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Students’ possibilities to interact with peers have reduced drastically during the emergency transition to online teaching due to the Covid-19 pandemic. Students report on decreased motivation and other study related issues; hence, there is a need to better understand the effects of decreased interaction. The aim of the present exploratory study was to document changes in student networks, in relation to perceptions of connectedness, study outcome and well-being in two different settings. An ad hoc online survey (n = 97) was distributed among students from one research-intensive and one teaching-intensive university where many students commute. Results showed that student social networks defoliated from the outside-in and left students with an inner circle of students they shared multiplex relations with. Students who had lost more working and multiplex relations also reported a decline in well-being. The main contribution of this study is the visualization of how networks became fragmented, and how the experience of this differed depending on type of study context. These findings may have implications for a post-Covid organisation of higher education.
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INTRODUCTION

In this article we focus on how the pandemic has affected students’ opportunities to interact with other students and combine graphical representations of students’ networks on cohort level with individual students’ descriptions of how they perceived the situation during and before the pandemic. The aim is to provide another piece in the puzzle for academic teachers, academic leaders, and others on what we can learn from the pandemic experience.

Students’ possibilities to interact with peers have reduced drastically during the emergency transition to online teaching due to the pandemic. According to one study, face to face interaction with peers has decreased with 88% (Gothenburg University, 2020). Subsequent negative effects on students’ well-being have been reported (Elmer et al., 2020; Husky et al., 2020; Savage et al., 2020; Wang et al., 2020/2021). Furthermore, students report on decreased motivation, and problems related to structuring information about courses and dealing with feedback (Warfvinge et al., 2021). It is against the backdrop of such findings, that this study investigates effects on students’ study related networks.

Students’ study related networks are important for their learning (e.g., Eggens et al., 2007; Fjelkner-Pihl, 2021; McCabe, 2016). It has been emphasized that students tend to rely on “a myriad of emerging interactions and relations that will shape how students may or may not learn” (Esterhazy, 2019, p. 73), fulfilling a formative function for students (Hattie, 2008; William, 2011). The “social environment is understood to have an important role in shaping experiences of learners and simultaneously providing a mechanism to test and evaluate new ideas, which may then result in modified or new conceptions of the world” (Henderson et al., 2019, p. 21). In sum, university students generally perform better in relationship-rich environments (Felten & Lambert, 2020), where they meet and interact with a multitude of other students. Therefore, it is possible to hypothesize together with Jeffrey and Bauer (2020), that what some students experience as problematic with online courses during the time of Covid-19, is that previously dense interactions, foremost with peers, become less dense and thereby less informative. However, the students’ experiences may vary depending on study context. For example, students in a university where a majority of students commute may have experienced the transition in a different way than students who study in an environment where many students live close to the university.

Thus, the present explorative study contributes with an exploration of how the Covid-19 pandemic has affected student study related networks in two different types of universities, in relation to the students’ perception of connectedness and study outcome. The aim is to add to a growing knowledge of effects of the pandemic on higher education, in this case on decreased interaction among students and self-reported effects on study outcome. The text also offers a discussion on possible implications for the planning and organization of courses during online conditions like the pandemic experience.


Student social relations and online teaching

To better understand what it means to be an online student during the pandemic, it can be useful to turn to pre-pandemic research into online teaching. For example, in an elaborated study in an online environment, Theobald et al. (2018) explored the link between study outcome and disciplined study strategies. Results indicate that study discipline more than teaching format (e.g., online) explains the variation in study results. In addition, attempts have been made to positively support student interaction also in online courses, that is to increase the experience of social presence (Oh et al., 2018). Weidlich & Bastiaens (2019) added applications supporting interaction to the learning platformed used to increase a sense of connection and community and thereby enhancing the study outcome. However, the result “suggests that socio-emotional perceptions regarding the learning environment and of peers do not actually impact learning” (Weidlich & Bastiaens, 2019, p. 12). Consequently, even though some research suggests that social presence and dense interaction with others are important for study results, other research suggests a more complicated relationship between social interaction during courses and study outcome.

Thus, even though study discipline comes across as crucial, it is unclear how interaction with others influence study outcome. It might be that different students rely on networks in different ways, something that may explain the variation in the literature (for example Elmer et al., 2020; Warfvinge et al., 2021). In this study we will include a sample of commuter students to see whether they are affected by the pandemic in the same way as campus students. Previous studies have found that commuting often has a negative impact on engagement and that students who commute often take less part in social life at the university (London Higher, 2019; Yorke & Longden, 2008), but whether the pandemic has negatively affected their experience has not yet been researched.



Student social relations in and around the classroom

Network studies in higher education have explored various types of relations, commonly student working, learning or friendship relations (e.g., Hommes et al., 2014; Rienties & Tempelaar, 2018). Students’ study-related networks provide emotional and social support, but also information and cognitive processing support (Thomás-Miquel et al., 2016). Relations studied are often described as either intrumental or expressive. Student working relations (instrumental) explore with whom students communicate about task-related activities (Rienties & Tempelaar, 2018), such as how to solve an assignment, whereas friendship relations (expressive) are not bound to any formal structure (e.g., work relations), such as an assigned group, but on voluntary interaction (Methot et al., 2016).

Social relations among students are often based on homophily (e.g., Fjelkner-Pihl, 2021), the tendency to prefer forming relations with others you perceive as similar regarding socioeconomic background, age, cultural preferences, or ethnicity. This could potentially lead to less interaction with others who think differently, that is, being less disturbed in their own thinking, something that potentially could undermine long-term epistemological development (O’Donovan, 2017; Perry, 1988).

Students often share several types of relations, and these multiplex relations are rewarding for students as they are both expressive and instrumental at the same time as they contribute with both emotional and instrumental support, as well as intellectual engagement and inspiration (Fjelkner-Pihl, 2021; McCabe, 2016). Elmer et al. (2020) have shown that if students shared two types of relations (interaction, friendship, informational, or emotional support) the relations were more likely to be maintained during the pandemic. However, the relations explored were part of an open network (e.g., Tómas-Miquel et al., 2016), that is students could name any ten relations of their choice. In contrast, the present study specifically explores student study related relations within a given cohort, a so-called closed network, that is the relations that are formed and maintained in and around the classroom and thereby arguably closer to study-tasks. The result of such a study may contribute with insights important for teachers, the organization, and the execution of future post-pandemic higher education.

A further issue addressed here concerned whether students in a research-intensive university report a different experience during the pandemic than do students in a teaching-intensive university, where a large share of students commute. Thus, it is probable that there are differences in experiences between these groups.

Questions in focus are:


(1) What are the effects of the Covid-19 pandemic on students’ study related networks in two types of universities?

(2) How do students describe the effects of the Covid-19 pandemic on their social network in relations to study outcome and cooperation with other students?






METHOD


Study site

The present study was carried out in two cohorts of students from a research-intensive technical university, Lund University’s Faculty of Engineering (LTH), and one cohort of business students from a teaching-intensive university, Kristianstad University (HKR). Lund university is one of the oldest and largest research universities in the country, with over 40,000 students. Kristianstad university is a younger, regional university focusing mainly on undergraduate education. It has approximately 15,000 students. The composition of enrolled students differs between the universities. Students at HKR more often come from non-academic backgrounds, they have relatively lower grade point average (GPA) from upper secondary school and lower mean SweSAT scores. They are also more likely to commute longer distances.



Sample, procedure and ethical considerations

Students were in the middle of their third year; thus, they had presumably formed both friendship and working relations within their respective programs. Relational data was collected via an online survey distributed via e-mail in late fall 2020. 97 out of 319 students responded to the survey leading to a 30% response rate. The completion time was about 10 minutes.

Students were approached during an online lecture and were informed about the purpose of the survey, the procedure and that participation was voluntary. Students were further ensured confidentiality in the handling and presentation of data, in line with ethical guidelines of the university (Lund University, 2021). Even though two of the authors were affiliated to two of the programs, none of them were actively engaged in teaching at the time of the survey.



Networks

The first part of the survey explored working, and friendship relations maintained prior to Covid-19, while students still studied on campus, and after the transition to online teaching. A closed network, roster recollection method (e.g., Rienties & Templaar, 2018; Tómas-Miquel et al., 2016) was used, that is, students were asked to select the students they were friends with from a list of names of all the students registered in their present program course.

Students were first presented with two conditions. They were asked to reflect on their study situation in early spring 2020, before teaching was shifted to online due to Covid-19, and then mark whom “you frequently cooperate with when you study,” and whom “you socialize/are friends with.” After that they were asked to reflect upon their study situation right now (during online teaching) and then mark students they socialize with or frequently cooperate with.

Students were also asked to reflect upon two open questions regarding if and how their study related network had changed due to the transition from campus to online teaching, and if and how that transition had affected their study outcome.



Demographic predictors

Demographic predictors in the present study included gender and whether student commuted. Students reported on place of residence both prior to and after the transition (Q2 and Q4). Previous research has shown that these factors affect academic outcome (e.g., Krause et al., 2005; Thomas, 2019). Responses were then collapsed into a dummy variable (1 = non-commuter; 2 = commuter). Students who lived in the city where their university was located were considered non-commuters.



Analysis

Freeman’s out-degree centrality was used to measure centrality for the working and friendship networks (Grunspan et al., 2014). The out-degree measures the number of outgoing ties indicating how influential actors are in the network and how many others they can exchange information with (Hanneman & Riddle, 2005). The analysis of friendship and working networks in program A at LTH was carried out in UCINET and networks were visualized in NetDraw (Borgatti et al., 2002). The higher response rate in that cohort was maybe due to that one of the authors had taught parts of a course in that cohort earlier in the fall semester 2020. That author did not handle the collection or analysis of the data. It could also be due to the high number of female students in the group, or the fact that they felt the focus of the survey was important to them.

The answers collected through the open questions were analyzed and coded. First all three authors coded student answers regarding study outcome, cooperation with other students and well-being as either worse, same, or better. The coding was then compared and modified, before used in the statistical analysis. Vague answers were coded as missing. The open answers were thematically coded by two authors individually, then discussed and refined before arriving at the results presented here.

In the statistical analyses, Dependent-samples t-test were used to test for group level difference in network size under the two conditions pre-Covid campus teaching and during Covid-19 online teaching. Independent-samples t-tests were used to test for group level differences in networks and self-reported well-being, cooperation, and study outcome between student groups. Student descriptions of their well-being and cooperation with other students were coded as qualitative variables: Worse = 1, Same/better = 2. A Chi-square tests for independence was used to explore the relationship between these qualitative variables. Finally, a One-way between-groups analysis of variance (ANOVA) was conducted to explore the impact of difference in number of relations on self-reported study outcome. Qualitative responses regarding study outcome were coded as a qualitative variable with three categories (worse/same/better).

Differences were considered statistically significant if p < 0.05, two-tailed. SPSS (IBM Corp. Released 2016. IBM SPSS Statistics for Windows, Version 24.0. IBM Corp.) was used for all analyses.




RESULT

The result section is divided in four parts: 1) presentation of the sample, 2) group level analysis of how the emergency transition has affected students’ study related networks, 3) statistical analysis of the network data, and finally 4) the themes emerging from students’ answerers to the open questions.


The sample

The total sample (n = 97) consists of responses from three different study programs as displayed in Table 1. 59% of the participants were females and 33% commuted to school. One major difference between the two schools that was thought to impact students’ school related networks and the experience of the transition to online teaching was the share of students who commuted to school. 68% of the participants from HKR commuted as compared to 9 and 4% respectively in the two programs from LTH. We can also note that LTH in this study is considered a research-intensive university, while HKR is considered a teaching-intensive university.


Table 1. Sample characteristics



	
	LTH
	HKR
	



	
	Program A
	Program B
	Program C
	All





	Number of respondents
	33
	22
	42
	97



	Female students (%)
	61
	55
	59
	59



	Commuters (%)
	9
	4
	68
	33








How study related networks were impacted by the pandemic: working, friendship, and multiplex relations

Due to sufficient response rate in program A (70%) the entire network was analyzed (Rienties & Tempelaar, 2018) in Ucinet (Borgatti et al., 2002) to illustrate the changes in study related networks due to the transition. The network data is presented in Table 2 and the networks are visualized in Figure 1.

Overall in program A, students lost more than 50% of their study related relations, and as much as 57% of their multiplex relations, that is students they both cooperated and socialized with. In figure 1 the networks to the left depict student friendship, working and multiplex networks pre-Covid, when teaching took place on campus. The networks to the right depict the same relations after the transition to online teaching.


Table 2. Descriptive statistics of friendship and study networks in program A, prior to and during the pandemic



	
	Pre-Covid-19 Campus teaching
	During pandemic Online teaching
	



	Network
	Σ ties
	M (SD)
	Σ ties
	M (SD)
	Loss (%)





	Friendship
	472
	14.3 (9.99)
	227
	6.9 (6.91)
	52



	Working
	215
	6.5 (5.39)
	103
	3.1 (1.76)
	52



	Multiplex
	186
	4.0 (0.28)
	79
	1.7 (0.19)
	57






In line with previous research, students generally have more friendship relations overall than work relations (e.g., Fjelkner-Pihl, 2021; Rienties & Tempelaar, 2018). Pre-Covid, the friendship network (A in Figure 1) consisted of a total of 472 friendship ties, and had one very dense cluster to the right in the figure consisting of about a third of the students. Two thirds of the students are more peripheral, but still had ties with the dense cluster. Only one isolate is visible. After the transition to online teaching, the network became more fragmented. There are now five isolates and four clusters, where one is more dense. The working network (B in Figure 1) had a total of 215 ties or 55% less ties than the friendship network. Also here, the transition to online teaching resulted in an even more fragmented network. Interestingly, there are no isolates, or students with no relations, in the working network, meaning that students still cooperated with a few other students, but did not always socialize with these.

The multiplex network largely mirror the working network, but is even more fragmented after the transition. Students only socialized and worked with those they share strong ties with, more peripheral ties were not maintained. Generally, this picture was strengthened by student responses to the open ended questions in the survey.


Changes in student social relations due to Covid-19 and the transition to online teaching

The above case visualized the loss of relations in one specific cohort of students. The further analysis of all responses in the study confirms the detailed study of program A that students experienced a loss of relations in all three network types, and that the number of relations maintained differed between the two universities (Table 3).

A paired sample t-test, testing the pre-Covid and Online condition for the different networks indicated significant differences in both universities, although the loss in actual numbers was larger at LTH, where students overall had more relations than did students at HKR in this sample.


[image: Image]
Figure 1. Student social networks in group A: pre-Covid-19 campus teaching vs. online teaching

Note: The networks to the left depict student relations prior to Covid-19 and the networks to the right relations that remained after the transfer to online teaching. A relation is considered multiplex when a student both cooperate and socialize with another node (red ties in C above).



Table 3. Changes in study related networks at HKR and LTH prior to the pandemic and after the transition to online teaching



	
	
	Pre-Covid
	Online
	Paired sample t-test



	
	
	M
	SD
	M
	SD
	t
	df
	p





	LTH
	Friends NW
	16.17
	15.26
	8.60
	9.87
	6.28
	54
	<.001



	Work NW
	 7.09
	 5.49
	4.04
	3.31
	5.63
	54
	<.001



	MPX NW
	 5.98
	 5.11
	3.25
	3.11
	5.62
	54
	<.001



	HKR
	Friends NW
	 3.21
	 3.12
	2.29
	2.83
	3.40
	41
	<.002



	Work NW
	 4.90
	 3.51
	3.81
	2.98
	3.51
	41
	<.001



	MPX NW
	 2.74
	2.66
	1.86
	2.30
	3.11
	41
	<.003






Further analyses indicated significant differences in the number of relations students maintained between LTH and HKR, and between non-commuter and commuter students, both prior to the outbreak of Covid-19 and after the transition to online teaching (Table 4).


Table 4. T-result comparing networks under the two conditions pre-Covid-19 campus teaching vs. online teaching



	Variable
	School
	M (SD)
	Median
	Range
	t (df)
	p





	Working NW Pre-Covid
	LTH
	7.09 (5.49)
	6
	0–27
	2.38 (92.4)
	<.019



	HKR
	4.90 (3.51)
	4
	0–13



	Friendship NW Pre-Covid
	LTH
	16.16 (15.26)
	18
	0–71
	6.13 (59.8)
	<.001



	HKR
	3.21 (3.11)
	2
	0–11



	MPX NW Pre-Covid
	LTH
	5.98 (3.25)
	5
	0–24
	4.05 (85.0)
	<.001



	HKR
	2.74 (1.86)
	1.5
	0–11



	Working NW Online
	LTH
	4.04 (3.32)
	3
	0–15
	0.35 (95)
	ns



	HKR
	3.81 (2.98)
	3
	0–13



	Friendship NW Online
	LTH
	8.60 (9.86)
	5
	0–48
	4.51 (65.4)
	<.001



	HKR
	2.29 (2.85)
	1
	0–11



	MPX NW Online
	LTH
	3.25 (3.11)
	3
	0–11
	2.54 (94.9)
	<.016



	HKR
	1.86 (2.30)
	1
	0–11



	Working NW Pre-Covid
	Non-commuters
	7.22 (5.08)
	6
	0–27
	3.78 (89.1)
	<.001



	Commuters
	3.97 (3.24)
	3
	0–12



	Friendship NW Pre-Covid
	Non-commuters
	14.24 (14.68)
	8
	0–71
	5.73 (80.7)
	<.001



	Commuters
	3.06 (3.97)
	2
	0–20



	MPX NW Pre-Covid
	Non-commuters
	5.78 (4.82)
	5
	0–24
	5.01 (94.9)
	<.001



	Commuters
	2.12 (2.37)
	1.5
	0–9



	Working NW Online
	Non-commuters
	4.40 (3.47)
	4
	0–15
	2.43 (89.5)
	<.017



	Commuters
	3.00 (2.17)
	2
	0–7



	Friendship NW Online
	Non-commuters
	7.91 (9.33)
	5
	0–48
	5.08 (76.8)
	<.001



	Commuters
	1.72 (2.16)
	1
	0–7



	MPX NW Online
	Non-commuters
	3.32 (3.13)
	3
	0–11
	4.37 (94.8)
	<.001



	Commuters
	1.28 (1.46)
	1
	0–5






Overall, students at LTH had a higher mean number of both friendship and working relations, both prior to Covid-19 and after the transition to online education. However, the variation was quite high, especially at LTH, where there was a wide range in number of friendship ties (0–71) and higher standard deviations than at HKR.

T-test results indicated significant differences between the mean number of friendship relations between LTH and HKR (p < .001) both before and after the transition to online education (p < .001). This was also the case with the working relations on campus (p < .019), but after the transition to online teaching that difference had even out and there was no longer any significant difference between the two schools.

Regarding difference in relations between commuter and non-commuter students, there were significant differences between the mean number of friendship relations on campus between non-commuter and commuter students (p < .001), and after the transition to online education (p < .001). This was also the case regarding working relations on campus (p < .004) and after the transition to online education, although the difference had evened out slightly (p < .023). Overall, non-commuter students had both more friendship and working relations than did students who commuted. As could be expected, the difference between commuters and non-commuters working network was evened out after the transition to online teaching, and as restrictions limited personal interaction.




Association between background variables and reports of well-being and cooperation

Chi-square tests were used to explore if there is an association between variables such as gender, school and commuting with reported well-being and cooperation with other students. 95 out of 97 students responded to the open-ended questions. A larger share of students at LTH (44%) compared to 29% at HKR felt worse (Table 5).

Regarding cooperation with other students, there was a tendency for association for gender and cooperation, as a larger share of male students (73 %) found that the cooperation with other students was worse when teaching took place online than when it took place on campus as compared to 55% of the female students. The result was marginally significant with a p-value of .072, confirming a trend seen in a previous study of Course Experience Questionnaire results at LTH from spring term in 2020 (Warfvinge et al., 2021).


Table 5. Crosstabulation of gender, school, and commuting, with well-being/cooperation with other students



	
	Males

n (%)
	Females

n (%)
	X²
	LTH

n (%)
	HKR

n (%)
	X²
	Non-commuter

n (%)
	Commuter

n (%)
	X²





	Well-being
	
	
	
	
	
	
	
	
	



	Worse
	12 (33)
	18 (38)
	.218
	18 (44)
	 12 (29)
	2.11
	21 (40)
	9 (29)
	1.084



	Same/better
	24 (77)
	29 (62)
	23 (56)
	30 (71)
	31 (60)
	22 (71)



	Cooperation
	
	
	
	
	
	
	
	
	



	Worse
	29 (73)
	30 (55)
	3.17*
	35 (66)
	24 (57)
	0.79
	41 (65)
	18 (56)
	.703



	Same/better
	11 (27)
	25 (45)
	18 (34)
	18 (43)
	22 (35)
	14 (44)





Note: * p-value: .072; student descriptions of their well-being and cooperation with other students were coded as qualitative variables as: Worse = 1, Same/better = 2.




Association between background variables and the change in number of friendship and working relations after the transition from campus to online teaching

Independent sample t-tests indicated that there were significant differences in scores between the two schools regarding changes in the working network, and in the friendship networks. This was also the case regarding the scores for non-commuters and commuters, which is to be expected since there was a substantial overlap between school and commuting. 68% of students from the HKR were commuters, whereas only 7% from LTH. The pattern was the same for the multiplex network. Overall, students from LTH, and non-commuters, experienced the greatest changes in their networks due to Covid-19 and the change from campus to online teaching (Table 6).


Table 6. Association between background variables and change in networks relations



	
	Variable
	M (SD)
	t (df)
	p





	Diff Working NW
	LTH
	3.05 (4.03)
	3.13 (83.6)
	<.002



	HKR
	1.10 (2.02)



	Diff Friendship NW
	LTH
	7.56 (8.94)
	5.37 (59.4)
	<.001



	HKR
	0.92 (1.77)



	Diff MPX NW
	LTH
	2.73 (3.60)
	3.29 (84.24)
	<.001



	HKR
	0.88 (1.84)



	Diff Working NW
	Non-commuters
	2.81 (4.03)
	3.12 (94.5)
	<.002



	Commuters
	0.97 (2.01)



	Diff Friendship NW
	Non-commuters
	6.34 (8.42)
	4.05 (94.2)
	<.001



	Commuters
	1.34 (3.70)



	Diff MPX NW
	Non-commuters
	2.46 (3.50)
	3.13 (94.5)
	<.002



	Commuters
	0.84 (1.59)








Association between change in the working and friendship networks and reports of well-being and cooperation

Independent-sample t-test was conducted to explore association between mean change in working and friendship relations and reports of well-being and cooperation (Table 7). Overall, the mean loss of relations for students who indicated they felt worse, or that the cooperation between students was worse when teaching was conducted online, was larger than the mean loss for students who reported that well-being or cooperation was the same or better.

Regarding well-being, there was significant difference in the mean change in the working networks for students who reported a decline in well-being and students who reported no change or improvement in well-being. Likewise, there was a significant difference in the mean change in multiplex network relations, where students who reported a decline in well-being on average lost 3.59 multiplex relations as compared to 0.93 for the group same or better. Overall, the result indicated that students who reported a decline in well-being had lost more work and multiplex relations on average.


Table 7. Association between change in number of networks relations, and well-being and cooperation



	
	
	
	M
	SD
	t (df)
	p





	Well-being
	Diff Working NW
	Worse
	3.33
	4.57
	2.26
	<.05



	Same or better
	1.57
	2.55



	Diff Friendship NW
	Worse
	6.43
	8.30
	1.668
	ns



	Same/better
	3.55
	7.13



	
	Diff MPX NW
	Worse
	3.59
	4.43
	2.577
	<.01



	
	Same or better
	0.93
	1.94



	Cooperation
	Diff Working NW
	Worse
	2.44
	4.03
	0.751
	ns



	Same or better
	1.89
	3.83



	Diff Friendship NW
	Worse
	5.12
	7.72
	0.798
	ns



	Same or better
	3.83
	7.44



	
	Diff MPX NW
	Worse
	1.93
	2.91
	0.023
	ns



	
	Same or better
	1.92
	3.48






There was no significant difference in the mean change in the friendship networks between the two groups, which seems to indicate a relative importance of the work and multiplex relations for well-being.

Regarding cooperation, there was no significant difference in the result, although students who reported that cooperation was worse than before due to Covid-19 had lost slightly more work and friendship relations than had students who reported that cooperation was the same or better.



Association between change in the working and friendship networks and outcome

A one-way between-groups analysis of variance was conducted to explore the impact of difference in number of relations on self-reported study outcome. Participants were divided into three groups based on their responses to how they thought the transition to online teaching had affected study outcome (worse/same/better). There was no statistically significant difference between groups, although overall students who reported they did less well had also lost more relations on average (Table 8).

However, when the scores of the two groups non-commuters and commuters were compared significant differences were found for commuters and differences in the multiplex and work networks at the p < .05 level in the LOT scores for the three groups. Commuter students who reported they did worse regarding study outcome during the pandemic had lost more relations in their multiplex networks.


Table 8. Association between change in number of networks relations and self-reported study outcome



	
	
	Study outcome
	M
	SD
	F (df)
	p





	All
	Diff Working NW
	Worse
	2.67
	3.18
	.46
	ns



	Same
	2.33
	4.18
	
	



	
	Better
	1.54
	1.76
	
	



	Diff Friendship NW
	Worse
	6.50
	7.86
	1.16
	ns



	Same
	4.48
	8.15
	
	



	
	
	Better
	2.85
	5.71
	
	



	
	Diff MPX NW
	Worse
	2.70
	2.77
	1.72
	ns



	
	Same
	1.96
	3.71
	
	



	
	
	Better
	.77
	1.17
	
	



	Commuters
	Diff Working NW
	Worse
	2.30
	2.83
	4.36 (2, 26)
	<.023



	Same
	.21
	.97
	
	



	
	Better
	.20
	.45
	
	



	Diff Friendship NW
	Worse
	1.30
	2.06
	1.66
	ns



	Same
	.43
	.85
	
	



	
	
	Better
	4.00
	8.94
	
	



	
	Diff MPX NW
	Worse
	1.90
	2.02
	5.50 (2, 26)
	<0.01



	
	Same
	.36
	.842
	
	



	
	
	Better
	-.20
	.45
	
	



	Non-commuters
	Diff Working NW
	Worse
	2.85
	3.34
	.18
	ns



	Same
	3.25
	4.62
	
	



	
	Better
	2.38
	1.77
	
	



	Diff Friendship NW
	Worse
	9.10
	8.42
	2.03
	ns



	Same
	6.25
	9.24
	
	



	
	
	Better
	2.13
	2.95
	
	



	
	Diff MPX NW
	Worse
	3.10
	3.04
	.65
	ns



	
	Same
	2.66
	4.25
	
	



	
	
	Better
	1.38
	1.06
	
	






Students who reported they had the same outcome as before the pandemic had only lost on average 0.4 relations. Post-hoc comparisons using the Bonferroni test indicated that mean scores for students who did worse was significantly different from students who did the same or better.



Student responses to open-ended questions

This part reports on findings from the thematic analysis of responses to the open-ended questions in the survey, which were included with the aim to shed further light on certain aspects of the quantitative findings, such as the loss of peripheral relations and supportive formative feedback and problem solving that took place in and around the classroom.

30% reported that the transition had had a negative impact on their study outcome. At the same time a majority of students indicated that 48% of the students in this sample did not find that the transition to online teaching had had a substantial effect on their study outcome, and for some (15%) the transition had even led to better study result. Reasons pointed out were the ability to plan their time better and more time to study due to less social interaction and less time spent commuting (Table 9). Regarding their study outcome, students reflected on how they could now study at their own pace, they did not have to spend time socializing, and maybe also the format of the examination or the grading had changed making it easier to pass. They also pointed out that they had kept a small but supportive network which had aided them in their studies.


Table 9. Student responses regarding improved study outcome



	I do better. I think because I do not have to commute which gives me more time, but also because the group I study with are good at making sure that we spend enough time. If I did not study via Zoom with my group my results would have deteriorated. (A6)



	As I have started to study more on my own, I have to say it goes better compared to when I studied with others. Now I focus more on school and less on socializing with others. (C41)






For some, and especially for the commuter students (C41) the interaction with their innermost circle continued almost as usual, and they simply met using digital tools such as Zoom or communicated frequently via different social media (Table 10).


Table 10. Student responses regarding studying using digital tools



	But luckily one have used Zoom a lot in the groups and helped each other. Zoom has not only been used for lectures. Group dynamics has been great so that is why there has been no obstacles/difference apart from that we do not meet IRL. (C15)



	Zoom is really a very good and useful tool. […] Of course, I miss the social bit […] but me and my friends still have some contact via social media and Zoom from time to time. (C27)






At the same time responses indicated a sense of loss, or sadness in missing the interaction in and around the classroom as 60% of the students reported that the interaction between students had deteriorated. They kept their innermost circle of students they worked closely with but did not interact at all with more peripheral peers, indicating that it is foremost the peripheral study related relationships that are were dropped; thus, the personal network was defoliated from outside in, as students now only interacted with a small core group of peers. Many further expressed how they missed getting other perspectives on things as they only or mostly communicated with the same small number of peers (Table 11).


Table 11. Student responses regarding defoliation of study related networks



	Those I studied the most with I have continued studying with. Those that I studied less with have completely vanished which is sad. However, the relationship with the students I study with have gone from being just superficial study mates to actually develop into real friendship during this time. (A44)



	Before you could bump into people in class in school. Now the circle of friends is more limited, and I never meet new people. I socialize a lot with old friends and seldom get new perspectives on things as you are so isolated. As most social events where you could previously meet acquaintances were cancelled you have had no possibility to come close to any new [people]. (B21)






Students further pointed to the informal activity that goes on in and around the classroom, that is, the constant sharing of what goes on in a course, what is required of different assignments and what the course literature is really saying. This flow of formative feedback was hard to maintain or recreate in an online environment (Table 12). This experience was more frequent among campus respondents compared to commuter students.


Table 12. Student responses regarding lack of information and formative feedback



	The biggest difference is not meeting the teacher physically. […] which for some reason has led to insecurity and being unsure of assignments, demands and deadlines. Maybe it is so that discussions about these issues are brought up more often in a physical classroom than in a digital one, thanks to the dynamics between students in the physical environment. (C42)



	Then you bumped into people on campus and often asked someone who sat close to you. Then you could realize that you were on the same level/had gotten as far and then you continued together. (A26)



	I think the online teaching could be developed to reach out to more students. Personally, I learn better in a classroom and [when] I have the possibility to ask questions and another possibility to dialogue with the teacher. (C4)









DISCUSSION

In our sample students reported a loss of ties sometimes as high as 50%, as they moved into online teaching during the pandemic. This is consistent with other reports (e.g., Elmer et al. 2020). The main contribution of this study is the documentation of changes in networks in more detail, and the visualisation of how networks are fragmented as they defoliate, or shrink from the outside in. As could be expected, weak ties are lost before strong ties. The most stable and resilient ties are those that are multiplex, that is consisting of individuals that are both friends and study partners. In this study, students report that the working network is the most important network for both well-being and outcome of studies, which is consistent with other studies (Fjelkner-Pihl, 2021), but in contrasts to yet other studies claiming that centrality in friendship networks is the most important factor in relation to study outcome (e.g., Rienties & Tempelaar, 2018).

Student from both universities reported on missing the informal interaction that went on in and around the classroom, although their experiences of social interaction differed depending on if they commuted or not. According to research on feedback (Esterhazy, 2019; Henderson et al., 2019), interaction with many students near the study situation is important for students to understand content, instructions, and the overall meaning of courses. The question remains, interaction with how many? In this study, commuter students had smaller networks both before and during the pandemic than did non-commuters without generally reporting a decline in results or well-being. This observation opens for a possibility that even though learning and well-being is linked to interactions with others, different groups may have different needs.

Research on effects from the pandemic in a campus environment has shown that students during the pandemic struggled to orient themselves in courses and to find motivation to study (Warfvinge et al., 2021). Such signals surface also in our material. Pre-pandemic research into online teaching (Theobald et al., 2018; Weidlich & Bastiaens, 2019) emphasize study strategies and study discipline over opportunities to engage in a multitude of interactions. Overall, this leads to a conclusion that some students need the group and the myriad of interactions (Esterhazy, 2019) more than others, while some students rely on an already developed study discipline and their already existing working network.

Arguably and possibly not surprisingly, it is those students who struggle with their studies that are hit the hardest by the pandemic, especially those that have not been able to form functioning study groups before the pandemic. Since this sample consisted of students already into their third year, it is possible to foresee that more students would struggle if they had to start their studies under pandemic-like online conditions without sufficient support for social interaction, discussion groups, and group work in the online environment. In such a situation students must rely even more heavily on already constructed study strategies and those who lack such strategies would suffer difficulties.

Student networks became more fragmented after the emergency transition to online teaching. Figure 1 illustrates what this looks like on the cohort-level. Fragmentation increased dramatically. Since we know that study networks are formed by individuals who are similar to each other (Fjelkner-Pihl, 2021), thus following the principle of social homophily (McPherson et al., 2001), the pandemic may have led to a relative increase of social homophily. This type of fragmentation, besides from making it even harder for individuals to find others to work with, makes it more unlikely that students will interact with fellow students who think differently from themselves, something that several respondents pointed out in the open-ended answers. Even though short-term negative effects from increased partitioning in student cohorts have been validated (Rientes & Templaar, 2018), research on long-term effects from increased social homophily is lacking. However, it has been established that students benefit from interacting with other perspectives, not only provided by the teacher (O’Donovan, 2015; Perry, 1988).

Finally, responses from our sample indicate that different students react differently to the online teaching during the pandemic. Commuters, for example, report doing well with a smaller working network as they maintain much of their social relations from before studying (e.g., Pokhorny et al., 2017; Thomas, 2019). LTH students, on the other hand, most of whom have chosen to study at a campus-institution, report both a decline in well-being and a loss of opportunities to interact with to them new students during the pandemic. Thus, post-pandemic planning for how to organize higher education should consider these and similar findings implying that one size does not fit all. The LTH students in our study both seek social presence from others and report being dependent on it, while students in the other end of the spectrum, the commuters, report doing well with less interaction and appeared more content with the changes made during the pandemic.

Furthermore, we argue that the fragmentation of cohorts and thereby a potential relative stronger dominance of social homophily is something that deserves attention, especially longitudinally. There is a risk that good study strategies and functioning working networks may maintain study efficiency short term despite increased cohort fragmentation, but also that they may hide a long-term negative effect on students’ epistemological development. Considering the ethos of academia where personal and epistemological development are important, highlighting this risk might be the most important contribution from this study.



LIMITATIONS

The pandemic provided an opportunity to investigate effects on students’ networks and to reflect on the meaning of these changes. An obvious limitation with this study is its ad hoc explorative nature. More stable conditions would possibly have allowed a more robust design. Second, the study is based solely on self-reported data which may reduce the validity of the study. Students may have over- or underestimated their relations, for various reasons, which may lead to a distortion of the data. At the same time, the study offers a snapshot view of student networks in two different settings during the Covid-19 pandemic, and how these were differently affected due to the context. This is an important insight as we now move on and discuss how to organize higher education in the future.
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