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A case study of university student
networks and the COVID-19
pandemic using a social network
analysis approach in halls

of residence
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Andrea Gayubo-Serrenes?, Vicente Martin®* & Pilar Marqués-Sanchez®

The COVID-19 pandemic has meant that young university students have had to adapt their learning
and have a reduced relational context. Adversity contexts build models of human behaviour based
on relationships. However, there is a lack of studies that analyse the behaviour of university students
based on their social structure in the context of a pandemic. This information could be useful in making
decisions on how to plan collective responses to adversities. The Social Network Analysis (SNA)
method has been chosen to address this structural perspective. The aim of our research is to describe
the structural behaviour of students in university residences during the COVID-19 pandemic with a
more in-depth analysis of student leaders. A descriptive cross-sectional study was carried out at one
Spanish Public University, Leon, from 23th October 2020 to 20th November 2020. The participation
was of 93 students, from four halls of residence. The data were collected from a database created
specifically at the university to "track" contacts in the COVID-19 pandemic, SiVeUle. We applied the
SNA for the analysis of the data. The leadership on the university residence was measured using
centrality measures. The top leaders were analyzed using the Egonetwork and an assessment of the
key players. Students with higher social reputations experience higher levels of pandemic contagion
in relation to COVID-19 infection. The results were statistically significant between the centrality

in the network and the results of the COVID-19 infection. The most leading students showed a high
degree of Betweenness, and three students had the key player structure in the network. Networking
behaviour of university students in halls of residence could be related to contagion in the COVID-19
pandemic. This could be described on the basis of aspects of similarities between students, and even
leaders connecting the cohabitation sub-networks. In this context, Social Network Analysis could be
considered as a methodological approach for future network studies in health emergency contexts.

Adversities seem to have been a permanent reality in the last decade'. Their consequences cause damage to peo-
ple’s lives that deserve the attention of political leaders and researchers. In the context of any disaster, models of
human behaviour are constructed that reflect the importance of relationships between actors, between actors
and knowledge, and even between actors and beliefs?.

The World Health Organization (WHO) declared the COVID-19 a global emergency on January 31, 2020°.
It is one of the disasters that has had the greatest impact on our history. Recent studies have already shown that
the COVID-19 pandemic appears to have an impact on mental health, leading to anxiety, depression, disturbed
sleep quality and even increased perceptions of loneliness*™!!. In the same sense, the impact of the pandemic
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has also "hit" young people, who go to school every day but who have seen their social relationships decline.
The educational context was always present in the strategies implemented in previous pandemics. Some of the
most common measures were the closure of schools to contain the transmission of influenza'?, support through
informal networks on university campuses during the influenza A(HIN1) pandemic’®, and the need to increase
knowledge on the pandemic, as it was found to influence everyday attitudes and practices'.

One of the measures that has had the greatest social impact in the COVID-19 pandemic has been the obli-
gation to maintain a physical distance. Specifically, in the field of higher education, it seems to be remarkably
complex and more difficult to carry out'. University campuses are of interest for studying social behaviour in
the context of a pandemic. Numerous studies have shown how university students acquire healthy habits or,
conversely, drug and alcohol consumption habits, depending on the type of relationships they have on campus
and in the university residences'®"’.

However, there is a lack of studies that analyse the behaviour of university students based on their social
structure during a pandemic. Therefore, a quantitative understanding of the behaviour of students in a health
emergency situation is necessary as this information could be useful in making decisions about how to prepare
for disasters. That is, how to act appropriately during and after an emergency of any kind, since interpersonal
relationships, through which supportive and interdependent links are established and which are present in any
emergency or disaster.

To address this structural perspective, the SNA method has been applied. The SNA is a distinctive perspective
within the social and behavioural sciences. It is distinctive because it is based on the fact that relationships take
place between interacting units'®. For the SNA method, the unit of analysis is not the isolated individual, but the
social entity made up of the actor with its possible connections, generating a structure'®. The main perspective of
the SNA focuses on the importance of the relationships between the units that interact in the social networks!®.
A social network is made up of a set of points or nodes that represent individuals or groups, and a set of lines
that represent the interaction or otherwise, between the nodes, generating a social structure?.

One of the most relevant premises of the SNA, for our study, is that it is not only assumed that individuals
are connected through a structure, but that their goals and objectives are as well, because these are only achieved
through connections and relationships!*??%. Thus, the SNA could show us if university students with a more
responsible goal form their own networks or mingle with their not-so-responsible peers. In relation to the groups,
the actors influence and inform each other in a process that creates a growing homogeneity?'. This perspective
is of interest to this research.

The contacts between actors can be analyzed in two types of networks: sociocentric or complete networks
and egocentric networks. The former includes an analysis between actors that belong to a delimited and previ-
ously defined census?. While the latter analyzes the structure that is generated between an ego and its contacts®.

There is an extensive core of studies on SNA and health habits. Some of the most recent are related to con-
tagion in substance use*>*, physical activity”, behavior related to the individual’s low weight?®, engagement in
university rooms® or eating behaviors* among others. SNA has even been applied to disaster scenarios such as
droughts, floods, landslides, tsunamis, and cyclones®!. No one thought that one year after this study, its results
would be so useful for another scenario related to a major catastrophe such as the COVID-19 pandemic. Other
recent studies shows a social network analysis approach in the problematic internet use among residential college
students during COVID-19 lockdown?? or associations between interpersonal relationships and mental health®.

Based on the above, the purpose of this study was to analyse a community of university students and their
structural behaviour in their university residences. Halls of residence form micro-communities where very close
relationships develop, which can become a context of risk. In other words, university residences could become
"places” that facilitate the spread of pandemics if adequate protocols are not followed. However, dormitories
can also have a preventive value. Peer support behavioural patterns take place in them, among peers who are
exposed to the same risks and circumstances. This sharing of similar situations can generate an enriching coping
of personal experiences*. However, there is a lack of studies that analyse the structures of university students
and their coping in crisis situations.

This study was conducted during one of the waves of the COVID-19 pandemic, where infection rates were
at their highest. With the SNA methodology, the aim is to find answers to questions such as: What are the struc-
tural characteristics of the leading individuals in the dormitories? How are the contagion outcomes related to
the structural positions in the network? For such questions, the proposed objectives were (i) to analyse the rela-
tionship between the students’ network position and their outcomes with respect to the COVID-19 contagion,
(ii) to describe the influential position of student leaders in the network, (iii) to analyse the Egonetwork of the
most influential student leaders during the COVID-19 pandemic, and (iv) to visualise the relational behaviour
of university students in the global network.

Methods

Study design. A descriptive cross-sectional study was carried out at one Spanish Public University. The data
was collected during one of the waves of the pandemic, specifically from 23th October 2020 to 20th November
2020.

The measures taken during the pandemic in the different regions of Spain were different, depending on the
results of the contagion at each moment. At the time of carried out this study, teaching in the locality of the
study was adapted to the situation. That is, there were limitations on the number of people, "mirror" classrooms,
identification of QR, etc. In the town there was a limit to the number of people who could meet, pubs and dis-
cotheques had been closed, and there was a 10 pm curfew.
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Gender
Male Female
N (%) N (%) Total (%)

Residence A 18 (19.36) | 19 (20.43) | 37(39.79)
Residence B 8 (8.60) 0 (0.00) 8 (8.60)

Residence C 21(22.58) | 0(0.00) 21 (22.58)
Residence D 16 (17.20) | 11 (11.83) |27(29.03)
Total (%) 63 (67.74) |30(32.26) |93 (100.0)

Table 1. Sample characteristics.

Setting and sample. The participation was of 93 students, from 4 university residences. The characteristics
of the sample can be seen in Table 1. Of the total participants, 32.26% were women and 67.74% men.

Ethical consideration. All participants received an informed consent form to participate in the study.
Lastly, participants were offered the possibility of retracting consent once they had signed the form, without
needing to provide a reason, and an email contact address was given should they require any further informa-
tion. Participation was voluntary, and subject availability was respected at all times. All the participants that were
involved in the study have given their informed consent to participate in this study.

The data for this study are considered health-related data. They comply with Directive 03/2020 of the Euro-
pean Data Protection Committee®. The researchers requested anonymised data from the responsible body of
the university in charge of contacts COVID-19.

The study was approved by the Ethics Committee of the University of Leén (ETICA-ULE-008-2021).

Data collection. We collected the data from the database created at the university, SIVeULE, created for
the follow-up of cases of COVID-19. This database collates the characteristics of the actors and their RT-qPCR
result.

In the university there was a protocol to indicate norms and rules of (i) hygiene and preventive measures,
(ii) what to do if you had symptoms, (iii) definitions of what was considered "close contact", "confinement",
and " positive result ". There was support staff to collect data, deal with doubts, and assist both positive actors
and confined actors. These people were called "trackers." The name defined their role because they identified
the student’s contacts that were positive, had symptoms, or had been "in close contact” with a positive person.

In the database, other data such as name, residence, gender, grade, name of contacts, and date and result of
Polymerase Chain Reaction (PCR) test are also collected.

For the present study, the names were anonymized and registered in matrices for subsequent analysis using
the SNA method.

The data obtained were used to construct a 93 x 93 matrix. The matrix was read as follows:

e TFor rows, “A nominates B”;
e For columns, “A is nominated by B”.

To carry out this study, the matrix has been symmetrized, determining that if A nominated B, B also nomi-
nated A. That is to say, it is an undirected matrix, since, if A had any contact with B, B also had contact with A.

Data analysis. For data analysis, we apply SNA to the 93 x93 matrix. measures of centrality were applied
to analyse leadership from a structural perspective. Centrality is a construct of the SNA that means the position
in the network’®. Previous researchers have applied SNA to the study of leadership, because they have concep-
tualized leadership as a process that starts from the collective and the interconnections®-*%. For this study, the
centrality measures selected were: degree, betweenness and eigenvector®:

The degree is the number of connections adjacent to an actor. Given the centrality of degree d; of the actor i
and x; is the cell (i, j) of the adjacency matrix, then

d,‘ = inj
J

Betweenness centrality is defined as the Extent to which an actor serves as a potential “go-between” for other
pairs of actors in the network by occupying an intermediary position on the shortest paths connecting other
actors. The formula for the centrality of node j is given by the:

Sijk
b = ot
g ; ik

In this formula, g represents the number of geodetic paths that connect i and k and through k while gy is
the total number of geodetic paths between i and k.
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Residence

A B C D
Centrality Mz+SD M+SD Mz=SD Mz=SD F P
nDegree 0.130+£0.079 |0.112+0.019 | 0.250+£0.000 |0.132+0.061 |22.135 <0.001
Eigenvector 0.021+£0.046 |0.003+0.003 | 0.203+0.000 |0.013+£0.036 | 151.035 | <0.001
nBetweenness 0.028+£0.059 |0.011+0.029 |0.014+£0.000 |0.026+0.090 | 0.357 0.784

Table 2. One-way analysis of variance (ANOVA) of centrality measures (nDegree, eigenvector and
nBetweenness) by residences.

Eigenvector centrality corresponds to the measure of actor centrality that takes into account the centrality of
the actors to whom the focal actor is connected.
e = A Z xijej
i

Normalized measures were used.

The measures of centrality studied in the SNA have been the normalized degree (nDegree, the normalized
degree centrality is the degree divided by the maximum possible degree expressed as a percentage), Eigenvec-
tor and nBetweenness (is the normalized betweenness centrality computed as the betweenness divided by the
maximum possible betweenness).

To select the most leading students in the network, the measure of normalized nBetweenness was used®. This
measure becomes more relevant during a pandemic, where the possibility of serving as a bridge or intermediary
allows other networks to reach out, transferring good or bad practices and behaviors.

In order to have more information about the behaviour of the student leaders, the Egonetwork analysis of the
most leading nodes for each component was carried out. Key players theory has been used to obtain this group
of students displaying greater leadership*’. Egonetwork studies the connections of a given node. This analysis
in isolation is less comprehensive than the analysis of the entire network. But the researchers recommend this
analysis combined with the analysis of the whole network to go deeper into the behaviour of certain nodes,
depending on the objective of the research?**41,

Statistical analysis and visualisation. IBM SPSS Statistics (26.0) software. was used for the statistical
processing of the data. For the analysis of descriptive data, frequencies and percentages were used for the qualita-
tive variables, whereas the mean and standard deviation were used for the quantitative variables. A chi-square
test was carried out to verify whether there was a relationship between the groups, and the Student’s t-test was
used to compare the mean scores between the groups. An analysis of variance (ANOVA) was carried out to
check the differences for continuous variables divided in groups. The UCINET tool, version 6.679* was used
for the calculation of the SNA measurements. The tests carried out to study the normality of the distribution
were Kolmogorov-Smirnov for populations of more than 55 individuals and the Shapiro-Wilk test for those less
than or equal to 55. The level of statistical significance was set at 0.05. For qualitative analysis, a visualization of
the global network will be carried out using Gephi, version 0.9.2, software. The key player tool has been used to
calculate the key players of the network®.

Results

As shown in Table 2, there was a significant effect of residence on nDegree [F(3,89)=22.135, p<0.001] and
Eigenvector [F(3,89)=151.035, p<0.001] and there was no significant effect of residence on nBetweenness
(F=(3,89),p=0.784].

Students in residence C have significantly higher degrees of centrality in nDegree and Eigenvector compared
to the other residences. In the case of nBetweenness, students in residences A and D have higher values, although
not significantly so.

Significant differences in all measures of centrality (nDegree, Eigenvector and nBetweenness) measures were
found for the groups of people who tested positive for RT-qPCR (PCR +) versus those who tested negative for
PCR (PCR-). The PCR + group of people had higher values of centrality than the PCR- group. The degrees of
significance of these differences are shown in Table 3.

Significant differences were found between leaders and non-leaders calculated with the three measures of
centrality and the prevalence of people who tested positive or negative for PCRs. Leaders had a higher percent-
age of people in the PCR + group compared to non-leaders. The degrees of significance of these differences are
shown in Table 4.

Figure 1A shows the nodes of the study network highlighting in each colour which residence each one belongs
to (A,B,C or D). In Fig. 1B the same network can be seen but the nodes with PCR +appear in red and and the
nodes with PCR- in green. The distribution of the network allows us to appreciate the 4 different residences. The
size of the nodes is represented by the nBetweenness of each node.

Figure 2 shows the network highlighting the trajectories of the three most important key players. The edges
coming out of these key players are thicker than the others. Furthermore, the key players are numbered in order
of importance in the network (1, 2 and 3). The size of the nodes is represented by the nBetweenness of each node.
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nDegree 0.340+0.136 0.152+0.093 -7.828 <0.001
Eigenvector 0.121+0.104 0.092+0.107 -1.299 <0.001
nBetweenness 0.026+0.059 0.004£0.017 -2.545 0.013

Table 3. Independent-samples t-test of centrality measures (nDegree, eigenvector and nBetweenness) by
PCR+and PCR-.

Leaders by degree

Leaders 10(71.4) |4(28.6) |5.249 |0.222
Non-leaders 30(38.5) |48 (61.5)

Leaders by eigenvector
Leaders 11 (78.6) | 3(21.4) 8.275 | 0.004
Non-leaders 29(37.2) |49 (62.8)

Leaders by betweenness
Leaders 11 (78.6) | 3(21.4) 8.275 | 0.00
Non-leaders 29(37.2) |49 (62.8)

Table 4. Results of the comparison between leaders and non-leaders who had PCR +and PCR- applying the
chi-square test of independence.

m Residence A
= Residence B
= Residence C
= Residence D

Figure 1. Graphs of the university student network differentiating a colour for each residence hall (A) and
differentiating the positive and negative PCR groups (B).

Figure 3 shows the Egonetworks of the 3 key players in the network. Figure 3A shows the most important
key player in the network. If this node were eliminated, the two components would be separated (those of the
C and D residence). Figure 3B,C show the Egonetworks of the key players 2 and 3 respectively. These nodes are
structurally very similar. If both nodes were removed from the network, there would no longer be a connection
between residence C and residences A and B.
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Figure 2. The network shown under the Atlas 2 distribution highlighting the 3 most important key players in
the network.

Discussion

This research contributes empirical evidence based on a social network approach to the development of the
COVID-19 pandemic on university halls of residence. We have presented a study strategy and results, which link
the relationship between the centrality of leaders and the outcome of pandemic infection. There is a significant
core of research using the SNA methodology applied to the COVID-19 pandemic. However, there is a lack of
research focusing on the structural responses of university students, a population of particular interest given their
training experience. A university student "absorbs" experiences that are translated into behaviour, and transfers
the resources obtained through their relationships.

Our results demonstrate the relationship between the centrality in the network of student leaders and the
outcome of their infection (positive or negative). Not only could leaders spread pandemic behaviour towards their
more local peers, they also seem to spread it to other halls of residence. This is demonstrated by the structure of
betweenness. Leaders with a higher degree of betweenness could become key players, so that their presence or
absence can disconnect the various components of the entire network. This could lead to a disconnection of the
contagion process, both on a positive and negative level. The findings are the first to demonstrate that networks
in university accommodation develop successful or unsuccessful responses to a pandemic. University managers
should take these findings into account when developing response and behavioural strategies in pandemic or
disaster situations. Strategies should be designed with a network rather than an individual approach.

Although our study did not ask about the relationship between the actors, we understand that the contacts
established between the students are relationships of friendship or good classmates. We only analysed whether
or not people had been in contact, during a state of lockdown. But obviously, with the SNA, we can visualise
relational behaviours that would be more difficult to appreciate using other methodologies.

Our results show that student leaders have a high degree of centrality not only at the local level, i.e. in the
component related to their accommodation, but also at the level of the global network. Our results are in line
with studies of Mehra et al.*®, who highlighted that the integration of a leader into the friendship network in one
social circle can be related to the reputation of the leader in other social circles.

Leadership or reputation at the local level is related to the performance of the team, and leadership outside
the team is what allows new opportunities to arise and new information to be disseminated®. In the case of
university students in their accommodation, the aim is to have a friendly atmosphere and to collaborate in dif-
ficult moments, to motivate each other, etc. Our results shown a statistically significant relationship between
leadership and the positive results of the COVID-19 tests. In this sense, previous studies have already found
that having too many resources related to social capital in a group (such as centrality) could negatively affect
the efficiency of the group*. In other words, the leader will exert an influence on his or her colleagues and this
influence could "infect" a certain behaviour, in this case of responsibility or not in a state of health emergency.

Another aspect demonstrated in our research is that there is a similarity between student groupings in terms
of their COVID-19 test results. That is, we observe groups where the results are all positive (nodes in red), and
others where the results are negative (nodes in green). This finding, could be related to numerous previous
studies where actors occupy similar social positions in the classroom. For example, the studies from* showed
that stuttering students had the same social position as the rest of their peers, because both (stutterers and non-
stutterers) tended to design their groups structurally the same.

Homophily theory indicates that individuals associate with those with whom they share aspects of similarity,
such as similar beliefs, characteristics and behaviours, which occurs especially in young people and adolescents*
Therefore, this may partly justify why negative-test college students are more cohesive, and positive-test college
students as well.

One of the measures implemented with the greatest impact in this COVID-19 pandemic has been social
distancing or isolation. The closure of premises or the reduction in hours of places of leisure has led to this
social, or rather physical, distancing, as it is physical contact that is avoided. Studies have shown that the reduc-
tion in contacts based on social networks that coexist in social bubbles, and the similarity between contacts,
increase social distancing from other actors, and therefore decrease the risks of contagion?”. But in the case of
this research, university accommodation could not be considered as a bubble. We could think of them as big
bubbles, where behavioural patterns become contagious, be they positive and negative ones. Therefore, in this
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Figure 3. Egonetworks of the 3 main key players of the network.

sense, the directors of the centres should take note and plan different strategies according to the behaviour of
the subnetworks. That is to say, promote those behaviours with negative results of contagion and intervene in
those subnetworks with positive results. For this, and as explained previously, the best option would be to plan
together with the leaders.

Our results have shown that students with a high degree of Betweenness have a position in the network that
gives them great leadership. In this sense, previous studies have used this structural metric as a predictor of
leadership due to the strategic position that the actors have in the network and their role in bridging different

networks>48,

For a better understanding of the role of these actors, in this research we analyse these university students on
the basis of two more structural issues. On the one hand, which of them could have a key player role. Secondly,
to analyse the Egonetwork of those students with a greater degree of centrality in each of the components.

As regards key players, our results showed that 3 students with a high degree of betweenness, i.e. with an
intermediary role, had a key player structure. The importance of the key actor has been explained perfectly by
Borgatti (2006)*°, describing both the negative and positive aspects. The negative is that the network, or networks,
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actually depend on these nodes, and cohesion between the networks would be diminished if these actors were
to disappear®’. This problem is greater when, in a public health context, we select a small number of individuals
to contain a pandemic or to reduce the risk of contagion that links different networks. If these actors disap-
peared, the number of those infected would increase. As regards the positive role of these actors, they are ideal
for spreading attitudes and behaviour, because they quickly gain access to different networks. Borgatti (2006)
explains the importance of the structure of the key players, with the same relevance in very different contexts,
such as terrorist networks or pandemic contexts*. In our case, our results are supported by the justification of
this great researcher.

Our findings have shown that student leaders with a higher degree of Betweenness had a higher density than
their peers in their Egonetworks. This could facilitate the transmission of social capital in a context such as the
COVID-19 pandemic. These students, who serve as bridges, could become key actors with the ability to mobilize
and coordinate social activity®. Their role is key for other colleagues, since they could serve as a "mirror" to
"invite" appropriate behaviors in a health emergency. The key question that remains is, what behavior do they
have? Structurally, the present investigation has demonstrated and justified that its position in the network is a
model that could be disseminated among the rest of the actors.

To summarize the above, those responsible for universities must take into account the collective behavior of
its networks. In a context such as the COVID-19 pandemic, the diffusion of behaviors is very relevant. Authors
call for “urban intelligence” as a possible strategy to deal effectively with a pandemic. They understand that the
impact of a health emergency is more than just a public health problem since it involves social risks and insta-
bility. This situation would be better dealt with by having the best that the social and community structure can
offer, the so-called "urban intelligence”50.

SNA could provide a set of terms and concepts to explain and describe social phenomena®. The method
offers a distinctive approach to analysing leadership in disaster processes. Leaders could be like "builders” of
social responses and the managers of the universities should take it into account for the intervention processes.

The most important limitations of this study should be considered for future research. For example, it would
be of interest to carry out other analyzes focused more on the cohesion of the network and the behavior of the
subgroups, in order to draw structural conclusions at the micro level. Future lines of research could focus on
comparing the students’ leadership in terms of structure with leadership as perceived by both them and their
own peers.

Conclusions

The present research has carried out a study with students in university residences. The aim has been to describe
the structural behaviour of students in university residences during the COVID-19 pandemic, with a more in-
depth analysis of student leaders. The specific objectives proposed to develop the research were to: (i) analyse
the relationship between the position of students in the network and their results with respect to COVID-19
infection, (ii) describe the position of influence of student leaders in the network, (iii) analyzing the Egonetwork
of the most influential student leaders on the COVID-19 pandemic, and (iv) visualise the relational behaviour
of university students in the global network.

The main conclusions derived from the results are detailed below:

e The most central students in the network, had more positive results regarding COVID-19 infection.

e The leadership of the confined students was related to higher degree, eigenvector and betweenness.

e A small core of leaders are key players, so their role conditions the connection or disconnection between
different components of the global network.

e Students with a key player structure show a similar Egonetwork if they belong to the same residence.

® There is a student leader with the maximum key player power structure, causing a total disconnection between
networks if he/she disappears from the global network.

The findings show that strategies to cope with a disaster or pandemic need to be addressed through a network
approach. University managers will need to have a profound understanding of students’ relational behaviour.
Only then will the most restrictive measures be effective. Responsible or irresponsible behaviour is transferred
through the connections between students, so Social Network Analysis should be considered as a method of ana-
lyzing the evolution of a pandemic at the societal level. Any crisis involves contacts, but in a pandemic, contacts
can transfer infection. Also in a pandemic, contacts can transfer habits and behaviours "passed on" by leaders,
so that they allow for more effective coping. All of this can be analysed using SNA. Our study provides findings
with an innovative approach, achieved with SNA. Among the limitations of the study it should be noted that the
sample is very small (n=93). This means that we cannot state categorically the representativeness of the results
presented. However, the results could be used for future research where it is useful to analyse health emergency
contexts as a network rather than analysing individuals in isolation.
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