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Learning Curves in COVID-19: Student
Strategies in the ‘new normal’?

Sarah-Kate Millar*, Kirsten Spencer, Tom Stewart and Meg Dong

Auckland University of Technology, School of Sport and Recreation, Auckland, New Zealand

In New Zealand, similar to the rest of the world, the COVID-19 pandemic brought
unprecedented disruption to higher education, with a rapid transition to mass online
teaching. The 1st year (and 1st semester in particular) of any University degree presents
unique challenges for students. Literature suggests these students have significant
learning concerns as they adjust to University teaching and assessment requirements.
These challenges may be exacerbated with the rapid introduction of online learning
environments as they are increasingly disconnected from their peers, and, at a greater
risk of struggling with web-based learning technologies.
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This study investigated online learning strategies employed by 1st year students and examined the
association between these strategies and student achievement. The University’s learning
management system (LMS; Blackboard) was used to collect deidentified data related to
students’ engagement with online content. The number of times content was clicked was
recorded each day for the student’s three courses. These data were collected over a nine-week
period for all students (N = 170) enrolled in the 1st semester of their degree. This nine-week period
spanned from the commencement of COVID-19 online learning to the week of final assessments.
The relationship between assessment date and online engagement was investigated and linear
mixed models were used to determine if engagement with online learning was associated with final
course grades.

The results suggested that students adopted a learning strategy that coordinated their online LMS
engagement with course assessment due date. Students had a 388% (SD 58%) greater specific
engagement with the LMS on the assessment due date and the day prior, than throughout the
remainder of their course. A further trend was observed whereby when an assessment was due in one
course the students used an ‘online bundle learning’ strategy of increased engagement with the two
other courses which has positive practical implications for the timing of uploading new teaching
material. Finally, a clear relationship between the level of student LMS engagement and student
course grade existed. For every additional week of zero LMS engagement, the odds of a student
achieving. a grade lower than B were 1.67 times higher (95% CI 1.24, 2.26; p < 0.001), regardless of the
course.

The rapid transition to online learning, as a consequence of COVID-19, has highlighted the
risks of student disengagement, and the subsequent impact on lower student achievement
across multiple courses. In addition, the authors investigated an ‘online learning bundling’
strategy that emerged; where students engaged more with a course when they were online
submitting an assessment in a different course. These results emphasize the need for a
university to implement greater cross-faculty coordination with reference to course design,
uploading of information to LMS and timing of assessments. Improved coordination would
provide a more effective online learning environment that maximizes student engagement and
therefore achievement.
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INTRODUCTION

The transition to higher education (HE) is often a complicated
and difficult time for students (Kember, 2001). Many new HE
students have moved directly from secondary education to HE
and are not used to the typical HE environment. This is
characterized by less structured class time per week, less
direct contact with peers and teachers, and a greater
expectation for independent learning. New HE students need
to adjust quickly to these different styles of teaching and
assessments, while adapting to the demands of a self-directed
and independent approach to their academic work. Successfully
adjusting to this increased level of independence in the first year
is important, as it has a strong influence on total student effort
and level of achievement, as well as increasing the likelihood of
the student completing the whole course (Krause, 2001, 2005).
Ultimately, it is each students’ ability to adjust and engage in the
HE environment that becomes a strong determinant of their
level of engagement and achievement.

The HE environment has several non-academic factors that
are related to student’s success, time management, engagement
and participation. Students must learn to cope with the new and
often competing demands of the HE environment. For example,
the juggle between work-life balance, and the peaks and troughs
of workload. Research by Scherer et al. (2017) found that
effective time management was a significant predictor of
tertiary academic outcomes, as those with poor time
management found it hard to plan and were often rushed at
the end of a course or at assessment time. Literature highlights
that in HE, there is a significantly positive relationship between
students with who do manage their time effectively and
academic performance (Khan et al. (2020)).

Snyder (1971) often referred to the concept of students
understanding the ‘hidden curriculum’ (ie., students knowing
which key assessment points they need to attend and when, in
order to achieve). This concept is important when trying to
understand how students best strategize or allocate their
attention and their time and has been discussed as a potential
time-management issue (Miller and Parlett, 1974). However, the
concept that is under-researched is the balance between strategic
use of time and potentially a miss-management of time, especially
for 1st year HE students.

The second non-academic factor associated with academic
success is student engagement, which is defined as ‘the quality of
effort devoted to educationally purposeful activities that
contribute directly to desired outcomes’ (Chickering and
Gamson, 1987). One way to consider engagement is that it is
a gauge of the strength of the relationship between students and
their HE institution. The HE institutions aim is to create an
environment that affords learning to happen, but ultimately the
final act of engagement lies with the student actions.
Understanding and measuring student engagement in HE is a
challenge, as it has multi-dimensional mechanisms, such as
educational challenge, active learning, student-staff interaction,
and support on campus, to name a few.

One weakness of traditionally measuring engagement in HE
has been the lack of tools to objectively understand student
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engagement. The most commonly used tool is the National
Survey of Student Engagement (NSSE) which relies on
self-reporting survey data. However, ‘active learning’
(i.e., frequency of class participation; Carini et al., 2006) has
been used in previous research to provide an understanding of
HE engagement level. Traditionally, this has been recorded
during face-to-face HE program delivered on-campus that
typically feature content taught in a classroom at a
prescribed time, and supplemented with prescribed readings
and assessment (Broadbent, 2017). One of the more recent
advancements in trying understanding student’s interaction
with the virtual environment in is the evolving area of HE is
learning analytics (LA). In particular the use of large scale
educational data about learners and their contexts. In this
area, researchers have presented information about learners
and their environment, with an attempt to provide models
for future behavior (Ranjeeth et al, 2020). However, it
appears that with advances in LA there is still little recorded
improvement to student learning, or learning support for
students (e.g., Viberg et al, 2018). This raises the question
about how insights from LA can help facilitate the transfer into
learning and teaching practices.

Understanding  engagement in online HE learning
environments has shown mixed results when compared to
face-to-face measures. Research has shown that students that
have chosen their University course specifically because it is
online are likely to be have been attracted by the high level of
flexibility and independence it offers (Bernard et al., 2004). They
are confident they have the skills to excel, they enjoy the learning
style and have the time management skills required to succeed in
the online environment. Indeed, HE students have reported that
time management and regular interaction with content and other
students were the top skills needed to be successful with online
learning (Roper, 2007).

The impact of COVID-19 led to a rapid transition for most HE
institutions from face-to-face teaching to online learning
environments. While a few HE institutions had online courses
or blended courses in place, the majority were not prepared for
this rapid change to online delivery and therefore had minimal
time to re-design course delivery for this new environment.
Unfortunately, there is a paucity of research examining
engagement with online learning tools, particularly for those
who, due to COVID-19, are suddenly forced to transition
from a face-to-face to online environment which was not their
initial learning style choice. Many HE institutions use Learning
Management Systems (LMS) and this provides an opportunity to
explore student engagement via their online learning behaviors.
While there are many inter-related factors that influence student
engagement, the authors have attempted to respond to the call
from Viberg et al. (2018) of combing the science of learning
analytics with pedagogical knowledge. Therefore, in order to
better support student achievement and enhance the
understanding of student engagement behaviors the aims of
this study are to; (1) to understand the online learning
strategy of 1st year HE students (forced) into an online
environment, and (2) to examine how the strategy adopted
influences student achievement.
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MATERIALS AND METHODS

Participants

One hundred and seventy students who were enrolled in three
courses as part of the first semester of their undergraduate degree
participated in this study. As a response to COVID-19 these
students, that were originally enrolled in face-to-face courses,
were transferred to online delivery from week three.

Two courses had two assessment points across the semester;
one mid-term assessment, and one assessment at the end of
semester. While the third course had three assessments. For each
course the structure included live online lectures, pre-recorded
video content, and weekly online tutorials. The online delivery for
the three courses was completed over nine-week period.

Online Engagement

Online engagement and activity was defined as the log data
collected by the LMS, e.g, time spent or number of
interactions students had with the LMS (Henrie et al., 2018).
In this study online engagement was defined as the number of
clicks per student recorded on the LMS. For each course online
engagement data were extracted from the Blackboard Learning
Management System using the in-built reporting feature. For
each student, every time content was clicked (e.g.,
announcements, course materials, assessments) this
information was recorded and stored within the LMS. While
some engagement research uses log data of time spent logged into
a page (e.g., Henrie et al.,, 2018), the authors found that this
measure can give a false reading if a page was left open and not
attended; thus giving the impression of a very long ‘engagement’
time with the LMS. Retrospective data covering the nine-week
period were exported to an Excel spreadsheet, for each of the
three courses separately. These data contained a daily breakdown
of engagement information for each student (total number of
clicks each day), for each of the three courses, across the nine-
week period.

Student Achievement

Student achievement was measured using the final course grades
that students received at the end of semester. The grading system
ranged from 0 to 9, where 9 represented an ‘A+ grade, 8
represented an ‘A’ grade, and 7 represented an ‘A-". The
lowest passing grade is 1 which represented a ‘C—’, while a 0
was a failure to pass. The final course grade was calculated by
averaging the mid-term and final assessment grades.

Analysis

In the first instance, student online engagement with each of the
three courses were summarized using descriptive statistics
(mean + SD). The descriptive analysis was stratified by
assessment days, non-assessment days, and the day prior to
assessment day. The relationship between an assessment due
date and change in online engagement in other courses was
examined by calculating the difference between engagement on
the due date and the days prior. These differences were presented
as Cohen’s D effect sizes with the following thresholds: 0.2 = small
effect, 0.5 = medium effect, 0.8 = large effect (Cohen, 1988). All
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achievement and engagement data was de-identified in order that
appropriate ethical standards were maintained.

Lastly, generalized linear mixed models were used to examine
if the level of engagement with online content was associated with
final course grades. The final grades were dichotomized into ‘B
grade or higher’ and ‘Lower than a B grade’ (B grade = 5), as this
was the middle grade. This was treated as the outcome variable.
Student engagement data was summarized for each student as the
number of weeks throughout the nine-week period where
students recorded no engagement with the online LMS. This
variable, along with the course (three levels) were added as fixed
effects, while each student was added as a random effect to
account for the repeated measures. These models were
specified with a binomial distribution and logit link function
and were fit in R software (v 4.0.0) using the Ime4 package.

RESULTS

The results section present data to answer the two research aims;
(1) To understand the 1st year student’s online learning strategy
and engagement and, (2) to examine how the strategy adopted
influences student achievement.

The mean number of online interactions per day, along with
the assessment dates for each course, is shown below in Figure 1.
The spikes in student online engagement generally coincide with
either the actual course assessment date (Figure 1, black vertical
lines) or the uploading of key information related to an
assessment onto the LMS (Figure 1, course 1(red) early June
and course 2 (green) mid-May).

The values in Table 1 represent student engagement strategy
through the mean number of interactions with the LMS per
student per day per course and course grades.

The strategy showed the use of a low level of mean daily
engagement during the semester (i.e., 3.11-3.94) with relatively
high levels of engagement when an assessment was due
(ie, 10.5-15.6). There was a large difference between
engagement levels on assessment due dates and ‘day-
proceeding assessment due date’ compared to non-assessment
days. Student strategy led to 312 and 453% more online
interactions when assessments were due. Interactions with the
LMS were higher around assessment due dates, however, it is also
worth noting that a small part of this increase was caused by
students submitting assessment; i.e., on average 3-4 interactions
per course to submit an assessment. It is worth noting that each
week included online lectures, workshops, discussion boards and
readings, so to have a daily use of only 2-3 interactions per day
would be considered quite low in relation to the staff expectations
of the course demands.

A key part of this study was to understand the learning curves
of students in a COVID-19 environment and the link to
achievement. It is important to consider the potential
achievement implications for the students that adopted a ‘low
or no online engagement’ strategy, as across the nine weeks of
the three courses, approximately 34% (n = 53) of all students
had two weeks of zero engagement with all of their three
courses.
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FIGURE 1 | The distribution of online engagement across the semester, for each course. The black vertical bars represent the assessment dates for each course.

TABLE 1 | LMS use on assessment and non-assessment days for 3 courses.

Variable (means) Course 1 Course 2 Course 3
LMS use per day during the semester 3.1 3.46 3.94
LMS use on an assessment due date 10.5 12.9 15.6
LMS use on an assessment due date, plus day before 9.07 12.3 10.7
LMS use without assessment due date 2.88 3.26 3.57
LMS use without assessment day, plus day before 2.64 2.72 3.43

% Difference between assessment day plus day before and non-assessment days 398% 453% 312%
Number of students with a B grade or above 117 75 87
Number of students below a B grade 49 91 84

LMS = Learning management system.
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FIGURE 2 | Relationship between student achievement and the number of weeks with no online engagement. Estimates obtained from a generalized linear mixed
model (binomial distribution, logit link). The shaded regions represent 95% confidence intervals.
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TABLE 2 | Effect sizes difference of online engagement in one course, when an
assessment is due in another.

Course 1 Course 2 Course 3

Day 8 0.4 Assessment -0.4

Day 10 Assessment -0.1 0.2

Day 14 0.3 0.4 Assessment
Day 28 0.6 0.5 Assessment
Day 49 F. Assessment 0.4 0.2

Day 52 F. Assessment -0.2

Day 56 F. Assessment

F. Assessment, final assessment, no other assessment due for that course.

The relationship between final course grades and the number of
weeks with no online engagement is presented in Figure 2 below.
All three courses displayed a similar trend; as the number of weeks
with no online engagement increased, the probability of achieving a
B grade or higher significantly decreased. On average, for every
additional week of no online engagement, the odds of achievinga B
grade or better were 0.60 (95% CI 0.44, 0.81; p < 0.001), regardless
of course. The inverse of this ratio can be interpreted as: the odds of
achieving a grade lower than B are 1.67 times higher for every
additional week of no online engagement.

The final data presented in this study explored learning curves
of students online engagement during COVID-19 when an
assessment was due in one of the three courses. Table 2 below
demonstrates the effect size differences between the online LMS
engagement level in one course, coinciding with an assessment
due in another course. This measure was determined by
comparing the LMS values (mean and SD) on the day of
assessment in one course to LMS values of the day before in
another course. Findings showed that when an assessment was
due in one course, for 80% of the time the students subsequent
online engagement increased in one or both of the other two
courses, despite those other two courses not having assessments
due at that time. For the majority of the cases there were small to
moderate effect size differences between an assessment due date
and an increase in online engagement in the other courses. This
strategy could be described as a ‘bundling effect’ of cross-course
online engagement occurring due to assessment deadlines. The
two exceptions to the ‘bundling effect’ were, (1) at the start of the
semester, when online use was high across all courses as students
were adjusting to a new online environment and (2) when an
assessment in another course had occurred two days earlier.

DISCUSSION

This study aimed to understand the student learning curves of 1st
semester, 1st year HE students in a COVID-19 enforced online
environment, and the relationship with achievement. In order to
explore these topical questions, a mixed method modeling was used
of daily engagement data from the University LMS and end of
semester grades. The clear result from this study has been gaining an
understanding of the student engagement strategy and it’s
significant connection with the timing of assessments.
Specifically, student online engagement displayed large peaks
and troughs that correlated with assessment due dates. For
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many students, they had prolonged periods of little or no
engagement with an online course, until close to an assessment
due date. The ‘heart-beat’ graphic of Figure 1 that represented the
level of online engagement with the LMS during the 56 days of the
course, and the assessment due dates for the 3 analyzed courses
demonstrated a clear interrelatedness between student online
engagement and assessment due dates. This strategy of selective
interrelated behavior of ‘when to engage’ online can be in part
explained by Snyder (1971) and Miller and Parlett (1974) research
of the ‘hidden curriculum’. ‘Hidden curriculum’ research
demonstrated that students can be strategic about their use of
time and energy in relation to course work and to assessment, and
the study approaches in this paper supports this i.e., students spent
more effort on tasks relating to assessment. What is uniquely
demonstrated in Figure 1, is just how selective and strong the
student behavior is toward assessment timing, but also worryingly
the low levels of engagement between assessment dates, in particular
the 53 students who had two weeks of no online engagement with
their three courses.

Most HE literature links sustained effort and engagement to
students’ success. However, this is strategy has not been
demonstrated by the students in this study, where students
were forced (quickly) to move to the online learning style.
Figure 1, highlighted student engagement was low between
assessment due dates, and thus not sustained evenly over the
course. Table 1 also showed that the level of daily engagement on
the day of and including the day before an assessment was due,
was on average 388% (SD 58%) higher than the average of all the
other days during the semester. These numbers clearly represent a
learning curve strategy where students have focused their
engagement with the LMS predominately toward assessment
dates; consequently, creating a peaks and troughs approach.
This strategy appears to be contrary to HE literature that
demonstrates higher engagement, i.e., sustained, and more
dedicate time to a subject, the more success a student has
(Carini et al, 2006). Having high levels of engagement in
learning, but also sustained effort has strong links to building
the foundation of skills needed not only for success in HE, but
also post HE (Kuh, 2003). In an online learning environment,
where a lack of face-face interaction occurs, exceptional online
engagement is needed in order to be successful (Bryson, 2014).

While one view of the results in Table 1 and Figure 1, might
support a selective approach to the use of time engaged with the
LMS in relation to assessments: a contrasting view of potential
concern, for these students in these trough periods. In this study,
the authors investigated the peaks and troughs approach, to see if
low levels of LMS engagement was a disadvantage for students.
The results shown in Figure 2 demonstrated that it was a
disadvantage, and that for every additional week of no LMS
engagement, the odds of achieving a grade lower than B were
almost twice as high. This result unfortunately illustrated that
students who implemented a strategy of no LMS engagement for
a period, such as a week or more, had a strong negative impact on
their final grade. This finding is in line with literature, which links
sustained effort and engagement, to a student’s success
(Chickering, and Gamson, 1987), instead of a peaks and
troughs engagement approach as highlighted in this study.

Frontiers in Education | www.frontiersin.org

March 2021 | Volume 6 | Article 641262


https://www.frontiersin.org/journals/education
www.frontiersin.org
https://www.frontiersin.org/journals/education#articles

Millar et al.

An unexpected result to arise from the analysis of LMS
interactions with this research was presented in Table 2. Here
the authors identified that the act of working on one course for a
student assessment coincided with increasing engagement in one
or both other courses. That is, when a student was online working
on one course assessment, they also appeared to use that
opportunity to bundle their LMS time and log on and to
another course. This could be considered an ‘online bundle
learning’ strategy. This strategy has been evidenced in other
online environments, for example when the viewing or the
sale of one product is bundled to that of another, in order to
get greater sales and/or views (Jiang et al., 2018). The results in
Table 2 showed effect size differences and ‘online bundle
learning’ occurred 80% of the time a student was online for a
course with an assessment due, they also had increased levels of
LMS engagement in one or both of their other courses. The
implications for the HE course leaders is to recognize the positive
engagement ‘bundle’ effect when they plan the time to upload
new material to their online course so that the engagement of the
students is maximised.

A concluding point from Figure 1 is the impact on engagement
of the timing of the final course assessments in relation to each
other. While the timing of assessments is a challenge in HE, with
multiple courses all needing to schedule assessments, having a
short space between assessments due dates, may put substantiable
pressure on students to complete these assessments. The timing of
assessments is a key topic that students in HE cite as a major source
of stress (Divaris, et al., 2008). The timing of assessments is an area
where there needs to be greater cross faculty integration, to assist
with student stress management and well-being (Divaris et al.,
2008). Especially with 1st year students, where most courses are the
same for students, there is the opportunity for faculty staff to work
together and space the assessments more.

CONCLUSION

In summary, this research aimed to firstly understand the student
learning strategy in the enforced COVID-19 environment and the
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