. Only those significant at
alpha = .05, two tailed are shown. Variables at the beginning of arrows
are current values, while the same variable at the head of an arrow is the

discrete difference (future minus current). Solid lines represent positive
relationships, and dashed lines represent negative relationships
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The results support the view that processes related to self-
regulation are coordinated as a system. From this perspective,
the behavioral, cognitive, and emotional aspects of diabetes
self-management all influence one another and help maintain
the status quo. This is further supported by all the self-
regulatory measures having a negative prediction of what
remained after accounting for coordination, consistent with
attractor patterns [19]. Such stability through time implies that
if one were to change one variable such as adherence behav-
iors, other coordinated variables (e.g., cognitive and emotional
aspects), and the higher order coordination pattern would
move to re-stabilize adherence behaviors toward its more
common homeostatic pattern. Thus, it is important to identify
variables that drive the coordination of the system.

Within the self-regulation coordination factor, two such
internal drivers were identified. Greater daily self-regulation
failures were associated with changes toward lower levels of
self-regulation, whereas greater daily adherence behaviors
were associated with changes toward higher self-regulation.
The daily self-regulation failures measure captured cognitive
failures related to BG testing (forgetting to test, failure to
initiate testing when motivation was low) and is related to
broader self-reported problems in executive function and at-
tention [5]. These cognitive failures may be especially prob-
lematic, as they may initiate changes in other aspects of self-
regulation, such as undermining adherence behaviors and in-
creasing negative affect and daily problems. Daily adherence
behaviors themselves may be a key driver, as the successful
engagement in such behaviors may support other aspects of
regulation such as increasing self-efficacy, consistent with the
Social Cognitive Theory [34].

Although there were both cognitive (i.e., SR failures) and
behavioral (i.e., adherence) drivers, it is notable that there
were no emotional drivers. These findings reveal that affect
is an important component of diabetes self-regulation and are
consistent with evidence that both positive and negative affect
are associated with numerous aspects of daily diabetes self-
regulation (e.g., self-efficacy, perceived competence in deal-
ing with diabetes problems, and adherence behaviors) [7, 9,
35]. The absence of a driver effect indicates that affect did not
display a unique contribution to self-regulation, or its contri-
bution was captured through shared movement among other
variables in the coordination. Affect and affect-regulation
have been argued to occur in tandem with the self-regulation
of behavior, with affect providing an important feedback func-
tion that aids in goal prioritization (e.g., positive affect indi-
cates goal progress is acceptable so that limited resources can
be shifted elsewhere) [36]. Future research that measures these
nuanced aspects of daily goal striving as additional compo-
nents of self-regulation may reveal a different role for affect in
the daily dynamics of diabetes self-regulation.

Social regulation as captured through adolescents’ reports
of mothers and fathers coordinated separately from self-

regulation, with mothers and fathers being distinct from one
another. These distinctions in parental roles for diabetes man-
agement are consistent with previous findings in younger ad-
olescents where mothers and fathers had different perceptions
of an adolescent’s competence and independence [37], but
only mothers’ discrepancies from the adolescent related
uniquely to metabolic control. Similarly, adolescent disclo-
sures to mothers (but not to fathers) [10] and mothers’ (but
not fathers’) efforts to persuade her adolescent to engage in
better daily adherence were associated with better daily dia-
betes outcomes [25].

Within each parental coordination factor, adolescents’ re-
port of the parent’s knowledge was a driver of the coordinated
changes. This suggests the importance of parental knowledge
in capturing changes in parental-regulation across days, po-
tentially because parental knowledge captures an essential
prerequisite for their help. Berg et al. [10] demonstrated that
parental knowledge was obtained partially through adolescent
diabetes disclosures, making it somewhat surprising that dis-
closure was not a driver in the parental-regulation coordina-
tion factors. Because our late adolescents were still living at
home, parents may have gained knowledge through other
means than adolescent disclosures (e.g., observing their ado-
lescent’s diabetes activities). Nevertheless, the structural mod-
el of coordination clearly shows that disclosure and helpful-
ness are part of the coordination factor for both mothers and
fathers, indicating the importance of all components for social
regulation.

When examining the relationships between the self and
parental aspects of diabetes management, mothers’ help—
but not fathers’ help—provided additional prediction of the
self-coordination factor, suggesting it is a driver to the adoles-
cent’s self-regulation. This is consistent with our expectations
of mothers functioning “in the trenches”with late adolescents,
while fathers take an important, but more distal role. Further
evidence of this interpretation comes from the differential as-
pects of the self that predicted the mother and father coordi-
nation factors. Both adherence behaviors and self-regulatory
failures were drivers of the mother coordination factor, while
only the number of daily diabetes problems was a driver of the
father coordination factor. Fathers may thus be pulled in pri-
marily when larger problems arise in the process of daily
diabetes management [25, 38, 39].

Unexpectedly, self-regulation failures and adherence had
different driver associations with the mother coordination fac-
tor, compared to their associations with the self-coordination
factor. As expected, lower self-regulation failures were drivers
of increases in both self-coordination and mother coordina-
tion. Thus, when adolescents reported fewer self-regulatory
failures, they displayed subsequent increases in coordinated
aspects of both self-regulation (e.g., increases in BG checks,
self-efficacy, adherence, and positive affect) and parental-
regulation (e.g., increases in disclosures to mother, mother’s
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knowledge and help). In contrast, higher adherence behaviors
were drivers of increases in self-coordination but of decreases
in parental-regulation. This unexpected pattern of results with
respect to adherence could reflect a compensatory relation-
ship. As adherence increases, mothers’ involvement could be-
come less coordinated, as the processes of disclosure, knowl-
edge, and helpfulness may need to be reorganized to reflect
adolescents’ greater competence in self-management.
Alternatively, this unexpected pattern could be one of over-
controlling in that these models are capturing 13 simultaneous
variables. The extent to which this replicates in future studies
is of particular importance for helping elucidate this unexpect-
ed pattern.

One interesting future research direction will be to examine
the extent to which the pattern of relationships across self- and
parental-regulation hold as these late adolescents transition out
of the household, when propinquity between parents and the
young adult become less pronounced. By design, our sample of
late adolescents was in their senior year of high school and still
livingwith their parents. As late adolescents transition out of the
parental home, social-regulatory opportunities to involve par-
ents in their diabetes management are likely to be disrupted and
may become completely separated from self-regulatory aspects.
Given the difficulty of diabetes management, it is also plausible
that the young adult may stay within the household longer to
extend the possible social support parents are providing.
Investigating such interplays during a transition period is para-
mount so as to understand how these transitions might function
more smoothly to support diabetes management.

The results should be interpreted in the context of some
limitations. First, self-report data from late adolescents (high
school seniors) were used. Different results could occur with
more objective measures or parent reports of diabetes self-
regulation. It is also quite likely that the dynamics of diabetes
self-management are fluid across age, so results may differ if
younger or older participants are studied. Second, we exam-
ined these processes only at the end of the day, even though
they likely vary throughout the day. Ecological Momentary
Assessment (i.e., measures gathered throughout the day) will
be important to understand fully the dynamic nature of these
change processes across time. Finally, latent variables are al-
ways contingent upon what measures are included to reflect
their manifestations. Our choice of using disclosure, helping,
and knowledge to represent the social regulation of a parent,
for example, may be one where the unique contributions of
disclosure do not stand out while knowledge does. In this
respect, as with all structural equation models, its description
reflects the measures chosen.

In sum, this dynamical systems perspective to self-
management of diabetes captures how daily processes are af-
fected by aspects of self- as well as of social-regulation. By
examining multiple variables through time, it is possible to
observe the intertwined nature of their relationships. Further,

the integration of self- and parental-regulation is paramount
among late adolescents, providing evidence that managing a
chronic illness is a family affair even as adolescents mature
and become increasingly independent. Understanding how
the different components of self- and parental-regulation iso-
late and consolidate developmentally recasts the operational
nature of daily diabetes management closer to the theories of
how individuals function within family systems [14]. The dy-
namical systems approach holds promise for moving the fam-
ily system toward better diabetes management by shifting a
system as opposed to failing, because the entire system resists
the intervention.

Compliance with Ethical Standards

Author’s Statement of Conflict of Interest and Adherence to Ethical
Standards Authors Butner, Berg, Munion, Turner, Hughes-Lansing,
Winnick, and Wiebe declare that they have no conflict of interest with
the project. All research was conducted under the guidance and oversight
of the University of Utah, University of California at Merced, and
University of Texas Southwestern Institutional Review Boards.

Appendix 1

This entire model can be illustrated in a single matrix algebra
equation:

Dit ¼ LCvit þ mIvit þ zþ eit

whereD is the vector of changes at each point in time for each
family (the matrix is 13 × 1 at time t, family i), L is the lambda
matrix (order is 13 × the number of latent coordination fac-
tors), or matrix of loadings of the form specified in Fig. 1. C is
the matrix of coefficients of each variable predicting each
latent coordination factor (number of latent coordination fac-
tors by 13). This matrix is fully estimated. V is the vector of
values for each variable at each point in time for each family
(13 × 1 for a given point in time and a given family).M is the
vector of coefficients for each variable predicting its own
changes post-multiplied by the identity matrix to turn it into
a diagonal matrix and multiplied by the vector of values for
each variable at each point in time. Z is the vector of estimated
intercepts, and e is the level one residuals.

Implicit to this matrix equation is the inclusion of a covari-
ance matrix of the latent coordinations at level 1 which was
freely estimated. To provide metrics for each latent construct,
we utilized a marker variable strategy, fixing one marker var-
iable for each latent coordination factor. This established a
metric for the coordination factors but also a metric for the
loadings. Also implicit is the latent error variance/covariance
matrix of the differences at level 1, which only allowed for
each item to have its own residual variance—capturing the
variances of the e vector. All random effects not specified
were fixed to zero for ease of estimation of the 13 simulta-
neous variables.
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The results support the view that processes related to self-
regulation are coordinated as a system. From this perspective,
the behavioral, cognitive, and emotional aspects of diabetes
self-management all influence one another and help maintain
the status quo. This is further supported by all the self-
regulatory measures having a negative prediction of what
remained after accounting for coordination, consistent with
attractor patterns [19]. Such stability through time implies that
if one were to change one variable such as adherence behav-
iors, other coordinated variables (e.g., cognitive and emotional
aspects), and the higher order coordination pattern would
move to re-stabilize adherence behaviors toward its more
common homeostatic pattern. Thus, it is important to identify
variables that drive the coordination of the system.

Within the self-regulation coordination factor, two such
internal drivers were identified. Greater daily self-regulation
failures were associated with changes toward lower levels of
self-regulation, whereas greater daily adherence behaviors
were associated with changes toward higher self-regulation.
The daily self-regulation failures measure captured cognitive
failures related to BG testing (forgetting to test, failure to
initiate testing when motivation was low) and is related to
broader self-reported problems in executive function and at-
tention [5]. These cognitive failures may be especially prob-
lematic, as they may initiate changes in other aspects of self-
regulation, such as undermining adherence behaviors and in-
creasing negative affect and daily problems. Daily adherence
behaviors themselves may be a key driver, as the successful
engagement in such behaviors may support other aspects of
regulation such as increasing self-efficacy, consistent with the
Social Cognitive Theory [34].

Although there were both cognitive (i.e., SR failures) and
behavioral (i.e., adherence) drivers, it is notable that there
were no emotional drivers. These findings reveal that affect
is an important component of diabetes self-regulation and are
consistent with evidence that both positive and negative affect
are associated with numerous aspects of daily diabetes self-
regulation (e.g., self-efficacy, perceived competence in deal-
ing with diabetes problems, and adherence behaviors) [7, 9,
35]. The absence of a driver effect indicates that affect did not
display a unique contribution to self-regulation, or its contri-
bution was captured through shared movement among other
variables in the coordination. Affect and affect-regulation
have been argued to occur in tandem with the self-regulation
of behavior, with affect providing an important feedback func-
tion that aids in goal prioritization (e.g., positive affect indi-
cates goal progress is acceptable so that limited resources can
be shifted elsewhere) [36]. Future research that measures these
nuanced aspects of daily goal striving as additional compo-
nents of self-regulation may reveal a different role for affect in
the daily dynamics of diabetes self-regulation.

Social regulation as captured through adolescents’ reports
of mothers and fathers coordinated separately from self-

regulation, with mothers and fathers being distinct from one
another. These distinctions in parental roles for diabetes man-
agement are consistent with previous findings in younger ad-
olescents where mothers and fathers had different perceptions
of an adolescent’s competence and independence [37], but
only mothers’ discrepancies from the adolescent related
uniquely to metabolic control. Similarly, adolescent disclo-
sures to mothers (but not to fathers) [10] and mothers’ (but
not fathers’) efforts to persuade her adolescent to engage in
better daily adherence were associated with better daily dia-
betes outcomes [25].

Within each parental coordination factor, adolescents’ re-
port of the parent’s knowledge was a driver of the coordinated
changes. This suggests the importance of parental knowledge
in capturing changes in parental-regulation across days, po-
tentially because parental knowledge captures an essential
prerequisite for their help. Berg et al. [10] demonstrated that
parental knowledge was obtained partially through adolescent
diabetes disclosures, making it somewhat surprising that dis-
closure was not a driver in the parental-regulation coordina-
tion factors. Because our late adolescents were still living at
home, parents may have gained knowledge through other
means than adolescent disclosures (e.g., observing their ado-
lescent’s diabetes activities). Nevertheless, the structural mod-
el of coordination clearly shows that disclosure and helpful-
ness are part of the coordination factor for both mothers and
fathers, indicating the importance of all components for social
regulation.

When examining the relationships between the self and
parental aspects of diabetes management, mothers’ help—
but not fathers’ help—provided additional prediction of the
self-coordination factor, suggesting it is a driver to the adoles-
cent’s self-regulation. This is consistent with our expectations
of mothers functioning “in the trenches”with late adolescents,
while fathers take an important, but more distal role. Further
evidence of this interpretation comes from the differential as-
pects of the self that predicted the mother and father coordi-
nation factors. Both adherence behaviors and self-regulatory
failures were drivers of the mother coordination factor, while
only the number of daily diabetes problems was a driver of the
father coordination factor. Fathers may thus be pulled in pri-
marily when larger problems arise in the process of daily
diabetes management [25, 38, 39].

Unexpectedly, self-regulation failures and adherence had
different driver associations with the mother coordination fac-
tor, compared to their associations with the self-coordination
factor. As expected, lower self-regulation failures were drivers
of increases in both self-coordination and mother coordina-
tion. Thus, when adolescents reported fewer self-regulatory
failures, they displayed subsequent increases in coordinated
aspects of both self-regulation (e.g., increases in BG checks,
self-efficacy, adherence, and positive affect) and parental-
regulation (e.g., increases in disclosures to mother, mother’s
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knowledge and help). In contrast, higher adherence behaviors
were drivers of increases in self-coordination but of decreases
in parental-regulation. This unexpected pattern of results with
respect to adherence could reflect a compensatory relation-
ship. As adherence increases, mothers’ involvement could be-
come less coordinated, as the processes of disclosure, knowl-
edge, and helpfulness may need to be reorganized to reflect
adolescents’ greater competence in self-management.
Alternatively, this unexpected pattern could be one of over-
controlling in that these models are capturing 13 simultaneous
variables. The extent to which this replicates in future studies
is of particular importance for helping elucidate this unexpect-
ed pattern.

One interesting future research direction will be to examine
the extent to which the pattern of relationships across self- and
parental-regulation hold as these late adolescents transition out
of the household, when propinquity between parents and the
young adult become less pronounced. By design, our sample of
late adolescents was in their senior year of high school and still
livingwith their parents. As late adolescents transition out of the
parental home, social-regulatory opportunities to involve par-
ents in their diabetes management are likely to be disrupted and
may become completely separated from self-regulatory aspects.
Given the difficulty of diabetes management, it is also plausible
that the young adult may stay within the household longer to
extend the possible social support parents are providing.
Investigating such interplays during a transition period is para-
mount so as to understand how these transitions might function
more smoothly to support diabetes management.

The results should be interpreted in the context of some
limitations. First, self-report data from late adolescents (high
school seniors) were used. Different results could occur with
more objective measures or parent reports of diabetes self-
regulation. It is also quite likely that the dynamics of diabetes
self-management are fluid across age, so results may differ if
younger or older participants are studied. Second, we exam-
ined these processes only at the end of the day, even though
they likely vary throughout the day. Ecological Momentary
Assessment (i.e., measures gathered throughout the day) will
be important to understand fully the dynamic nature of these
change processes across time. Finally, latent variables are al-
ways contingent upon what measures are included to reflect
their manifestations. Our choice of using disclosure, helping,
and knowledge to represent the social regulation of a parent,
for example, may be one where the unique contributions of
disclosure do not stand out while knowledge does. In this
respect, as with all structural equation models, its description
reflects the measures chosen.

In sum, this dynamical systems perspective to self-
management of diabetes captures how daily processes are af-
fected by aspects of self- as well as of social-regulation. By
examining multiple variables through time, it is possible to
observe the intertwined nature of their relationships. Further,

the integration of self- and parental-regulation is paramount
among late adolescents, providing evidence that managing a
chronic illness is a family affair even as adolescents mature
and become increasingly independent. Understanding how
the different components of self- and parental-regulation iso-
late and consolidate developmentally recasts the operational
nature of daily diabetes management closer to the theories of
how individuals function within family systems [14]. The dy-
namical systems approach holds promise for moving the fam-
ily system toward better diabetes management by shifting a
system as opposed to failing, because the entire system resists
the intervention.
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Appendix 1

This entire model can be illustrated in a single matrix algebra
equation:

Dit ¼ LCvit þ mIvit þ zþ eit

whereD is the vector of changes at each point in time for each
family (the matrix is 13 × 1 at time t, family i), L is the lambda
matrix (order is 13 × the number of latent coordination fac-
tors), or matrix of loadings of the form specified in Fig. 1. C is
the matrix of coefficients of each variable predicting each
latent coordination factor (number of latent coordination fac-
tors by 13). This matrix is fully estimated. V is the vector of
values for each variable at each point in time for each family
(13 × 1 for a given point in time and a given family).M is the
vector of coefficients for each variable predicting its own
changes post-multiplied by the identity matrix to turn it into
a diagonal matrix and multiplied by the vector of values for
each variable at each point in time. Z is the vector of estimated
intercepts, and e is the level one residuals.

Implicit to this matrix equation is the inclusion of a covari-
ance matrix of the latent coordinations at level 1 which was
freely estimated. To provide metrics for each latent construct,
we utilized a marker variable strategy, fixing one marker var-
iable for each latent coordination factor. This established a
metric for the coordination factors but also a metric for the
loadings. Also implicit is the latent error variance/covariance
matrix of the differences at level 1, which only allowed for
each item to have its own residual variance—capturing the
variances of the e vector. All random effects not specified
were fixed to zero for ease of estimation of the 13 simulta-
neous variables.
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