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Abstract Learning-related emotions can affect student skill development, engagement, and academic
performance. During the COVID-19 pandemic, studies have reported increased student anxiety and social isolation
concurrent with reduced engagement during online learning. Therefore, the purpose of this study was to determine
the effectiveness of optional literature critique and peer discussion assignments to promote student engagement,
scientific literacy (SL) skill development and positive attitudes toward COVID-19-assocaited online learning.
Students’ (n=161) learning-related achievement emotions, SL capabilities, learning approach (deep and surface), and
perceived stress were assessed using online surveys. On average students competed 3.5 out of 5 of the optional
literature critiqgue and peer discussion assignments. Higher engagement with these assignments was positively
associated with achieving higher final grades. Experiencing higher/more frequent positive learning-related emotions
(enjoyment, hope, pride) were i) positively associated with students’ SL capabilities, deep learning approach, and
final grade, and ii) inversely associated with perceived stress and surface learning approach. Conversely,
experiencing higher/more frequent negative learning-related emotions (such as anxiety, anger, shame, hopelessness,
boredom) were i) positively associated with perceived stress and surface learning approach, and ii) negatively
associated with SL skills, deep learning approach, and final grade. These findings demonstrate that optional
literature critique assessments can promote online learning engagement and highlight the impact of students’
attitudes towards learning on skill development, stress, and grades. Therefore, the positive learning-related emotions
of hope and pride were positively associated with higher final grades in the course, whereas the negative learning-
related emotions of anger, shame, hopelessness, and boredom were all inversely related with final grades in the
course. Students experience of anxiety exhibited no relationship with final grades in the course, demonstrating that
despite an emphasis in higher education to reduce students’ academic anxiety consideration of other learning-related
emotions may be more relevant for impacting academic outcomes.
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1. Introduction

Developing scientific literacy (SL) skills are an
important part of an undergraduate science curriculum [1]
and include, but are not limited to, understanding of the
nature of science and its applications, critical thinking
capability, and the ability to apply scientific knowledge to
solve problems [1,2,3]. SL proficiency is important for
success in a career in the scientific field [2,4].
Engagement with the scientific literature during or outside

of undergraduate lectures has been shown to be an
effective method for promoting the development of
students’ SL skills [5,6].

Learning-related emotions can be a significant
factor influencing students. Emotions can affect students’
self-efficacy, academic engagement, and academic
achievement [7]. Achievement emotions are emotions
students experience while in class, while learning, or
during a test [8]. The control-value theory of achievement
emotions suggests that positive emotions are related to
students having control over and placing positive value in
the activity or outcome [8]. Positive learning-related
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emotions experienced by students, such as pride and
enjoyment, have previously been associated with higher
academic performance (i.e., grades) in their courses, whereas
negative learning-related emotions, such as hopelessness
and anger, did not display any relationship with academic
performance [7]. Reduced academic performance has been
shown in some students experiencing anxiety, wherein the
consequence of experiencing anxiety reduced their
motivation to learn [9,10,11,12]. Anxiety is predominantly
classified as a negative learning-related emotion [8];
however, anxiety can provide motivation for students to
complete assignments or study for assessments [10,11].
Self-efficacy, which is the self-defined ability to succeed
at a given task, is an important skill for success in
undergraduate education [13,14]. Importantly, higher
levels of self-efficacy have been shown to mitigate the
negative effects of anxiety [12], which infers a critical
relationship between self-efficacy and learning-related
anxiety that could extend to other learning-related
emotions beyond an anxiety-centric focus. Learning-
related emotions can either adversely or positively impact
students’ self-efficacy [7], which in turn, can impact their
approach to learning. Thus, undergraduate students
exhibiting a high degree of self-efficacy is associated with
higher engagement in the course and the adoption of
deeper learning strategies [14,15]. In online learning,
particularly asynchronous online learning where there are
no set lecture times, self-efficacy is especially important
for success, as students must create their own schedule
[16,17]. The learning-related emotions students
experience can also be associated with or influenced by
the learning environment, as lecturers can motivate
students to feel excitement and enjoyment for the course
material and promote students’ motivation to learn in the
course [18,19]. Students who exhibit a deep learning
approach have demonstrated greater motivation and
interest in what they are learning [20]. Conversely, a poor
or negative learning environment, which can include low
instructor presence and/or a reliance on passive lecturing
with no student interaction, can promote students to
experience more negative learning-related emotions,
including anxiety and boredom [18,21]. Peer interaction
through group learning has been shown to support
students’ experience of positive learning-related emotions,
including pride and happiness, and can encourage students
to adopt a deeper learning approach [19,22]. High levels
of participation in group learning activities, such as online
discussions, has been shown to foster students’
engagement with the course content, and, promote
positive learning-related emotions that are associated with
greater academic performance [23]. Peer learning can also
reduce the anxiety experienced when learning new
concepts, as students may feel more comfortable and able
to share ideas and discuss topics in smaller groups
compared to a large classroom environment [24,25].

The COVID-19 pandemic resulted in a rapid shift to
online learning in March of 2020 [26]. Consequently, the
number of undergraduate students experiencing stress and
negative emotions such as anxiety was shown to increase,
which was attributed to social isolation and the shift to an
online-only learning environment [27,28]. In addition to
anxiety, other negative emotions experienced by students
such as hopelessness, can lead to academic burnout and

lower self-efficacy [19,29]. This contrasts with feelings of
learning-related enjoyment and pride, which can improve
students’ self-efficacy [19,29]. High stress levels have
also been shown to negatively impact students’ self-
efficacy [17,30]. Thus, ensuring that students have a high
degree of self-efficacy is important for success in both
face-to-face and online learning [14,16].

Previous research has demonstrated that peer learning
in small groups using literature critique activities, both in-
person and online, are an effective tool for promoting the
development of students” SL capabilities [5,31] and can
improve their perceptions of COVID-19-associated online
learning [32]. Therefore, utilizing assessment strategies,
such as peer learning in small online discussion groups, in
a scaffolded manner to promote the development of SL
capabilities could represent an approach to concomitantly
encourage students’ feelings of positive learning-related
emotions and the adoption of a deeper approach to
learning to mitigate stress and promote self-efficacy. Thus,
by utilizing optional online literature critiqgue peer
discussion activities to promote engagement and foster
positive attitudes toward online learning, the aim of this
study was to determine the influence of positive and
negative learning-related emotions on students’ i) SL skill
development, ii) learning approach (i.e., deep versus
surface approaches), iii) perceived stress levels, and
iv) academic performance.

2. Methods

2.1. Participants, Course Assessments, and
Online Surveys

Participants in this study were undergraduate students
enrolled in the Fall 2021 semester in a fourth-year level
toxicology course at a research-intensive university. Due
to the COVID-19 pandemic, the course was delivered in
an online learning environment with two weekly
asynchronous lecture videos uploaded to the course
website during the 12-week semester. Critical analysis
of the scientific literature was a primary focus of the
course learning outcomes. Course assessments included
i) optional literature critique peer discussion assignments
(5 x 3%), ii) a career readiness reflection assignment (5%),
iii) two SL quizzes (at the start and end of the semester;
2 X 2.5%) assessing students’ practical skills using the
validated Test of SL Skills (TOSLS) [33], iv) a SL
reflection assignment (5%), v) a literature critique test
(15%), and vi) a midterm and final exam (25% and 30%,
respectively).

Students were invited via a private link sent to their
university email addresses to participate in two online
surveys administered at the beginning (Survey 1 in week 1)
and end (Survey 2 in week 12) of the semester.
Each survey included questions pertaining to students’
i) perceptions of their SL literature comprehension
capabilities developed by the research team [5,31,34],
ii) learning approach using the Revised Two-Factor Study
Process Questionnaire (R-SPQ-2F) [20], iii) overall
perceived stress experience using the Perceived Stress
Scale (PSS) [35], and iv) their learning-related emotions
using the Shortened Achievement Emotion Questionnaire
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(AEQ-S) [36], which is a condensed version of the original
Achievement Emotions Questionnaire [37], an approach
that has been used previously [38,39]. The online surveys
utilized the Qualtrics Insight Platform (Provo, UT, USA).
Of the 196 students enrolled in the course, 161 students
(82.1%) completed both surveys and were included in the
data analysis. All participants gave their informed consent
to participate in the study and to utilize their responses to
the online surveys, the content of all assignments and
examinations (quizzes and tests), and their final grade in
the course. A 2% participation bonus was added to
students’ midterm exam grades (for Survey 1) and a 2%
bonus was added to student’s final exam grades (for
Survey 2). Alternative assignments were provided in the
place of both online surveys for students to earn the
participation bonus while abstaining from participating in
the research project. This study was approved by the
institutions Research Ethics Board (REB#21-06-022).

2.2. Literature Critique and Peer Feedback
Assignments

To practice and develop scientific literature critique and
SL skills during the semester, a scaffolded approach was
implemented wherein students could complete up to five
optional literature critique peer discussion assignments
(that included a peer-feedback component) prior to a
formal skill assessment on both a literature critique test
(which provided specific feedback to each student
from the instructor and/or teaching assistant) and the final
exam. The optional literature critique peer discussion
assignments required students to read a scientific abstract
and respond to a series of questions to i) interpret study
results, ii) identify the experimental model and associated
strengths and weaknesses of the study design, and iii) to
pose a follow-up research question and design an
experimental study design to answer their follow-up
research question. Students shared and discussed their
answers in an online discussion board forum (n=8
students/online group) and provided feedback to their
group members to improve upon their work and foster
further development of SL, critical thinking, and written
communication skills. The assignments were optional, as
optional assignments have been demonstrated to improve
engagement and mitigate the negative effects of online
learning, such as low motivation to complete assignments
or a disengaged student learning environment [40,41].
Following the peer (optional literature critique assignment)
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and instructor/teaching assistant (literature critique test)
feedback opportunities during the semester, the formal
assessment of students’ practical SL and critical thinking
skills occurred at end of the course on the final exam. On
the final exam students were required to analyze and
critique a scientific study summary and provide written
answers to questions requiring them to i) correctly identify
the type of research study design, ii) identify both the
strengths and weaknesses in the study design and discuss
the impact of each strength and weakness on the
interpretation of the results, and iii) based on the results of
the study summarized identify a research question that
builds on the experimental findings and then design and
describe a follow-up study to answer their novel research
question.

2.3. Statistical Analysis

Statistical analysis was conducted using GraphPad
Prism (San Diego, CA, USA). For all data, the predefined
upper limit of probability for statistical significance was
P<0.05. Values are presented in tables and figures as
means + SEM. Paired t-tests were used to determine
changes during the semester (i.e., at the start and end
of the semester). Pearson correlation analyses were conducted
to determine the relationships between parameters.

3. Results

3.1. Assessment of Students’ Engagement and
Learning Approach

The number of optional literature critique peer
discussion assignments completed by each student was
used as a peer discussion engagement score to reflect their
level of engagement in the course activities that centered
on building SL and critical thinking capabilities. The
average number of optional literature critique peer
discussion assignments completed by students during the
semester was 3.5 out of 5 (or 70% of the assignments). All
five literature critique assignments were completed by
46% (n=74) of students in the course and 84.5% (n=136)
of students completed at least one of the assignments
during the semester (Figure 1). Deep and surface learning
approach scores, which provide insight into students’ level
of learning engagement [20], did not change during the
semester (Figure 1; P<0.05).

40— 40

30+ 30

20 20

Score

10

Surface Learning Approach

o
>
&y

Ga*é

&
%Oc,w

Figure 1. Distribution of the number of optional literature critique assessments completed by students (out of a total of 5) during the semester and
changes during the semester (i.e., between Survey 1 and Survey 2) in students’ deep learning approach, and surface learning approach scores. Data are

presented as means + SEM and were analyzed using a paired t-test
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Table 1. Changes in students’ perceived SL skill capabilities at the start and end of semester*

Perceived SL Capabilities Semester Start Semester End Mean P value
(Survey 1) (Survey 2) Change

| feel confident in my ability to...
Critically assess the validity of research study designs. 6.79£0.13 8.09 £0.08 +1.30 <0.01"
Identify the strengths of a research study. 6.94 £0.12 8.23+£0.09 +1.29 <0.01"
Identify the weaknesses of a research study. 6.76 £0.12 8.08 £0.10 +1.32 <0.01"
Think critically about the study design in a scientific paper. 6.60 £0.12 7.88+0.10 +1.28 <0.01"
Think critically about the results in a scientific paper. 7.16 £0.11 7.95+0.10 +0.79 <0.01"
Design a research study to address a knowledge gap. 5.86 £0.15 7.34£0.12 +1.48 <0.01"
Understand the methods that were used in a scientific paper. 7.21+£0.12 7.97+£0.10 +0.76 <0.01"
Interpret results presented in graphs. 7.38+£0.13 7.57+0.13 +0.19 0.28
Interpret results presented in tables. 7.26 £0.13 7.72+0.11 +0.46 <0.01"
Understand the discussion section of a scientific paper. 7.58 £0.10 8.33+£0.08 +0.75 <0.01"
When reading a scientific paper, I ...
Draw my own conclusions about the study findings. 6.19£0.15 7.24£0.12 +1.05 <0.01"
Read the entire paper without relying on the abstract content. 6.52 £0.19 7.26 £0.16 +0.73 <0.01"
Total Perceived SL Skill Score 82.4+1.06 93.7 £0.90 +11.3 <0.01"

"Data are presented as means = SEM. Responses were measured using a scale where 1 corresponded to “strongly disagree” and 10 corresponded to
“strongly agree”. The total score of all 12 questions on this 1-10 scale was 120, and the total sum score is displayed in the final row. Significant changes

(P<0.05) are marked with a (*)

3.2. Changes in Students’ Perceived and
Practical SL Skills

Changes during the semester in students’ perceived SL
skill capabilities are shown in Table 1. There were
improvements in all skill categories assessed (P<0.05)
with the exception of the ability to interpret data presented
in a graphical format (P=0.28). Conversely, students’
practical SL skills, assessed using TOSLS [33], did not
change over the semester (P=0.63), and remained high
with an average score of 81% of the questions answered
correctly (Figure 2).
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Figure 2. Changes in students’ practical SL skills assessed using TOSLS.

Data are presented as means + SEM and were analyzed using a paired t-
test

Practical SL and critical thinking skills were tested at
the end of the course on the final exam that required the
analysis and critiqgue an unfamiliar scientific study
summary and provide written answers to questions such as
i) identify the type of research study design, ii) identify
the study strengths and weaknesses and discuss how they

influence the interpretation of the results, and iii) identify
a novel follow-up study research question and then
design and describe a follow-up study to answer
their research question. On this component of the final
exam the average student grade was 70%. Correlative
analyses determined that at the end of the semester,
students’ perceived SL skill capabilities (namely their
overall perceived SL skill score) was positively associated
with their practical skill scores assessed using TOSLS
(P<0.05; Table 2), which indicated that students’ self-
assessment of their capabilities was similar to their
practical skills.

Conversely, there was no association between
perceived SL skills and any of the practical SL and critical
thinking skills assessed on the final exam (P>0.05;
Table 2). Higher perceived SL capabilities were positively
associated with a higher deep learning approach score and
negatively associated with students’ surface learning
approach score (P<0.05; Table 2). This indicated that
students utilizing a deep learning approach had higher
self-assessed SL capabilities, whereas students with a
higher surface learning approach had lower self-assessed
SL capabilities. Importantly, practical SL skills assessed
using TOSLS were positively associated with the tested
skill of identifying study design strengths and weaknesses
and identifying and translating a research question into a
follow-up experiment (P<0.05; Table 2); however, there
was no association between TOSLS score and students’
ability to identify an experimental study design or either
deep or surface learning approach (P>0.05; Table 2).
Additionally, none of the tested SL and critical thinking
skills were associated with either a deep or surface
learning approach (P>0.05; Table 2).

The relationships between SL skills and learning
approaches (both deep and surface approaches), with
students’ final grade in the course or their peer discussion
engagement score with the optional literature critique peer
discussion assignments are shown in Table 3.
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Table 2. Correlation between students’ perceived or practical SL skill capabilities with tested SL skills, and learning appraoch®

Perceived SL Score

r P
Practical SL Skills Score (TOSLS) 0.23 <0.01*
Tested Skill: Identifying an Experimental Study Design 0.06 0.26
Tested Skill: Identifying Study Design Strengths & Weaknesses 0.05 0.28
Testeq Skill: Identifying & Translating a Research Question into a Follow-Up 0.02 0.39
Experiment
Deep Learning Approach Score 0.40 <0.01*
Surface Learning Approach Score -0.38 <0.01*

Practical SL Skills
(TOSLS Score)

r P
Tested Skill: Identifying an Experimental Study Design -0.07 0.25
Tested Skill: Identifying Study Design Strengths & Weaknesses 0.18 0.01*
Testeq Skill: Identifying & Translating a Research Question into a Follow-Up 015 0.03*
Experiment
Deep Learning Approach Score -0.10 0.11
Surface Learning Approach Score -0.13 0.06

Tested Skill: Identifying an Experimental Study Design

r P
Deep Learning Approach Score -0.02 0.39
Surface Learning Approach Score -0.10 0.10

Tested Skill: Identifying Study Design Strengths & Weaknesses

r P
Deep Learning Approach Score -0.06 0.23
Surface Learning Approach Score -0.03 0.32

Tested Skill: Identifying & Translating a Research Question into a
Follow-Up Experiment

r P
Deep Learning Approach Score -0.01 0.45
Surface Learning Approach Score -0.05 0.25

'Correlative analyses between students perceived and practical SL skills and learning approach. Pearson correlation coefficients (r) and P values are
shown. Significant correlations are marked with an asterisk (*).

Table 3. Correlations between students’ final grade or peer discussion engagement score with learning approach, perceived and practical SL
skill capabilities

Final Grade
r P
Perceived SL Skill Score 0.10 0.24
Practical SL Skill Score (TOSLS) 0.23 <0.01*
Tested Skill: Identifying an Experimental Study Design 0.05 0.29
Tested Skill: Identifying Study Design Strengths & Weaknesses 0.02 0.38
Tested Skill: Identifying & Translating a Research Question into a Follow-Up Experiment 0.07 0.20
Deep Learning Approach Score 0.06 0.49
Surface Learning Approach Score -0.29 <0.01*
Peer Discussion Engagement Score 0.54 <0.01*

Peer Discussion Engagement Score

r P
Perceived SL Skill Score 0.06 0.24
Practical SL Skill Score (TOSLS) -0.06 0.24
Tested Skill: Identifying an Experimental Study Design 0.16 0.03*
Tested Skill: Identifying Study Design Strengths & Weaknesses -0.03 0.36
Tested Skill: Identifying & Translating a Research Question into a Follow-Up Experiment 0.06 0.23
Deep Learning Approach Score 0.08 0.16
Surface Learning Approach Score -0.14 0.03*

'Correlative analyses were conducted between students’ final grades or peer discussion engagement scores with perceived and practical SL skill
capabilities and learning approach. Pearson correlation coefficients (r) and P values are shown. Significant correlations are marked with an asterisk (*).



308 American Journal of Educational Research

Students’ practical SL skills assessed using TOSLS
were positively associated with their final grade in the
course (P<0.05; Table 3), whereas there was no
relationship between final grade and students’ perceived
SL skill capabilities or any tested SL and critical thinking
skills on the final exam, namely the ability to identify
types of study designs or experimental strengths and
weaknesses or to identify and translate a research question
into a follow-up study (P>0.05). There was no
relationship between final grade and deep learning
approach scores; however, final grade and surface learning
approach scores exhibited a significant negative
association (P<0.05; Table 3), indicating that students
who utilized a surface learning approach had lower grades
in the course, which may reflect a lower level of
engagement with the course. In this connection, students’
peer discussion engagement score was strongly associated
with final grade (P<0.05; Table 3), indicating that students
who completed more of the optional literature critique
peer discussion assignments had higher final grades in
the course. The only other statistically significant
relationship that was identified with students’ peer
discussion engagement score was with practical SL skill
of identifying the type of experimental study design
(P<0.05; Table 3), which was a central component of the
scientific literature critique peer discussion engagement
assessments. Conversely, there was no relationship
between peer discussion engagement scores and the other
assessments of practical SL skills, perceived SL skills or
learning approach (P>0.05; Table 3).

3.3. Changes in Students’ Perceived Stress
During the Semester and Its Relationship
with SL Skills, Engagement, and Final
Grades

Students’ overall self-reported stress experience during
the semester (both academic and non-academic stress
combined) was assessed using the PSS [35], wherein
perceived stress levels were found to significantly increase
during academic semester (P<0.05; Figure 3). Correlative
analyses determined that students’ perceived stress scores
at the end of the semester were negatively associated with

their practical skill competency in identifying and
translating a research question into a follow-up
experiment (P<0.05; Table 4), which was the most
difficult SL and critical thinking skill assessed. Perceived
stress scores were not related to any other SL skills
(perceived or practical), learning approach, peer
discussion engagement score, or final grade in the course
(P>0.05; Table 4).
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Figure 3. Changes during the semester (i.e., between Survey 1 and
Survey 2) in perceived stress scores. Data are presented as means + SEM
and were analyzed using a paired t-test. Statistically significant
differences (P<0.05) between Survey 1 and Survey 2 scores are denoted
with an asterisk (*)

3.4. Changes in Students’ Learning-Related
Emotions During the Semester and Its
Relationship with SL Skills, Learning
Approach, Engagement, and Final Grade

In addition to students’ increased perceived stress
(Figure 3), there are a range of learning-related emotions
(both positive and negative) that can be experienced and
impact academic outcomes, as shown in Table 5. Out
of the eight emotions assessed only learning-related
enjoyment (P=0.02) and anger (P<0.01) significantly
increased during the semester and there was no significant
change in students experience of hope, pride, anxiety,
shame, hopelessness, or boredom associated with learning.

Table 4. Correlation between students’ perceived stress score and perceived and practical SL skill, learning approach, final grade and peer

discussion engagement score at the end of the semester®

Perceived Stress Score

r P
Perceived SL Skill Score -0.09 0.30
Practical SL Skill Score (TOSLS) -0.01 0.87
Tested Skill: Identifying an Experimental Study Design 0.03 0.37
Tested Skill: Identifying Study Design Strengths & Weaknesses -0.03 0.38
Tested Skill: Identifying & Translating a Research Question into a Follow-Up Experiment -0.13 0.05
Deep Learning Approach Score -0.07 0.39
Surface Learning Approach Score 0.10 0.20
Final Grade -0.09 0.27
Peer Discussion Engagement Score -0.05 0.27

Correlative analyses were conducted between students’ perceived stress score with perceived and practical SL skill capabilities, learning approach,
final grade and peer discussion engagement score. Pearson correlation coefficients (r) and P values are shown. Significant correlations are marked with

an asterisk (*).
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Table 5. Changes in students’ learning-related achievement emotion score between the start and end of the semester!

Start of Semester

End of Semester

Learning-Related Achievement Emotion (Survey 1) (Survey 2) Mean Change P value
Enjoyment 14.71+0.24 15.56 +0.26 +0.85 0.02*
Hope 13.96 +0.27 14.71+£0.30 +0.75 0.06
Pride 15.69 £ 0.27 16.20 £ 0.27 +0.51 0.18
Anxiety 13.29+0.32 1410+ 0.34 +0.81 0.09
Anger 10.16 £0.32 11.35+£0.31 +1.19 <0.01*
Shame 9.48 £0.37 9.95+0.36 +0.47 0.36
Hopelessness 8.34+0.41 8.66 £ 0.37 +0.32 0.57
Boredom 9.96 £0.39 10.87 £0.38 +0.91 0.10

Data are presented as means = SEM. The change in each emotion experienced while learning between the start and end of the semester (i.e., Survey 2
score — Survey 1 score) is shown. Responses for each learning emotion assessed are the aggregate score of four questions, wherein the response to each
score was recorded on a Likert scale from 1 to 5, where 1 indicated the lowest level of agreement and 5 indicated the highest level of agreement. The
aggregate scores for each emotion experienced while learning are presented as a total score out of 20. Statistically significant changes over the semester

are marked with an asterisk (*) and the corresponding P values are shown.

Students” SL skill competencies were associated with
their learning-related emotions. Specifically, all positive
learning-related emotions (namely enjoyment, hope and
pride) were positively correlated with perceived SL
skills (Table 6, P<0.05). In contrast, all negative
learning-related emotions (anxiety, anger, shame,
hopelessness and boredom) were negatively correlated
with perceived SL skill capabilities (Table 6, P<0.05).
Collectively, this indicates that higher perceived SL skill
competencies were independently associated with
experiencing higher/more frequent positive learning-
related emotions and concomitantly experiencing lower
negative learning-related emotions. Conversely, students
with low perceived skill competencies experienced higher
negative learning-related emotions. There were no
significant relationships between learning-related emotions
and students’ practical SL skills assessed using TOSLS or
skill competencies tested on the final exam (Table 6).

Correlative analyses demonstrated that deep learning
approach scores were consistently positively associated
with all positive learning-related emotions and inversely
associated with all negative learning-related emotions
(Table 7). Therefore, students with higher deep learning
approach scores experienced higher or more frequent
positive learning-related emotions, whereas students with
lower deep learning approach scores experienced a higher
frequency of negative learning-related emotions.

The reverse relationship was apparent for surface
learning approach scores, which were inversely associated
with all three positive learning-related emotions and
positively associated with experiencing four of the five
negative learning-related emotions (namely anger, shame,
hopelessness and boredom) (Table 7). Therefore, students
utilizing a surface learning approach exhibited a lower
frequency of positive learning-related emotions and a
higher frequency of negative learning-related emotions.
Not unexpectedly, learning emotions were also related to
students’ perceived stress scores. Again, all three positive
learning-related emotions exhibited a significant inverse
relationship with perceived stress (Table 7). Conversely,
higher or more frequent feelings of anxiety, shame and
hopelessness were all positively associated with higher
perceived stress scores (Table 7), whereas anger and
boredom had no relationship with perceived stress
(P>0.05). Collectively, this indicates that students with
higher stress levels experienced more negative learning-
related emotions and lower positive learning-related
emotions. Students’ experience of learning-related
emotions was also related to their engagement in the
optional peer feedback discussion  assignments.
Specifically, students’ peer discussion engagement score
was positively associated with enjoyment, whereas
engagement score was negatively associated with
learning-related feelings of boredom and anger (Table 7).

Table 6. Correlation between learning-related achievement emotions at the end of the semester and students’ perceived SL skill scores, learning

approach and final grade*

Perceived SL Skills Practical SL Skills

Learning-Related

Tested Skill: Identifying
an Experimental Study

Tested Skill:
Identifying Study

Tested Skill: Identifying &
Translating a Research

Achievement Score (TOSLS) Design Design Strengths ~ Question into_a Follow-Up
Emotion & Weaknesses Experiment
r P r P r P r P r P

Enjoyment 0.42 <0.01* -0.10 0.13 0.01 0.47 0.10 0.13 0.07 0.20
Hope 0.26 <0.01* -0.12 0.08 0.09 0.15 0.04 0.33 -0.01 0.49
Pride 0.24 <0.01* -0.75 0.19 0.05 0.29 0.08 0.16 -0.01 0.45
Anxiety -0.18 0.05* 0.03 0.36 -0.03 0.37 0.04 0.33 -0.07 0.20
Anger -0.26 <0.01* -0.13 0.07 0.04 0.34 -0.06 0.24 -0.06 0.25
Shame -0.20 0.02* -0.06 0.26 -0.06 0.25 -0.02 0.40 -0.11 0.09
Hopelessness -0.28 <0.01* -0.17 0.11 -0.01 0.46 -0.01 0.45 0.05 0.30

Boredom -0.33 <0.01* 0.05 0.28 -0.02 0.43 -0.01 0.47 -0.03 0.37

Correlative analyses were conducted between learning-related emotions and students perceived SL skill capabilities and practical SL skills assessed by
TOSLS and tested skills on the final exam. Pearson correlation coefficients (r) and P values are shown. Significant correlations are marked with an

asterisk (*).
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Table 7. Correlation between learning-related achievement emotions at the end of the semester and students’ learning approach, perceived

stress score, peer discussion engagement score and final grade®

Deep Learning Surface Learning

Perceived Stress Peer Discussion

Learning-Related Approach Score Approach Score Score Engagement Score Final Grade
Achievement Emotion r P r P p P r P ; P
Enjoyment 0.71 <0.01* -0.50 <0.01* -0.23 <0.01* 0.14 0.05* 0.12 0.16
Hope 0.53 <0.01* -0.26 <0.01* -0.42 <0.01* 0.07 0.12 0.21 0.01*
Pride 0.47 <0.01* -0.28 <0.01* -0.24 <0.01* 0.07 0.21 0.19 0.03*
Anxiety -0.23 <0.01* 0.12 0.15 0.52 <0.01* -0.01 0.48 -0.02 0.80
Anger -0.36 <0.01* 0.38 <0.01* 0.15 0.08 -0.19 0.02* -0.27 <0.01*
Shame -0.30 <0.01* 0.28 <0.01* 0.40 <0.01* -0.11 0.09 -0.32 <0.01*
Hopelessness -0.33 <0.01* 0.29 <0.01* 0.38 <0.01* -0.12 0.07 -0.28 <0.01*
Boredom -0.60 <0.01* 0.54 <0.01* 0.12 0.19 -0.16 0.03* -0.23 <0.01*

Correlative analyses were conducted between learning-related emotions and students peer discussion engagement score, deep and surface learning
approach score, perceived stress scores and final grade in the course. Pearson correlation coefficients (r) and P values are shown. Significant

correlations are marked with an asterisk (*).

There were no other significant relationships between
the other learning-related emotions and engagement score.
Finally, students’ experience of both positive and negative
learning-related emotions were related to their final grade
attained in the course. Specifically, students with higher or
more frequent experiences of hope and pride earned
higher final grades in the course, whereas an inverse
relationship existed between students’ final grade and
experiencing the negative learning-related emotions of
anger, shame, hopelessness, and boredom (Table 7).
Interestingly, there was no relationship between anxiety
associated with learning and students’ final grades in the
course (P>0.05).

4. Discussion

In an online asynchronous course format literature
critique online group discussions that involved peer
feedback were assigned to students with the intention to
i) promote the development of SL skills in a low-stake
(i.e., low grade value) setting, ii) foster community in the
online learning environment when students are working
remotely, and iii) promote students’ engagement in the
course. Low-stake (i.e., worth a small percentage of
students’ final grade) discussion activities involving peer
feedback between students, such as the assignments used
in this study, have been demonstrated to encourage critical
thinking capabilities (which is a critical component of SL),
the development of a deeper learning approach among
undergraduate students [42], and to reduce academic stress
[43,44]. Moreover, low-stake assessments can promote
students’ experiencing positive learning-related emotions,
such as enjoyment, which can promote learning
engagement and higher final grades [19,45,46]. Therefore,
the current study aimed to determine the influence of
optional literature critique peer discussion assignments
and students learning-associated emotions on SL skills
and engagement.

Self-efficacy is important for undergraduate students
and can be defined as a student’s self-confidence in
accomplishing an assigned task [13]. Both self-efficacy
and motivation are important attributes for academic
success [14,16]. Group learning activities that provide
opportunities for peer interaction have been shown to

improve students’ engagement with course content,
especially in online learning [17,47]. Group learning has
also been linked to improved self-efficacy among
undergraduate students [48]. Our data showed that
students’ confidence in their perceived SL capabilities
improved in nearly all domains assessed during the
semester (Table 1), and that confidence in these skills was
positively correlated with a deeper learning approach and
negatively correlated with a surface learning approach
(Table 2). These associations highlight the influence of
learning approach type (deep versus surface), which is, in
part, reflective of student engagement, on students’ SL
skill capabilities or confidence in perceived capabilities.
This demonstrates that engagement with the course
material, which can involve adopting a deeper approach to
learning, is associated with greater learning self-efficacy
[49,50]. Therefore, from an instructional standpoint,
encouraging and emphasizing the adoption of a deeper
learning approach can provide a means to support the
development of critical skills, such as SL skills [1], in
undergraduate education. SL capabilities include, but are
not limited to, the ability to critically evaluate and
understand scientific literature [2,51] and apply this
information to a greater context [1,2]. Ensuring that
students’ SL skills are developed during an undergraduate
degree program is important for their future success [2,51].
Perceived SL skills were positively associated with
practical SL skills assessed using TOSLS (Table 2).
Although aggregate TOSLS scores did not change
between the start and end of the semester, they were
positively associated with students’ tested SL skills on the
final exam (Table 2). Moreover, TOSLS scores and peer
discussion engagement scores were both positively
correlated with students’ final grades in the course
(Table 3). This indicated that students with higher
practical SL skills who also engaged more in the peer
discussion literature critique assignments that provided a
low-stakes opportunity for students to practice and further
develop their SL skills, earned higher grades in the course.
This interpretation is further supported by the positive
correlation between students’ peer discussion engagement
score and their tested SL practical skill of identifying
experimental designs (Table 3), which was one of three
central components of the literature critique assessments.
Finally, these components are also related, in part, to
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learning approach, wherein both final grade and
peer-discussion engagement score were negatively
correlated with surface learning score (Table 3), indicating
that students who are less engaged in learning and exhibit
lower self-efficacy through surface learning strategies
participated to a lesser degree in the optional skill building
assessments and earned lower final grades in the course.
This is in line with previous studies demonstrating that
higher self-efficacy is associated with greater academic
performance [53].

Stress has been shown to adversely impact students’
engagement and self-efficacy [17,30,54] and therefore,
may also influence their development of SL skills.
Students’ perceived stress levels (from both academic and
non-academic sources combined) increased during the
semester (Figure 3). This is not unexpected given the
background influence of the COVID-19 pandemic, as
students were learning exclusively remotely and had
limited access to social interaction coping mechanisms to
alleviate stress [55,56] and experienced higher stress,
anxiety, and depression levels [57-63]. Our findings align
with other studies demonstrating elevated academic stress
levels experienced by students in pandemic-associated
online learning [56,64]. Since the perceived stress scale
combines stress from all sources and is a general
assessment of stress, we cannot determine the specific
sources of stress that contributed to the higher levels
assessed at the end of the semester; however, these results
were comparable to previous studies assessing stress
levels in health science students using the same survey
scale [35,65]. Despite the increased stress levels during
the semester, correlative analyses determined the only
significant relationship that emerged was a negative
relationship between perceived stress levels and students’
ability to identify a novel research question and translate it
into a follow-up research study (Table 4). Importantly, this
SL skill was assessed in an examination setting, which is
typically associated with higher stress levels and there was
no relationship with any of the other SL skills assessed on
that exam. Therefore, despite increasing stress levels over
the semester there was no effect on students’ perceived or
practical SL skills assessed using TOSLS, learning
approach, engagement score, or final grade.

In addition to stress, the emotions students experience
while learning can influence skill development and
engagement. A considerable research and resource
emphasis in higher education is placed on management of
students’ anxiety associated with learning [66,67], and
anxiety and stress levels have been shown to be positively
correlated [68]. Although frequently characterized as a
negative emotion associated with learning that can reduce
students’ engagement and academic performance, anxiety
can also serve as a motivator for some students to engage
or re-engage with learning and coursework [10,11,69].
Although student anxiety is important, consideration of
other learning-related emotions that can impact students’
academic engagement and outcomes (i.e., skill development

and grades) are also important, although frequently overlooked.

Moreover, a more comprehensive consideration of the
factors that influence students’ engagement and academic
outcomes may also provide a means to help manage
academic stress and/or anxiety. This is particularly
important in relation to the impact of the COVID-19

pandemic on students’ and the shift to online learning,
which was shown to increase negative learning-related
emotions of anxiety, hopelessness, and anger, in addition
to negative feelings not measured in the current study such
as confusion, discouragement, loneliness, sadness, and
depression [27,63]. Pekrun’s control-value theory of
achievement emotions suggests that emotions can be
defined by both students” perceived control over the
activity or outcome, and the value they place on doing or
finishing the activity or outcome [8]. For example,
enjoyment is felt when students perceive they have control
over their learning and feel that what they are learning is
valuable and worth doing, whereas boredom is
experienced when students perceive that what they are
learning has no value and/or they feel that they have no
control over their learning [8]. In the current study, the
only two learning-related emotions that significantly
changed between the start and end of the semester were
enjoyment and anger (Table 5). Enjoyment represents an
important learning-related emotion as it reflects a
student’s interest in the course content, motivation to learn,
and self-efficacy [70]. In online education, ensuring
students are experiencing learning-related enjoyment is
important as higher enjoyment of courses has been shown
to reduce dropout rates [71]. The increase in students’
feelings of learning-related anger is in line with other
research that demonstrates how students are experiencing
greater feelings of anger associated with the COVID-19
pandemic [27,63,72].

There were no relationships between students’ learning-
related emotions and practical SL skills (Table 6);
however, a greater level of self-confidence in SL skills
was positively correlated with positive learning-related
emotions, and negatively correlated with negative
learning-related emotions (Table 6). This indicated that
students with greater confidence in their SL skills had
greater feelings of positive learning-related emotions and
experienced fewer feelings of negative learning-related
emotions. These results align with other studies that show
experiencing positive learning-related emotions are
associated with improved confidence and self-efficacy
[8,19,73]. Students utilizing a deep learning approach are
typically highly engaged, motivated and interested in the
topic, seek a deeper understanding of course content and
exhibit greater self-regulation in learning [20]. All positive
learning-related emotions were positively correlated with
deep learning approach scores and negatively correlated
with surface learning approach scores (Table 7), indicating
that students who are more engaged and aim for a deeper
understanding of concepts experience more positive
emotions while learning, which aligns with previous
findings that show students who utilize deep learning
experience more enjoyment in courses [8,20]. Conversely,
students that utilize surface learning approaches (e.g.,
minimal engagement and learning by rote memorization
tactics) have been shown to experience more boredom
while learning [8,20]. Another measure of engagement
was based on students’ completion of the optional peer
feedback scientific literature discussion assignments,
wherein students’ engagement scores were positively
correlated with experiencing learning-related enjoyment
and negatively correlated with experiencing learning-
related anger and boredom (Table 7). These findings align
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with previous work that demonstrated how engagement
and feeling connected during remote online learning was
an important factor impacting student learning, wherein
students feeling disconnected experienced higher rates of
annoyance, discouragement, and confusion [27].
Collectively, this demonstrates that higher engagement
(either via learning approach or active participation in
optional low-stakes assessments designed to help students
practice SL skills) supports students experience of more
positive-learning related emotions and lower or less
frequent negative learning-related emotions. Previous
studies have shown that learning-related emotions can
affect students’ ability to cope with stress [74,75]. High
stress levels are associated with lower emotional
well-being, leading to increased feelings of negative
learning-related emotions [74]. In the current study,
perceived stress levels were positively correlated with
feelings of learning-related anxiety, shame, and
hopelessness (Table 7). This finding aligns with research
demonstrating that the COVID-19 pandemic increased
students’ learning-related anxiety and health- and
work-related stress [58,60]. Furthermore, in the current
study, experiencing learning-related anxiety was
negatively associated with a deep learning approach
(Table 7), which aligns with previous research
demonstrating lower test-related anxiety levels in students
that utilize a deep learning approach [75], as deep learning
approaches have been suggested to assist students in
coping with academic anxiety [76]. Conversely, positive
learning-related emotions are associated with the ability to
cope with high levels of stress [77]. In this connection,
higher perceived stress levels were negatively correlated
with experiencing the positive learning-related emotions
of pride, hope and enjoyment (Table 7), and it is possible
that encouraging positive learning-related emotions may
provide a method to reduce students’ academic stress.
Students’ satisfaction and academic achievement have been
shown to be negatively impacted by stress [54,56,77], and
although there was no direct relationship between
perceived stress levels and students’ final grade in the
current study (Table 4), final grades were related to
students learning-related emotions. Specifically, higher
feelings of pride and hope during learning were positively
correlated with final grades, whereas the negative
learning-related emotions anger, shame, hopelessness, and
boredom were all negatively correlated with final grades
(Table 7). Thus, in addition to managing students’ stress,
fostering positive learning-related emotions could also
improve students’ academic performance. In this
connection, feelings of hope have been demonstrated
previously to have the greatest relationship to academic
performance compared to other learning-related emotions
[78,79].

There were some limitations in this study. Practical SL
skills were assessed using the validated TOSLS survey
[33] and students’ scores remained high with 81% of
questions answered correctly at both the start and end of
the semester. Therefore, it is possible that the TOSLS
survey was not the optimal practical SL skill assessment
tool for fourth-year undergraduate students in biological
science majors. Among lower-year undergraduate students,
TOSLS scores have been shown to improve after

completion of course assignments, such as inquiry-based
laboratory modules and exposure to the scientific
curriculum in science courses [80]. However, the average
score of lower-year undergraduate students reflects a
lower level of SL capabilities (average score of
approximately 62% of questions answered correctly) [80],
which is substantially lower compared to the older and
more academically experienced students in the current
study. The original TOSLS survey was tested using
students in a first-year biology course [33], and therefore,
may not provide the necessary complexity in the SL
questions to challenge the skill competencies of upper-
year undergraduate students. Additionally, this study was
conducted during the period of the COVID-19 pandemic
when in-person classes were not permitted, and students
were learning remotely online. Although timely and
relevant to conduct this study during COVID-19
associated online learning, the results may not reflect non-
pandemic associated online and/or in-person learning.
Furthermore, the elevated stress levels and/or negative
learning-related emotions observed at the end of the
semester may have been influenced by external pressures
associated with the COVID-19 pandemic, which include,
but are not limited to, increased anxiety and stress [57-63],
uncertainty regarding future courses, career prospects, and
the impact of the pandemic [81,82].

5. Conclusion and Implications for
Teaching Practice

This research demonstrates the utility of low-stakes
peer discussion engagement assessments centered on
literature critique activities to help promote the development
of SL skills capabilities in upper-year students in
biological science programs. The results demonstrate that
employing instructional approaches that promote students’
engagement and a deeper learning approach directly
influences the student learning experience and that
experiencing positive learning-related emotions can
beneficially impact academic performance (i.e., final
grades), while concomitantly counteracting the adverse
effects of experiencing negative learning-related emotions.
In this connection, anxiety was the only negative learning-
related emotion that showed no relationship with students’
final grade in the course (Table 7). Students’ attitudes and
emotions experienced while learning can impact skill
development and academic performance or outcomes such
as grades. Given the higher levels of stress and anxiety
reported by students in COVID-19-associated online
learning [57-63,82], identifying instructional approaches
to minimize these experiences (in addition to other
negative learning-related emotion experiences) and
promote feelings of positive learning-related emotions
may ultimately improve academic outcomes. Many
universities emphasize reducing students’ academic stress
and anxiety [66,67]; however, this research demonstrates
that additional elements of the student learning experience
may also need to be considered by university educators
beyond anxiety, particularly when considering the
relationship between other positive and negative learning-
related emotions on final grades.
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