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ARTICLE

ABSTRACT
Instructors use a variety of online formative assessment (FA) activities to support learning 
outside class. Previous studies have revealed barriers for students in online courses, but 
little is known about the barriers students experience when completing online FA assign-
ments. Understanding these barriers to access is critical to fostering more inclusive learn-
ing for all students. Using a framework from previous work in online learning, we examined 
student perceptions of online FA access with respect to five barrier categories: technical 
resources, instructor organization, social interactions, personal engagement, and learning 
environment. We developed and administered a survey to more than 1200 undergraduate 
biology students at 2-year and 4-year institutions. Students responded to statements using 
Likert scales and open-ended prompts. Statistical models indicated differences in access 
across the barrier categories and revealed that demographic characteristics were associat-
ed with certain barrier categories. Furthermore, technical resources, instructor organiza-
tion, and personal engagement barriers were associated with lower course performance. 
In open-ended responses, students most frequently suggested that changes to scheduling 
logistics, course delivery, and FA format would improve their online FA experience. We 
discuss how these findings and student suggestions can inform instruction, particularly 
how instructors can alter their FA characteristics to better suit their student populations.

INTRODUCTION
Formative assessments (FAs) are widely used instructional tools that gauge student 
learning and thereby provide valuable feedback to students and instructors (Black and 
Wiliam, 2009; Evans et al., 2014). FAs can take many forms, including quizzes, home-
work activities, and other question sets (Black and Wiliam, 2009). These assignments 
are designed with the goal of helping students advance their understanding of course 
concepts, rather than evaluating students for the purpose of assigning grades (Sadler, 
1989). FAs can improve student learning and course performance (Sadler, 1989; 
Boston, 2002; Black and Wiliam, 2009; Freeman et al., 2011; Eddy and Hogan, 2014), 
and courses that include regular FA activities have particular benefits for students from 
underrepresented demographic groups (Freeman et al., 2011; Eddy and Hogan, 
2014). Our previous work also has found that students value various types of FAs and 
recognize a variety of ways that these activities support their learning (Brazeal et al., 
2016, 2021).

The literature consistently highlights several defining features of FA activities 
(Natriello, 1987; Sadler, 1989; Boston, 2002; Black and Wiliam, 2009; Freeman 
et al., 2011; Offerdahl et al., 2018). Broadly, FAs are designed to facilitate an iterative 
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process wherein information and feedback are exchanged 
between the learner and instructor. Based on prior literature, 
Black and Wiliam (2009) summarized five key goals of an effec-
tive FA: 1) clarify criteria for success, 2) elicit evidence of learn-
ing, 3) provide useful feedback to students, 4) encourage stu-
dents to be resources for one another, and 5) prompt students 
to take control of their own learning. To achieve these goals, 
instructors first choose or develop an assessment task intended 
to elicit evidence of student learning that aligns with the associ-
ated learning goals (Natriello, 1987; Black and Wiliam, 2009). 
As students complete the activity, the instructor can use infor-
mation from student responses to adjust teaching strategies and 
address student knowledge gaps. Students can also use infor-
mation from the FA to self-correct and seek out additional learn-
ing resources (Black and Wiliam, 2009; Greenstein, 2010). 
Guided by their instructors, students learn to identify gaps in 
knowledge, take action to improve understanding, and reach 
learning goals (Boekaerts and Corno, 2005).

FAs can take place both inside and outside the classroom 
setting. In the classroom, FA activities help create an active-learn-
ing environment, and instructors have some control over a stu-
dent’s FA experience, such as by providing instructional cues, 
creating space for student interactions, and guiding student 
learning (Hill and Epps, 2010; Lei, 2010; Knight et al., 2013). 
In light of limited class meeting time, out-of-class assignments 
represent an essential way to extend the learning experience 
(Magalhães et al., 2020), and asynchronous assignments can 
additionally enable students to progress through an activity at 
their own pace and develop independent learning skills (Baleni, 
2015). However, instructors may have more limited ability to 
monitor and influence the resources and support to which stu-
dents have access, and the out-of-class learning environment 
may present students with particular challenges related to their 
personal circumstances (e.g., financial situation, responsibility 
for dependents, employment schedule). Given the critical role 
that FAs play in facilitating learning, we need to further under-
stand how different factors potentially influence student 
engagement with these activities when completed outside class.

Online FA Assignments
Over the past decade, asynchronous online FA administration 
has become commonplace in undergraduate education (Free-
man et al., 2011; Gikandi et al., 2011; Elmahdi et al., 2018). 
These online assignments can scaffold learning in ways that 
cannot be achieved with traditional paper activities (Rayner, 
2008). For example, online platforms can progressively display 
more challenging questions as the student becomes familiar 
with the material and can provide immediate feedback to stu-
dents, a key component of the FA process (Rovai, 2000; Gaytan 
and McEwen, 2007). Finally, online FA grading can often be 
done automatically, leaving more time for the instructor to 
identify where students are struggling and adjust content 
accordingly (Boitshwarelo et al., 2017; Alruwais, 2018).

Unfortunately, online assignments can also present barriers 
for students who lack Internet access or have limited access to 
suitable electronic devices (Alruwais, 2018; Khan and Khan, 
2019). Some students prefer paper assessments to online 
assessments, noting concerns with accessibility (Baleni, 2015; 
Khan and Khan, 2019; Magalhães et al., 2020). Students with a 
preference for paper assessments report that they have experi-

enced Internet or the software crashes while completing online 
assignments (Baleni, 2015; Khan and Khan, 2019). Others per-
ceive that instructors have less familiarity with online plat-
forms, resulting in confusion and poor layout of the assign-
ments (Khan and Khan, 2019).

In addition to student preferences, online learning environ-
ments pose accessibility barriers that hinder progress for select 
groups of students, suggesting a potential link between FA 
accessibility and certain demographic characteristics (Jaggars, 
2011). Studies have found that age, education, income, gender, 
and race are associated with student-reported access to online 
courses (Muilenburg and Berge, 2005; Jaggars, 2011; Palmer 
et al., 2013). Additionally, while first-generation student access 
to FAs has not been specifically explored, these students may 
experience more general obstacles to academic success (e.g., 
job responsibilities, family responsibilities, inadequate study 
skills, and mental health struggles) than non–first generation 
students (Stebleton and Soria, 2013). The extracurricular 
nature of these challenges suggest that they may interface with 
online FA access. Less is known about the difference in access 
between community college students and university students, 
but external responsibilities, such as employment, may dispro-
portionally affect community college student achievement 
(Bers and Smith, 1991). Thus, while online FAs have several 
advantages, more work is needed to understand factors that 
may limit student engagement.

Theoretical and Conceptual Framework
Black and Wiliam’s theory summarizes how FAs promote 
learning by articulating five goals of an effective FA (Black and 
Wiliam, 2009). This theory, however, provides a description of 
FAs in an environment with ideal conditions to support learn-
ing. Though instructors can regulate some aspects of the FA 
process (e.g., task design, scheduling logistics, assessment for-
mat), there are several factors that typically fall outside an 
instructor’s direct control (e.g., student access to necessary 
devices, student self-efficacy, external learning environment). 
Furthermore, certain demographic groups tend to experience 
greater educational barriers, suggesting that student engage-
ment with online FAs may be shaped by broader societal con-
texts. As part of the broader imperative to make learning expe-
riences more inclusive and equitable, we take steps here to 
identify barriers that affect student participation in online 
assignments. Our theoretical framework positions FA access 
within the broader context of personal demographics and 
course performance (Figure 1). Demographic characteristics 
can directly affect access, but they may also shape personal 
circumstances that in turn play a role in online FA access. 
Online FA access can then affect course performance by influ-
encing a student’s content learning and assignment comple-
tion scores. We also note that student demographic character-
istics relate to overall course performance in a variety of other 
complex ways, independent from online FA access. By using 
the information explored through this framework, we can 
work to improve access, particularly for students at a systemic 
disadvantage (Ainscow, 2016). We note that, for the purposes 
of our study, the term “access” is used to define a student’s 
resource availability and ability to engage with online FAs. We 
do not intend inferences to other types of access (e.g., disabil-
ity access).
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Researchers have categorized barriers to online learning 
in general, primarily in the context of an entire online course 
and outside science, technology, engineering, and mathe-
matics (STEM) settings (Mungania, 2004; Assareh and Hos-
seini Bidokht, 2011; Abuhammad, 2020). Muilenburg and 
Berge (2005) in particular made a key contribution to the 
knowledge of student access by identifying question catego-
ries, survey items, and associated factors that reflect student 
online learning experiences. Although based on fully online 
course contexts, their work provides an important basis for 
understanding various dimensions of the online learning 
environment. Building on their findings, we explore student 
access to FA assignments with respect to five barrier catego-
ries: technical resources, instructor organization, social 
interactions, personal engagement, and learning environ-
ment. These categories provide a relevant conceptual frame-
work for our investigation to identify barriers that occur 
when students specifically engage with online FA assign-
ments in the context of in-person courses. Additionally, this 
framework provides a lens through which to understand how 
specific barriers relate to demographic factors and course 
performance.

Technical Resources
Significant barriers to online learning stem from the elec-
tronic devices and Internet connection required to use online 
educational materials. Limited access to reliable, fast Inter-
net, suitable electronic devices, and associated software hin-
ders students’ abilities to engage with online learning 
materials (Muilenburg and Berge, 2005; Abuhammad, 
2020). Confidence in using devices and software can also 
affect students’ experiences with e-learning (Assareh and 
Hosseini Bidokht, 2011). The level of access to devices and 
confidence in technology usage varies among students of dif-
ferent genders, races, ethnicities, ages, and income levels 
(Muilenburg and Berge, 2005; Porter and Donthu, 2006; 
Palmer et al., 2013).

Instructor Organization
Instructors, though not physically present when students 
engage in out-of-class FAs, play a central role in designing 
learning materials and communicating expectations (Heuer 
and King, 2004). Instructor-related factors as a whole, includ-
ing online course organization, assignment schedule, and com-
munication with students, are associated with student access to 
online courses (Muilenburg and Berge, 2005). For example, 
students’ inability to locate the assignments or due dates poses 
barriers to their online learning experiences (Heuer and King, 
2004). Less is known regarding instructor barriers and student 
demographics, but student cultural backgrounds potentially 
shape their perceptions of an instructor’s behavior (Levy et al., 
1997).

Social Interactions
The FA process is supported by various sociocultural construc-
tivist learning theories that suggest that social interactions are 
essential to building knowledge (Trumbull and Lash, 2013). 
Similarly, Black and Wiliam’s theory of how FAs promote learn-
ing includes the idea that social interactions represent a key 
component of the FA experience (Black and Wiliam, 2009). 
Social interactions such as discussion and collaboration among 
students provide many benefits that lead to improved content 
understanding and increased achievement (Jung et al., 2002; 
Soller, 2001; Laal and Ghodsi, 2012). Despite their benefits, 
peer interactions may not occur readily in the virtual setting, 
posing a significant barrier to student engagement with remote 
learning (Muilenburg and Berge, 2005; Becker et al., 2013). 
Out-of-class assignments, by nature, tend to be less collabora-
tive than in-class activities, because students are not physically 
surrounded by classmates. As a result, students report partici-
pating less in discussions for out-of-class assignments (Brazeal 
et al., 2016). Demographics and external responsibilities may 
relate to students’ engagement in peer discussion. In particular, 
women are more likely to engage in peer learning than men, 
and students who do not have external commitments like 
employment are more likely to collaborate than those who 
work (Sobhanian and Ye, 2016).

Personal Engagement
Students’ personal circumstances and tendencies can affect 
how they engage with online assignments. In-class FAs occur in 
an environment where the instructor can designate time for 
completion and encourage participation. Out-of-class assign-
ments, however, require students to be the primary drivers for 
completing their work (Bates and Khasawneh, 2007; Knowles 
and Kerkman, 2007), which interfaces with their time manage-
ment skills and other external commitments. These external 
commitments (e.g., caring for dependents, employment) vary 
with demographics, such as age (Compton et al., 2006). Low 
self-efficacy in completing online course components is also a 
barrier to online learning (Muilenburg and Berge, 2005), and 
there are differences in academic self-efficacy based on gender, 
class rank, economic situation, and perceived academic achieve-
ment (Satici and Can, 2016).

Learning Environment
The external environment in which students engage with course 
materials can influence their learning experience. There is little 

FIGURE 1. Theoretical framework used to study the relationships 
between demographic characteristics, access to online FAs, and 
course performance. We anticipate that demographic characteris-
tics affect FA access, but these demographics may also contribute 
to personal circumstances that in turn affect access. We also 
predict that online FA access will relate to course performance. 
While we recognize that demographics can connect to course 
performance in other ways, our study specifically focuses on how 
demographics shape FA access and how FA access relates to 
course performance.
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known about this learning environment and its relationship to 
online course components, but research on in-person learning 
suggests that students’ learning environments affect their per-
formance and satisfaction (Dorman, 2001; Hill and Epps, 
2010). Additionally, the growth of the Internet and enticement 
of online activities has introduced digital distraction and 
“cyber-slacking” to the list of factors affecting student engage-
ment (Aagaard, 2015; Attia et al., 2017; Flanigan and Kiewra, 
2018). Students may be tempted to browse social media, 
respond to a message, or multitask by watching videos online 
when completing an online FA. Engaging with materials in out-
of-class settings, especially when an electronic device is required 
to complete an assignment, may make students particularly 
prone to distraction. When completing online assignments, stu-
dents may also be forced to move out of their typical learning 
environments to seek an Internet connection, and academic 
self-efficacy can vary across different location types (e.g., 
school, home, café; Zhao et al., 2010).

Study Rationale
Though several studies have investigated barriers to online 
learning in the context of fully online courses, we have little 
information regarding the access and barriers that students 
experience when completing FA assignments, which represent a 
critical course structure supporting out-of-class learning. Simi-
larly, previous research has identified demographic characteris-
tics that may affect online learning, though not specifically in 
relation to online FAs. Thus, in the present study, we sought to 
characterize the extent to which students perceived that they 
had access or faced barriers (i.e., lacked access) concerning 
online FA assignments in the context of traditional in-person 
courses. We were guided by four primary research questions 
relating to student online FA access:

1. How commonly do students report that they experience bar-
riers to online FAs?

2. Do student demographic factors relate to particular per-
ceived barriers?

3. Do perceived barriers relate to course performance?
4. According to students, what can instructors do to lower per-

ceived barriers?

We developed a survey instrument to address these research 
questions in lower-division undergraduate biology courses. In 
addition to providing data for the research investigation, this 
instrument will also provide a way for instructors to gauge the 
presence of key barriers in their courses, identify students or 
groups of students in need of additional supports, and collect 
suggestions from students about changes that could improve 
their online FA experiences.

METHODS
Survey Development and Piloting
We leveraged materials and findings from the Muilenburg and 
Berge (2005) study as a starting place for survey development. 
We structured our survey around five categories potentially 
affecting student access to online FAs: technical resources, 
instructor organization, social interactions, personal engage-
ment, and learning environment. For each category, we adapted 
questions from Muilenburg and Berge (2005) and drafted addi-
tional questions to support the content validity of each category 

(i.e., the extent to which the questions cover the full range of a 
category). Among the authors, we iteratively revised the ques-
tions to ensure that the items were clearly worded, targeted 
online FA assignments, used updated technical terminology, 
and could apply across different courses.

Each category initially contained eight to 10 positively 
worded items (e.g., “I have regular access to an appropriate 
device, such as a laptop or tablet, to complete [the FA]”) for a 
total of 43 draft survey items. The portion in brackets for each 
question was replaced with the name of the activity used in a 
given course in order to use labels that would be familiar to 
students (e.g., “homework quiz”). Students responded to these 
items on a seven-point Likert-type agreement scale and com-
pleted a demographics questionnaire at the end. The survey 
items were all positively worded, meaning that a high level of 
agreement indicates high access. When interpreting survey 
responses, we conceptualize “access” and “barriers” as being 
inversely related: students reporting high access means they 
have few barriers, and students reporting low access suggests 
they have high barriers for the given item or category.

We targeted students in lower-division (100-level and 200-
level) biology courses taught by eight instructors at one 2-year 
and one 4-year institution (Table 1). We surveyed students at 
different institution types to better understand the barriers faced 
in multiple settings, not necessarily as a basis for comparison. 
The pilot survey was administered online via Qualtrics (Qualtrics, 
2020) during the last 3 weeks of the Fall 2020 semester. Students 
were offered a small amount of either regular course credit or 
extra credit for survey participation. In prepandemic semesters, 
these courses were all considered “traditional” courses with regu-
lar in-person class meetings. Due to the COVID-19 pandemic, 
these courses were administered through a variety of methods, 
including in-person, hybrid, and remote formats.

Data Processing
For students who consented to share their data for research pur-
poses, we processed the data by first calculating survey comple-
tion times. If a participant sat idle on a page for more than 20 
minutes, we replaced the idle time with the average time for the 
page. We then removed duplicate attempts, submissions less 
than half-completed, or surveys submitted in fewer than 3 min-
utes. The 3-minute cutoff was determined based on the distri-
bution of submission times and an estimate of the minimum 
time needed to read and answer the questions. This initial pilot 
resulted in 749 usable responses (representing 65% of course 
enrollment).

Survey Revisions
We used the pilot data to refine our survey for the subsequent 
administration. To investigate the degree to which our items 
aligned with the different survey categories, we ran a confirma-
tory factor analysis (CFA) on the pilot data using the lavaan 
package in R (Rosseel, 2012) and found that the resulting model 
had promising but below adequate fit statistics on some indica-
tors (comparative fit index (CFI) = 0.846, Tucker-Lewis index 
(TLI) = 0.837, root mean square error of approximation 
(RMSEA) = 0.071, standardized root mean square residual 
(SRMR) = 0.072). Based on the results, we removed survey 
items with low factor loadings and limited relevance to the cate-
gories. After these changes, we were left with a survey composed 
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of six items per category for a total of 30 survey items. After 
removing the items, a second CFA including only data from the 
remaining 30 items suggested improved fit (CFI = 0.906, TLI = 
0.896, RMSEA = 0.067, SRMR = 0.060).

In addition to removing select Likert-scale items, we also 
added an open-ended section to be included in the final survey. 
Students included in the final survey administration were 
shown a randomly selected survey item along with their previ-
ously selected Likert response to that item. For that item, stu-
dents were then given two open-ended prompts. Prompt 1 
assessed student interpretation of the item to determine 
whether it was correctly understood. Prompt 2 asked students 
about related supports they would like to see implemented 
within their courses or institutions to help alleviate potential 
barriers to online FAs, for which they may have made sugges-
tions closely aligned with the specific survey item or addressing 
another area that somehow related to the item. These prompts 
were repeated for a second randomly selected survey item for 
each student. Given the random nature of this section, students 
may have seen items with which they either agreed or dis-
agreed. This allowed us to compare responses for students who 
provided open-ended explanations on items that were barriers 
to students who did not experience barriers.

After refining the survey, we conducted eight student inter-
views to determine whether students were interpreting the sur-
vey items as intended. Student volunteers from an undergradu-
ate genetics course (not included in the survey samples) met 
with the researcher via videoconferencing. During these 
60-minute think-aloud interviews (Anders and Simon, 1980), 
participants explained their understanding of the survey items, 
talked through their reasons for selecting a response, and indi-
cated unclear areas. Based on interview data from the eight 
participants, we adjusted item wording before the final survey 
administration.

Final Survey Administration
The final survey was administered during the last 3 weeks of the 
Spring 2021 semester (see full survey in Supplemental Table 1). 
We surveyed students in an expanded group of lower-division 
biology courses taught by 11 instructors at three institutions, 
including both institutions from the pilot study and an addi-
tional 2-year institution (Table 1). COVID-19 restrictions 
remained in place during this semester, so these courses were 
again administered through a variety of formats. Self-reported 
demographic information for the survey participants can be 
found in Table 2, separated by institution type in Supplemental 
Table 2. The survey format was the same as the pilot survey: 
students responded to Likert-type survey questions, the two 

new open-ended items, and a demographic questionnaire via 
Qualtrics. We processed the data according to the same criteria 
outlined for the pilot survey. Processing removed 203 responses 
due to 101 individuals who did not consent to share their data 
for research purposes, two rapid responses (<3 minutes), and 
100 duplicate and/or incomplete responses. After data process-
ing, we were left with 1262 usable responses (representing 79% 
of course enrollment; response rates were similar across institu-
tion types).

TABLE 1. Survey administration institution information

Institution type Instructors Students % of sample

Fall 2020 (pilot)
 4-year institution, Midwest 5 697 93
 2-year institution, Midwest 3 52 7

Spring 2021 (final)
 4-year institution, Midwest 5 1003 79
 2-year institution, Midwest 4 198 16
 2-year institution, Pacific Northwest 2 61 5

TABLE 2. Final survey participant demographic information

na % of sample

Genderb

 Female 906 72
 Male 330 26
 Self-describe 5 0.4

Race/ethnicity
 Non-URM 1109 83
 URMc 177 13
 Self-describe 11 0.9

Class rank
 First-year 557 44
 Sophomore 314 25
 Junior 211 17
 Senior 101 8
 Postbaccalaureate 34 3
 Graduate student 8 0.6
 Other 18 1

First-generation status
 Not first generation 724 57
 First generation 505 40

Language spoken at home
 English 1104 87
 Other 142 11

Career plan
 Life sciences 947 75
 Other 295 23

Institution type
 2-year 259 21
 4-year 1003 79

aNumbers do not add to full sample size, because some students left the given 
item blank.
bThose who self-described their gender all identified as nonbinary.
cUnderrepresented racial/ethnic groups included participants who self-identified 
as African American/Black, Hispanic/Latinx, Native American/Alaska Native, or 
Native Hawaiian/Pacific Islander.
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Calculation of Access Scores
Likert-scale responses were converted to numerical data for 
analysis (strongly disagree = 1, disagree = 2, somewhat disagree 
= 3, neither agree nor disagree = 4, somewhat agree = 5, agree 
= 6, strongly agree = 7). For each category, we calculated the 
mean Likert score across the items for a given student (referred 
to as an access score). The relationship between access and bar-
riers is inversely proportional. For example, a calculated access 
score of 6.5 would indicate high access/few barriers; a score of 
2.5 would indicate low access/high barriers. Students with an 
access score greater than 4.5 were considered to have high 
access/few barriers, whereas students with access scores less 
than or equal to 4.5 were considered to have low access/high 
barriers for the category. We similarly classified student access 
into two groups for each item: no barrier reported (i.e., stu-
dents who agreed with the item to some degree) or barrier 
reported (i.e., students who disagreed or chose the neutral 
option). In both cases, we included the neutral range or option 
as reflecting an underlying barrier, because these responses 
were commonly associated with some degree of impaired access 
in student open-ended responses, even if only slightly.

Statistical Analyses
Using the final data set, we began by conducting a CFA to deter-
mine whether the factor structure recapitulated what we found 
in our pilot work. We calculated Cronbach’s alpha for each cat-
egory by performing scale reliability analysis in SPSS (IBM, 
2020). We calculated Pearson correlations between all pairs of 
barrier categories to understand the degree of correspondence 
across categories. We ran a linear mixed-effects model in JMP 
Pro 15 (SAS Institute, 2020) to detect differences among the 
five barrier categories. We included the five barrier categories 
as separate independent variables along with student nested 
within instructor as random effects and access score as the 
dependent variable. Post hoc Tukey tests were then conducted 
between all pairs of barrier categories.

We next sought to understand the relationship between stu-
dent demographics and reported barriers. As outlined in the 
Introduction, previous work on barriers to online learning identi-
fied a variety of connections to demographic characteristics, and 
our prior studies found that student buy-in to certain FA activi-
ties also tracked with underlying demographic variables (Choy, 
2001; Alexander et al., 2009; Hurtado et al., 2009; Haak et al., 
2011; Brazeal et al., 2016; Estrada et al., 2016; Matz et al., 
2017). Given the broader patterns linking demographic attri-
butes to course performance and program persistence (Choy, 
2001; Alexander et al., 2009; Matz et al., 2017), we sought to 
identify demographic patterns that might shape online FA access. 
Given the moderate correlations between barrier categories, the 
mixed-effects models were conducted separately for each barrier 
category. Additionally, we ran these same mixed-effects models 
separately for each institution type to understand how demo-
graphic factors may relate to access in different settings.

Finally, we wanted to determine whether there was an asso-
ciation between online FA access and course performance (i.e., 
final course percent grade) as a means to gauge potential con-
nections to a relevant academic outcome. Course performance 
data were provided by instructors. We estimated five separate 
mixed-effects models, each containing a different barrier cate-
gory as an independent variable, controlling for demographics 

and including instructor as a random effect in order to study 
relationships with the dependent variable of overall course per-
formance. Additionally, we estimated a model to determine 
whether the number of barrier categories with sufficient access 
per student related to course performance, again controlling for 
demographics and including instructor as a random effect.

Open-Ended Coding
We developed a codebook for each of the two open-ended 
prompts (Supplemental Tables 3 and 4). The prompt 1 coding 
was designed to identify whether students were interpreting the 
survey items as intended and included three levels of interpre-
tation (i.e., intended, ambiguous, or unintended interpreta-
tion). The prompt 2 coding sought to classify student sugges-
tions and also included three primary levels (i.e., specific 
suggestion for improvement, affirmation of a current practice, 
or statement of no specific suggestion). For both prompts, we 
included an additional two codes that accounted for students 
who provided an entirely off-topic response or did not respond. 
To apply these codes, five authors (A.M.U., D.L.KW., K.R.B., 
L.A.W., B.A.C., G.B.J., and S.K.S.) conducted an initial two 
practice rounds to refine the codebooks. Then, groups of three 
to five researchers separately co-coded batches of five responses 
for each item until all 30 items reached 80% agreement across 
two consecutive rounds, at which point one author (A.M.U.) 
applied all codes to the remaining prompt 1 items.

For prompt 2, we conducted a parallel process to capture 
more detailed information about student suggestions. During 
the initial coding rounds, the same five authors captured key 
phrases from student responses that were given a primary code 
(i.e., responses that were not off-topic or blank). One author 
(A.M.U.) then read through these key phrases and used an 
inductive process to develop an initial set of response catego-
ries, which was reviewed by the larger group. The one author 
then applied these categories to another small subset of 
responses, and changes were made where necessary in consul-
tation with the larger group. Once the categories were deemed 
to reasonably capture the range of student suggestions, the 
same author coded all remaining responses.

This research was granted institutional review board 
approval by all three institutions involved in research and data 
collection.

RESULTS
Instrument Characteristics
We conducted a CFA to determine whether the five barrier cat-
egories represented discernible factors. The results from this 
analysis provided support for our five-factor model (CFI = 
0.909, TLI = 0.899, RMSEA = 0.067, SRMR = 0.059), and all of 
the items had adequate loadings onto their respective factors 
(Table 3). The Cronbach’s alphas (i.e., measures of internal reli-
ability) for each scale were strong, ranging from 0.80 to 0.95. 
Based on the CFA, the five categories can be considered distinct 
factors, yet we also found that they had some degree of relation, 
with Pearson correlations between categories ranging from 
0.150 to 0.435 (Table 4).

We analyzed open-ended explanations of students’ answer 
selections (prompt 1) to gauge item interpretation (Table 5). 
We found that, in most cases (86%), students understood the 
question as intended, whereas relatively few (2%) explanations 
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indicated a misinterpretation of the item. Taken together with 
student interviews, these results provide additional support for 
the validity of student Likert responses as a reflection of their 
perceptions related to each item.

How Commonly Do Students Report That They 
Experience Barriers to Online FAs?
To investigate barriers that students face when engaging with 
online FAs, we plotted the distribution of mean Likert scores 
(access scores) for each barrier category. Our mixed-effects 
model and associated post hoc tests suggested that there were 
differences (p < 0.001) between all barrier categories, except 
for instructor organization and personal engagement, with stu-
dents citing the fewest barriers in the technical resources cate-
gory and the most barriers in the social category (Figure 2 and 
Supplemental Table 5). We also found that the social category 
had the broadest range of responses, as roughly half of all stu-
dents had neutral to disagree-type responses. In contrast, nearly 
all students responded with agree-type responses in the techni-
cal resources category. While these results indicate barriers 
within categories, we also wanted to get a sense of the degree 
to which individual students faced barriers across multiple cat-

egories. Thus, we analyzed the distribution and number of cat-
egories for which students indicated they had sufficient access 
and found that the majority of students reported sufficient 
access in at least four of the five categories (Figure 3).

To more specifically identify the possible barriers present 
within each category, we analyzed for each item the percent of 
students who did not agree with the statement (i.e., they lack 
access to some extent). The results for all 30 items can be found 
in Supplemental Table 1, and we report here the item that 
emerged as the most common barrier in each category (Table 
6). Within the technical resources category, 7% of students 
reported that they do not have a reliable Internet connection 
where they live. In the instructor organization category, 19% of 
students cited that their instructors or teaching assistants (TAs) 
are not generally responsive to questions. Participants reported 
multiple barriers in the social interactions category, with the 
most prevalent being the inability to work with other students 
and form study groups (55%). Within the personal engagement 
factor, some students (18%) disagreed that it is easy to get 
started on the FA. Finally, in the learning environment category, 
almost half of the participants (49%) responded that they do 
not put their electronic devices on silent when completing an 

TABLE 3. CFA of final survey, using principal component analysis extraction and Promax rotation

Components (30)

Factor loadings

1 2 3 4 5

Technical resources 
(α = 0.95)

Access to device 0.891
Access to software 0.921
Access to Internet in residence 0.769
Comfort with devices 0.884
Ease of software use 0.869
Convenience of access to Internet 0.847

Instructor organiza-
tion (α = 0.91)

Access to instructor or TA for FA help 0.852
Responsiveness of instructor or TA to questions 0.789
Comfort contacting instructor or TA 0.807
Ease of locating FA due date(s) 0.683
Clarity of FA instructions 0.778
Guidance on online FA delivery system 0.809

Social interactions 
(α= 0.91)

Usefulness of other students as a resource for help on FA 0.854
Comfort reaching out to other students for help on FA 0.813
Interactions with classmates in other parts of the course fostering interac-

tions when working on the FA
0.814

Working with classmates on the FA fostering study groups 0.833
Support from people outside the course 0.634
Interaction among students when completing the FA 0.791

Personal 
engagement 
(α = 0.87)

Adequate time to complete the FA 0.811
Time for personal responsibilities after completing the FA 0.784
Responsibility for getting the most out of FA 0.603
Following through on plans to complete the FA 0.747
Priority to complete FA 0.665
Ease of getting started on FA 0.712

Learning 
environment 
(α = 0.80)

Multitasking while completing FA 0.704
Focus despite notifications on devices 0.698
Focus despite other online activities 0.736
Devices on silent while completing FA 0.558
Complete FA without interruptions 0.566
Television while completing FA 0.567
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online FA. With respect to student access across items, we found 
that the majority of students had sufficient access to at least 
75% of the 30 survey items (Figure 4).

Do Student Demographic Factors Relate to Particular 
Perceived Barriers?
We examined the degree to which student demographics related 
to their access to online FAs. By estimating five separate 
mixed-effects models, we examined the relationships that these 
demographic attributes had with each of the five factors (Table 
7). For gender, results suggested that there was no association 
with any of the barrier categories. The race/ethnicity results 
suggested associations with all categories, except technical 
resources, although the directions of these associations varied 
by category. Underrepresented racial/ethnic minority (URM) 
students reported higher instructor organization, personal 
engagement, and learning environment access than did non-
URM students. Conversely, non-URM students reported higher 
access to social interactions than did URM students. Class rank 
did not commonly have a relationship with online FA access, 
but sophomores and seniors had higher access to social interac-
tions than did first-year students. First-generation status related 
to the personal engagement category, with first-generation stu-
dents experiencing more barriers in this area. Language spoken 
at home was related to technical resources, instructor organiza-
tion, and personal engagement. Students who spoke English as 
a first language had higher access in these three categories than 
did those speaking other languages. Career plan was related to 
personal engagement barriers, with students planning to pur-
sue a life sciences career having fewer barriers than those pur-
suing a different career field. Finally, we found that institution 
type (2-year or 4-year) only related to the instructor organiza-
tion category, and students at a 2-year institution reported 

higher access to instructor organization than did those at a 
4-year institution.

While our study did not primarily seek to analyze differences 
between 2-year and 4-year institutions, we ran additional 
mixed-effects models to determine how demographic charac-
teristics related to access at each institution type (Supplemental 
Table 6). We found that the URM demographic only associated 
with learning environment at the 2-year institutions, whereas 
this characteristic only related to personal engagement at the 
4-year institution. Furthermore, we found that the connections 
between online FA access and class rank, first-generation, and 
career plan were primarily driven by students at the 4-year 
institution. Findings for the language demographic were robust 
to institution type: Students who did not speak English at home 
had lower access at both institution types for technical resources, 
instructor organization, and learning environment.

Do Perceived Barriers Relate to Course Performance?
We next estimated five regression models to identify associa-
tions between online FA barriers and course performance (Table 
8 and Supplemental Tables 7–12). Accounting for demograph-
ics and instructor, we found that technical resources, instructor 
organization, and personal engagement related to course per-
formance, with higher levels of access associated with higher 
course performance. The social interactions and learning envi-
ronment barrier scores did not relate to course performance, 
even though these categories posed the most barriers to stu-
dents. In an additional model, there was no association between 
course performance and the number of categories in which stu-
dents had sufficient online FA access (Supplemental Table 13).

According to Students, What Can Instructors Do to Lower 
Perceived Barriers?
We analyzed student open-ended suggestions (prompt 2) 
regarding ways to alleviate barriers (Table 9). Many students 
recommended specific changes, for example, “I think the 
instructor should try to make some group activity/assignments 
to build connections.” Others provided positive feedback on 
already occurring supports that benefit their FA experience, 
such as “I think my instructor has done a great job setting due 
dates far enough apart and gives us lots of time for prepara-
tion.” The majority of students gave no suggestion or indicated 
that the current situation was generally supportive, with 
responses such as “I don’t think I need anything else to support 
me,” or “The instructor is doing a good job as is.” Finally, some 
student responses provided no discernible information, such as 
when they were completely off-topic or left an answer blank.

To gain more insight into student suggestions and give 
instructors more comprehensive student feedback, we also 

TABLE 5. Student responses to open-ended prompt 1

“You responded that you [Likert response] with the following 
statement: [Item text]. In 1–2 sentences, please explain why you 
[Likert response] with the statement.”

Response type na

% of 
responses

Intended item interpretation 2182 86
Ambiguous response 173 7
Unintended item interpretation 61 2
Unrelated/random response 14 1
Answered “N/A” 30 1
Left blank 64 3

aNumbers exceed sample size, because each student completed this prompt twice.

TABLE 4. Barrier category Pearson correlation matrix

Factor Technical resources
Instructor 

organization Social interactions
Personal 

engagement
Learning 

environment

Technical resources 1
Instructor organization 0.323 1
Social interactions 0.135 0.150 1
Personal engagement 0.401 0.388 0.205 1
Learning environment 0.214 0.279 0.221 0.435 1
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on one day,” and “Working a job while 
going to school is sometimes hard. I wish 
the due dates were Sundays or before 
weekends.” Students also expressed a 
desire to have traditional in-person 
courses, which likely stemmed directly 
from the various accommodations due to 
the ongoing COVID-19 pandemic: “In per-
son classes would have helped with this. 
Obviously COVID didn’t allow for that. 
There could have been some sort of 
optional virtual study groups put together.” 
There were several suggestions regarding 
the FA format, including the length and 
style of the assignment: “Make the assign-
ments shorter, I think sometimes it’s a lot 
at once.”

In addition to these overall results, we 
also explored the open-ended student 
feedback based on whether or not the 
responding student had previously indi-
cated that the displayed item represented 
a barrier. The distribution of student 
response types (i.e., specific suggestion for 
improvement, affirmation of a current 
practice, or statement of no specific sug-

gestion) tracked to some degree with their prior views of the 
item (Table 9), and a chi-square test of independence suggested 
a significant association between barrier status and response 
type, χ2 (4, n = 2208) = 173.291, p < 0.001. Due to the overall 
high access levels, most students (79%) were shown an item 
that they did not view as a barrier, and these students tended to 
endorse an existing practice or give no suggestion. In 21% of 
cases, student were shown an item that they had disagreed with 
earlier in the survey. In these situations, students were more 
likely to make a specific suggestion for how to overcome the 
barrier, although they also often had no suggestion.

When students were giving feedback on an item they did 
not report as a barrier, they most commonly suggested changes 
to the FA format, communication with students, and course 
delivery (Figure 5). Conversely, in cases in which students had 
viewed the item as a barrier, they primarily mentioned sched-
uling logistics; devices, Internet, or other technical resources; 
and FA format. Many of the student suggestions provided trac-
table ways that the instructor might help improve assignment 
access. For example, a student from a 2-year college facing a 
social barrier suggested, “If study groups are something that 
you would see as helpful for your students, assign them 
groups, and then they can figure out what time works best to 
all meet but we need that initial push.” Additionally, a 4-year 
university student experiencing an instructor organization 
barrier responded, “The [due date] time should not change in 
the semester. The [due date] time should be at specific time as 
stated in syllabus.” While we did not notice any marked differ-
ences between the types of suggestions and the different insti-
tution types (Supplemental Table 14), some suggestions 
appeared to be more common for certain instructors (Supple-
mental Table 15).

Finally, we analyzed which suggestion types emerged from 
the different barrier categories (Figure 6). We found that 

developed and applied a more detailed set of codes for any 
student responses that included discernible information. Our 
analysis revealed a variety of specific suggestions (Table 10). 
Overall, students suggested many changes in scheduling logis-
tics (13%), course delivery method (11%), and the FA format 
(11%). Comments about scheduling logistics mostly referred to 
due dates: “Maybe spread out due dates throughout the unit. 
That way students aren’t so worried about everything being due 

FIGURE 2. Score distributions for the five barrier categories. Central bars represent 
category median score, “×” represents category mean, boxes represent inner quartiles, 
whiskers represent minimum/maximum scores up to 1.5 times the interquartile range 
(IQR), and outliers represent scores outside 1.5 × IQR. N = 1262 student participants. See 
Supplemental Table 5 for full model statistics. Barrier categories not sharing the same 
letter are significantly different from each other in post hoc analysis.

FIGURE 3. Distribution of barrier categories with sufficient access. 
Bars represent the percentage of students who have sufficient 
access in the given number of barrier categories. Students were 
considered to have sufficient access to a category if they had an 
access score greater than 4.5, reflecting mostly “strongly agree,” 
“agree,” and “somewhat agree” responses to the underlying items. 
The x-axis values represent number of barrier categories and do 
not correspond to specific categories. For example, a student with 
sufficient access in one category could have identified access to 
any one of the five categories.
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barrier as their own responsibility, with comments like 
“There is not anything my instructor can to do help. These 
are decisions I made as a student and can’t necessarily be 
prevented by the instructor.” Some instructors may also 
believe that addressing student barriers is out of their control 
or not part of their responsibility (Flanigan and Babchuk, 
2022). This instrument serves as a link between these two 
perspectives, providing a mechanism for gauging student cir-
cumstances and finding ways to address barriers and opti-
mize online FAs. Ultimately, the feedback and changes 
prompted by this information can help cultivate a more equi-
table learning experience.

Barriers to Online Learning Occur in the Context of 
Online FAs
Previous literature has characterized barriers in fully online 
courses, and we observed that these barriers also exist in the 
context of online FAs. Students suggested different levels of 
access within each of the five barrier categories (Figure 2). These 
findings are consistent with previous work in online learning 

items in the technical resources category elicited suggestions 
regarding technical resources and that the social interactions 
category produced suggestions related to collaboration and 
course instruction (mostly reflecting a desire to return to non-
pandemic conditions). The personal engagement category most 
notably led to responses about the FA itself, including its struc-
ture, content, and policies (particularly due dates). The instruc-
tor organization and learning environment categories also had 
recommendations for the FA itself, with instructor organization 
also eliciting a number of responses related to instructor quali-
ties, such as friendliness and approachability. While some 
responses aligned with the respective barrier categories, stu-
dents often offered suggestions beyond a specific item or cate-
gory, thus revealing how any particular barrier might be 
addressed through a variety of different ways.

DISCUSSION
Identifying barriers to student engagement represents an 
important step toward increasing student online FA access. 
Sufficient access represents a precondition necessary for FAs to 
meet the five objectives outlined by Black and Wiliam (2009). 
Additionally, identifying groups of students at increased risk 
for certain barriers provides insight into how instructors can 
create a more equitable out-of-class experience. Using an 
existing framework for identifying barriers for online courses 
as a whole (Muilenburg and Berge, 2005), we developed a 
survey to examine access to online FAs with respect to the 
following areas: technical resources, instructor organization, 
social interactions, personal engagement, and learning envi-
ronment. By measuring barriers to online FAs, we aimed to 
expand on prior work, while also providing more specific 
information that might help instructors adapt their assign-
ments to better support student engagement. This framing 
allowed for the investigation of student engagement with 
out-of-class assignments within a traditional course structure. 
Overall, our results suggest that these barriers exist for online 
FA activities, that some demographic groups may be more at 
risk for certain barriers, and that select barrier categories 
relate to course performance.

Using open-ended items, we gathered student suggestions 
for ways to improve the online FA experience through spe-
cific critiques of instructor practices such as “Give better 
feedback when points are taken away on assignments.” 
However, students also identified areas where they view the 

FIGURE 4. Distribution of barrier items with sufficient access. Bars 
represent the percentage of students who have sufficient access to 
the items. Students were considered to have sufficient access to an 
item if they selected “strongly agree,” “agree,” or “somewhat 
agree,” for the item. The x-axis values represent number of survey 
items and do not correspond to specific item numbers. For 
example, a student with sufficient access to 10 items could have 
identified access to any 10 of the 30 survey items.

TABLE 6. Item most commonly reported as a barriera in each category

Item n %

Technical resources
 I have a reliable Internet connection where I live that enables me to complete the FA. 83 7
Instructor organization
 My main point of contact, such as the instructor or teaching assistant, is generally responsive to questions about the FA. 240 19

Social interactions
 Working with other students on the FA has helped me form study groups for exams or other parts of the course 698 55

Personal engagement
 I find it easy to get started on the FA 233 18
Learning environment
 I put my other electronic devices on silent while I am completing the FA 620 49

aAn item was considered a barrier if students selected “strongly disagree,” “disagree,” “somewhat disagree,” or “neither agree nor disagree” for the item.
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from their personal circumstances, such as “I complete the quiz-
zes at home and I can’t control what distractions are going on at 
my house because I live with other people.” This feedback can 
help instructors appreciate the array of obstacles faced by their 
students and motivate additional consideration regarding how 
a course might meet student needs.

Connections between Student Demographics and Online 
FA Access
Our survey results revealed that some demographic factors 
related to online FA barriers (Table 7). Similar to many studies 
in online barriers, we collected students’ gender and racial/eth-
nic identities. However, unlike previous work (Muilenburg 
and Berge, 2005; Palmer et al., 2013; Satici and Can, 2016; 
Sobhanian and Ye, 2016), we did not find that gender predicted 
any of the five barrier categories. In other STEM fields, such as 
computer science, gender can play a role in assignment prefer-
ences and time spent (Wilson, 2006), but our results suggest 
that gender does not have a strong connection with FA buy-in 
or access (Brazeal and Couch, 2017), perhaps reflecting differ-
ences in student experience across STEM fields.

With respect to race/ethnicity, we observed that URM 
students reported more positive perspectives on instructor 

access suggesting that some factors may hinder access more than 
others (Muilenburg and Berge, 2005), but our work highlights 
that a majority of students report sufficient access within these 
categories. For the students responding to the survey, Internet 
access was not a factor largely impeding access to online learn-
ing (Muilenburg and Berge, 2005; Assareh and Hosseini Bidokht, 
2011). Because the technical questions asked about convenience 
and reliability as a dimension of access, the results also suggest 
that students do not struggle with these additional aspects of 
technical resources. Instructor organization, personal engage-
ment, and learning environment had lower mean Likert scores, 
but more than 75% of students had a mean access score indicat-
ing reasonable agreement. Finally, social interactions presented 
the most issues, with only 50% of students agreeing that they 
have adequate access with respect to online FAs.

While we found that students commonly have sufficient 
access to online FAs, we recognize the importance of the stu-
dents who reported more limited access. These students may be 
calling important attention to assignment features that the 
instructor does not realize present a problem for students. For 
example, one student noted struggling with software use, stat-
ing, “I just remember being confused and getting frustrated.” 
These students may also be reflecting challenges stemming 

TABLE 7. Mixed-effects modelsa to determine relationships between demographics and barrier scores

Independent variables Dependent variables

Technical 
resources

Instructor 
organization

Social 
interactions

Personal 
engagement

Learning 
environment

Demographicsb Estimate ± SEc

Gender (reference: female)
 Male −0.091 ± 0.059 0.00 ± 0.05 0.00 ± 0.10 −0.10 ± 0.06 0.05 ± 0.08
 Self-described −0.399 ± 0.881 −1.00 ± 0.73 −0.27 ± 1.41 −1.19 ± 0.92 −1.62 ± 1.11

Race/ethnicity (reference: non-URM)
 URMe 0.024 ± 0.080 0.15 ± 0.07 −0.26 ± 0.13 0.19 ± 0.08 0.21 ± 0.10
 Self-describe 0.012 ± 0.298 −0.10 ± 0.25 0.19 ± 0.48 0.19 ± 0.31 0.39 ± 0.38

Class rank (reference: first-year)
 Sophomore −0.241 ± 0.212 0.01 ± 0.18 0.91 ± 0.34 0.15 ± 0.22 0.08 ± 0.27
 Junior −0.149 ± 0.214 −0.05 ± 0.18 0.60 ± 0.35 0.08 ± 0.22 −0.03 ± 0.27
 Senior −0.178 ± 0.217 0.09 ± 0.18 0.75 ± 0.35 0.01 ± 0.23 0.08 ± 0.28
 Postbaccalaureate −0.171 ± 0.227 −0.07 ± 0.19 0.55 ± 0.37 0.00 ± 0.24 −0.04 ± 0.29
 Graduate student −0.014 ± 0.262 0.10 ± 0.22 0.06 ± 0.42 0.05 ± 0.28 0.31 ± 0.33
 Other 0.053 ± 0.395 −0.16 ± 0.33 −0.01 ± 0.64 0.48 ± 0.42 −0.28 ± 0.50

First-generation status (reference: not first-generation)
 First generation −0.038 ± 0.057 0.01 ± 0.05 0.04 ± 0.09 −0.15 ± 0.06 0.07 ± 0.07

Language (reference: English)
 Non-English −0.470 ± 0.091 −0.28 ± 0.08 0.17 ± 0.15 −0.32 ± 0.10 −0.14 ± 0.12
Career (reference: life sciences)
 Non–life sciences −0.100 ± 0.061 −0.02 ± 0.05 −0.01 ± 0.10 −0.13 ± 0.07 −0.06 ± 0.08

Institution type (reference: 4-year)

 2-year −0.026 ± 0.075 0.41 ± 0.17 0.08 ± 0.35 0.19 ± 0.20 0.31 ± 0.15

aBarrier category score ∼ gender + race/ethnicity + class rank + first-generation status + language + career +institution type. Instructor = random effect. Predictors were 
included in separate models for each barrier category. Significant relationships (p < 0.05) are in bold.
bReference categories were selected based on the group with the most students.
cEstimates indicate the effect based on being a member of the focal group in comparison to the reference group.
dThose who self-described their gender all identified as nonbinary.
eUnderrepresented racial/ethnic groups included participants who self-identified as African American/Black, Hispanic/Latinx, Native American/Alaska Native, or Native 
Hawaiian/Pacific Islander.
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organization, personal engagement, and learning environment 
categories. This result is encouraging, as previous work sug-
gested that URM students experienced barriers because their 
preferred methods of learning were not used in the classroom 
(Palmer et al., 2013). Additionally, our finding that race/ethnic-
ity was not related to technical resources differs from older 
work reporting differences in technology access (Muilenburg 
and Berge, 2005; Porter and Donthu, 2006). More recent work 
suggests that this technology access gap may be closing (Wladis 
et al., 2015), and our results suggest high levels of technology 
access for both URM and non-URM students. Conversely, simi-
lar to previous studies, URM students expressed greater barriers 
to social interactions (Muilenburg and Berge, 2005), suggesting 
that these students may feel more disconnected from their 
classmates. URM students also perform better in courses taught 
by someone from a diverse background (Fairlie et al., 2014), 
suggesting that this social disconnection applies not only to 
peers, but may apply to instructors as well.

Considering other demographic attributes, we found that 
sophomore and senior students have fewer barriers to social 
interaction, perhaps differing from first-year students because 
they have had time to form social connections on campus. 
First-generation status had significant effects on online FA 
access related to personal engagement. This aligns with previ-
ous studies that found that first-generation students had lower 
buy-in to some online FA assignments, which was hypothesized 
to stem from differences in their familiarity with collegiate 
expectations or external time commitments (Brazeal and 

Couch, 2017). We found that students who did not speak 
English at home had lower technical resources, instructor orga-
nization, and personal engagement, which suggests that this 
characteristic is associated with multifaceted and potentially 
interrelated challenges to online homework. Previous studies 
did not include student language, so this finding provides a new 
avenue to explore regarding online FA accessibility.

Finally, we found that community college students had 
fewer barriers in the instructor organization category. This dif-
ference may be explained by the smaller class size of commu-
nity college courses, and small class sizes have shown positive 
correlations with academic achievement (Shin and Chung, 
2009). This smaller class size allows for more one-on-one time 
with the instructor, fostering more regular communication 
between instructors and students. We also identified demo-
graphic characteristics that can be attributed to the specific 
institution types, but these results are not generalizable to 
entire institution types. Rather, these findings provide an exam-
ple of how two contexts might have different relationships 
between student characteristics and FA barriers. While the 
underlying reasons for demographic patterns remain complex 
and the specific results reflect the local contexts, these findings 
provide a motivation and entry point for instructors to think 
about how students from different backgrounds might interact 
with their homework assignments.

Connections between Online FA Access and Course 
Performance
We found that select barrier categories were related to 
course performance. This is an important finding, because 
few studies exist on how access to online FAs can affect a 
student’s broader course outcomes. We were interested in 
studying these connections, because we anticipated a rela-
tionship between barriers and final course grades: Students 
unable to complete assignments due to access issues likely 
see a drop in their FA grades as well as their associated exam 
performance. We found that barriers in the technical 
resources, instructor organization, and personal engagement 
categories were associated with lower course performance 
(Table 8). The relationships between barriers and course 
performance point to the potential consequences of students 
having different access to core learning activities in their 
courses. However, we found no association between number 
of categories with sufficient access and course performance, 

TABLE 8. Summarized results from mixed-effects models 
investigating the relationship between barrier scores and course 
performance, accounting for demographics and instructora

Model predictors
Outcome variable: 

course performance

Barrier category Estimate ± SE

Technical resources 1.312 ± 0.358
Instructor organization 0.937 ± 0.411
Social interactions −0.295 ± 0.212
Personal engagement 2.039 ± 0.314
Learning environment 0.315 ± 0.266

aSignificant relationships (p < 0.05) are in bold. See Supplemental Tables 5–10 for 
full model results.

TABLE 9. Student responses based on barrier status to primary coding of open-ended prompt 2

“You responded that you [Likert response] with the following statement: [Item text]. Is there something your instructor or institution could do to 
support you in regard to this statement? Please explain in 1–2 sentences.”

Response type n shown a barriera

% of total barrier 
responses

n not shown a 
barrier

% of total 
nonbarrier responses

Something to improve/change 150 31 257 15
Something that should continue 9 2 96 6
No specific suggestions/nothing can be done 251 52 1145 67
Unrelated/random response 36 7 8 0.5
Answered “N/A” 41 8 215 12

aItems shown to students were random, and therefore students may or may not have seen one of their barriers. An item was considered a barrier if students selected 
“strongly disagree,” “disagree,” “somewhat disagree,” or “neither agree nor disagree” for the item. Numbers exceed sample size, because each student was asked to 
complete this prompt twice.
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TABLE 10. Open-ended prompt 2 codebook with student responses

“You responded that you [Likert response] with the following statement: [Item text]. Is there something your instructor or institution could do to 
support you in regard to this statement? Please explain in 1–2 sentences.”

Code
Definition: The instructor and/or 

institution could… Example student quotes
% of 

responsesa

Technical
 Devices, Internet, or other 

resources
provide students with the necessary 

devices, software, Internet access, 
technical support, or other 
resources.

“For those that don’t have access, having devices 
for students would be super important.”

7.0

Formative assessment
 Scheduling logistics alter the due date schedule, assign-

ment frequency, and/or provide 
more time to complete the FA.

“Maybe spread out due dates throughout the unit. 
That way students aren’t so worried about 
everything being due on one day.”

13.0

 Requirements/instructions clarify the requirements and instruc-
tions for the FA.

“More instructions on what we need to have in 
our [FA] would be nice.”

6.0

 FA alignment with lecture better align the content on the FA with 
the content covered in lecture.

“I think that making sure that the lecture closely 
aligns with the quiz timing will help students.”

2.0

 FA content alter the content or complexity of 
content that appears on the FAs.

“The pre-lecture quizzes sometimes test more 
in-depth ideas than what is ever addressed in 
the lecture.”

4.0

 FA format alter the format, including question 
style or number of questions, of 
the FA.

“The problems that require you to watch a video 
take much longer to complete. Maybe limiting 
the number of these kinds of questions would 
be beneficial.”

11.0

 Grading criteria alter the criteria used to grade the FA. “24-hour grace periods would be nice, so like you 
can still turn it in without deduction up to 24 
hour after the original due date but it will still 
get marked late and will be last graded.”

3.0

Instructor qualities
 Flexibility/understanding be flexible and understanding when 

issues completing the FA arise.
“The instructor could be aware of possible 

technological issues students might be facing 
and respond accordingly to each individual 
case.”

2.0

 Friendliness/approachability be friendly and easy to talk to when 
issues or questions arise.

“Maybe the instructors could be more friendly 
and open when it comes to addressing 
student’s questions in class.”

4.0

 Instructor knowledge be more knowledgeable about the 
course content and software used 
in the course.

“Please teach a class to the other educators at 
[institution] how to use technology.”

0.4

 Consistent communication with 
students

inform students when things such as 
due dates, content schedule, or 
assignment formats change.

“Every time there has been a sudden change, my 
instructor has been quick to inform the class 
as to why it happened.”

8.0

 Office hours alter office hour schedule and/or 
frequency.

“Make office hours more accessible.” 1.0

Collaboration
 Create study groups form study groups for students to meet 

with for help on the FA.
“Creating study groups for the class.” 4.0

 Peer interaction/group activities alter the frequency and/or quality of 
peer interaction and group 
activities.

“Have more interactions during class. For Zoom, 
small breakout rooms (more than 2 people). 
In-person, making people talk to their 
neighbors about a topic or clicker question.”

6.0

 Encourage collaboration encourage students to use classmates 
as a resource for help on the FA.

“Maybe just to encourage working together on 
the pre-lecture reading quizzes.”

2.0

 Way to contact or meet other 
students

provide ways for students to contact or 
meet each other so they can reach 
out for help when needed.

“Maybe facilitate a place outside of campus where 
students could plan on going to and meet 
people in the class. This could be like meet at 
the mill anytime between 5–7 if you want to 
work with others to study.”

4.0

(Continured)
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FIGURE 5. Types of suggestions provided to prompt 2. Prompt 2 read: “You responded that you [Likert response] with the following 
statement: [Item text]. Is there something your instructor or institution could do to support you in regard to this statement? Please explain 
in 1–2 sentences.” An item was considered a barrier if the student had previously selected “strongly disagree,” “disagree,” “somewhat 
disagree,” or “neither agree nor disagree” for the item. Total number of responses = 512.

“You responded that you [Likert response] with the following statement: [Item text]. Is there something your instructor or institution could do to 
support you in regard to this statement? Please explain in 1–2 sentences.”

Code
Definition: The instructor and/or 

institution could… Example student quotes
% of 

responsesa

Course and instruction
 Feedback alter the speed, depth, or amount of 

feedback provided on FAs.
“Give better feedback when points are taken away 

on assignments.”
3.0

 Provide general guidance/study 
tips

provide guidance on how to best 
approach the course, including 
study tips.

“I think the instructors could maybe explain why 
it’s important to minimize distractions while 
doing schoolwork.”

3.0

 Course delivery alter the way the course is delivered, 
either in person or remotely.

“Have the class in person.” 11.0

 Course pace alter the pace at which content in the 
course is covered.

“It’s just so fast paced that I get lost in lecture 
frequently.”

1.0

 Materials provide helpful or more plentiful 
materials for understanding FA 
content.

“The instructor can give us more opportunities 
and add additional resources that would help 
us learn the concepts.”

2.0

 Instruction content alter the content covered in the course. “I think this course could be made easier, it is 
very advanced for an introductory class to 
biology. I think there are also so many 
concepts and less information would help.”

2.0

Other
 Study environment provide accessible study spaces with 

adequate Internet.
“Make sure spaces are available at the school to 

work on homework with the Internet for 
people who do not have stable WiFi.”

1.0

 Support for underrepresented 
students

offer additional supports for underrep-
resented students.

“Perhaps, create more foundations/scholarships/
programs for students like me. It can really 
take the weight off [our] shoulders.”

0.2

an = 512 student responses.

TABLE 10.  Continued
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suggesting specificity in these connections (Supplemental 
Table 13). Because demographics were included in the mod-
els, these significant relationships suggest that individuals 
with similar demographic traits can have differences in the 
barriers they experience, and these differences relate to 
course performance (Supplemental Tables 7–12). Further-
more, the finding that several demographic variables still 
related to course performance, even after accounting for 
online FA barriers, indicates that students from these groups 
face additional challenges, such as stereotype threat or test 
anxiety (Steele, 1997).

Students Identify Supports They Need to Improve Their 
Online FA Experiences
Our last goal was to elicit suggestions regarding ways to allevi-
ate barriers. While studies have characterized the barriers stu-
dents face when learning online, few have asked students about 
the supports needed to eliminate the identified barriers. We 
asked students what they think could be done to increase their 

online FA access. These suggestions not only provided ways to 
potentially improve the online FA experience but also allowed 
us to understand factors that contribute to underlying barriers. 
Additionally, these suggestions reflect the important roles that 
both instructors and students have in addressing barriers. Stu-
dents provided specific suggestions that their instructors could 
implement but also identified that they view some components 
of online FA access as their own responsibility (e.g., turning off 
distractions, emailing the instructor when they are confused). 
Students often offered suggestions outside the specific barrier 
item or category, suggesting that improving access involves a 
comprehensive array of options. Similarly, students identified 
instructor characteristics not directly tied to the FA, such as 
friendliness and approachability, suggesting additional influ-
ences that an instructor has on student engagement outside FA 
design and administration.

Responses from students who indicated limited access to 
an item are particularly valuable, because they provide 
insight into how a barrier they identified could be addressed. 
Students in this group most commonly suggested changes to 
the scheduling logistics; devices, Internet, or other technical 
resources; and FA format (Figure 5). Students experiencing 
barriers made suggestions about the due dates and time 
given to complete an assignment, desiring consistent due 
dates and ample time for completion. With respect to devices, 
Internet, or other technical resources, students often 
requested that the institution provide the necessary hard-
ware and software. Finally, when discussing FA format, stu-
dents requested changes to the style of question (e.g., multi-
ple-choice or questions requiring videos). In most cases, 
students made suggestions that would reduce the time 
requirement or mental load required for the online FA. Taken 
together, these responses suggest that for students experi-
encing online FA barriers, instructors and institutions can 
improve engagement by providing ample time for online FA 
completion, providing the necessary technical resources, and 
designing digestible online FAs.

FIGURE 6. Prompt 2 responses by barrier category. The full 
codebook can be found in Table 10. Total number of responses 
= 512.

FIGURE 7. Road map for instructors. Resources listed are Tables 3, 6, and 10, Figure 7, and Supplemental Table 1 within this paper.
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Limitations
For researchers and instructors to gain a fair picture of student 
online FA access, it is important to discuss study limitations. 
First, we must consider the confounding effects of response 
bias. Though our survey was designed to investigate barriers to 
online FAs, the survey itself was administered online. Students 
lacking sufficient access to the Internet or electronic devices 
may therefore have been less able to complete the survey. Sim-
ilarly, students who had limited access due to other factors, 
such as time constraints, low self-efficacy, or suboptimal learn-
ing environments may also have had less opportunity to com-
plete the survey. Thus, the results presented here may systemat-
ically underestimate the barriers faced by the full range of 
students in a course. Six percent of enrolled students were 
excluded due to nonconsent but had sufficient Internet access 
and learning environments to complete the survey. This leaves 
an important group of roughly 15% of enrolled students for 
whom we lack survey information and who may face dispropor-
tionate barriers. Second, while we wished to include all individ-
uals in the statistical models, the sample sizes for some demo-
graphic groups were small and therefore potentially less 
representative of the broader group. Similarly, while each insti-
tution is unique, the sample sizes for the 2-year institutions 
were small, and therefore we grouped them together for analy-
sis. Finally, this study was conducted during the COVID-19 pan-
demic, which resulted in widespread disruptions to course 
delivery and social interactions. While we certainly saw indica-
tions of these challenges in our data and the responses may 
have indicated more barriers than prepandemic conditions, we 
still view the results as informing our broader understanding of 
the educational system.

Implications for Instruction
While out-of-class barriers may seem beyond an instructor’s 
purview, our findings highlight potential opportunities instruc-
tors have to make their online FAs more accessible. Students 
made a variety of suggestions for ways that an instructor 
might directly alter assignments, and given our finding that 
students generally value FA activities and can describe import-
ant ways that FA assignments support their learning (Brazeal 
et al., 2016), we propose that instructors should take student 
suggestions into consideration and make changes to optimize 
student access. Students also gave responses that instructors 
may wish to address through increased messaging, such as by 
pointing students toward existing resources, creating increased 
visibility around course structures or assignment features, or 
providing more explicit rationale regarding activity design. 
While previous research has found that many instructors pro-
vide this type of guidance on the first day of class (Lane et al., 
2021; Meaders et al., 2021), we have also noticed that stu-
dents seem to most readily recall this messaging when it has 
been reiterated consistently across the semester (Brazeal 
et al., 2021).

Students identified various ways that barriers from each cat-
egory can be addressed. To address concerns about technical 
barriers, instructors can inform students about the device and 
software assistance available to them at their institutions. Many 
institutions offer device rental programs or have open-access 
computer labs, but students may be unaware of these resources. 
The barriers that students identify with respect to instructor 

organization have perhaps the clearest implications for instruc-
tion, because instructors have more direct control over these 
aspects. For this category, students noted the importance of 
instructor qualities, such as approachability, as well as sugges-
tions regarding the FA itself, such as assignment logistics, 
requirements, alignment, content, format, and grading. The 
social category had the lowest scores, and while instructors 
have less control over students’ out-of-class interactions, stu-
dents made several suggestions for facilitating collaboration, 
such as by arranging study groups or providing online discus-
sion boards. While social interactions form a basis for learning, 
students may need additional support and guidance on how to 
productively structure their out-of-class interactions to facilitate 
learning. Finally, when asked about their personal engagement 
and learning environment, students again had many sugges-
tions related to the FA itself. While these suggestions represent 
a composite across several courses, instructors can administer 
the survey to their own students to better understand how to 
address the barriers faced in their particular course contexts. 
Figure 7 provides a road map for instructors who wish to survey 
their students and use the results to improve online FA engage-
ment. This approach allows instructors to make targeted adjust-
ments according to their student populations.
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