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Abstract. Social networks can respond to outside shocks by “turtling up” (clus-
tering around strong ties) instead of adapting by activating more weak ties to
obtain new information, however this has not been shown in smaller, personal
information and support networks. Therefore, the goal of this study was to ex-
plore whether these networks respond to shocks similarly. To do this, we evalu-
ated the impacts of health shocks, unforeseen and disruptive health events, on the
structure (e.g. network size/transitivity and tie strength/type) and function, i.e.
ability to provide resources like information and social support, of information
and support networks for families managing chronic illness. Using clustered sam-
pling methods, families managing HIV/AIDS or type 2 diabetes were recruited.
Longitudinal interview, survey and network data were collected from 28 families
over a period of 2.5 years, with up to five contacts per family. We report descrip-
tive statistics and random effects models using family-level data for network
change in relation to health shocks. Health shocks were not significantly associ-
ated with changes in structure or function of family networks. Some change,
however, was observed, with most measures trending down from one time to the
next including proportions of weak ties and informational support ties, indicating
these networks are not adapting by accessing novel information channels. Alt-
hough further work is needed, the patterns of change observed did not match
network responses to shocks found in prior work implying a possible difference
in the ways that these networks respond to shocks and in what is actually driving
observed changes.
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1 Introduction

Social networks are sensitive to the occurrences of disruptive and unforeseen external
events. Prior work in organizational contexts has shown that workplace social networks
react to shocks by “turtling up”, i.e. higher clustering and increased strong-tie interac-
tion, rather than adapting by activating more weak ties to obtain new information [1].
Other work has looked at responder communication networks during emergency re-
sponse situations [2] and health provider communication networks during times of out-
breaks [3], however this work is based on archival reports and does not specifically
consider how existing networks react to uncertainty. In the context of managing
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chronic illnesses, social networks are a critical source of information and social support
for both chronically ill individuals and their family caregivers [4][5]. Past research has
shown that major health events such as strokes are associated with reductions in the
size of patients’ social networks [6], but little work has examined how health-related
shocks affect the structure and functionality of networks that support chronically ill
patients, such as families. Therefore, the current study explores changes in family in-
formation and support network structures and functions, i.e. ability to provide network-
associated resources such as information flows and social support, after the experience
of a health shock. Hence, this study will investigate the following research questions:

RQ1. Does the structure of family information and support networks change after a
patient experiences a health-related shock?
RQ2. Does the function of family information and support networks change after a
patient experiences a health-related shock?

2 Research Methods

In a mixed methods study of families dealing with chronic illness, adult people with
HIV/AIDS or Type 2 diabetes were recruited from healthcare facilities, nonprofit or-
ganizations, and an online research portal. HIV/AIDS and Type 2 diabetes were se-
lected for this study as they represent a variety of chronic illness experiences including
varying levels of stigmatization, treatment types, and communicability. Quota sam-
pling methods were utilized to obtain a sample of patients which were roughly balanced
across the two disease groups as well as being representative of the race and gender
composition of the state in which the study was conducted. Family members were re-
cruited via chain referral sampling where each patient was asked to recruit at least one
family member who played a role in their disease management activities to participate
in the study group. Over 2.5 years, each recruited family group completed semi-struc-
tured individual interviews and surveys at times 1 and 5, and semi-structured family
group interviews and individual surveys at times 2-4. Surveys included social network
data, and measures of network function. Social network data were collected using the
paper-based, name generator procedure developed by Hogan et al. [7], where partici-
pants visually arrange post-it notes with identified network members on a large paper
with three concentric circles, corresponding to the strength of their relationship to that
individual. The survey also included questions about which network members provided
participants with support (informational, tangible, and emotional). Network function
variables were measured using survey scale measures for collaborative information be-
haviors (seeking and use), developed based on prior qualitative work [8][9], and per-
ceived social support, using the Multidimensional Scale of Perceived Social Support
[10]. Network data were translated into matrices for a) overall support networks and
b) networks in which three specific forms of support that are critical to the management
of chronic illness were exchanged: informational, emotional and tangible support.



Health shocks were defined as disruptive and unforeseen negative health events that
participants believed increased their stress levels. A binary measure for occurrences of
any type of health shock was generated via selective coding using transcripts from
semi-structured interviews. This coding identified six types of health shocks which oc-
curred in the dataset (hospitalizations, new diagnoses, declines in health, medication
issues causing adverse reactions such as blood sugar irregularities, other health issues
such as blood sugar crashes or temporary illnesses, and health issues of family mem-
bers).

In order to assess how these occurrences related to changes in network structure and
network function, family-level descriptive statistics were obtained for 6 measures of
network structure (size, transitivity, proportion of weak ties, and proportions of ties
providing informational, tangible, or emotional support) and 2 measures of network
function (perceived social support and collaborative information behavior) according
to whether or not a shock had occurred. Additionally, unadjusted random effects mod-
els were run to evaluate the impact of shocks on the six network structure and two
network function measures, accounting for clustering of data by family groups over
time.

3 Results

3.1  Characteristics of Participating Families

Twenty-eight families (14 with diabetes and 14 with HIV/AIDS in the family) provided
data at two or more contacts, for 93 unique observations across the families. Twelve
out of 28 patients were female, and 16 were male. Family group sizes (the number of
family members participating in the study) ranged from two to five, with the majority
(71.4%) having 2 family members participating in the study (including the patient).
Family network sizes (the number of people identified as part of the family information
and support networks by participants, which included people not in the study) ranged
from 3 to 27 individuals with an average size of approximately 13 individuals.

3.2 Health Shocks and Network Structure

There were 21 instances in which families had experienced any health shock between
the current time (¢) and the previous time (¢-1). These events occurred for 12 out of 28
families (42.9%) at least once, with 7 families (25%) experiencing shocks at multiple
time-points throughout the study. Shocks included hospitalizations (1 family), new
diagnoses (1 family), declines in health (3 families), medication issues which caused
adverse reactions such as blood sugar irregularities (4 families), other health issues such
as blood sugar crashes or temporary illnesses (4 families), and health issues of family
members (5 families). The following analyses look at both families that experienced
these shocks and families that did not, in order to evaluate the impact of shocks on
family networks.



The network structure measures analyzed included:

e Network size: a measure of the number of people in a particular family’s information
and support networks (number of nodes).

e Network transitivity: a measure of the overall connectivity of a network, calculated
as the number of completed triads over the total number of possible triads.

e Proportion of weak ties: the proportion of connections in each network which par-
ticipants reported as weak connections.

e Proportion of support ties: the proportion of connections in the network through
which informational, emotional, or tangible support was received by study partici-
pants.

All network structure measures, except network size, ranged from 0 to 1, which means
that the change in these measures (value of network measure at time ¢ minus value at
time #-1) could range from -1 to 1. Possible values for change in network size had a
greater possible range given that network size ranged from 3 to 27 individuals, although
observed change remained relatively small as network size was fairly stable.

Descriptive statistics and results of random effects models for changes in network
structure variables are shown in Table 1. Although some changes in network structure
were observed including; a) decreases in network transitivity b) decreases in propor-
tions of support ties, with informational support ties having the largest decrease c) de-
creases in proportion of weak ties and d) increases in network size; random effects
models did not show significant impacts of health shocks on observed changes in net-
work structure. These data serve as an indicator that although changes occurred in the
family support networks throughout the study, these changes may not be significantly
explained by the occurrence of health shocks.

Perceived social support values were based on a 4-item measure including questions
based on the MSPSS such as “my family really tries to help me” and “I get the emo-
tional help and support I need from my family.” These items were rated for agreement
on a scale of 1 (strongly disagree) to 5 (strongly agree) and had high inter-item relia-
bility at all time-points (Cronbach’s a = 0.890 to 0.922).

Descriptive statistics and results of random effects models for network function var-
iables are shown in Table 2. Although some changes in network function after shocks
were observed including; a) decreases in collaborative information behavior and b) in-
creases in perceived social support; random effects models did not show significant
impacts of health shocks on observed changes in network function.



Table 1. Change in network structure measures by occurrence of health shock (N = 93)

Change in value Had health shock No health shock  Effect of Health
from previous (-1) between#I and¢ between#/ and¢ Shocks?*

to current (¢) time (n=21) (n=172)

Mean (SD) Mean (SD)
Network Size 0.857 (2.330) -0.264 (3.692) -1.1210; p=0.189
Network Transitivity -0.091 (0.172) -0.058 (0.215) 0.0490; p = 0.396
Proportion of -0.042 (0.142) -0.073 (0.164) 0.0304; p=0.441
Weak Ties
Proportion of Infor-
mational Support -0.072 (0.206) -0.009 (0.199) -0.0650; p=0.214
Ties
Proportion of Emo-
tion]Zzl Suppo{t Ties -0.050 (0.192) -0.003 (0.269) -0.0526; p = 0.405
Proportion of
Tangible Support -0.064 (0.201) 0.010 (0.209) -0.0740; p = 0.149

Ties

2 Model coefficients of separate unadjusted random effects models, clustered by family id, eval-
uating health shocks as a potential predictor of changes in each network structure measure.

3.3 Health Shocks and Network Function

Analyzed measures of network function included collaborative information behavior,
based upon a novel scale developed by one of the study authors, and perceived social
support, using questions from the Multidimensional Scale of Perceived Social Support
(MSPSS).

Collaborative information behavior values were based on a 13-item measure includ-
ing questions such as “A family member gave me information about [HIV or Diabetes]
without me asking for it” and “I asked a family member questions about [HIV or Dia-
betes].” These items were rated for frequency on a scale of 1 (never) to 5 (a great deal)
and had high inter-item reliability at all time-points (Cronbach’s o = 0.895 to 0.935).



Table 2. Change in network function measures by occurrence of health shocks (N = 93)

Change in value Had health shock No health shock Effect of Health
from previous (~-1) between -1 and¢ betweens-I and¢ Shocks ?

to current (¢) time (n=21) (n=72)

Mean (SD) Mean (SD)
Collaborative Infor- -1.523 (6.715) -1.670 (5.845) 0.1468; p=0.922
mation Behavior
Perceived Social 0.098 (1.756) -0.142 (2.242) 0.2366; p = 0.692
Support

2 Model coefficients of separate unadjusted random effects models, clustered by family id, eval-
uating health shocks as a potential predictor of changes in each network function measure.

4 Discussion and Conclusions

We found that, although changes in network structure and function were observed when
a health shock occurred, there were no significant associations between the occurrence
of health shocks and these changes. This is contrary to previous findings suggesting
that social network structures and communicative functions are impacted by stressful
events [1] and that structures are particularly impacted by health shocks [6]. However,
these previous works explored either larger networks with more weak ties [1] or per-
sonal social networks before and after a major initiating health shock (stroke) [6]. Un-
like the present study, they did not explore the impact of subsequent shocks on family
information and support networks which were already activated for the purpose of man-
aging a chronic health condition. The initiating shock, the diagnosis of a chronic health
condition, may have caused an initial adaptation process which led to family networks
which were more resilient to subsequent health shocks than networks formed under
more stable conditions. Additionally, findings suggest that the observed changes in
these networks may be driven by factors other than health shocks. This insight about
the drivers of change may be particularly important as, given the critical role of these
networks in the management of chronic illness [4][5], ensuring network stability or
expansion in the face of changing and declining conditions over the trajectory of illness
is vitally important to extending and improving quality of life for patients and their
caregivers. In our future work, we will explore the drivers of observed network changes
by performing qualitative analysis of the interview data associated with this study to
ascertain what, if any, unique occurrences happened within these families at the times
of those changes. There may be other types of issues, such as interpersonal conflicts,
or relocations of family members. which can better explain the occurrence of changes
in these networks. Additionally, the lack of adaptive behaviors in response to health
shocks, i.e. activating novel information channels via weak and informational support
ties, may indicate that the burden on existing family caregivers increases as they need
to respond to increased information and support needs in the face of health shocks.
However, this study had some limitations, including a relatively small sample size and



therefore, more work is needed with larger sample sizes in order to confirm these find-
ings. Our future work will also include an exploration of motifs, local interaction pat-
terns within complex networks [11], to determine if there were changes associated with
health shocks at a more localized level even if they were not evidenced in the overall
network structures.
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