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Abstract
Background  Interdisciplinary cooperation among university actors and resulting intersectoral synergies are 
considered cornerstones in the process of incorporating health promotion practices in everyday university life in 
order to break down barriers and provide better access to health promotion services. To date, no network of a health-
promoting university has been examined regarding the processes underlying tie formation, network emergence, and 
maintenance.

Objectives and methods  The goals of this study are to obtain insight into the mechanisms of cooperation between 
university actors in a health-promoting network and to identify the structural and attributive factors associated with 
establishing cooperation between actors in the observed network in order to better understand how to build and 
develop successful networks in the future. For this purpose, a social network analysis was carried out and exponential 
random graph models were estimated to test corresponding hypotheses.

Results  The network at hand consists of 33 actors (e.g. University Sports Center, General Student Committee) and 
shows a flat, non-hierarchical structure. Data reveal that attributed competence predicts cooperation (0.32; p < 0.05). 
Significant homophily effects among student actors (1.31; p < 0.05) and among university actors (0.59; p < 0.05) 
were found. All structural predictors examined were significant (0.22–5.40; p < 0.05) and are therefore essential in 
determining the likelihood of cooperation between actors involved in the network.

Conclusion  The results of this study provide for a better understanding of the mechanisms of cooperation and 
can be used to further develop the network at hand (e.g. selection of key actors for information dissemination or 
integration of peripheral actors). In addition, the findings offer starting points for sustained network development 
at other universities (e.g. significance of network governance form or goal consensus). Knowing the factors 
that influence the network structure, here the conditions of cooperation, results in opportunities to encourage 
empowerment among actors. However, the analysis of the network undertaken does not directly bear on the success 
of the network.
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Introduction
Problem and relevance
University students are of particular relevance from a 
public health perspective [1]. Not only because they rep-
resent a considerable proportion of the population in 
need of health promotion, but especially because of their 
potential role in promoting health as future leaders, deci-
sion makers, and parents [2]. The transition from second-
ary to tertiary education is a decisive moment causing 
substantial changes in life and occurs parallel to the tran-
sition from adolescence to adulthood [3]. During this 
critical period of young adulthood, the behavioral habits 
in the years to come are formed [4].

University students face various stressors, includ-
ing general academics stressors and exams, lack of time, 
financial worries, uncertainty of plans after graduation, 
expectations both of themselves and others, relationship 
problems, and loneliness [5]. Despite their young age, dif-
ferent health problems, such as stress [6], burnout [7], 
depression [8], overweight and obesity [9, 10], back pain 
[11, 12], sleep disorders [13–15], and migraine [16] are 
common among university students. Moreover, univer-
sity students tend to engage in risky health behaviors, for 
example alcohol consumption [17–19], unhealthy eating 
behavior [20], physical inactivity [21, 22], sedentariness 
[23], smoking [24, 25], use of other substances [26, 27], 
internet addiction [28], suicidal thoughts and behaviors 
[29], and inability to find, understand, evaluate, and apply 
appropriate health information to make health-related 
decisions [30]. COVID-19 may have exacerbated existing 
health issues, for example sleep problems [31] or physical 
inactivity [32], and the impact of stressors evident prior 
to the outbreak [33].

The literature available on health-promoting univer-
sities shows a wide range of approaches to promoting 
modifiable health-influencing factors of students [34]. 
Overall, interventions aiming at the individual level, as 
opposed to environment-level interventions, are over-
represented [34], likely because implementation and 
evaluation of environment-level interventions are more 
complicated [35]. Nevertheless, state-of-the-art models 
for the explanation of health recognize that health goes 
beyond the individual level and is affected by environ-
mental characteristics, for example at the organizational 
level (see socio-ecological frameworks [36, 37]. These 
findings call for action as regards innovative setting-
based strategies to promote health of university students. 
They confirm numerous opinions underlining the need 
for a whole-university approach that pays attention to 
the complex interactions and interconnections between 
component parts and highlights how the organization 
can function effectively as a social system [38, 39].

Interdisciplinary cooperation among university actors 
and resulting intersectoral synergies are considered 

cornerstones in incorporating health promotion prac-
tices into everyday university life in order to break down 
barriers and provide better access to health promotion 
services [2, 40–44]. Collective action by a wide range of 
stakeholders is essential for effective health promotion, 
since a single stakeholder can hardly be in control of the 
complex interplay of multifaceted determinants of a tar-
geted population’s health [45–47]. In their study of suc-
cess factors for a health-promoting university [48], the 
authors conclude that a well-connected group consisting 
of various key players working towards health promotion 
at university would be beneficial. The Okanagan Charter: 
An International Charter for Health Promoting Univer-
sities and Colleges developed to promote health within 
university settings recommends working according to 
the setting approach. This means that relevant stakehold-
ers from various disciplines and sectors within the cam-
pus community should be cooperatively involved in the 
process of embedding health into all aspects of campus 
culture (e.g. curricula, teaching, research) and of provid-
ing health-promoting activities for students. Actors and 
organizations that are only indirectly concerned with stu-
dents’ health should also be included.

Partnerships offer multiple benefits, including infor-
mation exchange, knowledge gain, building trust and 
increasing reach with the target population, access to and 
provision of additional resources, avoidance of duplicate 
structures, boost to innovation, possibility of achieving 
higher goals, opportunity of task sharing, and pursuit of a 
holistic approach [45, 49]. Since universities are complex 
organizations, systematic navigation of health promotion 
is necessary for them to be effective and efficient [50]. 
In contrast to traditional social science methods, social 
network analysis is uniquely suited to this purpose, as it 
visualizes and describes relationships between actors as 
well as the overall network structure [51–53].

State of research
In the past, various intra- and interorganizational pub-
lic health networks were examined using social network 
analysis to visualize structural characteristics and coop-
eration processes, such as active living [54–56], cancer 
support [57, 58], children’s health initiatives [59, 60], 
community care [61–63], elderly care [64–66], HIV/
AIDS service [67], injury prevention and control [68], 
mental health services [69–72], physical activity promo-
tion [73–75], prevention of diabetes [76], tobacco control 
[77–80], and women’s health [81, 82]. These public health 
networks differ in many ways from the network at hand, 
because they address the specific health needs and prob-
lems of other populations, have a different health-related 
focus and mission, geographic coverage, types of stake-
holders, ways in which network members cooperate, 
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availability and distribution of resources and funding, 
and political, cultural, and social context.

A multi-methodical, but not network-analytical 
approach to mapping and characterizing health-promot-
ing structures of an university was used by Sarmiento 
[41]. Information on localization, resources, and part-
nerships of health promotion initiatives was collected 
via semi-structured interviews with stakeholders in 
health-related roles. As common in literature on health-
promoting universities, however, examination of part-
nerships was limited to the naming of allied university 
actors [83, 84]. For the first time, in-depth information 
about structural characteristics of a network promoting 
students’ health at university obtained from social net-
work analysis was presented by Bachert et al. [85]. By 
analyzing 33 university actors and hundreds of ties in a 
network-analytical approach, key stakeholders were iden-
tified, network measures explored, and starting points 
for network development designated. Still, research into 
health-promoting universities is lacking, since no corre-
sponding network has been examined so far for the pro-
cesses underlying tie formation, network emergence, and 
maintenance.

Objective and hypotheses
Therefore, the purpose of this study is to obtain insight 
into the mechanisms of cooperation between university 
actors in a health-promoting network and to identify the 
structural and attributive factors associated with estab-
lishing cooperation between actors in the observed net-
work. This leads to the following research questions:

Which influence do individual attributes of the actors 
have on the probability of connections in a health-pro-
moting university network?

What influence do structural properties of the network 
have on the probability of connections in a health-pro-
moting university network?

Having answered these questions, a better understand-
ing of how to build and develop successful partnerships 
in the future will be obtained.

On this basis, we tested whether exogeneous (attribu-
tive) effects and specific endogenous (microstructure) 
configurations occur more often within an observed net-
work. While the structural effects represent self-organiz-
ing characteristics of the network (see Fig.  1), the actor 
attribute effects refer to characteristics of the actors.

Considering the fact that organizational characteris-
tics (e.g. perception of the importance of being part of a 
network) can cause higher activity in creating coopera-
tive relationships to others [86], it was hypothesized that 
there are significant activity effects in health-promoting 
networks at university. Perception of the importance of 
being part of a network is a relational determinant of tie 
formation because it influences how actors perceive the 

benefits and costs of forming and maintaining ties within 
a network [87, 88]. These perceptions may have a signifi-
cant impact on the dynamics of cooperation within the 
network.

 	• H1: Actors of health-promoting universities deemed 
competent regarding student health issues show a 
higher activity in forming cooperative ties.

 	• H2: Actors of health-promoting universities that 
consider student health issues to be important in 
general show a higher activity in forming cooperative 
ties.

 	• H3: Actors of health-promoting universities that are 
considered important regarding student health issues 
show a higher activity in forming cooperative ties.

Based on the principle of homophily, which states that 
interaction between similar actors occurs more fre-
quently than between dissimilar actors [87], it was 
hypothesized that there are significant homophily effects 
in health-promoting networks at university. Homophily 
operates on the principles of attraction, familiarity, and 
shared interests, leading to the formation of cohesive 
social groups based on common traits [83]. It has been 
shown that the participation of students themselves (e.g. 
student groups or representative boards) is a crucial ele-
ment in health-promoting networks at university [89].

 	• H4a: Student actors of health-promoting universities 
form more cooperative ties among each other.

 	• H4b: University units of health-promoting 
universities form more cooperative ties among each 
other.

In social network analysis, two nodes are considered 
structurally equivalent, if they are connected to the same 
actors in the network [90]. Due to the frequent occur-
rence of this process of network self-organization in 
different contexts, it was of interest whether this effect 
could also be observed for the available network data. 
Accordingly, it was tested whether there are significant 
structural equivalence effects (GWDSP – geometrically 
weighted dyad-wise shared partner, clustering) in health-
promoting networks at university.

 	• H5: Actors of health-promoting universities form 
multiple 2-paths in the network (see GWDSP in 
Fig. 1).

Transitivity, the tendency for two nodes that share a 
cooperative tie to form complete triangles with other 
nodes in the network [91], is another common network 
phenomenon [92]. It is likely to also appear in health-
promoting networks at university, where there is a ten-
dency of actors to work in small group-like clusters [41]. 
Therefore, it was hypothesized that there are significant 
transitivity effects (GWESP – geometrically weighted 
edgewise shared partner, clustering) in health-promoting 
networks at university.
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 	• H6: Actors of health-promoting universities form 
triplets of cooperation in the network (see GWESP 
in Fig. 1).

Preferential attachment, or in other words the so-
called mechanism of cumulative advantage, is a process 
often encountered in social networks [93, 94]. It can be 
assumed that the network at hand also shows this spe-
cific characteristic, because coordinating lead actors are 
common in the field of health services [95], especially 
in health-promoting universities [85]. Since GWDegree 
is a parameter that accounts for preferential avoidance 
[96], a negative parameter value suggests centraliza-
tion, meaning that ties from low- to high-degree actors 
are more likely. Nodes with a higher degree commonly 
have a stronger ability to capture links added to the net-
work [97]. Consequently, we formulated the hypothesis 
that there are significant preferential attachment effects 
(GWDegree – geometrically weighted degree, centraliza-
tion) in health-promoting networks at university.

 	• H7: Actors of health-promoting universities 
form more cooperative ties to popular actors (see 
GWDegree in Fig. 1).

Theoretical background and methodological approach
Network theory posits that actors do not work in isola-
tion but are embedded in a system, which is why their 
relationships with each other are considered here [52]. 
Social network analysis is an effective method for dealing 
with relational data. The present network analysis is part 

of the research area of organizational network analysis 
[98]. Organizations can be conceptualized as a network 
where organizational members or units (e.g. composed 
of key representatives of these organizations) are nodes 
that interact with each other, and form relationships 
[99]. These networks among organizational actors are 
called intra-organizational networks, in contrast to inter-
organizational networks, which emphasize networks 
between different organizations [53, 100]. Moreover, the 
present network analysis is a so-called network coordina-
tion model, in which a bond describes the type of rela-
tionship that exists between two individuals or entities 
[101]. In contrast to this, network flow models refer to 
the flow of resources, information, or influence between 
individuals or entities. With a view to the research tradi-
tion, the present work can be classified to belong to the 
area of ​​cooperation, where combinations of nodes act as 
a unit and bond-based explanations of achievement are 
obtained [101].

ERGM (exponential random graph modeling) repre-
sents a stochastic network modeling approach [102], 
which allows to predict the probability of a link between 
any two network nodes while accounting for the assump-
tion that ties in a network are dependent on the pres-
ence or absence of other relationships [88]. To test the 
hypotheses listed above, ERGM was applied to identify 
attributes of actors, relationships, and structures associ-
ated with cooperative relationships. From a mathemati-
cal point of view, ERGMs are probability distributions 

Fig. 1  Description of included parameters
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modeling the probability that a relation between actors 
exists on the basis of a linear function of predictors [86]:

	
P (X) =

1
κ (θ)

exp

(
∑

i

θisi (X)

)

ERGMs explain the global pattern of an observed net-
work (X) as a function of statistical parameters θi  and 
local microconfigurations si (X) . In turn, the probability 
of the observed network (X) is expressed as a function of 
the local microconfigurations si (X) . A normalizing con-
stant κ (θ) is included in the model formulation so that 
the probability of the observed network ranges between 
0 and 1. Similar to regression, the observed network (X) 
represents the criteria, the local microconfigurations 
si (X)  represent the predictors, and the correspond-
ing statistical parameters θi  indicate the importance of 
the local microconfigurations si (X)  in determining the 
global pattern of the observed network P (X). The local 
microconfigurations si (X)  can represent both endog-
enous and exogenous microstructures. The statistical 
parameters θi  and simultaneous consideration of other 
effects in the model allow conclusions to be drawn as 
to whether the specific local microconfigurations si (X)  
occur more or less frequently in the observed network 
(X) than expected by chance. So, if the number of local 
microconfigurations si (X)  found in the observed net-
work (X) is higher than the number expected when ties 
are formed randomly, there is evidence of the significance 
of the local microconfigurations si (X)  in explaining the 
global configuration of the observed network (X).  A 
positive (negative) local microconfigurations estimate 
si (X)  suggests the presence of a higher (smaller) num-
ber of these configurations in the network than expected 
by chance, which provides (no) evidence of this particu-
lar mechanism being associated with such configurations 
[102].

Methods
Measures
For the survey, a questionnaire (see Additional file 1) 
was developed based on previous work on health-related 
networks [54, 86, 103, 104]. The quantitative relational 
construct measured among the university actors was 
cooperation, operationalized as the type of cooperation. 
For this question, a list of the 33 actors was provided. 
Respondents were asked how they would describe their 
relationship with each of the 33 actors. The cooperation 
response scale included no cooperation (0); information 
sharing only (1); informal cooperation (loose coopera-
tion to reach common objectives) (2); formal cooperation 
(close cooperation in a team to reach common objec-
tives) (3); partnership (close cooperation for a longer 

time period, e.g., in several projects) (4). Respondents 
were additionally asked for the relevance of the other 
actors regarding health topics and the importance of the 
other actors to student health proper (on a five-point Lik-
ert scale from 1 = unimportant to 5 = very important).

Sampling and data collection
Data were collected at a German university with more 
than 20,000 students. To identify all actors in student 
health at the university at hand, a multifaceted snow-
ball sampling process was initiated [54, 103, 105]. This 
resulted in a final sample of 33 actors, who focus on 
understanding or promoting the health of students at 
university or who are potentially able to influence student 
health. It is a sociocentric network – more information 
on the setting, the sampling process, and the sample is 
given in Bachert et al. [85]. Organizational network data 
were collected during the 2019/2020 winter semester by 
highly structured face-to-face interviews from trained 
research assistants using an interview guide in an interac-
tive format with actor and health topic lists and response 
scale cards [85]. The main representative of each of the 33 
actors (generally, the executive director or, in some cases, 
a staff member who was more knowledgeable of the 
issue) received a personalized interview request for this 
purpose, including a cover letter explaining the research 
study and a privacy statement [85]. In the end, 28 of 33 
actors completed the survey, corresponding to a response 
rate of 85%. 7 of the 33 actors were representatives of the 
organized student body (e.g. General Student Commit-
tee or Student Parliament), while the remaining 26 actors 
were conventional university units. Three of the 33 actors 
(student groups, deaneries, and institutes) represented a 
collective of various actors and were therefore not inter-
viewed. The General Student Committee and the Student 
Working Group for Culture and Communication were 
not available for an interview. In total, 35 persons were 
interviewed, since the Institute of Sports and Sports Sci-
ence (three respondents), the Central Scientific Institu-
tion for Key Competencies (five respondents), and the 
Student Support Service (two respondents) in their roles 
as central stakeholders in the context of student health 
had more than one respondent. The actors are more or 
less relevant to promoting students’ health. Some of 
them actually promote health (e.g. University Sports 
Center or Student Support Service), others provide 
health-related information (e.g. Center for Information 
and Counseling) or qualification opportunities (Central 
Scientific Institution for Key Competencies), and others 
are indirectly involved in aspects of student health, for 
example through the education of lecturers (e.g. Human 
Resources Development and Vocational Training). Study 
approval and execution are described in Bachert et al. 
[85].
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Data processing
Survey data gathered through the questionnaire were 
entered in SPSS 25 Statistical Package by study ID for 
accuracy checking, cleaning, and initial data exploration 
on the basis of a codebook, before data from the network 
questions were exported to Microsoft Excel for the cre-
ation of adjacency matrices. For the logistic models we 
dichotomized the cooperation variable as 0 = unlinked 
and information exchange only and 1 = informal coopera-
tion, formal cooperation, and partnership. Only informal 
cooperation, formal cooperation, and partnership were 
kept, as they reflect viable types of relationship between 
actors and tend to be more consistent. To reconcile diver-
gent response pairs, two techniques were used in UCI-
NET: Reconstruction (when only one actor in the dyad 
provided a valid response to a question and the response 
given by the other actor in the pair was used; [106]) and 
symmetrizing (maximization was used to resolve rating 
discordances between two actors in a dyad). When both 
actors in the dyad did not give a valid response, it was 
treated as a missing value – and therefore recoded to 0 
–, which was the case for 20 (5 non-interviewed actors × 
4) of 1,056 ties, corresponding to a missing rate of < 2%. If 
multiple respondents were interviewed from one unit or 
group, we used the responses given by the person highest 
in the hierarchy.

Data analysis
For the descriptive procedures, data were analyzed in 
UCINET 6. For an analysis of structural cohesion at the 
network level, various measures of network cohesion 
were calculated [51, 98]: Average degree (average number 
of edges per node in the graph), centralization (extent to 
which the graph shows a centralized structure), density 
(number of existing ties divided by the number of pos-
sible ties), fragmentation (extent to which the network is 
broken into fragments of unconnected nodes, dyads, and 
cliques), average distance (average number of steps along 
the shortest paths (geodesics) for all possible pairs of net-
work nodes), and diameter (largest geodesic distance in 
the network). The network map representing cooperation 
between actors was visualized using GEPHI 0.9.2. ERGM 
analyses were performed with R version 4.1.2 (The R 
Foundation for Statistical Computing, https://www.r-
project.org) using the statnet package.

We estimated the parameters of the exponential ran-
dom graph model using Markov chain Monte Carlo 
(MCMC) methods. Model fit was assessed based on a 
comparison of AIC and BIC scores throughout model 
development and goodness-of-fit statistics for common 
network distributions. Predictors were classified into 
two categories: Structural predictors capturing aspects 
of local network structures and processes and node attri-
butes accounting for organizational characteristics of 

the individual network members. Three stages of model 
building were performed. Alpha was increased in each 
case until AIC und BIC had the lowest value.

First, a null model (model 0) was created as baseline. It 
is a single parameter model, being essentially the network 
density, without any predictor that assumes equal prob-
ability for all edges in the network [107].

In a second step, organizational characteristics (type, 
importance, assessment of significance, and competence) 
were added as node attributes for model 1 to capture 
their effects on the likelihood of cooperation between 
actors.

 	• Type of actor was a dichotomous variable that 
indicates whether an actor is a student actor or a 
university actor. Student actors were used as the 
reference category.

 	• Attributed importance was a continuous variable 
reflecting actors tending to be perceived by the 
network as rather important vs. actors tending to be 
perceived as rather unimportant to student health. 
For this purpose, the rounded mean value on a five-
point likert scale was used.

 	• Assessment of significance of the health topics was 
treated as a continuous variable. For this purpose, the 
mean value of all items on the basis of a five-point 
likert scale was included.

 	• Attributed competence is another dichotomous 
variable, which stands for the actors’ competence 
perceived by the network. The decision as to whether 
someone was competent was made according to 
whether the actor was deemed to be the competent 
in one of the thirteen health topics. Incompetent 
actors were used as the reference category.

Finally, model 2 was developed. In addition to nodes’ 
attributes and communication linkage, it also took struc-
tural patterns (preferential attachment, brokerage, and 
transitivity) into account when explaining the coopera-
tion behavior between actors in order to uncover impor-
tant aspects of network configuration. We included three 
commonly used geometrically weighted structural terms 
in model 2: GWDSP, GWESP, and GWDegree [108, 109].

The stepwise approach from model 0 to model 1 to 
model 2 has the advantage of gradually increasing the 
complexity of the model, improving the fit to the data, 
and facilitating the interpretation of the effects [110].

Results
Descriptive analysis
The analyzed network consists of 33 actors (see Addi-
tional file 2).

566 of 1,056 possible ties of the network are realized, 
resulting in a relatively high density of 0.54. The network 
shows a flat, non-hierarchical structure, which is typical 
of the university context [111]. This structure is reflected 

https://www.r-project.org
https://www.r-project.org
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by a low centralization (0.46) and a short average distance 
(1.46) with a low standard deviation (0.50), indicating that 
every actor can be reached by every other actor via one to 
two nodes. The largest geodesic distance in the network, 
which is expressed by diameter (2), is small. With regard 
to fragmentation, the network shows the non-existence 
of subgroups. The average degree is 17.2 (SD = 5.5), which 
means that every node is connected with more than half 
of the networks’ nodes on the average. Network measures 

for the cooperation network are reported in Table 1 and 
the network is visualized in Fig. 2.

Exponential random graph models
Goodness-of-fit statistics, where the observed network 
was compared to numerous networks simulated by the 
model, showed a sound model fit (see Fig. 3). The results 
of the estimated ERGM models are reported in Table 2. 
Only model 2 is described in more detail below, as is 
usual in ERGM research.

The significant positive estimate for attributed com-
petence (0.32; p < 0.05) provides evidence of an activity 
effect – implying a higher activity in forming coopera-
tive ties for competent actors. Hence, hypothesis 1 is 
confirmed.

The non-significant positive estimate for assessment of 
significance of the health topics (0.11; p > 0.05) provides 
no evidence of an activity effect – implying that actors, 
who consider student health issues to be more important 
in general, show no higher activity in forming coopera-
tive ties. Hypothesis 2, hence, is not confirmed.

Table 1  Network measures of the cooperation network
Measures Cooperation network
Number of nodes 33
Number of ties 566
Average degree 17.15 (SD = 5.5)
Degree centralization 0.46
Density 0.54
Fragmentation 0
Average distance 1.46
Standard deviation distance 0.50
Diameter 2

Fig. 2  Cooperation network (node size represents degree centrality; node color represents eigenvector centrality)
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The non-significant negative estimate for attributed 
importance (-0.002; p > 0.05) provides no evidence of an 
activity effect – implying that actorsconsidered impor-
tant with regard to student health show no higher activ-
ity in forming cooperative ties. Hypothesis 3 is not 
supported.

The significant positive estimates for the type of actor 
provide evidence of a homophily effect among student 
actors (1.31; p < 0.05) and among university actors (0.59; 
p < 0.05), indicating that being of the same type appears 
to be a predictor for cooperation in the analyzed net-
work. Hypotheses 4a and 4b are confirmed. Due to model 
divergence, the activity effect is excluded for the type of 
actor.

The significant positive estimate for GWDSP (0.22; 
p < 0.05) provides evidence of a structural equivalence 
effect – implying a tendency for clustering, that is, mem-
bers of dyads in the network tend to share ties with the 
same sets of partners. Hypothesis 5 is confirmed.

The significant positive estimate for GWESP (0.24; 
p < 0.05) provides evidence of a transitivity effect – imply-
ing a tendency for path closure among the actors, which 
means that network members tend to form complete 
triangles with other network members. Hypothesis 6 is 
confirmed.

The significant positive estimate for GWDegree (5.40; 
p < 0.05) provides evidence of a preferential avoid-
ance effect rather than a preferential attachment effect 
– implying a tendency for a more even share of degree 
among actors. Hypothesis 7 is not supported.

Discussion
Summary of findings and interpretation
The aims of this study were to describe a university net-
work for health promotion, to assess the likelihood of 
cooperation between the network’s members, and to 
identify the factors associated with cooperation. We 
analyzed data collected from 33 actors of a German uni-
versity, who had established 566 relationships among 

Table 2  Stochastic models predicting the probability of cooperation between two actors in the network (* = p < 0.05)
Model 0: Null model Model 1: Attributive 

predictors
Model 2: Attributive and structural 
predictors

Coefficient Estimate Std. Error Estimate Std. Error Estimate Std. Error
Cooperation (edges) 0.14 0.09 -2.81 1.55 -13.33* 3.86
Attributive predictors
Student type of actor (homophily) 1.19* 0.48 1.31* 0.44
University unit type of actor (homophily) 0.83* 0.21 0.59* 0.18
Attributed importance (activity) -0.02 0.14 -0.002 0.08
Assessment of significance of the health topics (activity) 0.26 0.14 0.11 0.10
Attributed competence (activity) 0.98* 0.18 0.32* 0.14
Structural predictors
GWDSP (structural equivalence) 0.22* 0.07
GWESP (transitivity) 0.24* 0.07
GWDegree (centralization) 5.40* 2.48
Model fit
AIC 731 667 732
BIC 736 693 622

Fig. 3  Goodness of fit statistics: The edge parameter, which describes the probability of a relationship taking into account the attributive and structural 
effects, is negative (-13.33; p < 0.05), since the existence of a relationship between two random actors is less likely than the absence of this relationship, 
suggesting that cooperation realized in the network is less than expected by chance
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each other. The network is a high-density, decentralized 
network.

As regards the first research question, it can be seen 
that attributed competence predicts cooperation. Unex-
pectedly, attributed importance and assessment of signif-
icance of the health topics do not seem to be significantly 
associated with establishing cooperation. But homoph-
ily effects are present among student actors and among 
university actors. Since student actors tend to cooperate 
with other student actors and university actors tend to 
cooperate with like actors, it is important to initiate more 
cooperative endeavors between these two types of actors.

As regards the second research question, the structural 
predictors GWDSP, GWESP, and GWDegree are posi-
tive and statistically significant. Hence, they are essential 
in determining the likelihood of cooperation between 
actors involved in the network. The GWDegree effect can 
be attributed primarily to the interconnectedness of the 
vast majority of actors. The positive significant GWESP 
effect indicates that cooperation partly takes place in 
small triangular and trustworthy clusters that may also 
bear responsibility for the health of students.

Health promotion focuses on shaping the social pre-
conditions of health. To a large extent, these condi-
tions are created by organizations for a lot of people, 
which is why targeted setting-based interventions are an 
important strategy. As regards university students, this 
approach is complicated because their fluid membership 
status results in an unclear legal basis. Young people take 
on different roles at university. They can be students as 
course participants and examinees, employees as student 
and research assistants, and customers when using cer-
tain university services. On the other hand, fluctuation 
among students is relatively high. Universities therefore 
face the challenge of sustainably promoting health and 
personal development within a relatively short period of 
time. In order to promote students’ health more effec-
tively, the number of network members, the number of 
relationships, and the intensity of existing relationships 
could be increased [49]. According to the theoretical 
concept of strength of weak ties, strengthening of existing 
weak ties leads to possible higher levels of diversity in the 
network. According to the theoretical concept of struc-
tural holes, by contrast,  closing of gaps between actors 
having complementary sources of information reduces 
redundancy by adding isolates to new other subgroups. 
However, these efforts can also lead to the following chal-
lenges [112]: Increased interorganizational competition, 
time and resource investment with little benefit to mem-
bers, worsening benefit-cost-ratio or reduced efficiency 
after reaching a certain network size, network opposition 
and professional protectionism, ambiguity or uncertainty 
relating to accountability mechanisms, and coercion or 

manipulation of weaker network members by more pow-
erful ones.

A certain form of network governance, in other words 
a conscious decision for the creation of an organiza-
tional structure to coordinate all actions relating to the 
aims of a network, is required to utilize the benefits of 
cooperation among network members [113, 114]. The 
network at hand shows characteristics of a “participant-
governed” network. Such a network is governed by virtu-
ally all units coordinating activities and making decisions 
(although a handful of actors play a special role in it as a 
kind of “leading group”). Such networks are common in 
the field of health services to build community capacity 
[95]. However, thought could still be given to whether a 
change in the governance approach might be useful. In 
“lead organization-governed” networks, for example, the 
network is led and coordinated by a legitimized central 
actor trusted by others [113]. This form of governance 
can certainly also be encountered in health-promoting 
universities and is considered advantageous by some 
experts [48]. It also works with low commitment levels 
of the network members and is best suited for a moder-
ate number of involved actors. To increase the efficiency 
of the network, a “network administrative organization” 
may be considered, where governance is carried out 
externally by an independent unit specifically established 
to govern the network only [113]. This approach best 
fits networks with moderate density and centralization, 
moderate to many network participants, and a moder-
ately high goal consensus. It should be noted that such an 
alliance of different actors, most of whom are not profes-
sionally involved in practical health promotion, may not 
be motivated to commit to promoting students’ health in 
the long term. In addition, certain knowledge and skills 
need to be developed and proper moderation by inter-
mediary units with spatial equipment, material and per-
sonnel resources is often required for effective health 
promotion.

Network development efforts can be connected to 
other highly regarded approaches in the field of health 
promotion, such as community-based participatory 
research for health [115], in which equal cooperation 
between professionals and recipients is a priority. Capac-
ity building, which postulates building infrastructure 
and collaborative partnerships for health promotion in 
organizations [116] or the idea of integrating health pro-
motion services to disseminate them more effectively 
through the network [117] are two more examples in this 
context. Anyway, change in an organization can only be 
embraced if actors can simultaneously rely on continuity 
[118]. The focus of network development must therefore 
be on both: On what needs to be preserved (maintaining 
and enabling networks) and on what needs to be changed 
(further developing and stimulating new networks). 
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Another crucial point is connecting health promotion to 
the original objectives of the organization and its actors 
(health co-benefits) to incorporate health as a goal and 
anchoring it. Referring to the university this means relat-
ing health promotion to teaching and research in order to 
support and maintain health and promote the well-being 
of university students.

There are a number of ways to identify key actors and 
potential for development in a network, such as focus 
groups or knowledge mapping [119]. Actor identifica-
tions generally pursue the questions of who is or should 
be involved, who is related to whom, and who is influen-
tial. ERGM can also answer the question of how the rela-
tionships are established in the first place. Moreover, the 
method of social network analysis can be used as both 
an analysis and intervention tool. Face-to-face inter-
views in particular are ideal for collecting network data 
while informing, raising awareness, and encouraging net-
working. However, social network analysis also involves 
numerous pitfalls, some of which are outlined in the limi-
tations section below.

Limitations and future direction
This study is the first to quantitatively examine with the 
help of ERGM a network for health promotion in a uni-
versity setting. Nonetheless, it is a snapshot at one time-
point and comes with several limitations: The network 
boundary drawing and the chosen sampling process may 
bias the actors interviewed. The survey questions and 
response items may have limitations, as they have not 
been tested for validity and reliability. A bias in reporting 
data is another possible limitation in this network analy-
sis, since it is based on a single individual’s interpretation 
of the interconnectedness of an organizational unit. Fur-
thermore, the response behavior may be characterized by 
social desirability. Future studies should avoid the limita-
tions mentioned above, periodically track the network’s 
evolution of cooperation to move closer to causal infer-
ence, and particularly examine barriers and facilitators of 
cooperation.

Conclusion and transferability
This network analysis is the first to quantitatively exam-
ine a network for health promotion in a university setting 
with the help of exponential random graph models. For 
the first time, the results of this study provide an under-
standing of how a network promoting health at university 
is structured and which mechanisms of cooperation are 
at work. However, the results cannot simply be trans-
ferred to other universities, but they can definitely be 
used to further develop the network at hand and provide 
starting points for sustained network development at 
other universities. At the time of the survey, the univer-
sity health promotion efforts for students mainly focused 

on the areas of exercise (e.g. sports courses), mental 
health (e.g. psychosocial counseling), and offerings for 
vulnerable student groups (e.g. counseling for students 
with disabilities). In addition, a health promotion proj-
ect sponsored by a German insurance company was 
initiated just before the network analysis to implement 
a health management system for students, the primary 
goal of which was to coordinate the existing offers and 
develop new ones. Student groups (e.g. General Student 
Committee) were already offering independent counsel-
ing services for vulnerable student groups (e.g. disadvan-
tage compensation counseling for students with children) 
prior to that project and were included as full members 
of the project’s steering and working group in order to 
ensure their participation in the health promotion pro-
cess. Knowing the factors that influence the network 
structure, here the conditions of cooperation, results in 
opportunities to encourage empowerment among the 
actors. The results show the significance of members of 
the university`s executive board and health-related dis-
ciplines (e.g. Institute of Sports and Sports Science) as 
key stakeholders and the relevance of crosswise integra-
tion of health promotion through major business units 
of the university (e.g. Central Scientific Institution for 
Key Competencies). These actors can play a crucial role 
in disseminating information, promoting healthy behav-
iors, and encouraging the adoption of preventive mea-
sures to enhance students’ health. The network analysis 
highlights potential collaboration opportunities between 
different actors. Efforts within a health-promoting uni-
versity network may be facilitated by increasing the 
number of network members or the number of relation-
ships and intensifying existing relationships [120]. In the 
present network, it can be seen that student groups are 
comparatively underrepresented with regard to coopera-
tion, which is why their participation should be strength-
ened in order to utilize the potential of these subordinate 
actors. The results can also be used as a starting point 
to make an informed decision on the governance of the 
health-promoting network and increase its effectiveness 
[113]. In the future, social network analysis may also take 
a place as a new form of structural evaluation in health 
promotion that, compared to traditional evaluation 
approaches, focuses on documenting structural changes 
rather than on simply counting program activities or 
mapping processes [120].
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