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A B S T R A C T   

In spring 2020, the COVID-19 pandemic thrust nearly 56 million students in the United States into remote ed
ucation. By fall 2020, states’ and school districts’ differing public health measures resulted in the adoption of 
varying COVID-adapted learning modalities (i.e., in-person, remote, and hybrid). Using daily diary data with a 
nationally representative sample (N = 517, Mage = 14.65 years), we investigated whether adolescents’ academic 
engagement and connectedness to their teachers and classmates differed by COVID-adapted learning modalities. 
We also assessed whether adolescent connectedness mediated the link between learning modality and academic 
engagement. Results revealed that academic engagement and connectedness to teachers and classmates were 
higher for in-person learners than for students in hybrid and remote learning modalities. Moreover, students’ 
connectedness to classmates and teachers explained the relationship between learning modality and academic 
engagement.   

1. Introduction 

During adolescence, the school context becomes a primary socializ
ation setting, where interactions with teachers and classmates promote 
student academic engagement. However, public health measures to 
mitigate the spread of COVID-19 forced many schools to rapidly tran
sition to remote or hybrid learning (i.e., a combination of in-person and 
remote learning). This transition, even to adapted in-person learning, 
potentially altered school-based social interactions that foster students’ 
sense of closeness and academic engagement. Substantial work has 
documented the initial and projected impact of shifts to remote learning 
on student achievement (Dorn et al., 2020; Edmunds, 2020), but less is 
known about the impact of COVID-adapted learning modalities (i.e., 
in-person, hybrid, remote learning) on adolescents’ school engagement. 

School or academic engagement is a broad term that includes 
behavioral (e.g., participation), emotional (e.g., enjoyment), and 
cognitive (e.g., effort) components (Wang et al., 2017). According to the 
Self-System Model of Motivational Development, student engagement is 
the product of interactions between the learning context and the “self,” 
or the fulfillment of developmental needs for competence, autonomy, 
and connectedness (Skinner et al., 2008). Adolescents’ sense of 
connectedness with peers and their teacher carries particular weight due 

to the core developmental goal of adolescence—forming independent 
social identities apart from parents (Ryan et al., 2019). The pandemic 
altered one of the primary socializing contexts for adolescents: schools. 
Given this, empirical work is needed to investigate differences across 
COVID-adapted learning modalities in adolescents’ connectedness to 
peers and teachers, and whether this connectedness may explain dif
ferences in student engagement. Using daily diary approaches with a 
racially and socioeconomically diverse sample, we investigated whether 
adolescents’ daily academic engagement varied by learning modality 
during the pandemic. We also assessed whether adolescents’ connect
edness to teachers and classmates explained links between 
COVID-adapted learning modality and academic engagement. 

1.1. Learning modality, connectedness, and engagement during the 
pandemic 

While all learning modalities implemented after March 2020 in the 
U.S. were meant to reduce the spread of COVID-19, shifts to remote, 
hybrid, or socially distanced in-person learning modalities have led to 
questions about whether and how the context of instructional delivery 
influences student academic engagement in school. In our review of the 
literature on engagement related to learning modalities, prior work on 
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the justification for remote learning was mainly based on accessibility to 
students and cost-saving measures by higher education institutions 
(Santibañez & Guarino, 2021; Yelland et al., 2008). Yet COVID-adapted 
learning modalities are unique because they were a necessary public 
health and safety response, and thus, implemented more quickly and 
with less planning than learning modalities prior to the pandemic. 

To date, only one published study has compared aspects of students’ 
academic adjustment in remote versus in-person modalities (Duckworth 
et al., 2021). This study used one wave of student survey data collected 
during the outbreak of the pandemic (October 12 to 28, 2020) while 
controlling for student well-being before the pandemic as a baseline 
measure. They concluded that high school students’ social well-being 
(Effect Size = 0.10, p < .001), emotional well-being (Effect Size =
0.08, p < .001), and academic well-being (Effect Size = 0.07, p < .05) 
suffered compared to peers learning in-person in fall 2020. These 
differences were consistent across gender, race and ethnicity, and 
socioeconomic status subgroups. However, there have been no 
longitudinal studies on the differential impact of remote, hybrid, and 
in-person learning modalities on students’ daily academic engagement 
nor any prior work that investigates the mechanisms of student 
connectedness that may explain differences in academic engagement 
across COVID-adapted learning modalities. 

Given the relatively little empirical work comparing student 
engagement across learning modalities in K-12 settings, we draw some 
information from prior higher education settings about the differences 
between in-person and remote learning. Namely, comparisons of 
learning modalities suggest that physical distance limits a shared 
psychological space and opportunities for prosocial communication 
(Moore, 1993). Remote or electronic communication has been deemed 
qualitatively distinct from being in the same physical space with 
classmates and educators daily (e.g., Fitzpatrick et al., 2020). This 
distinction between remote learning and in-person learning is most 
evident in the literature on social presences in online education. Social 
presences is the extent to which students’ feel like they are learning with 
“real” people (i.e., instructors and classmates) and like they can access 
others’ emotions and ideas (Oh et al., 2018). By definition this entire 
area of research does not exist for in-person learning modalities, as there 
is an assumption that students in the same physical space as their 
instructor and classmates feel that they are with “real” people, unlike 
remote learning context where additional strategies need to be imple
mented (Delahunty et al., 2014). That is, instructors in remote settings 
need to dedicate significant time and resources to building a foundation 
for connectedness—deemed a key component of social presence in the 
remote learning literature (Oh et al., 2018; Sung & Mayer, 2012). 
Although limited to higher education settings, extant theoretical and 
empirical work suggests that barriers to connections to classmates and 
teachers may contribute to students’ inability to engage academically. 

However, there is some evidence that remote learning tools may 
have additional benefits for students and that more technology 
and internet access can yield more opportunities for students’ learning 
(e.g., more autonomy, personalization, timely feedback, ongoing 
communication with teachers; Abramson, 2012). According to Roy and 
colleagues’ (2022) findings, many parents of adolescents reported 
benefits from COVID-adapted remote learning, including more flexi
bility in students’ daily schedules and more options in the way students 
can access learning content. Yet these parents also reported that lack of 
social interactions was still a limitation of COVID-adapted remote 
learning. Given Roy et al.’s study, prior empirical work supporting 
strong links between engagement and connectedness, and these links 
being a core part of the Self-System Model of Motivational Development, 
there is evidence that engagement is higher in settings where students 
can feel most connected to their teachers and their classmates. 

In addition to remote versus in-person learning, some schools opted 
to create “hybrid” learning conditions to provide students with the 
ability to interact with their classmates on some days and learn from 
home on other days. This modality enabled schools to adhere to safe 

social distancing policies through reduced school capacity. Similar to 
remote learning conditions, hybrid learning modalities were mainly 
implemented in higher education prior to the pandemic, often called 
“blended learning” (Manwaring et al., 2017). In the limited literature on 
the “blended” learning with secondary students; there were similarly 
promising outcomes to remote learning. For example, Vidergor and 
Ben-Amram’s (2020) qualitative study found 9th and 10th graders’ ac
ademic engagement was positively shaped by using Khan Academy, a 
remote learning tool. However, the use of this program was particularly 
effective when it is implemented with teacher support and guidance. 
Thus, hybrid learning modalities may support academic engagement in 
ways that were limited by traditional in-person instruction and were 
relatively favorable for students and their parents, especially when their 
schools did not provide any in-person learning options. However, in the 
context of the pandemic, hybrid learning placed an incredible additional 
burden on teachers to simultaneously create both in-person and remote 
lessons daily (Mason, 2020; North, 2020). 

1.2. A daily perspective on academic engagement and sense of 
connectedness 

Prior research stresses that adolescents’ academic engagement and 
sense of connectedness to others change from day to day (Gillen-O’Neel, 
2021; Patall et al., 2018). Adolescents’ connectedness to classmates and 
teachers is largely shaped by opportunities to socially engage in their 
school community (Allen et al., 2021). Teachers who provide a social 
context characterized by structure and warmth create environments in 
which students are more emotionally engaged (McKellar et al., 2020; 
Reyes et al., 2012). Connectedness to classmates and teachers also helps 
adolescents maintain behavioral engagement in learning tasks, even 
when they feel bored, anxious, or frustrated (Skinner, 2016). 

However, the extent to which connectedness predicts academic 
engagement is most often studied using longitudinal designs that assess 
these variables one to a few times per year (e.g., St-Amand et al., 2021). 
To enhance understanding of the associations between adolescents’ 
sense of connectedness and engagement, researchers have recom
mended using daily diary methods (e.g., intensive longitudinal studies in 
which participants report their experiences every day for several days; 
Bolger & Laurenceau, 2013). 

Daily diaries enable researchers to capture psychological processes 
as they unfold in everyday life, reducing retrospective bias. Despite the 
evidence that students’ sense of connectedness varies daily—and that 
this daily variation matters for their academic engagement more broadly 
(Patall et al., 2018; Wang et al., 2021), no studies have assessed ado
lescents’ daily connectedness to classmates and their teachers in relation 
to academic engagement. Given the rapid changes in students’ lives 
throughout the COVID-19 pandemic, it has become even more critical to 
understand the potential dynamic relationship between daily connect
edness and engagement. Educators and policymakers have grappled 
with the costs and benefits of implementing different learning modal
ities at various crossroads throughout the pandemic. Thus, studying 
students’ daily engagement and connectedness across learning modal
ities may help better inform these decisions. 

1.3. Connectedness to teachers as a mediator during COVID-19 

During remote learning, instructors may be less likely to engage 
students because they are less likely to pick up on subtle communication 
cues (e.g., student body language; Coker, 2020). In turn, educators may 
fail to notice students’ misunderstanding or fatigue during remote 
learning that they would otherwise sense during face-to-face in
teractions (Sofianidis et al., 2021). Furthermore, teachers’ ability to 
address students’ need for connectedness may be limited by physical 
distance, even in hybrid spaces where students only have in-person ac
cess to their teacher on select days or weeks (Bülow, 2022). One qual
itative study during COVID-19 found that teachers overwhelmingly felt 
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they could not support students in remote settings because they could 
not use caring gestures or physical proximity (e.g., smiles directed at 
students from across the room, monitoring peer group discussions (Kraft 
et al., 2021). 

Teachers in a hybrid learning modality are thought to remedy this 
limitation of remote learning due to students’ ability to frequently 
interact in person with their teachers (Vidergor & Ben-Amram, 2020). 
However, the quality of interactions during in-person learning may vary 
depending on resources to support the arduous task of teaching across 
two different settings (i.e., remote and in-person). This especially may 
be true in COVID-adapted hybrid learning modalities, where parents and 
teachers have reported an increase in their students’ socioemotional and 
academic needs, along with juggling the dual tasks of working while 
supporting their children’s at-home learning (Bülow, 2022; North, 
2020). Teachers have also reported insufficient time and flexibility to 
prepare and adapt lessons in COVID-adapted hybrid learning modalities 
(Bülow, 2022; Mason, 2020). Taken together, there may be evidence 
that adolescents who are learning in person, as opposed to learning 
remotely or in hybrid modalities, have greater engagement due to better 
support of their sense of connectedness. 

1.4. Connectedness to classmates as a mediator during COVID-19 

Prior work suggests that remote and hybrid learning modalities may 
create barriers to students’ connectedness with classmates. In fact, the 
highest-ranked pandemic-related stressor for U.S. secondary school 
students was the inability to see friends in person (Styck et al., 2021). 
The organic act of turning to the classmate sitting beside them to discuss 
a concept becomes a process where teachers need to create “breakout” 
rooms. Upon entering an electronic discussion space, students must 
break the silence and speak at their computer screen, rather than chat 
with the classmates in their physical vicinity. Moreover, in-person 
school spaces (e.g., hallways and gyms) provide additional opportu
nities for students to interact with classmates outside of instructional 
time. Ellerbrock and Kiefer’s (2013) qualitative study found time 
outside of classrooms to be instrumental to secondary school students’ 
connectedness, as students’ comments about traveling to shared classes 
with their peers or common lunchtime supported an overall sense of 
belongingness. Even hybrid learning modalities do not lend themselves 
to the same continuity of classmates’ connections, because students only 
interact with a fraction of their peers in person for a fraction of the time. 

While students report feelings of stress from missing their friends 
(Styck et al., 2021), prior work on remote learning underscores that 
interactions with classmates can reduce students’ sense of isolation and 
increase sense of connectedness with classmates (Sung & Mayer, 2012). 
For example, Tu and McIsaac’s (2002) study of online college courses 
found that students’ sense of social presence increased in classes where 
online exchanges were caring, helpful, and timely. As part of increasing 
students’ social presence, these exchanges fostered students’ sense of 
connectedness, and in turn supported greater student engagement. By 
extension of this study and Skinner et al.‘s Self-System Model of Moti
vational Development (2008), it is possible that students may be able to 
develop a strong sense of connectedness to their classmates if they 
engage in positive exchanges with classmates in remote learning 
modalities. 

Taken together, despite the documented downsides of remote and 
hybrid learning modalities, there has yet to be published empirical work 
that confirms the immense media outcry in favor of in-person learning 
over remote and hybrid learning modalities. In particular, pushes to 
return to in-person learning during fall 2020 and outcries about the 
“failure” of remote learning were largely based on the underlying hy
pothesis that the connectedness that students experience via learning in 
person is the cause of lack of student engagement. However, no prior 
studies have assessed adolescents’ connectedness in relation to their 
engagement, and no work has examined daily connectedness across 
learning modalities. 

1.5. The current study 

While many studies have explored the links between school context 
and academic engagement, the COVID-adapted learning modality that 
emerged during the 2020–2021 school year has presented a unique 
opportunity to investigate academic engagement for students in 
different learning contexts (i.e., remote, hybrid, or in-person). Our data 
collection in the fall 2020 was particularly timely because it fell after 
spring 2020 (i.e., after stay-at-home mandates relaxed and most districts 
could select modalities besides fully remote learning) and before late 
spring 2021 (i.e., before most districts returned to fully in-person 
learning (Oster et al., 2021; Panorama Education, 2021; U.S. Depart
ment of Education, 2021). 

We collected 5,211 daily diary entries across 11 school days to 
determine whether adolescents’ connectedness to teachers and class
mates and their academic engagement differs between school learning 
modalities. Our longitudinal data enabled us to examine the relationship 
between connectedness and engagement measured on the same school 
day and the extent to which connectedness predicted engagement on the 
following school day. Using an intensive longitudinal design with a large 
sample size, we hoped to gain insight into how adolescents’ daily 
connectedness and academic engagement vary when they experience 
different learning modalities in real-time by detangling both within- and 
between-person processes (Bolger & Laurenceau, 2013). We investi
gated the following research questions:  

1. Does students’ daily connectedness to teachers, connectedness to 
classmates, and academic engagement vary by learning modalities?  

2. If so, does students’ daily connectedness to teachers and classmates 
explain the extent to which same- and next-day academic engage
ment vary by learning modality? 

Based on prior literature in higher education (Sung & Mayer, 2012), 
the Self-System Model of Motivational Development (Skinner et al., 
2008, see Fig. 1) and Duckworth et al.’s (2021) study, we hypothesized 
that adolescents learning in person would have higher academic 
engagement than their peers in hybrid and remote learning modalities.. 
Second, we hypothesized that adolescents learning in person would have 
a greater connectedness than those learning in hybrid and remote mo
dalities. This hypothesis was based on the successful implementation of 
remote and hybrid learning modalities in higher education settings 
linked to flexibility pacing, additional time, and greater resources that 
secondary educators do not have (Baker et al., 2021; Kraft et al., 2021; 
Sofianidis et al., 2021). Finally, we hypothesized that adolescents’ 
connectedness with teachers and classmates would mediate the rela
tionship between the learning modality and academic engagement. We 
assess this pattern would be consistent for predicting engagement re
ported on the same and next day as the sense of connectedness to 
teachers and to classmates. This hypothesis is based on studies finding 
that increasing remote and hybrid learners’ feelings of connection or 
closeness to their classmates and their teachers supports student 
engagement (Oh et al., 2018). 

2. Method 

2.1. Participants and participant recruitment 

Using a national sample of U.S. adolescents, the data were collected 
as part of an ongoing longitudinal study investigating adolescents’ well- 
being and school experiences. For the original study, we worked with a 
research company to recruit a nationally representative sample of par
ents and adolescents (i.e., middle- and high-school-aged youth) via 
random sampling. The original sample had a purposive oversample of 
Black/African American participants to ensure sufficient power to 
identify school-based racial disparities in health and academic 
achievement. Our initial recruitment process depended on access to an 
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electronic device and internet given social distancing mandates. When 
consenting to the study, we asked students if they have regular access to 
the internet at home and 99.6% of respondents reported “yes,” with only 

two respondents reporting “no,” and we were unable to recruit these 
students for data collected for the present study. 

When COVID-19 was declared a national emergency in the United 

Table 1 
Adolescent participant demographic characteristics.  

Characteristics  % for  % for % for % for   

All  In-Person Hybrid Remote  

(N = 517) M SD (n = 39) (n = 171) (n = 307) 

Gender  0.42 0.49       
Girl 58%   44% 60% 58% 
Boy 42%   56% 40% 42% 
Grade  9.47 1.5       
7th 09%   08% 06% 10% 
8th 24%   21% 16% 25% 
9th 17%   28% 15% 16% 
10th 26%   31% 30% 23% 
11th 12%   05% 11% 14% 
12th 13%   08% 16% 12% 
Race a  NA NA       
Black or African American 33%   15% 35% 35% 
White or European American 24%   18% 33% 19% 
Latinx, Latin American, or Hispanic 14%   28% 07% 16% 
Asian or Asian American 13%   05% 10% 15% 
Biracial or Multiracial 15%   33% 14% 13% 
GPA  2.13 1.35       
Mostly A (3.5–4.0) 39%   26% 44% 37% 
As and Bs (3.0–3.49) 37%   54% 36% 36% 
Mostly Bs (2.5–2.99) 07%   05% 06% 08% 
Bs and Cs (2.0–2.49) 11%   13% 09% 11% 
Mostly Cs (1.5–1.99) 02%   03% 02% 02% 
Cs and below (0.0–1.49) 03%   00% 02% 05% 
Free Lunch Status  0.58 0.49       
Paid Lunch 55%   59% 47% 60% 
Free/Reduced Price Lunch 40%   41% 47% 36% 

Note. For race and GPA, there were two or more answer choices that were combined for parsimony to present frequencies. 
†p < .10, *p < .05, **p < .01, ***p < .001. 

a The majority adolescents who identified with two or more racial groups identified as Black and White Biracial; and of the adolescents who identified with three or 
more racial groups, most identified as Native America and two other racial group. Roughly 1% of students marked other or did not report on their race. 

Fig. 1. Illustration of Skinner et al.’s (2008) 
Self-System Model of Motivational Development and 
the 2–1–1 Mediated MSEM models with Fixed Effects. 
Note. This illustration represents the 2–1–1 mediated 
MSEM models with fixed slopes. There are four 
mediated MSEM models in the study: two sets of 
models for each of the two mediating variables 
(connectedness to teachers and to classmates) and 
two sets of models for same-day (Day t) and next-day 
(Day t + 1) academic engagement. For simplicity 
reasons, our control variables and the covariances 
between latent variables were not depicted but were 
estimated in the models.   
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States in March 2020, we leveraged relationships with participants from 
this original longitudinal study and recruited 79% of the original na
tional sample for the present study specifically from 38 states with stay- 
at-home mandates in the spring 2020. A total of 519 students partici
pated in the daily diary study. Two of the 519 students reported that 
they did not attend school on any weekdays during the duration of the 
study; thus, they were excluded from analyses. The analytical sample 
included 517 adolescents with ages ranging from 13 to 18 (Mage = 14.65 
years, 58% girls, 42% boys; 33% Black/African American, 24% White/ 
European American, 14% Latine/x, 13% Asian American, 15% Biracial 
or Multiracial, and 1% of students marked “Other” or did not complete 
the item). This subsample did not differ from the original sample 
regarding sociodemographic characteristics or academic adjustment (i. 
e., academic engagement and achievement), but it differed geographi
cally. The subsample had more participants from the Northeast (42%) 
and South (25%) regions [vs. Midwest (18%) and West (15%)] as 
compared to the original longitudinal study sample. The increased 
number of participants from the Northeast and South regions was due to 
these states implementing state-wide stay-at-home orders prior to the 
study’s recruitment deadline. See Table 1 for a summary of participant 
demographic information. 

2.2. Procedures 

Beginning on October 19, 2021, adolescent participants and their 
parents completed online consent forms and baseline surveys. After 
completing baseline questionnaires on the first day, all adolescents 
completed an online daily diary report between 5:00 p.m. and 12:00 a. 
m. through an electronic device (i.e., cell phones, tablets, or computers) 
for two consecutive weeks (11 school days and 4 weekend days). Ado
lescents received between two to four reminders via email or text mes
sage each day to complete their survey. The 517 adolescent participants 
completed a total of 5,211 weekday entries within the 11 school days. Of 
the 5,211 weekday entries, participants reported their learning modal
ities, and then were given questions about the schooling experience via 
skip logic. Skip logic is a feature in the Qualtrics software that allows 
participants to “skip” items based on how they answer a question 
(Qualtrics, 2022). We used skip logic, as students who were absent from 
school instruction cannot answer questions about their engagement in 
school. Each youth participant received $40 for completing the baseline 
survey and daily diary entries, and parents received $20 for completing 
the baseline survey. The institutional review board of the authors’ 
institution approved all procedures for this study. 

2.3. Measures 

2.3.1. Learning modality 
On each of the 11 school days, we assessed each student’s learning 

modality based on their response about whether they had in-person 
learning and/or remote learning, or neither that day. We then created 
a student-level category to represent student learning modality (in- 
person learning = 0 and remote and hybrid learning = 1). Students who 
only reported remote learning every weekday were designated as remote 
learners. Students who reported in-person learning every day (i.e., 
learning in school all or much of the day), were designated as in-person 
learners. Students who indicated that they learned in person on some 
days and remotely on other days were designated as hybrid learners (n =
171; Min-person = 4.34 days, SDin-person = 2.79 and Mremote = 4.90 days, 
SDremote = 2.81). All groups of students had similar missingness in their 
survey completion rates, though remote learners indicated they atten
ded school on average 1.12 more days than in-person learners. See 
Supplementary Fig. 1 for a summary of the number of daily entries that 
comprise each of our student-level learning modalities. 

2.3.2. Daily academic engagement 
Student engagement was measured using an abbreviated version of 

the well-validated Academic Engagement Scale (Fredricks et al., 2016; 
Wang et al., 2016), that assessed behavioral, emotional, and cognitive 
elements of engagement (six items; e.g., “I stayed focused on my 
schoolwork,” “I had fun with my schoolwork,” “I kept trying when I got 
stuck on my schoolwork”. All six items were scored on a five-point Likert 
scale with responses from (1) “not at all like me” to (5) “very much like 
me.” We followed Bolger and Laurenceau’s (2013) steps to calculate the 
Rc, or focal reliability measure, which assessed whether there are reli
able within-subject differences in change over time for each of the items 
in our engagement measure (Rc = 0.70). After establishing reliability, 
we averaged the six items together for to form daily composite scores of 
academic engagements for each student. 

2.3.3. Daily connectedness to teachers 
We measured whether adolescents felt connected to their teacher 

each day with the item, “I felt close and connected to my teachers”. The 
item was adapted from Reis and colleagues’ (2000) work on daily 
relatedness, where they rated the extent to which they felt “close and 
connected” with the people they were with during the interaction. 

2.3.4. Daily connectedness to classmates 
Similar to our Daily Connectedness to Teachers measure, we adapted 

Reis et al.’s (2000) survey item, and measured whether adolescents felt 
connected to their classmates using the item “I felt close and connected 
to classmates". 

2.3.5. Covariates 
As recommended by Bolger and Laurenceau (2013), we accounted 

for the passing of time by the number of school days students were 
administered the survey and excluded weekends and school holidays. 
We also included student-level covariates collected from the child or 
parent reports: (a) youth’s grade level (5th – 12th), (b) gender (0 = boys 
and 1 = girls), (c) race (dummy coded with 0 = Black students, and 1 =
White, Latinx, and Other racial groups of students), (d) prior years’ 
grade point average (1 = Mostly As to 8 = Mostly Fs), and (e) parent 
reports of eligibility for free lunch (0 = paid lunch, 1 = free lunch). 

2.4. Analytic plan 

2.4.1. Multilevel structural equation modeling 
Since our study used repeated daily entries as our measurement of 

student sense of connectedness and engagement across time, we ran a 
fully unconditional model, or baseline model, with only student daily 
engagement without any predictors, mediators, or covariates. From this 
baseline model, we calculated intraclass correlation coefficients (ICC) 
for same-day engagement (see Supplementary Table 1 for details). The 
Intraclass Correlation Coefficients (ICC) show that 29% of the same-day 
academic engagement and 28% of next-day engagement variance were 
accounted for by daily differences within each student, while 71% of 
same-day engagement and 72% of next-day engagement were explained 
by differences between students; therefore justifying our multilevel 
modeling approach. 

This study used multilevel structural equation modeling (MSEM) in 
Mplus7.4 to examine same-day and next-day academic engagement with 
5,211 daily diary entries (Level 1) nested within 517 adolescents across 
learning modalities (Level 2; Bolger & Laurenceau, 2013). MSEM pro
vides advantages over conventional multilevel modeling procedures by 
simultaneously estimating complex models with multiple mediators and 
outcome variables as well as both direct and indirect effects (Preacher 
et al., 2010). Specifically, the predictor variable in a 2-level regression 
can be decomposed into the estimates of between- and within-level 
components of indirect effects (Lüdtke et al., 2008). 

We specifically used 2-1-1 mediation MSEM with fixed slopes to 
assess our hypotheses (see Fig. 1, Pituch & Stapleton, 2008; Preacher 
et al., 2010). That is, learning modalities were the independent measure 
at the between-student level (Level 2), adolescent connectedness to 
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teachers and classmates were the mediating variables at the 
within-student level (Level 1), and same- and next-day academic 
engagement were the dependent variables at the within-student level 
(Level 1). Same-day (Day t) academic engagement refers to data 
collected at the same time as daily connectedness data, starting on day 1 
of survey administration (Day t), and next-day (Day t + 1) refers to data 
collected on the day after our daily connectedness data, starting on day 2 
of the survey. Due to the high correlation between averaged daily re
ports of connectedness to teachers and connectedness to classmates (r =
0.75, p < .001), we ran separate MSEM to avoid multicollinearity in our 
intensive longitudinal designs (Ariens et al., 2020). 

For our first research question, we used two MSEMs to examine 
whether the learning modality (remote v. in-person and hybrid v. in- 
person) predicted students’ same-day and next-day engagement. Then, 
we assessed whether learning modalities predicted students’ sense of 
connectedness to their teachers and classmates on Day t in two separate 
MSEMs. For our second research question, we used four mediated 
MSEMS to evaluate whether students’ connectedness to teachers and 
classmates mediated the link between learning modality and students’ 
same-day and next-day academic engagement. We also calculated co
efficients for each of our effects when the mediators (i.e., peer and 
teacher connectedness) and the outcome (i.e., academic engagement) 
were standardized to demonstrate the effect size of each MSEM rela
tionship (MacKinnon et al., 2007; Miočević et al., 2018). In each model, 
we controlled for the effect of student demographics at Level 2 and time 
(school days of data collection) on academic engagement at Level 1. Our 
MSEM approach also enabled us to use latent group mean centering for 
our mediator variables. 

In line with recommendations for multilevel models, we employed a 
model-building approach using nested comparisons to determine 
whether slopes should be specified as fixed or random (Beal, 2015; 
Nezlek, 2001). We assessed baseline models of learning modalities 
predicting within- and between-student engagement. And we compared 
the model where time predicting daily engagement had a fixed slope and 
was allowed to randomly vary (see Supplementary Tables 2 and 3). The 
fit of these nested models with and without a random slope was com
parable, and thus we used 2–1–1 mediation MSEMs with fixed slopes, 
also called upper-level mediation. In this approach, the indirect effects 
in our models were considered fixed effects—Level-1 intercepts for the 
relationships between students’ daily sense of connectedness and daily 
engagement were permitted to vary between students but not the slopes 
(Pituch & Stapleton, 2008). 

2.4.2. Missing data 
We assessed missingness at the daily and person levels. Of the 

possible 5,211 daily diary assessments (11 school days, 517 partici
pants), 8.3% of the school day assessments were missing at the daily 
level (n = 486 missing daily assessments). There were also varying levels 
of missing data by each adolescent: 34% of adolescents did not miss any 
daily diary entries, 39% missed 1–2 daily entries, 14% missed 3–4 daily 
entries, 6% missed 5–6 entries, and 6% missed more than 6. On average, 
adolescents completed over 9 out of 11 daily diary entries. 

For Level 2 variables, we obtained demographic information for 
nearly all participants except for the 5% missing data on eligibility for 
free lunch collected from parent reports. Overall, the amount of missing 
data at both the daily and person levels were relatively low. Missing data 
patterns indicated that adolescents with complete data did not differ 
from those with missing data on demographic characteristics. We 
accounted for missing data through full-information maximum likeli
hood estimation to retain all adolescents in analyses (FIML; Enders, 
2001). 

3. Results 

Table 2 presents the zero-order correlations between the key study 
variables. Goodness-of-fit indices and results for MSEMs with and 

without mediation are shown in Tables 3 and 4. Our indirect effects are 
illustrated in Table 5 and Figs. 2 and 3. Model covariates are depicted in 
Supplementary Tables 4 and 5, and the intercepts and variance com
ponents of our mediated MSEM models are shown in Supplementary 
Table 6. 

3.1. Multilevel structural equation models (MSEM) 

3.1.1. Learning modality predicting engagement (RQ 1) 
According to Table 3 Models 1 and 2, adolescents in remote learning 

modality had lower academic engagement than adolescents in in-person 
learning modality (same-day effect: b = − 0.45, S.E. = 0.14, p < .001, 
effect size (β) = − 0.25; next-day effect: b = − 0.44, S.E. = 0.14, p < .01, 
β = − 0.24). We also found that adolescents in hybrid learning modality 
had lower academic engagement than adolescents learning in person 
(same-day effect: b = − 0.34, S.E. = 0.14, p < . 05, β = − 0.18; next-day 
effect: b = − 0.31, S.E. = 0.15, p < .05, β = − 0.16). 

3.1.2. Learning modality predicting connectedness (RQ 1) 
Table 3 Models 3 and 4 shows that adolescents felt less connected to 

their teachers in remote (b = − 0.97, S.E. = 0.19, p < .001, β = − 0.40) 
and hybrid learning modalities (b = − 0.69, S.E. = 0.20, p < .001, β =
− 0.39) than adolescents learning in an in-person learning modality. 
Similarly, adolescents’ connectedness to classmates was lower in remote 
learning modality (b = − 0.90, S.E. = 0.18, p < .001, β = − 0.27) and 
hybrid learning modality (b = − 0.52, S.E. = 0.19, p < .01, β = − 0.22) 
than in in-person learning modality. 

3.2. Multilevel mediation models (RQ 2) 

3.2.1. connectedness to teachers (Fig. 2 and Table 4) 
According to our direct effects shown in Fig. 2 and Table 4 Models 1 

and 2, learning remotely (versus in-person) predicted higher academic 
engagement (same-day effects: b = 0.19, S.E. = 0.08, p < .05, β = 0.10; 
next-day effects: b = 0.24, S.E. = 0.08, p < .001, β = 0.13). Hybrid 
learning also positively predicted students’ next-day academic engage
ment (b = 0.18, S.E. = 0.08, p < .05, β = 0.09), but not the same-day 
engagement. Remote and hybrid learning modalities predicted lower 
levels of connectedness to teachers (remote learning: b = − 0.98, S.E. =
0.19, p < .001, β = − 0.40; hybrid learning: b = − 0.70, S.E. = 0.19, p <
.001, β = − 0.27) than learning in-person. Students with a higher level of 
connectedness to teachers also had higher engagement on the same day 
(between-students—same-day effect: b = 0.64, S.E. = 0.04, p < .001, β 
= 0.86; next-day effect: b = 0.67, S.E. = 0.02, p < .001, β = 0.90). 
Higher daily sense of connectedness to teachers also positively predicted 
higher academic engagement on the same day (within-students—same- 
day effect: b = 0.30, S.E. = 0.02, p < .001, β = 0.42), but not the next 
day, as there was only a non-significant trend. 

As shown in Fig. 2 and Table 5, learning remotely (versus in-person) 
had a negative indirect effect on adolescents’ academic engagement 
(same-day effect: b = − 0.63, SE = 0.12, p < .001, β = − 0.35; next-day 
effect: b = − 0.66, SE = 0.13, p < .001, β = − 0.36). Hybrid (versus in- 
person) learning also had a negative indirect effect on engagement 
(same-day effect: b = − 0.45, SE = 0.10, p < .001, β = − 0.24; next-day 
effect: b = − 0.47, SE = 0.13, p < .001, β = − 0.24). These patterns 
indicated that connectedness to teachers fully mediated the negative 
links between remote and hybrid (versus in-person) learning and stu
dent engagement. 

3.2.2. Connectedness to classmates (Fig. 3 and Table 4) 
As shown in Fig. 3 and Table 4 Models 3 and 4, we did not observe 

direct effects between learning modality and academic engagement. 
Remote and hybrid learning modalities negatively predicted students’ 
sense of connectedness to classmates (remote learning: b = − 0.91, S.E. 
= 0.18, p < .001, β = − 0.39; hybrid learning: b = − 0.53, S.E. = 0.19, p 
< .01, β = − 0.22) when compared to in-person learning. In contrast, 
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higher student-level sense of connectedness to classmates predicted 
higher academic engagement (between-student—same-day effect: b =
0.57, S.E. = 0.03, p < .001, β = 0.72; next-day effect: b = 0.60, S.E. =
0.03, p < .001, β = 0.75). Similarly, higher daily sense of connectedness 
to classmates positively predicted higher academic engagement (within- 
student—same-day effect: b = 0.26, S.E. = 0.02, p < .001, β = 0.39; 
next-day effect: b = 0.03, S.E. = 0.01, p < .01, β = 0.04). 

There was a negative indirect effect between remote (versus in- 
person) learning modalities and academic engagement (same-day ef
fect: b = − 0.52, SE = 0.10, p < .001, β = − 0.28; next-day effect: b =
− 0.54, SE = 0.11, p < .001, β = − 0.30). There was also negative indirect 
effect of hybrid (versus in-person) learning modalities and academic 
engagement (same-day effect: b = − 0.30, SE = 0.11, p < .01, β = − 0.16; 
next-day effect: b = − 0.32, SE = 0.11, p < .01, β = − 0.16). The rela
tionship between remote learning and hybrid learning, in contrast to in- 
person learning, and engagement were fully mediated by students’ sense 
of connectedness to classmates. 

3.3. Covariates 

We examined whether learning modality varied by student charac
teristics (i.e., youth grade level, gender, race, prior year’s grade point 
average, and eligibility for free school lunch). Supplementary Tables 4 
and 5 present all the paths between key variables in our models and our 
covariates. Only racial differences were found between student learning 
modality within our 11-day study. Black students were more likely to be 
in remote learning modalities than White students, and Latine/x stu
dents were more likely to be in hybrid learning modalities than White 
students. Students across learning modalities were similar in their GPA, 
grade level, and free lunch status. 

3.4. Sensitivity analysis (Reverse directionality model) 

We also tested two alternative models to examine directionality/ 
causality with our findings. First, we examined whether prior-day aca
demic engagement mediated the relationship between remote and 
hybrid (versus in-person) learning and students’ sense of connectedness. 

Table 2 
Within- and between-person variable means, standard deviations, and correlations.  

Within-Person Variables M SD 1 2 3 4          

1. Same-Day 
Engagement 

3.16 1.03              

1. Next-Day Engagement 3.16 1.04 .75**             
3. Connectedness to 

Teachers 
2.59 1.35 .69** .58**            

3. Connectedness to 
Classmates 

2.41 1.34 .60** .48** .75**           

5. School Days (0–10) 6.19 4.36 .00 .01 .00 .01          

Between-Student 
Variables 

M SD 1 2 3 4 5 6 7 8 9 10 11 12 13 

1. Same-Day 
Engagement 

3.13 0.90              

1. Next-Day Engagement 3.12 0.91 –             
3. Connectedness to 

Teachers 
2.55 1.12 – 1.00**            

3. Connectedness to 
Classmates 

2.38 1.08 – .68** .85**           

5. Remote = 1 v. In- 
Persona 

0.89 0.32 – − .16** − .26** − .24**          

6. Hybrid = 1 v. In- 
Persona 

0.81 0.39 – − .16* − .25** − .17* –         

7. Remote = 1 v. Hybrida 0.64 0.48 – − .05 − .10* − .17** – –        
8. Gender: Girls = 1 0.42 0.49 – .04 .08 .08 − .09 − .13 .02       
9. Grade Level (7th – 

12th) 
9.48 1.51 – − .17** − .14** − .11* .02 .09 − .07 − .21**      

10. White Students = 1b 0.42 0.49 – − .20** − .18** − .10 − .10 − .03 − .14* − .07 .27**     
11. Latine/x 

Students = 1b 
0.29 0.46 – − .04 − .02 − .05 − .21** − .43** .15* .15* − .06 –    

12. Otherc Racial 
Groups = 1b 

0.33 0.47 – − .07 − .06 − .02 − .26** − .30** − .01 − .05 .03 – –   

13. GPA (1 = As to 
8 = Fs) 

2.13 1.35 – − .15** − .03 − .11* .02 − .05 .08 .06 − .12** − .21** − .04 − .02  

14. Free = 1 v. Paid 
Lunch 

0.58 0.49 – − .05 − .01 − .04 .03 − .06 .12* .05 − .15** − .32** − .03 − .22** .23** 

*p < .05. **p < .01. 
Note. Engagement variables designated as Same-Day and Next-Day are the same variable measured on different days of survey administration. Same-Day = Academic 
Engagement measured at Day = t or measured simultaneously as connectedness to teachers and classmates. Next-Day = Academic Engagement at Day = t + 1. 
Between-Student Variables are either an average of the daily student reports or student demographic characteristics. Gender, race, and free v. paid lunch were dummy 
coded with 0s and 1s. 

a For each learning modality comparison correlation, we used a subset of two modalities, coded as 0 and 1. 
b For each racial group comparison correlation, we used a subsample of two racial groups, coded as 0 and 1. Black Students = 0 and White, Latine/x, and Other Racial 

Groups = 1. 
c Other Groups variable indicates other racial groups including Asian American and Biracial or Multiracial students most who identify as Black and White 

multiracial. 
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Prior-day academic engagement partially mediated the relationship 
between learning modality and connectedness to teachers and to class
mates, yet the effect sizes in this alternative model were smaller than in 
our hypothesized models. Moreover, each student’s daily engagement 
did not predict their connectedness to teachers or classmates the 
following day (see Supplementary Tables 7–9 and Supplementary Fig. 
3). 

Second, we ran two additional 2-1-1 mediated MSEM models, 
including an autoregressive path controlling for prior-day engagement; 
thus, engagement (Day t) predicted next-day engagement (Day t + 1) 
with students’ sense of connectedness with teachers and classmates as 
mediators. While there is some prior concern about using autoregressive 
paths (Allison, 2015), they are appropriate when latent group mean 
centering the lagged outcome variable and allowing this autoregressive 
path to vary randomly within each student (Zhou et al., 2021). Our 
findings were similar for teacher and student connectedness mediating 
the relationship between learning modalities and engagement when we 
controlled for engagement the prior day, supporting the directional 

claims in our models (see Supplementary Tables 10–12). 

4. Discussion 

The COVID-19 pandemic led to dramatic, prolonged changes in ad
olescents’ learning contexts, including shifts from in-person learning to 
remote and hybrid learning modalities. These shifts raised concerns 
about students’ academic engagement in COVID-adapted learning mo
dalities. Using intensive daily diary data with a national sample of ad
olescents over two consecutive weeks in fall 2020, we examined whether 
students’ daily connectedness to their teachers and classmates mediated 
the link between their learning modalities and their same- and next-day 
engagement. Compared to other learning modalities, in-person learners 
reported the highest academic engagement and felt the most connected 
to classmates and teachers, while remote learners reported the lowest 
levels of academic engagement and connectedness to teachers and 
classmates. We also found that students’ sense of connectedness with 
teachers partially explained the relationship between learning 

Table 3 
MSEM: Learning modalities predicting same- and next-day academic engagement and connectedness to teachers and students with demographic variables as 
covariates.   

Model 1  Model 2  Model 3  Model 4   

Same-Day Engagement Next-Day Engagement Connectedness to Teachers Connectedness to Classmates  

b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI 

Between-Student Paths Coefficients 
Remote ➔ Teachers     − 0.97 (0.19)*** [-1.28, 

− 0.67]   
Hybrid ➔ Teachers     − 0.69 (0.20)*** [-1.01, 

− 0.37]   
Remote ➔ Classmates       − 0.90 (0.18)*** [-1.19, 

− 0.61] 
Hybrid ➔ Classmates       − 0.52 (0.19)** [-0.83, 

− 0.21] 
Remote ➔ 
Engagement 

− 0.45 (0.14)*** [-0.68, 
− 0.23] 

− 0.44 (0.14)*** [-0.67, 
− 0.20]     

Hybrid ➔ Engagement − 0.34 (0.14)* [-0.57, 
− 0.11] 

− 0.31 (0.15)* [-0.55, 
− 0.06]      

M or  M or  M or  M or   
Variance (SE) 95% CI Variance (SE) 95% CI Variance (SE) 95% CI Variance (SE) 95% CI 

Intercepts (Means) 
Remote 0.61 (0.16)*** [ 0.35, 0.87] 0.61 (0.16)*** [ 0.35, 0.87] 0.61 (0.16)*** [ 0.35, 0.87] 0.61 (0.16)*** [ 0.35, 0.87] 
Hybrid 0.31 (0.15)* [ 0.07, 0.55] 0.31 (0.15)* [ 0.07, 0.55] 0.31 (0.15)* [ 0.07, 0.55] 0.31 (0.15)* [ 0.07, 0.55] 
Teachers     4.44 (0.42)*** [ 3.75, 5.12]   
Classmates       4.16 (0.39)*** [ 3.51, 4.80] 
Engagement 4.97 (0.32)*** [ 4.45, 5.49] 4.93 (0.33)*** [ 4.39, 5.46]     

Between-Student Residual Variance 
Remote 0.23 (0.01)*** [ 0.22, 0.24] 0.23 (0.01)*** [ 0.22, 0.24] 0.23 (0.01)*** [ 0.22, 0.24] 0.23 (0.01)*** [ 0.22, 0.24] 
Hybrid 0.21 (0.01)*** [ 0.20, 0.22] 0.21 (0.01)*** [ 0.20, 0.22] 0.21 (0.01)*** [ 0.20, 0.22] 0.21 (0.01)*** [ 0.20, 0.22] 
Teachers     1.08 (0.06)*** [ 0.98, 1.17]   
Classmates       0.99 (0.06)*** [ 0.89, 1.08] 
Engagement 0.67 (0.04)*** [ 0.60, 0.73] 0.69 (0.04)*** [ 0.63, 0.76]     

Within-Student Residual Variance 
Teachers     0.62 (0.03)*** [ 0.58, 0.67]   
Classmates       0.70 (0.03)*** [ 0.65, 0.75] 
Engagement 0.30 (0.02)*** [ 0.28, 0.33] 0.29 (0.02)*** [ 0.26, 0.32]     

Model Fit Statistics 
LL H0 (SCF) − 5024.84 

(1.11)  
− 4544.72 
(1.10)  

− 6551.11 
(1.04)  

− 6767.19 
(1.02)  

LL H1 (SCF) − 4713.76 
(1.24)  

− 4233.64 
(1.24)  

− 6240.03 
(1.17)  

− 6456.11 
(1.16)  

AIC 10111.68  9151.44  13164.22  13596.37  
BIC 10312.97  9352.73  13365.51  13797.66  
Chi-Square (df, SCF) 116.70 (1, 5.33)*** 116.70 (1 5.34)*** 116.72 (1, 5.33)*** 116.72 (1, 5.33)*** 

Note. Learning Modalities were dummy coded; In-Person = 0; Remote and Hybrid Learning Modalities = 1. Classmates = Connectedness to Classmates and Teach
ers = Connectedness to Teachers. Engagement = Same-Day Engagement in Models 1 and 3 and Next-Day Engagement in Models 2 and 4. Same-Day Engagement was 
run in a separate model from Next-Day Engagement with both on the same row labeled by column heading. SCF = Score Factor Correlation. All models included the 
following covariates: Time (group-mean centered) at the Within-Student Level. Gender, grade level, race, prior year GPA, and free/paid lunch at the Between-Student 
Level (see Supplementary Table 4 for covariate path results). 
†p < .10, *p < .05, **p < .01, ***p < .001. 
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Table 4 
Direct effects and model fit of mediated MSEM: Learning modalities predicting same- and next-day engagement mediated by connectedness.   

Connectedness to Teachers as a Mediator Connectedness to Classmates as a Mediator  

Model 1  Model 2  Model 3  Model 4   

Same-Day Engagement Next-Day Engagement Same-Day Engagement Next-Day Engagement  

b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI 

Between-Student Direct Effects 
DV ➔ IV 

Remote ➔ Engagement 0.19 (0.08)* [ 0.06, 0.31] 0.24 (0.08)*** [ 0.11, 0.37] 0.07 (0.10) [-0.09, 0.23] 0.13 (0.10) [-0.03, 0.29] 
Hybrid ➔ Engagement 0.12 (0.08) [-0.02, 0.26] 0.18 (0.08)* [ 0.05, 0.32] − 0.03 (0.10) [-0.20, 0.13] 0.03 (0.10) [-0.14, 0.20] 

DV ➔ M 
Remote ➔ Teachers − 0.98 

(0.19)*** 
[-1.29, 
− 0.68] 

− 0.98 (0.19)*** [-1.29, 
− 0.68]     

Hybrid ➔ Teachers − 0.70 
(0.19)*** 

[-1.02, 
− 0.38] 

− 0.70 (0.20)*** [-1.02, 
− 0.38]     

Remote ➔ Classmates     − 0.91 
(0.18)*** 

[-1.20, 
− 0.62] 

− 0.91 (0.18)*** [-1.20, 
− 0.62] 

Hybrid ➔ Classmates     − 0.53 (0.19)** [-0.84, 
− 0.22] 

− 0.53 (0.19)** [-0.84, 
− 0.22] 

M ➔ IV 
Teachers ➔ Engagement 0.64 (0.02)*** [ 0.61, 0.68] 0.67 (0.02)*** [ 0.64, 0.71]     
Classmates ➔ 
Engagement     

0.57 (0.03)*** [ 0.52, 0.62] 0.60 (0.03)*** [ 0.55, 0.64] 

Within-Student Direct Effects 
M ➔ IV 

Teachers ➔ Engagement 0.30 (0.02)*** [ 0.27, 0.32] 0.03 (0.02)† [ 0.00, 0.05]     
Classmates ➔ 
Engagement     

0.26 (0.02)*** [ 0.23, 0.29] 0.03 (0.01)* [ 0.01, 0.05] 

Model Fit Statistics 
LL H0 (SCF) − 10296.20 (1.16) − 10197.10 

(1.16)  
− 10660.44 (1.16) − 10510.53 

(1.15)  
LL H1 (SCF) − 9985.12 

(1.25)  
− 9886.02 (1.25)  − 10349.36 (1.25) − 10199.45 

(1.24)  
AIC 20684.39  20486.2  21412.88  21113.06  
BIC 20983.08  20784.88  21711.56  21411.75  
Chi-Square (df, SCF) 116.65 (1, 5.53)*** 116.57 (1, 5.34)*** 116.70 (1, 5.33)*** 116.69 (1, 5.33)*** 

Note. Learning Modalities were dummy coded; In-Person = 0; Remote and Hybrid Learning Modalities = 1. Classmates = Connectedness to Classmates and Teach
ers = Connectedness to Teachers. Engagement = Same-Day Engagement in Models 1 and 3 and Next-Day Engagement in Models 2 and 4. Same-Day Engagement was 
run in a separate model from Next-Day Engagement with both on the same row labeled by column heading. SCF = Score Factor Correlation. All models included the 
following covariates: Time (group-mean centered) at the Within-Student Level. Gender, grade level, race, prior year GPA, and free/paid lunch at the Between-Student 
Level (see Supplementary Table 5 for covariate path results). 
† p < .10, *p < .05, **p < .01, ***p < .001. 

Table 5 
Between-student indirect effects of mediated MSEM: Learning modalities predicting same- and next-day engagement mediated by connectedness.   

Connectedness to Teachers as a Mediator Connectedness to Classmates as a Mediator  

Model 1  Model 2  Model 3  Model 4   
Same-Day Engagement Next-Day Engagement Same-Day Engagement Next-Day Engagement  
b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI b (SE) 95% CI 

Remote ➔ Teachers ➔ 
Engagement 

− 0.63 
(0.12)*** 

− 0.83, 
− 0.43 

− 0.66 
(0.13)*** 

− 0.87, 
− 0.45     

Hybrid ➔ Teachers ➔ Engagement − 0.45 
(0.13)*** 

− 0.66, 
− 0.24 

− 0.47 
(0.13)*** 

− 0.69, 
− 0.25     

Remote ➔ Classmates ➔ 
Engagement     

− 0.52 
(0.10)*** 

− 0.69, 
− 0.35 

− 0.54 
(0.11)*** 

− 0.72, 
− 0.37 

Hybrid ➔ Classmates ➔ 
Engagement     

− 0.30 (0.11)** − 0.48, 
− 0.12 

− 0.32 (0.11)** − 0.50, 
− 0.13 

Note. Learning Modalities were dummy coded; In-Person = 0; Remote and Hybrid Learning Modalities = 1. Classmates = Connectedness to Classmates and Teach
ers = Connectedness to Teachers. Engagement = Same-Day Engagement in Models 1 and 3 and Next-Day Engagement in Models 2 and 4. Same-Day Engagement was 
run in a separate model from Next-Day Engagement with both on the same row labeled by column heading. SCF = Score Factor Correlation. All models included the 
following covariates: Time (group-mean centered) at the Within-Student Level. Gender, grade level, race, prior year GPA, and free/paid lunch at the Between-Student 
Level (see Supplementary Table 5 for covariate path results). 
†p < .10, *p < .05, **p < .01, ***p < .001. 
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modalities and same- and next-day academic engagement, and sense of 
connectedness with peers fully explained this relationship. 

Our results were consistent for same- and next-day engagement, as 
we found that connectedness to teachers and classmates predicted 
engagement assessed on the same day and the following school day. As 
expected, the links between connectedness and same-day engagement 
were stronger than the links between connectedness and next-day 
engagement. Nonetheless, both models demonstrated good statistical 
fit and our next-day engagement results paralleled our cross-sectional, 
same-day results. 

Students’ sense of connectedness to teachers and to classmates also 
mediated the paths between learning modalities and engagement 
measured cross-sectionally (same-day) and longitudinally (next-day). 
Our findings suggest that in-person learning supports adolescents’ need 
for connectedness, which in turn bolsters their academic engagement as 
well as how COVID-adapted hybrid and remote learning might not have 
been implemented in ways that were conducive to fulfilling adolescents’ 
need for connectedness. These findings provide some evidence that in- 
person learning supports adolescents’ need for connectedness, which 
in turn bolsters their academic engagement. Moreover, COVID-adapted 
hybrid and remote learning might not have been implemented in ways 
that were as conducive for fulfilling adolescents’ need for connectedness 
as COVID-adapted in-person learning. 

4.1. Connectedness to teachers across learning modalities and as a 
mediator 

Our findings align with extant literature suggesting that students’ 

connectedness to teachers and sense of community are crucial for 
facilitating student engagement during times of crisis (Sonuga-Barke, 
2021). Consistent with Skinner et al.’s (2008) Self-System Model of 
Motivational Development, COVID-adapted remote learning may have 
introduced new obstacles in instructors’ and students’ abilities to con
nect, as both students and instructors struggled to read each other’s 
communication cues (Coker, 2020) and teachers have reported feeling 
psychological distance from their students when they are not in the same 
physical space (Baker et al., 2021; Kraft et al., 2021). 

However, this does not mean that connectedness cannot be culti
vated in hybrid and online learning contexts (Sonuga-Barke, 2021). 
Prior research suggests that remote instructors can increase social 
presence through certain teaching practices. For example, allowing 
students to share their opinions, asking students about aspects of their 
lives, or acknowledging students using their names at some time during 
each remote learning lesson are all recommended strategies that support 
students’ sense of connectedness and their social presence in remote 
learning environments (Oh et al., 2018). In addition, when students 
receive timely, positive, and constructive feedback from classmates and 
teachers, students feel like their time and contributions are respected 
and their sense of connectedness increases (Sung & Mayer, 2012). 

Another potential reason for the reduced connectedness in remote 
learning is that teachers are more likely to provide students with a sense 
of connectedness when they feel a sense of connectedness with other 
faculty and administration in their schools. Unfortunately, a majority of 
secondary teachers implementing COVID-adapted remote and hybrid 
learning modalities reported that they lacked the time, resources, and 
flexibility to facilitate practices needed to promote connectedness 

Fig. 2. Mediated MSEM: Connectedness to teachers as a mediator.  

Fig. 3. Mediated MSEM: Connectedness to classmates as a mediator.  
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(Coker, 2020). Teachers were also being given more responsibilities, 
including a push to support students’ mental, emotional, and physical 
well-being (Hanno et al., 2022; Miller, 2021). U.S. teachers have re
ported feeling torn between devoting time to supporting students’ 
socioemotional needs during the pandemic versus time to cover more 
content to mitigate potential “learning loss” (Baker et al., 2021; Dorn 
et al., 2020; Edmunds, 2020; Kraft et al., 2021). Administrators and 
policymakers can potentially increase students’ sense of connectedness 
via enhancing teacher support. For example, teachers were more likely 
to maintain their sense of success and enjoyment of teaching following 
the onset of the pandemic when their schools had “strong communica
tion, targeted training, meaningful collaboration, fair expectations, and 
authentic recognition” (Kraft et al., 2021, p. 1). To increase connect
edness in any learning modality, and especially in remote modalities, 
teachers need time, resources, and flexibility to effectively implement 
strategies to support students’ psychological and academic needs. 

4.2. Connectedness to classmates across learning modalities and as a 
mediator 

Our study highlights the importance of daily in-person interaction 
with classmates for adolescents’ academic engagement in school (Ryan 
et al., 2019). When engaging in remote instruction, teachers can 
leverage online platforms in ways that offset students’ lack of connect
edness; however, there are few strategies to replace being in the same 
physical space as classmates, especially in K-12 settings. Our findings 
parallel prior work showing that distance learners experience a greater 
sense of isolation than in-person learners attending courses on campus 
(Abou-Khalil et al., 2021). As students often learn better when academic 
activities promote peer collaboration (Lin et al., 2015; Parr & Townsend, 
2002), there have been barriers to peer collaboration in current remote 
and hybrid learning modalities, especially when teachers lack the 
training, tools, and time to create a proximal social presence in a digital 
space (Sung & Mayer, 2012). 

In addition to teachers’ role in promoting connectedness, research 
suggests students’ interactions with one another can foster a sense of 
community and connectedness among classmates. Namely, prior work 
underscores the importance of students’ relationships with their class
mates in remote and hybrid learning modalities to foster social presence 
(Oh et al., 2018; Sung & Mayer, 2012). However, unlike interactions 
with teachers, which mainly develop within classrooms, a sense of 
connectedness with classmates is often developed in-between or outside 
of class time. Ellerbrock and Kiefer’s (2013) research stressed that 
middle and high school students’ interactions with peers at school but 
outside of their classrooms (e.g., lunch time, after school) is instru
mental for students’ sense of connectedness. COVID-adapted learning 
modalities may limit these interactions for all students, but mostly for 
remote learners. 

According to Salmela-Aro and colleagues’ (2021) study, students 
who were resilient to burnout in remote learning had better socio- 
emotional skills, and it was suggested that these students may be 
resourceful in fulfilling their need for connectedness. Student academic 
engagement may increase when teachers dedicate time to activities that 
develop emotional regulation and social skills (McKellar et al., 2020; 
Styck et al., 2021) and when students are provided mental health sup
port to reduce stress and burnout (Haig-Ferguson et al., 2021). These 
strategies to support students’ sense of connectedness to classmates may 
be particularly important in order to maintain student engagement 
during the ongoing global pandemic. 

4.4. Remote and hybrid benefits 

Notably, a sense of connectedness to teachers fully mediated the 
relationship between remote learning and student academic engage
ment, and the effect of connectedness was so strong that it facilitated a 
positive link between remote learning and engagement. Prior literature 

points to two possible reasons that could explain our findings. First, the 
accessibility and flexibility of remote learning may supplement 
engagement alongside connectedness (Ewing & Cooper, 2021). In 
Vidergor and Ben-Amram’s (2020) study of hybrid learning, students 
were highly engaged when learning remotely because they had oppor
tunities to select the appropriate rigor, to control the pace, and to solicit 
teacher support in their online daily instruction. Per Skinner’s (2016) 
Self-System Model of Motivational Development, the autonomy and 
competence that students can gain from this type of remote learning 
experience may offset the potential disengagement from not interacting 
with their classmates daily in person. 

Second, remote and hybrid learning modalities may be especially 
beneficial to enable students to attend class when there are extenuating 
circumstances, such as days students need to quarantine due to possible 
exposure to the virus. In our study, students in remote learning modal
ities reported being absent almost a day less on average than in-person 
learners, with hybrid attendance falling in-between. Despite our study 
only offering a rough indicator of attendance, prior research done with 
college students suggests that remote learning also supports greater 
accessibility, especially if there are transportation issues or care-giving 
responsibilities (Yelland et al., 2008). Future studies need to examine 
the link between learning modalities and attendance. The potential 
benefits of higher attendance in remote and hybrid learning modalities 
than in-person may offset the potential cost of students having a lower 
sense of connectedness in these modalities (Santibañez & Guarino, 
2021). 

4.4. Limitations and future directions 

While the present study examined adolescent academic engagement 
using rigorous, daily diary methods in the context of the COVID-19 
pandemic, there are several limitations worth noting. First, our stu
dents’ connectedness and academic engagement measures were both 
collected from student reports. While our model supported the direction 
of our paths, there was some evidence that engagement also supports 
students’ connectedness to teachers when comparing remote and in- 
person learning modalities. Future studies should investigate the 
reciprocal relationship between students’ sense of connectedness to 
teachers and engagement across learning modalities. 

Second, students’ learning modality may have been related to 
various demographic and situational factors. However, we were unable 
to assess why some groups of students participated in a particular 
learning modality. For example, some students may live with family 
members with an elevated risk of contracting COVID-19, and efforts to 
keep family members safe may have been the reason for selecting a 
remote learning modality. When interpreting our findings, our inability 
to account for why adolescents participated in a particular learning 
modality needs to be considered and we cannot claim that student dif
ferences in engagement and connectedness are solely a function of 
learning modality. Relatedly, having access to a device and internet to 
complete the survey was necessary for a student to participate in our 
study. Thus, our findings can only be generalized to students who had 
electronic devices and internet in the fall of 2020. 

Third, our study does not include measures on the classroom 
instructional quality or school characteristics. The lack of data on 
schools and classroom characteristics limits the conclusions we can 
make about the impact of learning modalities because the adoption or 
implementation of learning modalities in schools may be related to 
confounding predictors of engagement. There also may be considerable 
variation in how each learning modality is implemented, such that there 
may be a greater variation in student engagement and connectedness 
within than between each learning modality. Future studies need to 
assess instructional practices and school-wide supports that can influ
ence students’ engagement across COVID-adapted learning modalities. 
Along these lines, we assessed hybrid learning modalities at the 
between-student level, and understanding daily variance related to 
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learning modality for hybrid students would be an important future 
direction, namely the links between instructional strategies, learning 
modalities, and engagement. 

Lastly, our study did not assess student engagement in specific sub
jects, and this limits our understanding of whether students reporting a 
sense of connectedness to teachers and classmates operated as mediators 
universally across different types of classrooms. It also limited the extent 
to which we can draw conclusions about the relationship between 
learning modalities and engagement in specific academic subjects. Un
derstanding daily engagement by subject domains can provide a much 
more nuanced understanding of its potential antecedents and more 
specific ways to support student engagement (Patall et al., 2018; Wang 
et al., 2021). 

4.5. Implications and conclusions 

Overall, strategies that maximize connections between students and 
their teachers and classmates are essential for meeting students’ needs 
for connectedness, and these connections facilitate students’ active 
participation in the learning process. Our study provides evidence that 
COVID-adapted learning modalities and their implementation may play 
a role in students’ daily sense of connection and engagement in learning, 
and we outline two potential implications. 

First, students’ academic engagement and sense of connectedness 
may be higher when teachers and students are in the same physical 
space, at least when adapting to the “new normal” of an ongoing 
pandemic. Given this, policymakers and administrators need to take 
action to make schools safer (e.g., improving ventilation systems and 
providing larger classrooms) to reduce the spread of airborne COVID-19 
(Olsiewski et al., 2021, pp. 1–34; Trinidad, 2021). In addition, as the 
COVID-19 pandemic has persisted for over two years with new variants 
continually emerging, research and system-wide interventions need to 
target ways to improve connectedness in COVID-adapted hybrid and 
remote learning modalities. Promising prior research outlined several 
strategies to promote social presence and students’ sense of connect
edness. These strategies include systems that support flexibility in pac
ing to support student autonomy, ample time for teachers to provide 
students with one-on-one guidance, and additional resources for both 
synchronous (e.g., Zoom and consistent internet access) and asynchro
nous (e.g., Khan Academy) instruction (Baker et al., 2021; MacIntyre 
et al., 2020; Salmela-Aro et al., 2021; Sung & Mayer, 2012). Such efforts 
to promote students’ connectedness in online learning may help 
ameliorate differences in students’ academic engagement across 
learning modalities. 

Despite most students’ return to in-person learning, COVID-19 is still 
a public health threat. The relaxing of social distancing policies in the U. 
S. has also been linked to additional outbreaks and new variants (Tsai 
et al., 2021). For example, during the Omicron variant surge, many 
schools adopted remote and hybrid learning modalities again (Camera, 
2022), or were likely subject to school-wide outbreaks (Belsha, 2022; 
Lessler et al., 2021). Moreover, even as most schools have returned to 
in-person classes and the Center for Disease Control has removed mask 
mandates (Safarpour et al., 2022), many aspects of remote and hybrid 
instruction are still being used, and the risk of further, more severe 
COVID-19 variants and spikes in cases looms (Candelli, 2022). Hence, it 
is critical to understand what supports adolescent students’ sense of 
connectedness and academic engagement across learning modalities and 
during times of crisis. 
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Miočević, M., O’Rourke, H. P., MacKinnon, D. P., & Brown, H. C. (2018). Statistical 
properties of four effect-size measures for mediation models. Behavior Research 
Methods, 50(1), 285–301. https://doi.org/10.3758/s13428-017-0870-1 

Moore, M. G. (1993). Editorial: Is teaching like flying? A total systems view of distance 
education. American Journal of Distance Education, 7(1), 1–10. https://doi.org/ 
10.1080/08923649309526806 

Nezlek, J. B. (2001). Multilevel random coefficient analyses of event- and interval- 
contingent data in social and personality psychology research. Personality and Social 
Psychology Bulletin, 27(7), 771–785. https://doi.org/10.1177/0146167201277001 

North, A. (2020). October 19). Hybrid school might be the worst of both worlds. Vox. 
https://www.vox.com/21515864/covid-hybrid-school-learning-remote-plan-pan 
demic. 

Oh, C. S., Bailenson, J. N., & Welch, G. F. (2018). A systematic review of social presence: 
Definition, antecedents, and implications. Frontiers in Robotics and AI, 5, 1–35. 

Olsiewski, P. J., Bruns, R., Gronvall, G. K., Bahnfleth, W. P., Mattson, G., Potter, C., & 
Vahey, R. A. (2021). School ventilation: A vital tool to reduce covid-19 spread. Johns 
Hopkins Center for Health Security. https://www.centerforhealthsecurity.org/our 
-work/publications/school-ventilation.  

Parr, J. M., & Townsend, M. A. R. (2002). Environments, processes, and mechanisms in 
peer learning. International Journal of Educational Research, 37(5), 403–423. https:// 
doi.org/10.1016/S0883-0355(03)00013-2 

Patall, E. A., Steingut, R. R., Vasquez, A. C., Trimble, S. S., Pituch, K. A., & Freeman, J. L. 
(2018). Daily autonomy supporting or thwarting and students’ motivation and 
engagement in the high school science classroom. Journal of Educational Psychology, 
110(2), 269–288. https://doi.org/10.1037/edu0000214 

Pituch, K. A., & Stapleton, L. M. (2008). The performance of methods to test upper-level 
mediation in the presence of nonnormal data. Multivariate Behavioral Research, 43(2), 
237–267. https://doi.org/10.1080/00273170802034844 

Preacher, K. J., Zyphur, M. J., & Zhang, Z. (2010). A general multilevel SEM framework 
for assessing multilevel mediation. Psychological Methods, 15(3), 209–233. https:// 
doi.org/10.1037/a0020141 

Qualtrics. (2022). Skip logic. X.M. Support. https://www.qualtrics.com/support/survey- 
platform/survey-module/question-options/skip-logic/. 

Reyes, M. R., Brackett, M. A., Rivers, S. E., White, M., & Salovey, P. (2012). Classroom 
emotional climate, student engagement, and academic achievement. Journal of 
Educational Psychology, 104(3), 700–712. https://doi.org/10.1037/a0027268 

Ryan, A. M., North, E. A., & Ferguson, S. (2019). Peers and engagement. In 
J. A. Fredricks, A. L. Reschly, & S. L. Christenson (Eds.), Handbook of student 
engagement interventions (pp. 73–85). Academic Press. https://doi.org/10.1016/ 
B978-0-12-813413-9.00006-1.  

Safarpour, A., Quintana, A., Lazer, D., Perlis, R., Baum, M., Ognyanova, K., Shere, A., 
Trujillo, K. L., Druckman, J., Santillana, M., Uslu, A., Green, J., Chwe, H., 
Pippert, C. H., Lin, J., & Qu, H. (2022). The COVID states project #78: American 
mask use and CDC guidance. OSF Preprints. https://doi.org/10.31219/osf.io/j53u2 

Salmela-Aro, K., Upadyaya, K., Vinni-Laakso, J., & Hietajärvi, L. (2021). Adolescents’ 
longitudinal school engagement and burnout before and during COVID-19—the role 
of socio-emotional skills. Journal of Research on Adolescence, 31(3), 796–807. https:// 
doi.org/10.1111/jora.12654 
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