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to Support Local Public Health Management
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ABSTRACT We assessed the feasibility of using organizational network analysis in a local
public health organization. The research setting was an urban/suburban county health
department with 156 employees. The goal of the research was to study communication
and information flow in the department and to assess the technique for public health
management. Network data were derived from survey questionnaires. Computational
analysis was performed with the Organizational Risk Analyzer. Analysis revealed
centralized communication, limited interdependencies, potential knowledge loss through
retirement, and possible informational silos. The findings suggested opportunities for
more cross program coordination but also suggested the presences of potentially efficient
communication paths and potentially beneficial social connectedness. Managers found
the findings useful to support decision making. Public health organizations must be
effective in an increasingly complex environment. Network analysis can help build public
health capacity for complex system management.

KEYWORDS Public health, Complex systems, Network analysis, Organizational theory,
Information management.

INTRODUCTION

There is a national need to manage public health organizations efficiently and
effectively and to augment public health managers’ abilities to build adaptive
organizations in an increasingly complex environment.1 Organizations are complex
information processing entities in which internal structures and processes evolve
contingent upon environmental conditions.2–5 Within an individual public health
organization performance is influenced by complex interactions among employees,
tasks, specialized knowledge, and resources. Organizational charts and process
maps fail to capture these interactions with the result that important aspects of
public health work may not be fully managed. Incomplete information also leads to
uncertainty, which reduces the organizational managers’ ability to plan and to make
the decisions required to achieve a given level of performance.

Network analysis is a means for understanding the complex interactions that
occur in organizations. It is a quantitative, descriptive research technique that focuses
on relationships among entities such as people, groups, or resources. The technique
can help public health managers understand how intraorganizational networks are
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linked to process and outcomes. These insights can guide the optimal application of
limited public resources to improve agency performance. Network analysis is used
extensively to understand dynamics within private sector organizations,6,7 but there
has been limited application in public sector management.8,9

We conducted a study to assess the feasibility of using organizational network
analysis in a local public health department. The goal of the research was to describe
the flow of information in the department and assess the technique’s suitability for
use in public health management. The network analysis was conducted using the
Organizational Risk Analyzer.10 This software is uniquely appropriate for examin-
ing organizations because it allows organizational systems to be modeled as
interlocking networks of people, knowledge, resources, and tasks.

MATERIALS AND METHODS

A network comprises a set of nodes connected by edges that represent some
relationship between them. These nodes and edges are typically organized into
adjacency matrices, where rows and columns represent people or things. Within
each cell, numbers represent the presence or absence of an edge (i.e., a relation) or
the frequency or strength of a relation. Figure 1 displays a matrix and the resulting
graph in which node A (that may represent a person, a group, or some resource like
a computer) has a relationship with C and D but no relationship with B. The results
of a network analysis are reports containing network measurements and graphical
displays depicting the relationships between nodes.

Setting and Sample The study was conducted in a local health department serving a
mixed urban/suburban county with a population of approximately 300,000. At the
time of the study, the department consisted of 156 employees within five divisions
and nine general program areas. The employees delivered a full range of public
health services including environmental services. They represented a range of public
health titles and programmatic specialization and adequately represented current
public health workforce issues such as an aging workforce. The department was
large enough to allow analysis at the program level as well as at the full
organizational level.

Data Collection A survey based on conventional network questions to measure
work-related relationships and communication11 was administered to every
employee (N=156). The response rate was 93%. Each respondent indicated his/
her relationship with all other employees in response to four questions: (1) Do you

FIGURE 1. Example of an adjacency matrix representing network relationships with the graph
resulting from the data. 1=relationship, 0=no relationship.
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receive work-related information from each person listed below? (2) To whom do
you give work-related information? (3) Who is important in terms of helping you
think about complex problems posed by your work? And finally, (4) I understand
what knowledge and skills this person has.

Data analysis We used the quadratic assignment procedure (QAP) to determine if the
networks produced by the four questions above were correlated. QAP is a method for
calculating standard errors in network data.12,13 The analysis yielded fairly high
pairwise correlation coefficients between 0.61 and 0.89 (see Table 1). These results
raised a concern that the culture of public health, which values inclusiveness,
collaboration, and cooperation, is a source of expansiveness bias or has a tendency
for individuals to overstate their ties to others.14,15 To mitigate the effect of this bias,
the research team elected to examine only the strongest ties between employees.
Questions 1, 2, and 3 addressed information exchange, and question 4 addressed
transitive knowledge (who knows whom) in the network. Social network research has
found transitive knowledge to be a basis for strong ties.16,17 For this reason, we
elected to merge the networks produced by all four questions, thus capturing strongest
ties across domains as one composite variable. Although merging networks does
mean that subtle differences in common links between employees are ignored, we felt
these differences addressed issues beyond the goals of this feasibility study.

Secondary Analysis To develop networks representing employees’ links to public
health tasks, knowledge, and resources, we performed a secondary analysis on data
obtained from colleagues conducting an independent but complementary project on
workforce competency in which employees reported information about their work.18

These categorical data were binarized to create three matrices: employee × tasks (187
items), employee × knowledge (29 items), and employee × resources (74 items).

Collaborative Formulation of an Analysis Plan A meaningful and accurate network
analysis must be a joint effort between the organization’s representatives and those
conducting the analysis.19,20 The researchers presented preliminary network
measurements and visualizations to the health department’s leaders, and together
they established goals for the analysis. For the managers, the goals were to identify

TABLE 1 Pairwise correlations generated from a QAP analysis, which compared the networks
generated by four network questions: (1) Do you receive work-related information from each
person listed below? (give info); (2) To whom do you give work-related information? (get info);
(3) Who is important in terms of helping you think about complex problems posed by your
work? (discuss work); (4) I understand what knowledge and skills this person has (know skills)

Dependent graph

Independent graph

Give info Get info Discuss work Know skills

Give info 1.00
Get info 0.89 1.00
Discuss work 0.78 0.77 1.00
Know skills 0.66 0.65 0.61 1.00
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patterns of information flow and resource distribution in the programs and divisions
and to gain insight into the potential impact of a planned merger of two divisions.
The research team requested meetings with the management team to present the
completed analysis and to gather feedback to meet the overall study goal to assess
the technique’s suitability for use in public health management.

RESULTS

Table 2 describes the set of network measures used to identify patterns of
information flow and resource distribution and presents the results. The overall
cohesiveness of the network was assessed with network measures of total degree
centralization, characteristic path length, density, and complexity. Resource
distribution was examined through the measurement of task and resource
redundancy and through a simulation to explore the effect of losing staff to
retirement. The planned merger was examined by comparing the two divisions
before and after a simulated merger.

Patterns of Information Flow The network structure at the divisional level displayed
in Figure 2 reflects how employees exchange information to do their work. The
nonlinear structure of the associations between divisions presents a striking contrast
to the directed hierarchy of the traditional organizational chart.

Total degree centralization indicates the extent that communication in the
agency follows a “command and control” structure. For example, if every employee
in the network was only linked to a single “leader” at the center of the network, the
centralization would be 1.0. Centralization at 0.46 in the agency network and
between 0.28–0.50 in the programs suggest that in some areas communication and
decisions tend to be controlled by a central group.21 The characteristic path length is
the average number of links required for information to pass from one person to
another. An average path length of 2 (i.e., two people) for the organization suggests
there is potential for rapid information diffusion throughout the organization.22

Density and complexity characterize cohesiveness of the network on two levels.
Density compares existing links to all possible links in the employee information
network and reflects organizational cohesion at the social or interpersonal level.21

Density of the agency overall at 15% is lower than at the program level (31–64%),
reflecting less communication between programs than within programs. Complexity
compares existing links to all possible links in all four networks (employees, task,
knowledge, resource) and reflects interdependencies among the organization’s
components that allow economies of scale and more cohesive structure.20,23 The
overall complexity score for the agency (0.21) and scores for individual programs
(0.28–0.39) are below 40%. While we do not know the optimum level of
complexity for a public health organization, several of the programs demonstrate
a pattern of social density exceeding complexity. This may indicate information silos
causing duplication of effort, particularly if employees are unaware of activities
elsewhere in the department that are related to their work.24

Visualizations showed the department’s network clustered around a central
core, with no isolated employees or pendant groups of employees. Employees
located toward the periphery of the network were largely frontline staff working in
one of two branch offices. We used Newman’s modularity algorithm to explore
subgroups in the network. This algorithm reflects the degree to which a network has
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found community structure by calculating the number of edges falling within groups
minus the expected number in an equivalent network with edges placed at
random.25 Modularity scores above 0.30 indicate there are cohesive subgroups.
The analysis resulted in a modularity score of 0.31 and found three subgroups. The
largest (n=73) was composed of employees in public health nursing services and
related programs such as communicable disease control; a second group (n=48) was
composed of employees in environmental health services; and a third group (n=35)
was composed of employees in administration and programs such as health
education. The health department network showing subgroups and densities within
and between groups are displayed in Figure 3. The proportion of links among
employees within each subgroup was between 0.27 and 0.35 (i.0 27–35% of the
number of possible links), much higher than the density of the full department
(0.15). Between-group employees in the administration/programs group had 8% of
possible links with the environmental group and 11% of possible links with the PH
nursing group. Employees in the Environmental group had only 4% of possible links
with administration/programs and only 1% of possible links to PH nursing.
Employees in the PH nursing group had 14% of possible links with the
administration/programs and only 5% of links to the environmental group. These
findings reflect much lower information flow between subgroups, particularly
between the environmental subgroup and the other parts of the organization.

Resource Distribution Redundancy measures the proportion of employees who
perform the same task or have access to the same resources and reflects capacity for
performing in the face of absences, personnel loss, or rapidly changing conditions.
The preferred level of redundancy in public health organizations is unknown. More
than 50 of 156 employees use the same resources to do their work, and 24
employees perform the same tasks. All programs have at least two employees with
similar access to resources and similar task capacity or assignment.

FIGURE 2. The health department network at the divisional level on the left is compared to the
traditional organizational chart. Node size in the network diagram is related to the number of staff
in the division. The nonlinear pattern of links between divisions in the network presents a striking
contrast to the directed hierarchy of the organizational chart.
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Retirement is a significant issue for local public health due to an aging public
health workforce.26 We simulated the effect of staff attrition by separately removing
supervisory staff and senior employees with experience greater than 20 years from
the network. There were marked decreases in network complexity and social
density. Centralization of the network doubled with the removal of senior staff,
suggesting that groups missing senior staff would be less capable of autonomous
decision making. Centralization was halved with removal of supervisors, suggesting
that some groups would be less likely to get information needed for work.

Analysis of the Planned Merger To assess the impact of the merger, measurements
for the two unmerged divisions were compared to those for the merged divisions.
Redundancies in access to resources and task assignment increased. Density in the
two separate divisions of 0.35 and 0.57 was reduced to 0.32 when the divisions
were merged. Moderate reductions in density such as this have been shown to aid
network performance.27 Total degree of centrality of individual employees (a
measure of their influence in the network) in the merger showed a potential loss of
influence for key employees in the smaller of the two divisions.

PH Nursing

Environmental

Administration/
Programs

Group N 

  Adm Env Nrsg 

Administration/Programs (Adm) 35 0.35 0.08 0.11 

Environmental (Env) 48 0.04 0.30 0.01

PH Nursing 73 0.14 0.05 0.27

Within and Between 
Group Densities

  Adm Env Nrsg 

Administration/Programs (Adm) 35 0.35 0.08 0.11 

Environmental (Env) 48 0.04 0.30 0.01

PH Nursing (Nrsg) 73 0.14 0.05 0.27

FIGURE 3. A graphical depiction of three cohesive subgroups located using Newman’s modularity
algorithm with a table indicating the size of the groups and the density of links within (bolded) and
between these groups.

MERRILL ET AL.578



Value for Public Health Management The health department scheduled a series of
meetings for the researchers to present results and gather feedback on the value of
the analysis from the health department’s management team. Feedback was
recorded by taking notes during the meeting. The management team reported
considerable value in the analysis. The findings afforded insights into organizational
processes that suggested possible redeployment of resources. For example, through
examining density and complexity measurement within and between programs,
managers understood that more efficient processes might be achieved through
increased integration of people, tasks, knowledge, and resources throughout the
organization. The managers found that the findings could inform their efforts to
support personnel in addressing priorities that were part of the health department’s
strategic planning process. They determined that the organization needed to do more
cross-training of new staff to address two strategic priorities: assure the capacity to
provide essential services and provide opportunities to increase knowledge and skills
necessary for employees to perform their jobs. To increase communication between
programs, managers proposed workgroups with tasks that cut across program areas
to address another strategic priority: enhance efficiency through effective informa-
tion distribution. The initial target of this strategy was cross-programmatic
emergency preparedness activities. The managers also indicated they would like to
identify appropriate levels of redundancy for the department.

The impact of potential retirements was a priority finding. Although the
management team was aware of this potential prior to the network analysis, they
were galvanized by observing the effect on cohesiveness in the network when
experienced and senior employees were removed. To ensure that key expertise
would be transferred, they decided to initiate mentoring relationships to pair junior
staff with experienced staff. The simulation of a divisional merger demonstrated a
shift in the network position of key employees, which alerted managers that they
might need to head off possible “political” implications resulting from potential
changes in influence.

DISCUSSION

This study used organizational network analysis to describe empirically the
intraorganizational networks in one local health department and demonstrated
feasibility of the technique as a support for public health management. Health
department managers who are expert in the science and practice of public health
may have little formal background in organizational management. We documented
that the management team engaged in this study uncovered significant insights to
support their management decisions from visualizing, measuring, and interpreting
the relational dynamics in the department. These insights led the managers to take
formal steps to ensure that knowledge transfer occurred between senior and junior
staff and to institute cross-training and cross-programmatic teams to address limited
information exchange between programs. They gained insight into the dynamics of
an upcoming merger of two divisions and have begun to consider the issue of
appropriate redundancies for their organization.

The network analysis demonstrated the presence of three subgroups that
correspond to broad programmatic areas in public health. Organizational theorists
observe that organizations typically consist of dense, minimally overlapping
subgroups that integrate with the larger organization through contacts outside the
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boundaries of the group.28–32 Of particular note was limited integration of
environmental services, the implications of which cannot be determined in the
absence of a comparative study of local health departments.

The department exhibited a centralized network structure; whether this is
optimal for a local public health department is not known. Theories of collective
action in network research suggest that centralized networks are more likely to be
successful in achieving common good functions.33 Centralized organizations use a
top-down model of decision making vs. decentralizing authority closer to the point
of service. This is effective when the central core uses its tight connections to manage
resources and integrate tasks, but centralized structures can risk overburdening
those at the center with too much information while underutilizing the abilities of
peripheral members.24,34,35 Programs with mobile field staff might perform best
with a highly centralized structure, but too much centralization can prevent a unit
from exercising discrete task resolution and forming interunit ties.20,36

In this health department, lower overall measurements of complexity (links
between the organization’s components) were coupled with high social density (links
between employees) in the programs. The interpretation of complexity and density
measurement depends on the nature of the work. For example, multifaceted work in
a dynamic environment typically requires a more cohesive organization than
repetitive work in a very stable environment.37 Low complexity and high density
is a marker for informational silos, which are tightly vertically integrated teams in
which individuals tend to work closely together but have limited interactions with
other parts of the organization (other silos).38 Silos are associated with poor
communication and duplicative problem solving that can make organizations less
efficient and adaptable. Based on this analysis, the department’s managers embraced
strategies to increase complexity such as creating cross-functional teams and
encouraging teamwork through tasks that require distributed decision making, both
of which create an incentive for employees to collaborate and share information.39

These approaches can motivate individuals and groups away from the silo mentality
and toward communicating horizontally.40

Relatively dense connections among employees are a possible strength for the
department because dense connections can enhance coordination, increase produc-
tivity, and reduce errors. This density is mirrored in a short characteristic path length
that suggests information can circulate quickly so employees are more likely to
receive information close to the same time. This can contribute to satisfaction if, for
example, employees feel they are getting the information they need in a timely way.
Managers need to be aware that high density can also result in rumor propagation
and a tendency for groups to evaluate their actions less critically.41,42 In some groups
reduced network density results in more effective performance because there is more
opportunity for information to come from outside the group.43

The determination of appropriate levels of redundancy in public health
organizations is challenging. Public sector managers must document carefully how
redundancy contributes to process improvement and more reliable service to avoid
accusations of wastefulness.44 Yet, organizational performance can hinge on the
reliability and efficiency created by adequate redundancy of tasks and resources.2

For example, parallel information pathways that overlap in functional areas and
create ordered channels for information duplication are a way to build redundan-
cy.45 This strategy could make sense for public health organizations, as fragmented
information lodged in programmatic silos is an acknowledged cause of inefficien-
cy.46–48 To determine the need for redundancy, program directors and managers
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could define the types of performance breakdowns that are likely to occur in their
programs. By identifying gaps that are stressing cooperative working relationships,
they can target where to develop channels for aggregating and accessing information
and resources that overlap across programs.49

CONCLUSION AND FURTHER STUDY

The purpose of a network model is to organize theoretical beliefs by identifying
important system aspects with empirical observations.50 The findings from this study
document that a local health department’s network structure exhibits features
common to other organizations. Local health department networks may also
demonstrate common features that are shared across departments. If these features
affect the functioning of each organization, this may have system-wide implications.
The presence of a distinct environmental subgroup is an example; we found low
integration of the environmental health services subgroup that may have a
relationship to organizational effectiveness, efficiency, or performance. If this is a
general feature of local health departments (which is consistent with informal
observations by authors), then planning and resource management for the entire
public health system could be affected. Evidence of information silos was an expected
finding of a potential problem but may also reflect necessary aspects of public health
work that can be ascertained through further network studies. The higher densities
found within divisions may reflect redundant information pathways that positively
influence organizational performance, as some network research suggests.27

The dynamics within organizations can obscure the determinants of perfor-
mance because interactions among the multiple elements that comprise an
organization are difficult to comprehend.51,52 For example, consider how difficult
it has been for the public health practice community to measure performance across
local health departments that vary in structure and composition due to local
decisions.53 Yet, these departments have consistent missions and perform essentially
similar work.54 Network analysis presents a means to see past administrative
differences by capturing how public health workers actually interact to get their
work done. The insights into organizational structure afforded by network analysis
can provide decision support to build public health managers’ capacity for complex
system management. For example, results can be applied locally to gauge
performance, to assess organizational adaptability to changing conditions, to inform
planning and resource allocation, to identify vulnerabilities and risk in organiza-
tional structures, and to contribute to root cause analysis of recognized problems or
successes.

To make it easier to execute network analysis in support of public health
managerial practice, we have developed a standard network survey with a minimum
data set derived from practice documentation to capture employee relationships to
public health tasks, knowledge, and resources. We are modifying the existing
software program to produce reports specifically designed to meet the needs of
public health managers to support management decisions in the workplace. A
comparative study of several local agencies will establish baseline network
measurements for public health organizations. We will correlate network measures
with system performance to produce a broader exploration of how public health
organizational networks are linked to process and outcomes.55
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