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The COVID-19 pandemic profoundly impacted the methods of instruction for K-
12 and higher education institutions around the world. Schools and families were
challenged to adapt to online-based modes of instruction with minimal
preparation. This study examined the importance of the learning environment and
commitment to assignments as predictors of the academic performance of junior
high students during the COVID-19 pandemic. We obtained data from 328
seventh through ninth grade students enrolled in an urban school district in the
Delta region of Arkansas. Students used the same online learning platform,
Lincoln Learning Solutions, receiving instruction in virtual, mixed, or on-site
learning environments. We examined the total time spent in each course, overall
assignment completion, and average grades for science, mathematics, and ELA.
Our results show that when we considered only the learning environment, students
in the on-site environment consistently outperformed their peers in the virtual
learning environment across all subjects and grade levels, except for mathematics
at the eighth-grade level. However, when we also considered students’ online
assignment behaviors (time spent working on assignments, and number of
assignments completed), there was a significant improvement in the prediction of
academic performance for mathematics in the seventh and ninth grade, for science
at the eighth-grade level, and for ELA at the ninth-grade level.

Introduction

The coronavirus (COVID-19) pandemic forced major changes in how schools across the United States deliver

instruction. For instance, based on recommendations from the Centers for Disease Control and Prevention (CDC,

2020), many colleges and K-12 schools across the country, on short notice, adjusted from traditional brick-and-

mortar only instructional settings to accommodate virtual learning environments. At the height of the pandemic,

the virtual learning environment was considered an effective strategy for mitigating the risk of spreading COVID-
19 in schools (Goldhaber et al., 2021). According to the United States Census Bureau (2020), over 90% of U.S.
households with school-age children have participated in some form of virtual education during the late spring

and early fall 2020 semesters. To aid schools in funding virtual education, the CARES Act (The Coronavirus Aid,

Relief, and Economic Security Act) provided the U.S. Department of Education with over 30 billion dollars to
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support both the technological capacity and access ("Funding Digital Learning," n.d.).

Many school districts, families, and educational organizations quickly adopted online-based learning systems to
adjust to these changes in teaching and learning needs. Unfortunately, these transitions were rarely smooth as
teachers and students struggled with reduced instructional interaction and technological challenges in online
settings during the pandemic (Midcalf & Boatwright, 2020). These challenges hinder student success, particularly
for minority and low socioeconomic status (SES) students. Past differences in levels of educational achievement
between low and high SES students in the traditional learning environment have been well documented (Davis-
Kean, 2005; Farkas & Beron, 2004; Henry et al., 2020; Paulus et al., 2021; Yeung & Pfeiffer, 2009). Similar
differences also existed between students of minority ethnic backgrounds and their White peers (Thompson et al.,
2012).

Ultimately, online learning during the pandemic exacerbated educational inequalities and differences in academic
outcomes between low and high-SES students (Kuhfeld et al., 2020). Online instruction during the COVID-19
pandemic also added to the long list of factors that pose challenges to the ability of students of low SES
background (who are often also of minority ethnic background) to complete online work. These factors include
disruptive home environments (Brown & Low, 2008), lack of parental involvement (Benner et al., 2016), and lack
of technological resources (Haderlein et al., 2021). During the pandemic, even though access to technology
increased among all demographic groups, only two-thirds of families who made less than $25,000 per year
reported having the necessary technology for online learning. In contrast, over 90% of households making more

than $75,000 per year had access to technology for remote learning (Haderlein et al., 2021).

It will probably take several decades to fully uncover the consequences to the academic outcomes of low-SES
minority students resulting from the adjustments made during COVID-19. However, online learning platforms
will continue to shape instructional delivery post COVID-19. Educators must therefore begin to decipher some of

the immediate implications of the adjustments made to instructional delivery during the COVID -19 pandemic.

Literature Review
Instruction during the COVID-19 Pandemic

In the spring of 2020, teachers across the country were tasked unexpectedly with instructing students in a manner
described as emergency remote teaching to accommodate social distancing mandates associated with the COVID-
19 pandemic (Boltz et al., 2021; Hodges et al., 2020). This method of online teaching serves as a temporary
strategy to provide instruction to students in the time of a crisis (Hodges et al., 2020). Though emergency remote
teaching is necessary to continue instruction during the COVID-19 pandemic, there is growing concern regarding
its effectiveness on student learning and assessment (Engzell et al., 2021; Middleton, 2020; Wyse et al., 2020).

Although schools have utilized various methods to provide in-person and online instruction to students, there is a
lack of consensus regarding the terminology for categorizing these learning environments (Moore et al., 2011).

For instance, on-site, face-to-face, and brick-and-mortar are terms used to describe the more traditional learning
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environments that involve teachers and students interacting in the same physical space. In contrast, online, e-
learning, blended learning, distance, computer-assisted, and web-based are terms used to describe settings where
technology delivers content and instruction to students who may or may not be in close physical proximity to the
instructor (Singh & Thurman, 2019).

During the pandemic, K-12 schools employed various combinations of these instructional methods through
distance and blended learning frameworks to mitigate the community spread of the COVID-19 virus. Allen and
Seaman (2017) define distance learning as incorporating technology to deliver instruction to students in
completely separate settings from their teachers. On the other hand, blended learning involves using technology
for both online and in-person instruction (Halan, 2005). Before the widespread emergency use of these strategies
during the COVID-19 pandemic, K-12 and higher educational institutions employed blended learning and distance
learning methods with varying degrees of success (Means et al., 2013). In many cases, the instruction was
delivered through video-based devices (VVargo et al., 2020) and course content managed online through learning

management systems (LMS) (Boltz et al., 2021).

Institutions have taken advantage of LMS as they allow instructors to manage information related to their subjects,
the course content, and student users (Kats, 2010). According to Bouchrika (2020), Moodle, Blackboard,
Schoology, Google Classroom, and Canvas are widely used educational LMS programs. Despite their widespread
use, the adoption of these systems for classroom instruction is not always without challenges. For instance,
although many students readily adjusted to the use of online learning management systems during the pandemic
(Raza et al., 2021), shifting to new modes of teaching can be difficult for students who have never engaged in
online learning in the past. The pedagogical approaches used in traditional learning environments are not always
suitable for online teaching (Pokhrel & Chhetri, 2021). For example, Leech et al. (2020) noted that although K-
12 teachers felt they had the necessary resources for remote teaching during the pandemic, many struggled with
understanding how best to use these resources to provide effective instruction for their online learners. Essentially,
during the pandemic, the challenge of using online technology for educational purposes was about coupling the
right technological resources to the appropriate pedagogical methods to meet students' needs in various learning

environments.

Learning Environment and Academic Achievement

There is a compelling body of evidence to suggest that high school students in a blended learning environment
will perform in a manner comparable to students in traditional learning environments (Alsalhi et al., 2019; Kazu
& Demirkol, 2014; Tara & Bindu, 2016; Utami, 2018; Yapici & Akbayin, 2012). Others such as Harrell and
Wendt (2019) found no difference in learning outcomes between high school students in blended and distance-
only environments. Furthermore, Chen (2012) discovered even better academic outcomes among elementary

school students in a blended learning environment when compared to students receiving distance-only instruction.

This parity between blended and traditional learning environments regarding students' academic outcomes does

not seem to hold for online-only (virtual) learning environments. Evidence suggests that students enrolled in
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virtual-only courses do not perform as well as students in traditional learning environments (Ahn & McEachin,
2017; Fitzpatrick et al., 2020; Harris-Packer & Ségol, 2015; Heinrich et al., 2019; Heissel, 2016; Miron & Urschel,
2012). Likewise, students enrolled in online-only high schools are less likely to graduate or pass a same-subject
course the following year when compared to students in a traditional learning environment (Hart et al., 2019;
Miron & Urschel, 2012). Learning in an online environment also appears to be more challenging for younger
students. In secondary schools, 12th-grade students in an online course demonstrate higher passing rates across
multiple subjects compared to younger students (Chang & Kim, 2021). For elementary-age students, virtual-only
learning environments may actually obstruct learning. For instance, Tomasik et al. (2020) found that prior to
COVID-19, learning progress in primary school students was relatively uniform, but individual progress became
twice as slow after transitioning to an online setting. They noted that secondary student progress was not
significantly affected. In essence, the extant literature suggests unique challenges to students' academic outcomes

in online-only environments that are not typical of blended or traditional learning environments.

Interaction and Engagement in the Virtual Learning Environment

Numerous factors make learning much more challenging for the virtual learner and lead to disparities in academic
performance between them and traditional learners. For example, Barbour and Reeves (2009) reported that time
management and technology skills were crucial to online learners' success. Nevertheless, beyond the learning skill
level of the student, the nature of interactions can have a major influence on the performance of learners in the
virtual environment. Students in an online course perform the best when the content is both challenging and
relatable. The evidence shows that students who participate in virtual learning benefit from interacting with their
teachers and peers (Babin¢akova & Bernard, 2020; Borup & Stevens, 2017; Borup, Walters, & Call-Cummings,
2020; Chen, 2012). Such interactions could include general communication, feedback on work completed, or
group discussion sessions. Students want teachers to go beyond merely moderating course activities to incorporate
these relevant and engaging content into their online learning experience (Borup & Stevens, 2017; Oliver et al.,
2012; Oliver et al., 2009). Zheng et al. (2020) found that secondary school students' learning outcomes in an online

course improve with higher-level knowledge assignments and project-based activities.

Without such activities, students can become disengaged and complete fewer course assignments. Heinrich et al.
(2019) noted that the more course assignments high school students completed, the better their course outcomes.
Likewise, Hung et al. (2012) found that in non-STEM courses, student engagement, as measured by multiple
predictors, including student-content interactions, was a significant predictor of overall performance. Though
interacting with the course content or completing the learning activities in an online course may not always
represent meaningful learning experiences, they can enable students to accomplish course outcomes. For many
learners in the virtual environment, there are significant limitations to the interactions they experience in an online
environment compared to when they are in a face-to-face environment. Oliver et al. (2009) reported that students
expect teachers to generate discussions, quickly grade assignments, and provide individualized attention.
Similarly, Zeichner (2018) found that online students require personal feedback to fulfill the need for interaction,
and feedback that is only content specific can reduce student motivation and satisfaction. Unfortunately, this type

of support may be a challenge for teachers who have had no training providing online instruction, as is the case
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for many educators during COVID-19.

Online Assignment Submission Behaviors

Many online courses are operated through learning management systems. Because LMSs gather learning analytics
(Poon et al., 2017), data points that can be collected and used to influence teaching and learning (Lee et al., 2020),
they can help predict student behavior, performance, and course completion (Mwalumbwe & Mtebe, 2017; Soffer
& Cohen, 2019). Data points that involve students' interaction with assignments have been described as online
assignment submission behaviors (Kokog et al., 2021) and include several indicators such as the number of
assignments completed, the time taken to complete an assignment, and time spent in the online course. Evidence
has shown that there is a strong association between the amount of time secondary school students spend on the
learning platform and their success in the online course (Heinrich et al., 2019; Liu & Cavanaugh, 2011; Liu &
Cavanaugh, 2012; Pazzaglia et al., 2016; Zheng et al., 2020). A similar pattern exists when considering the number
of times students log in to the learning management system and their achievement (Chang & Kim, 2021; Liu &
Cavanaugh, 2011; Zheng et al., 2020). If these hours represent time spent viewing lessons and completing
assignments, then the amount of time spent in the program may be positively related to their level of success in

the course.

Summary

The COVID-19 pandemic has necessitated adjustments to instructional delivery at K-12 schools across the United
States, including an increased reliance on web-based learning tools and learning management systems. However,
despite the immense benefits of deploying LMS during the pandemic, there are also numerous challenges to their
use. Beyond the time management and technology skills required of virtual learners, teachers must be alert to the
need for extra support for students in this environment. At many schools, arrangements for instruction at the height
of the pandemic required that teachers simultaneously instruct students in various settings ranging from on-site,
virtual, and a blend of the two settings. The literature shows that teachers must incorporate high-level knowledge
activities into the lessons to promote interaction and engagement with online learners. Delivering on this
requirement during the COVID-19 era was exacerbated by the fact that virtual learners work autonomously and
often receive less direct help than their peers in traditional face-to-face learning environments. It is pertinent to
determine whether the unique set of circumstances during the COVID-19 pandemic had implications on students'
performance in the different learning environments. A firm understanding of this phenomenon can inform
educational leaders and policymakers regarding how best to prepare students and teachers for success should the

need arise to switch to this meld of instructional environments once again.
Purpose of the Study
The purpose of this non-experimental study was to explore how well the learning environment and online

assignment behaviors predicted the academic outcomes of junior high students during the COVID-19 pandemic.

We investigated outcomes in three subject areas: science, mathematics, and English Language Arts (ELA).
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Research Questions

We developed the following research questions to guide the study.

Research Question 1

Is there an association between learning environment (on-site, virtual, and mixed) and the academic performance
of junior high students during the COVID-19 pandemic?

Research Question 2

To what extent do online submission behaviors (total time spent on assignments and the total number of
assignments completed) improve the prediction of the association between the learning environment and the

academic performance of junior high school students during the COVID-19 pandemic?

Methods

Sample

The data for this study were obtained as a convenience sample of scores for 328 junior high school students
(seventh through ninth grades) at a school in the eastern (delta) region of Arkansas from the 2020 fall semester.
A total of 101 samples were obtained for students in the seventh grade, 122 for eighth-grade students, and 105 for
ninth-grade students. All students at this school qualify to receive free and reduced lunches. Table 1 provides a

summary of additional demographic characteristics of the students from which sample data were obtained.

Table 1. Demographic Characteristics of Junior High School Students

Characteristic n=2328 %
Sex
Male 168 51.2
Female 160 48.8
Race
African American 324 98.8
Hispanic 2 0.6
White 2 0.6

Learning Environment

On-Site 72 220

Virtual 141 43.0

Mixed 115 35.0
Grade level

Tth 101 30.8
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Characteristic n =328 %
8th 122 37.2
9th 105 32.0
IEP
Tth 5 15
8th 12 3.7
9th 9 2.7

Instrumentation

Data for this study were collected using two resources relating to learning analytics which were described in the
form of secondary data gathered from the learning management system (Buzz) and school records. The Buzz
learning management system was used as the platform to deliver content to students using the Lincoln Learning
Solutions curriculum. Lincoln Learning Solutions provides a standards-based, personalized instructional
curriculum designed to support blended and distance learning strategies and holds corporate accreditations by
AdvancED and school accreditation in Pennsylvania (“Lincoln Empowered FAQ,” n.d.). The content is developed
by the strategies of the Aurora Institute and Quality Matters and has been validated by the organization EdGate
(“Lincoln Empowered FAQ,” n.d.). The Lincoln Learning Solutions curriculum format provides a variety of
instructional activities such as passages, videos, online worksheets, simulations, and projects. Students earn grades
based on the non-comprehensive and comprehensive assessments in the program containing multiple-choice,
open-ended, and matching questions. The LMS platform, Buzz, automatically gathers learning analytics which
include assignment percentage score, assignment points, assignment letter grade, minutes per assignment, overall
gradable course completion, overall activity completion, overall average grade, student pace, and total minutes

spent in each course.

Procedure

After IRB approval, permission was obtained from the district administrators to export student learning outcomes
from the Buzz LMS. The outcomes were exported based on available data from seventh, eighth, and ninth-grade
students for science, mathematics, and English Language Arts (ELA) courses and included students’ mean score
per course, student letter grade per course, total time spent in each course, time spent on each assignment, gradable
activity completion, and overall assignment completion. The learning outcomes were collected from the fall 2020

semester only and exported to a spreadsheet for analysis.

The student learning environment was determined by the school counselor and data gathered from the school’s
daily absence report. Included in the analysis were student demographic characteristics such as gender, race, IEP,
and free and reduced lunch status. All files were compiled into a single, de-identified dataset for analysis. The
variables of interest included student learning environment, grade level, subject, total minutes spent on all learning
activities (total time spent in course), overall assignment completion (all learning activities), and overall grade

average (0 - 100% scale). The student’s overall grade average in each course was used as the indicator of academic
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performance. The academic performance was compared between students enrolled in three different learning
environments: on-site, virtual, and mixed. All students in each setting were provided with a Chromebook (one-to-
one district) and completed the same coursework through the Lincoln Learning Solutions curriculum on the Buzz
LMS.

On-site Learning Environment

The on-site learning environment was applied to students who opted to attend school in person for the entire
semester. Because all assignments were completed through the LMS and students also received face-to-face
teacher instruction, this method would be considered as blended learning. These students attended classes

according to the regular bell schedule.

Virtual Learning Environment

The virtual learning environment was applied to students who opted to receive instruction at home for the entire
semester. Students received instruction primarily through the content on the LMS. However, students had the
opportunity to attend an optional zoom meeting once per week for each class. Assignments were completed at the
students’ own pace without a mandatory daily schedule. Teachers predominately communicated with students via
email and the LMS. Because students were physically separated from their teachers the entire semester, this

method would be considered as distance learning.

Mixed Learning Environment

The mixed learning environment referred to students who voluntarily selected either on-site or the virtual
instructional method but then switched settings during the semester. Students had the option to switch between
on-site and virtual instruction at three designated dates throughout the semester per district administration policy.

These students engaged in both blended and distance learning methods.

Data Analysis

We used IBM SPSS version 26 to complete all data analysis and set an alpha level of .05 for testing the hypotheses
related to each analysis. First, we fit hierarchical multiple regression models to the data for junior high students’
academic outcomes to explore how well the learning environment alone served as a predictor for academic
performance in science, mathematics, and ELA. At the second stage of each model, we examined the extent to
which the total number of minutes students spent on the instructional platform and the total number of assignments

they completed in each subject affected the prediction of academic performance.

Results

As a first step toward addressing the research questions, we conducted a descriptive analysis of the academic
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performance of junior high school students during the COVID-19 pandemic in science, mathematics, and ELA
by grade level. Data for two subject areas (science and mathematics; mathematics and ELA, respectively) were
available for seventh and ninth-grade students. For eighth-grade students, data were available for all three subject
areas (science, mathematics, and ELA). The descriptive summaries (see Table 2) revealed a pattern where on
average, across all subject areas, students who received on-site instruction during this period outperformed those
who received instruction in the other environments (mixed and virtual). Likewise, on average, the performance
pattern in the mixed learning environment was higher or similar to those of students in the virtual learning
environment. The descriptive summaries also showed that, on average, performance scores were lowest at the
ninth-grade level (especially for mathematics) and highest at the seventh (science) and the eighth-grade level
(ELA).

Table 2. Descriptive Statistics for Academic Performance

95% Confidence Interval

for Mean
Lower Upper

Grade Subject N Mean Std. Dev.  Std. Error Bound Bound Min. Max.
7 Science On-Site 13 81.10 10.90 3.02 74.52 87.69 62.18 93.48
Virtual 11 40.03 38.95 11.74 13.86 66.19 0.00 91.19

Mixed 14 73.37 22.50 6.01 60.38 86.35 0.00 88.68

Total 38 66.36 30.45 4.94 56.35 76.37 0.00 93.48

Math On-Site 24 62.95 19.39 3.96 54.76 71.14 23.10 89.23

Virtual 43 36.10 29.92 4.56 26.89 4531 0.00 86.03

Mixed 28 53.85 23.93 452 44.57 63.12 2.24 86.07

Total 95 48.12 28.08 2.88 42.39 53.84 0.00 89.23

8 Science On-Site 16 77.01 7.98 1.99 72.76 81.26 64.65 94.12
Virtual 47 56.99 30.63 4.47 48.00 65.98 0.00 97.50

Mixed 53 69.43 1908 262 6417 7469 000  97.47

Total 116 65.44 24.56 2.28 60.92 69.95 0.00 97.50

Math On-Site 4 66.68 8.07 4.04 53.83 79.52 55.76 73.49

Virtual 4 46.03 3.57 1.78 40.35 51.70 40.77 48.69

Mixed 13 48.57 18.18 5.04 37.59 59.56 23.40 74.92

Total 21 51.54 16.36 3.57 44.09 58.98 23.40 74.92

ELA On-Site 9 84.16 6.20 2.07 79.39 88.92 75.38 92.74

Virtual 16 70.64 11.62 2.90 64.45 76.83 44.18 86.53

Mixed 24 77.12 13.97 2.85 71.22 83.02 47.59 100.00

Total 49 76.30 12.83 1.83 72.61 79.98 44.18 100.00

9 Math On-Site 27 39.51 17.03 3.28 32.77 46.25 6.52 72.39
Virtual 42 22.42 25.26 3.90 14.55 30.29 0.00 82.89
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95% Confidence Interval

for Mean
Lower Upper

Grade Subject N Mean Std. Dev.  Std. Error Bound Bound Min. Max.
Mixed 29 21.26 18.89 3.51 14.08 28.45 0.00 58.36

Total 98 26.79 22.65 2.29 22.25 31.33 0.00 82.89

ELA On-Site 27 39.41 14.67 2.82 33.61 45.21 9.98 72.89

Virtual 45 21.83 21.06 3.14 15.51 28.16 0.00 85.35

Mixed 28 27.73 21.82 412 19.27 36.19 0.00 67.95

Total 100 28.23 20.89 2.09 24.09 32.37 0.00 85.35

In order to further explore these patterns, we conducted inferential analyses using hierarchical multiple regression.
Before this analysis, we evaluated the data for outliers, influential cases, and multiple regression assumptions
(linear relationships, normally distributed residuals, and homoscedasticity). Correlations between the predictor
variables and outcome variables were reasonable. Although there were some moderately high correlations
between the on-task behavior variables (total minutes on assignments and overall completion), we found no
multicollinearity issues. The data met all other conditions for conducting regression analysis. Table 3 presents

descriptive statistics and correlation coefficients for all variables in the regression models by grade level.

Table 3. Correlations between Academic Performance and Predictor Variables

Grade Subject (n)  Variable Mean SD 1 2 3 4 5
7 Science (38)  Average Grade 66.36 30.45 0.35 0.18 0.50 0.37
On-site Instruction 0.34 0.48 -0.55 0.28 0.22
Mixed Instruction 0.37 0.49 0.18 -0.03
Assignment Time 244.16 209.71 0.40
Assignment Completion 31.45 21.81
Math (95) Average Grade 48.12 28.08 0.31 0.13 0.45 0.63
On-site Instruction 0.25 0.44 -0.38  0.27 0.27
Mixed Instruction 0.29 0.46 0.20 0.17
Assignment Time 387.82 310.24 0.49
Assignment Completion 50.75 28.08
8 Science (116) Average Grade 65.44 24.56 0.19 0.15 0.39 0.50
On-site Instruction 0.14 0.35 -0.37  0.13 0.22
Mixed Instruction 0.46 0.50 0.05 0.06
Assignment Time 267.40 267.81 0.55
Assignment Completion 25.17 19.09
Math (21) Average Grade 51.54 16.36 046 -024 011 0.34
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Grade Subject (n)  Variable Mean SD 1 2 3 4 5
On-site Instruction 0.19 0.40 -0.62 -0.11 043
Mixed Instruction 0.62 0.50 -0.03  -0.49
Assignment Time 1812.00 1028.81 0.51
Assignment Completion 35.38 12.06
ELA (53) Average Grade 76.30 12.83 0.29 0.06 -0.30 -0.20
On-site Instruction 0.18 0.39 -0.47  0.05 0.12
Mixed Instruction 0.49 0.51 -0.04 -0.25
Assignment Time 871.59 485.48 0.51
Assignment Completion 64.81 25.95
9 Math (98) Average Grade 26.79 22.65 035 -0.16 0.76 0.71
On-site Instruction 0.28 0.45 -040 033 0.10
Mixed Instruction 0.30 0.46 -0.17  -0.30
Assignment Time 937.18 954.94 0.65
Assignment Completion 30.68 16.88
ELA (100)  Average Grade 28.23 20.89 0.33 -0.02 0.56 0.49
On-site Instruction 0.27 0.45 -0.38 031 021
Mixed Instruction 0.28 0.45 -0.09 -0.19
Assignment Time 691.61 567.75 0.48
Assignment Completion 54.70 21.12

We followed the preliminary analyses with an examination of the data to address our research questions.

Research Question 1

Our first research question explored the association between learning environment (on-site, virtual, and mixed)
and the academic performance of junior high school students during the COVID-19 pandemic. To address this
question, we interpreted the first stage of the hierarchical linear regression models. The results of the first stage
of these analyses (see Table 4) revealed that the learning environment alone was a significant predictor of science,

mathematics, and ELA performance across all grade levels, except for mathematics at the eighth-grade level.

The initial models accounted for between 8 and 29 percent of the variations in students' academic performance.
These analyses revealed that the on-site learning environment had a statistically significant positive effect on
students' academic outcomes across all grade levels and subjects for the statistically significant prediction models.
There was also a positive effect for the mixed learning environment in three (seventh-grade science and

mathematics, and eighth-grade science) of the six statistically significant regression models.
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Table 4. Hierarchical Multiple Regression Models for Predicting Academic Performance

Change Statistics

R
R Adj.R Square F F Change
Gr. Subject Mod. R Square Square S.E. Change AlIC BIC Change dfl df2 (pvalue)

7 Science 1 0.57 033 0.29 25.73 0.33 249.70 254.61 841 2 35 .001
2 065 042 0.35 2458 0.09 24798 256.17 268 2 33 .084

Math 1 041 017 0.15 25.90 0.17 621.25 628.92 925 2 92 .000

2 066 0.44 041 21.49 0.27 587.68 600.45 2183 2 90 .000

8 Science 1 030 0.09 0.08 23.62 0.09 736.56 744.82 569 2 113 .004
2 055 030 0.28 20.89 0.21 710.05 723.82 16,70 2 111 .000

Math 1 046 022 0.13 15.27 0.22 117.26 120.39 247 2 18 113

2 051 026 0.07 15.79 0.04 120.17 125.40 042 2 16 .663

ELA 1 037 014 0.10 12.18 0.14 24786 253.53 366 2 46 .034

2 049 024 017 1171 0.10 245.83 255.29 288 2 44 .067

9 Math 1 035 012 0.10 21.45 0.12 603.81 611.57 658 2 95 .002
2 0.84 070 0.69 12.68 0.58 502.67 515.59 89.46 2 93 .000

ELA 1 035 012 0.10 19.78 0.12 59991 607.73 6.67 2 97 .002

2 0.65 042 0.40 16.24 0.30 562.40 575.43 2444 2 95 .000

Note: Gr. = Grade Level, Mod. = Model

Research Question 2

For our second research question, our goal was to understand if adding measures of online assignment behaviors
in each subject area improved our understanding of students' academic outcomes after controlling for the learning
environment. To accomplish this, we examined the second stage of each hierarchical regression model for
statistical significance and model fit. After controlling for the learning environment, the results show that online
assignment behaviors significantly improved the prediction of academic performance for mathematics at the

seventh and ninth-grade levels, for science at the eighth-grade level, and ELA at the ninth-grade level.

The secondary models generated changes in R? that ranged between 4 and 58 percent, with the most considerable
change occurring in the prediction of ninth-grade mathematics performance and the slightest change occurring in
the model for mathematics performance at the eighth-grade level. We then used Akaike Information Criteria (AIC)
and Bayesian Information Criteria (BIC) statistics to select the best fitted models among those that were
statistically significant (See Table 4). Models with the lowest AICs and BICs are typically more parsimonious
and less likely to be overfitted (Lv & Liu, 2014). Next, we examined how each predictor contributed to the models

that included online assignment behaviors after controlling for the learning environment (see Table 5).
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Table 5. Regression Coefficients for Predicting Academic Performance

Model 1 Model 2
B B

Std. 95% CI Std. 95% ClI

Grade Subject Variable B Error Beta p [LL, UL] B Error Beta p [LL, UL]
7 Science  (Constant) 40.03 776 <001 [24.28,55.78] 46.79 8.15 <001 [30.21,63.37]
On-Site 41.07 10.54 0.65 <.001 [19.67,62.47] 30.04 11.33 0.47 .012 [6.99, 53.09]
Mixed Instruction 33.34 10.37 0.54 .003 [12.29,54.38] 25.23 10.86 0.41 .026 [3.14,47.33]
Assignment Time 0.03 0.02 0.23 .172 [-0.02,0.08]
Assignment Completion 025 0.20 0.18 .225 [-0.16,0.67]
Math  (Constant) 36.10 3.95 <001 [28.26,43.95] 44.06 3.53 <001 [37.05,51.06]
On-Site 26.85 6.60 0.42 <.001 [13.74,39.95] 1042 6.09 0.16 .091 [-1.68,22.52]
Mixed Instruction 17.74 6.29 0.29 .005 [5.25,30.23] 4.84 564 0.08 .393 [-6.37,16.05]
Assignment Time 0.01 0.01 0.16 .104 [-0.00,0.03]
Assignment Completion 0.49 0.09 0.49 <.001 [0.31, 0.68]
8 Science  (Constant) 56.99 3.5 <001 [50.16,66.12] 59.99 3.09 <001 [53.86, 66.12]
On-Site 20.02 6.84 0.28 .004 [6.48,33.56] 10.90 6.26 0.15 .084 [-1.51,23.30]
Mixed Instruction 1244 473 0.25 .010 [3.07,21.82] 8.63 4.24 0.18 .044 [0.23,17.03]
Assignment Time 0.01 0.01 0.15 .110 [-0.00,0.03]
Assignment Completion 0.48 0.13 0.37 <.001 [0.23,0.73]
Math  (Constant) 46.03 7.64 <001 [29.98,62.07] 44.72 8.03 <001 [27.71,61.73]
On-Site 20.65 10.80 0.51 .072 [-2.04,43.34] 19.94 12.07 0.49 .118 [-5.64,45.52]
Mixed Instruction 255 873 0.08 .774 [-15.80,20.89] 4.88 955 0.15 .617 [-15.37,25.12]
Assignment Time 0.00 0.00 0.08 .773  [-0.00,0.01]
Assignment Completion 0.22 0.43 0.16 .620 [0.70, 1.14]
ELA  (Constant) 7064 3.04 <001 [64.80,76.75] 70.78 2.97 <.001 [64.80, 76.75]
On-Site 1352 5.07 041 .011 [3.30,23.73] 13.93 4.88 0.43 .007 [4.09,23.77]
Mixed Instruction 6.48 393 0.26 .106 [-1.43,14.39] 6.05 3.90 0.24 .128 [-1.80,13.90]
Assignment Time -0.01 0.00 -0.29 .063 [-0.02,0.00]
Assignment Completion -0.02 0.08 -0.04 .798 [-0.18,0.14]
9 Math  (Constant) 2242 331 <001 [15.85,28.99] 21.57 2.05 <001 [17.50, 25.65]
On-Site 17.09 529 0.34 .001 [4.60, 18.08] 11.34 3.39 0.23 .001 [4.60, 18.08]
Mixed Instruction -1.16 5.18 -0.02 .824 [-11.44,9.12] 7.05 3.25 0.14 .033 [0.59, 13.52]
Assignment Time 0.01 0.00 0.41 <.001 [0.00, 0.01]
Assignment Completion 0.63 0.11 0.47 <.001 [0.41, 0.84]
ELA (Constant) 21.83 295 <.001 [15.80,27.69] 23.58 2.45 <.001 [18.71,28.45]
On-Site 1758 482 0.38 <.001 [8.02,27.14] 9.80 4.14 021 .020 [1.57,18.02]
Mixed Instruction 590 476 0.13 .218 [-3.55,15.35] 7.16 396 0.16 .074 [-0.70,15.02]
Assignment Time 0.01 0.00 0.36 <.001 [0.01, 0.02]
Assignment Completion 0.30 0.09 0.30 .001 [0.12, 0.48]

These analyses show that ninth-graders' overall online assignment behaviors (total minutes spent on assignments
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and overall completion) was the most important predictor of academic performance even though two learning
environment variables (on-site and mixed) remained an important predictor of their mathematics and ELA
performance respectively. In contrast, the model for science performance was the only statistically significant
model at the eighth-grade level, with the mixed learning environment and overall completion contributing
significantly to the model. Finally, at the seventh-grade level, only the model for predicting mathematics
performance was significant, and overall completion alone accounted for much of the variation in the model. None

of the learning environment variables contributed in a significant way to the prediction of this outcome.

The evidence from these analyses suggests a strong relationship between the learning environment and the
academic performance of junior high school students during the COVID -19 pandemic. This strong relationship
was most evident in the on-site (and to a lesser extent, the mixed learning environment), where students on average
had higher academic performance than those in the virtual learning environment. Even after considering variables
related to online assignment behaviors, this strong relationship between learning environment and academic
performance persisted. This influence was most evident at the ninth-grade level and to a lesser extent at the seventh

and eighth-grade levels.

Discussion

The purpose of this study was to compare the academic outcomes in science, mathematics, and ELA of junior
high school students receiving virtual, mixed, and on-site instruction during the COVID-19 pandemic. We also
sought to explore the influence of online assignment behaviors in each class on their academic outcomes beyond
the effect of the learning environment. Our findings suggest when the learning environment alone is considered,
receiving on-site instruction during the COVID-19 pandemic revealed stronger associations with academic
success across most subjects and grade levels compared to receiving instruction in other settings (virtual and

mixed).

Our results are similar to other studies which have shown that students in distance learning environments do not
perform as well as students who receive face-to-face instruction (Ahn & McEachin, 2017; Fitzpatrick et al., 2020;
Heissel, 2016; Miron & Urschel, 2012). A possible reason for these differences could be that students in the virtual
environment during COVID-19 were not provided with adequate learning resources and the teacher support
necessary to be successful due to the rapid shift to online-based instruction. Our results are in contrast with Harrell
and Wendt (2019) who found no difference in learning outcomes between high school students in blended and

distance-only environments.

For students who participated in mixed instruction (on-site and virtual), we found a similar pattern at the seventh-
grade level. At the eighth-grade level, however, being in the mixed learning environment only had a relevant
association with science performance but not with mathematics performance. For ninth-grade students, academic
performance for students in the mixed environment was not different from that of students in the virtual learning
environment. Though the mixed setting may have been a unique method of instruction during the pandemic, these

results indicate that the performance of younger students seem to benefit the most from receiving some on-site
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instruction (the mixed setting). Similar age-different outcomes were found in other studies showing that online-
only instruction has a stronger negative effect on the academic performance of younger students (Chang & Kim,
2021; Tomasik et al., 2020).

At the second level of our analysis, we considered the additional influence of two factors related to online
assignment behaviors - total time spent in each course and the total number of assignments completed. The online
assignment behaviors improved the prediction of academic performance for mathematics at the seventh and ninth-
grade levels, for science at the eighth-grade level, and for ELA at the ninth-grade level. These findings are
consistent with Heinrich et al. (2019) and Hung et al. (2012) who found that completion of course assignments
positively influenced student learning outcomes. With regard to the total time spent on the learning platform, our
results are consistent with several studies showing a strong association between the amount of time students spend
in an online course and their achievement (Heinrich et al., 2019; Liu & Cavanaugh, 2011; Liu & Cavanaugh,
2012; Pazzaglia et al., 2016; Zheng et al., 2020).

Implications

This study revealed contrasting patterns of relationships in academic performance between students receiving
instruction on-site, virtually, and in mixed environments settings during the first year of the COVID-19 pandemic.
Many of these disparities remained even after we considered students’ online assignment behaviors. These
findings raise concerns regarding the effectiveness of fully online (virtual) instruction for secondary students
during the pandemic or thereafter. Previous studies have identified gaps in learning outcomes between face-to-
face and distance learners before the pandemic (Ahn & McEachin, 2017; Fitzpatrick et al., 2020; Harris-Packer
& Ségol, 2015; Heinrich et al., 2019; Heissel, 2016; Miron & Urschel, 2012). These findings suggest that students
who received instruction primarily in an online learning environment during the 2020-2021 school year may

require intensive remediation to address learning loss.

As the COVID-19 pandemic lingers and schools continue to rely on virtual instruction as an alternative to on-site
learning, educators must make the appropriate adjustments to ensure that students are as successful in the virtual
environment as they are in on-site settings. Likewise, parents who choose online-only options during the pandemic
must consider their child's ability to acquire the time management and technology skills which Barbour and

Reeves (2009) reported as necessary to be successful in an online learning environment.

Limitations and Future Research

There are some limitations to our findings in this study. For instance, the data were from a non-randomized sample
of student scores at one school in the delta region of Arkansas. Due to this, we had small sample sizes in some
groups (e.g., eighth-grade students in the virtual learning environment). In the sample, there was an
overrepresentation of students from low SES families and students of African American ethnicity. These
demographic characteristics may not be representative of some settings across the United States. Furthermore,

although all teachers at the school used the same learning platform for content delivery, there may have been
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variations in pacing and use of supplemental activities from teacher to teacher. Students in the virtual environment
were also responsible for the pacing of their instruction as opposed to teacher-directed instruction in the face-the-

face environment. We did not account for these variations in the study.

Additionally, the mixed learning environment included students who experienced a wide range of time in and out
of the on-site and virtual learning environments. Students in this mixed learning environment were permitted to
switch between learning environments at three different points during the semester. Our study did not account for
any period for which on-site students had to quarantine (two weeks minimum) during the semester. Another

limitation to the study was our measure of time spent in the study.

Our measure does not necessarily capture the qualitative value of the time spent on the learning platform.
Likewise, our measure of the total number of assignments completed does not consider the specific types of
assignments completed—these limitations could threaten internal validity and affect the extent to which the
findings can be generalized. We recommend further investigations that draw from larger samples and include
strategies to address the limitations of the current study. It would also be helpful for future studies to consider
known factors affecting academic success at the K-12 level such as SES, sex, and previous academic achievement

to determine the magnitude of their influence during the COVID-19 pandemic.
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