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Abstract  The permitted use of exam aids has the capacity to decrease examination stress and positively impact 
student learning and academic performance. The purpose of this study was to develop an exam aid assessment rubric 
to evaluate the inclusion of critical organization and course content integrative elements included on single page 
student-generated exam aids. The exam aids were used as both a learning and examination preparation tool that were 
also used as a supportive aid during the final exam of a fourth-year nutrition and disease pathophysiology course. 
Student-generated exam aids (n=167) were assessed according to two rubrics for exam aid assessment scores, 
namely the exam aid general score and exam aid content integration score developed by the research team. 
Subsequently, the relationship between students’ exam aid assessment scores and academic performance (e.g., final 
exam grade, final grade in the course), learning approach (namely deep and surface approaches, motives, and 
strategies) and perceived stress scale (PSS) scores were determined using online survey data collected at the end of 
the academic semester prior to the final exam. Higher exam aid assessment scores were positively correlated with 
higher academic performance outcomes, including both final exam grade and overall final grade in the course 
(P<0.05). Students’ surface learning approach scores and surface learning motive scores were both inversely 
correlated with their exam aid content integration score (P<0.05), whereas PSS scores were negatively correlated 
with final grade, exam aid general score, and exam aid content integration score (P<0.05). Conversely, PSS scores 
were positively correlated with surface learning approach and surface learning motive scores (P<0.05).  This 
demonstrates the negative impact of stress on academic performance and engagement in examination preparation 
activities and learning approach. Collectively, this study demonstrates the positive impact of student-generated exam 
aids but highlights that their potential benefits to support student learning and academic performance is limited in 
students still experiencing higher stress levels and/or surface learning approaches. 
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1. Introduction 

Evaluation and assessment, namely through exam 
testing, is a common element in most undergraduate level 
courses, particularly in the basic sciences [1]. Common 
sources of academic stress and/or examination-associated 
stress include grade competition, the perceived need for 
content memorization, feeling overwhelmed by the 
academic workload, and challenges in meeting deadlines 
[2,3,4]. These findings could be attributable to student test 
aversions, fear of negative evaluation, or could be a 
consequence of ineffective study skills [5]. Furthermore, 
there is pressure for students to achieve a high-grade point 
average (GPA), given that GPA is utilized in applicant 
screening and overall employment success in some 
disciplines [6]. Research has shown that highly evaluative 
classrooms can decrease motivation in students and 
consequentially decrease their performance [7]. Not 

unexpectedly, many studies have shown that 
undergraduate students experience a high degree of 
academic anxiety and/or exam-associated stress or anxiety 
[8,9,10], which can reduce student’s motivation to learn 
and their academic achievement [11,12,13,14,15,16,17,18]. 
Experiencing high exam stress can hinder students’ ability 
to recall prior knowledge and impair academic 
performance, whereas students with lower levels of exam 
stress have been shown to more readily retrieve 
information that is necessary for academic success [5]. 
Thus, identifying strategies that help alleviate exam-
associated stress or anxiety can help promote students’ 
academic performance. In this connection, permitting 
students to utilize an authorized exam aid may represent a 
useful strategy to alleviate academic stress or anxiety, 
particularly in high-stakes academic settings such as 
formal exams.  The use of authorized exam aids has been 
shown previously to help alleviate the stress or anxiety 
students may experience while writing exams 
[19,20,21,22,23,24]. By permitting students to create 

 



60 American Journal of Educational Research  

exam aids for use during their exams, instructors are able 
to provide a beneficial study method for students with less 
effective study habits. Notably, exams permitting the use 
of student generated aids have been shown to be met with 
higher levels of student preparation [25]. From an 
instructor perspective, another benefit of permitting 
students to use an exam aid may be to reduce incidents of 
cheating [26,29]. From the student perspective, being 
permitted to have an exam aid was perceived as being 
useful for their overall learning, retention of information 
and decreased reliance on memorization [7,20,26]. 
Consequently, the authorization of an exam aid can 
improve test performance [20] and provide students with a 
feeling of security during the exam [21].  

The impact of examination-associated stress or anxiety 
extends beyond student discomfort. Exam stress and/or 
anxiety can directly hinder student learning and academic 
performance, including impacts such as reduced 
concentration that result in deficits in working memory 
and cognition [24]. In this connection, students 
experiencing high exam anxiety have been shown to 
exhibit lower academic performance on examinations [27] 
and motivation to learn [12,13,14,17]. Nsor-Ambala (2020) 
found that there was a difference in exam stress based on 
the type of exam. Specifically, the study indicated that 
using an exam aid decreased pre-exam anxiety [25]. The 
process of creating an exam aid was shown to benefit 
students in their exam preparation by encouraging them to 
review and organize the course content in a logical 
manner [20,24,28]. This approach has been shown to help 
students to focus their learning to prioritize course content 
and reduce reliance on rote memorization, while 
promoting problem-solving and critical thinking 
[21,22,29,30]. In contrast, open book exams can provide 
students with a sense of security, and previous research 
has shown that without adequate preparation, open book 
exams do not improve exam performance [31]. Therefore, 
open book exams versus the use of authorized exam aids 
have different outcomes on student academic performance, 
which may reflect the benefit of the academic process 
used by students to create an exam aid contrasted with 
simply using the course notes provided by instructors 
during an open book exam. When allowed an exam aid 
with limited space, students are obligated to organize and 
prioritize information to benefit them when writing the 
exam. With this approach to exam aid preparation, 
students are given the flexibility to tailor the information 
included on the exam aid to address their individual needs 
[31]. How useful an exam aid can be to a student can also 
depend on the types of questions on the examination. 
Specifically, the use of exam aids can help students with 
some types of comprehension questions on exams [32]; 
however, they have been shown to be less effective in 
helping students with actual concept learning [20,30,33]. 
Moreover, exam aids can be beneficial for students 
writing examinations that emphasize a deeper 
understanding of and engagement with the course content 
such as those utilizing application or analysis-based 
questions [7]. In this connection, the process of creating 
an exam aid can be a beneficial study tool [7]. 
Consequently, students’ test performance has been shown 
to improve with exam aids [20,33,34,35,36] with no 
negative impact on knowledge retention [37], although 

some studies have found conflicting findings or no effect 
[32,38,39,40,41]. Therefore, there were two objectives in 
this study. The first objective was to develop an exam aid 
assessment rubric to evaluate students’ organizational 
approach toward creating an exam aid (one 8.5” x 11” piece 
of paper). The second objective was to determine the 
relationships between the exam aid assessment parameters 
and students’ academic performance, stress levels and 
learning approach (namely deep and surface level learning 
approaches).  

2. Methods 

2.1. Participants and Exam Aid Assessment 
Participants (n=167) were undergraduate students 

enrolled in a fourth-year nutrition and chronic disease 
pathophysiology course at a medium-sized research-
intensive university. The final exam for the course was a 
two-hour examination comprised of 90 multiple choice 
questions worth 35% of students’ final grade. Students 
were informed for the first time at the start of week 11 of 
the 12-week semester that they would be permitted to use 
an exam aid on the final exam. Students were instructed to 
use the exam aid to support their understanding of the 
dietary fibre and microbiome content i.e., types of i) 
dietary fibres, ii) glycosidic bonds, iii) enzymes 
responsible for glycosidic bond hydrolysis, and iv) 
bacteria species responsible for fibre fermentation. 
Students were free to decide what additional course 
content to also include on the exam aid, which had to 
comply with following criteria: i) the exam aid was to be a 
maximum size of one 8.5” x 11  sheet of paper, ii) both 
sides of the paper could be used with no margin or layout 
restrictions, and iii) the content could be prepared on a 
computer and printed or could be handwritten by the 
students. Students were instructed that exam aids would 
be handed in with their final exam papers and during the 
examination all exam aids would be checked for 
compliance with the formatting instructions. Any exam 
aids that did not comply with the instructions would be 
confiscated during the exam, and there were no 
compliance issues. 

The research team developed two exam aid assessment 
methods and accompanying rubrics. The exam aid general 
score was based on the visual organization of the content, 
inclusion of visual aids (e.g., diagrams, pathways, charts, 
summary tables, etc.) and the information density and/or 
space utilization on the exam aid (assessment rubric 
shown in Table 1). Each of these three criteria were 
assigned an average score out of 3 for a combined exam 
aid general score out of 9. The exam aid content 
integration score (Table 2) focused on the specific topics 
within the course content that students were instructed to 
generate their exam aid to include, namely the dietary 
fibre and microbiome content described above. 
Furthermore, students were informed during lecture that 
this information would be tested on the final exam in an 
integrative manner versus simple recall. This is relevant 
given that students are unlikely to engage in meta-
cognitive processes unless explicitly asked to, and thus, 
would not form deeper cognitive connections unless 
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explicitly instructed to do so [43]. The rubric for the exam 
aid content integration score consisted of several criteria, 
namely inclusion of the assigned content, visual 
organization of the content, information accuracy and 
organization, integration of concepts, and evidence of 
concept comprehension. Each criterion was given a score 
on a 4-level scale, with 1 being the lowest and 4 the 
highest level. The maximum exam aid content integration 
score was 24, which was used to indicate a student’s ability 
to effectively convey their understanding of key concepts as 
well as their ability to integrate the concepts. Student-
generated exam aids were independently scored by two 
members of the research team. 

2.2. Academic Performance Indices 
The aforementioned dietary fibre and microbiome 

course content was also used to generate the final exam 
content integration questions, which was a group of nine 
questions on the final exam that utilized the assigned 
content to be included on each student’s exam aid. These 
data are presented as the percentage of these questions that 
students answered correctly on the final exam. Additional 
academic performance indices included students’ grade on 
the final exam and final grade in the course, both of which 
are presented as percentages. 

2.3. Online Survey 
During week 10 of the semester, students were invited 

to participate in an optional online survey (Qualtrics 
Insight Platform, Provo, UT, USA) using a private link 
sent to their university email address. The online survey 
consisted of i) the Revised Two-Factor Study Process 
Questionnaire (R-SPQ-2F), a validated scale that 
measures learning approach (i.e., both deep and surface 
learning approaches) [44], ii) the Perceived Stress Scale 
(PSS), a validated scale that measures overall perceived 
stress from both academic and non-academic sources [45], 
iii) researcher generated questions pertaining to the 

frequency of experiencing stress and/or anxiety that have 
been used previously [47,48]. Participants gave their 
informed consent to participate in the study, which was 
approved by the institutional Research Ethics Board. 

2.4. 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. Pearson correlation analyses 
were conducted to determine the relationships between 
parameters, and corresponding correlation coefficients  
(r) and P-values are shown.  

3. Results 

3.1. Exam Aid Assessment Parameters 
Distribution 

The distribution of students’ exam aid general score are 
shown in Figure 1A. The majority of students’ exam aid 
general scores were in the range of 5-8 out of 9, wherein 
54.5% of students had a general exam aid score of 5 or 6 
and 40.7% of students had an exam aid general score of 7 
or 8. Additionally, the fibre and microbiome content of the 
course was utilized to generate an exam aid content 
integration score; specifically, students were instructed to 
include this course content on their exam aids and then 
add any additional content that they choose to include on 
the exam aid. The distribution of students’ exam aid 
content integration scores are shown in Figure 1B. A small 
proportion (7.8% of students) had a very low exam aid 
content integration score (≤4 out of 24), whereas 53.9% of 
students had exam aid content integration scores between 
15-19 out of 24, and 25.7% of students had a score between 
20-24 out of 24. Correlation analyses determined a positive 
relationship between students’ exam aid general score and 
content integration score (r=0.395, P<0.001). 

Table 1. Exam Aid General Score Assessment Rubric1 

Criteria2 Score = 1 Score = 2 Score = 3 

Organization 

Minimal apparent attempt to 
organize the information on the 
exam aid; the exam aid appears 
as a “wall of text” with zero or 

very few divisions between 
concepts. 

Some attempt to organize concepts, which 
may be divided into topics, themes, 
subjects. There is some use of visual 

divisions between concepts (e.g., use of 
headings, dividers separating lines or 
concept boxes drawn around content). 

Content is highly organized with 
clear and discreet sections for all 

concepts. Evidence of a combination 
of organizational styles (dividers, 

headings, color-coding, etc.) is used. 

Inclusion of Visual Aids 
(e.g., diagrams, pathways, 

charts, summary tables, etc.) 

Words only. There are no 
visuals aids included on the 

exam aid. 

There is a small number (i.e., ≤ 3) 
examples of visual aids included. 

Multiple visual aids are included and 
there is diversity in the type of visual 

aids used. 

Information Density and/or 
Space Utilization 

Not all of the space on the 
exam aid is utilized.  Large 

sections of unused space with 
no content. 

The exam aid content fills ≤ 80% of the 
available space. Font size is small with 

one-inch margins of blank space are 
apparent. 

Content presented on the exam aid 
covers nearly all available space on 

the page.  Font size is small to 
maximize content included on the 

exam aid, however, it is legible and 
can easily be read. 

1Maximum possible exam aid general score is 9.  
2The Exam Aid General Score criteria are based on overall general appearance and exam aid design approaches utilized by students included evidence 
of an organizational approach, inclusion of visual aids (or any kind, e.g., diagrams, signaling pathways, charts, summary table) and utilization of the 
permitted exam aid space. 
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Table 2. Exam Aid Content Integration Score Rubric1 

Criteria Score = 1 Score = 2 Score = 3 Score = 4 

Inclusion of 
Assigned Content Information is not included. Incomplete information 

included on the exam aid 

One important concept is 
missing, the remaining 

information is complete. 

Complete information is 
provided on the exam aid. 

Visual Organization 
of Assigned Course 

Concepts2 

No effort to differentiate 
between course concepts. 

Evidence of minimal effort 
to separate some course 

concepts and group related 
information. 

Some concepts are organized 
and clearly separated. Some 
of the information is difficult 

to locate. 

Clear distinctions made 
between various course 

concepts.  Information is 
clearly organized. 

Information 
Accuracy 

Inaccurate or incorrect 
representation of 

information. 

Some information is 
accurate, however, there 
are several examples of 

errors or inaccurate 
content. 

Most of the information is 
accurate with very few errors 

or inaccurate content. 
All the information is accurate. 

Information 
Organization 

Information is missing or 
incomplete. Concepts that are 

included are not organized. 

Information is dispersed 
throughout the exam aid 

(versus organized 
together). 

Organization of concepts is 
not apparent or 

inconsistent. 

Information is grouped 
together on the exam aid. 
Concepts are organized 

according to the course notes. 

Information is grouped 
together on the exam aid. 

Concepts are organized in the 
students’ own words. 

Integration of 
Concepts within the 
Assigned Content 

No evidence of integration of 
concepts within the assigned 
topic (fibre and microbiome). 

Ineffective presentation of 
the integration of concepts.  

Many important 
connections between 

concepts are excluded. 

Logical and clearly 
distinguished connections 

between concepts (evidence 
of concept integration).  

Some important integration 
points are excluded. 

Logical and clearly 
distinguished connections 

between concepts (evidence of 
concept integration), 

accomplished in creative way 
differing from the lecture 
notes. All important and 

relevant integration points are 
included. 

Evidence of 
Concept 

Comprehension 

Information is 
included/presented in the 

same way that it was 
presented in the course notes. 

Typically, this is a cut and 
paste of the lecture slides 

onto the exam aid. 

Information is 
included/presented using 
the same language in the 

course notes; however, the 
content is not copied 

verbatim from the lecture 
slides. 

Information is 
included/presented in the 

same organizational structure 
used in the lecture slides; 

however, the student has put 
the content into their own 

words. 

Information is 
included/presented in the 
students’ own words. The 

content is reorganized into a 
different format from the 

lecture slides, typically with 
the inclusion of tables or 

diagrams generated by the 
student to integrate concepts. 

1Maximum possible exam aid content integration score was 24. 
2Visual Organization of Assigned Course Concepts included the use of headings, columns/physical separation lines between concepts, use of colour or 
highlighting to differentiate between key concepts, etc. 

 

 
Figure 1. Distribution of students’ exam aid scores: A) exam aid general score (out of 9), and B) exam aid content integration score (out of 24). Bars 
represent the number of students within each score range 
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Figure 2. Distribution of students’ academic performance indices: A) final grade in the course, B) final exam grade, and C) final exam integrative 
content questions grade. Bars represent the number of students within each grade category. Grades are expressed as percentages 

 
3.2. Relationships between Exam Aid 

Assessment Parameters and Academic 
Performance Indices 

The academic performance indices assessed in this 
study included the number of integrative concept 
questions students answered correctly on the final exam, 
final exam grade, and the overall grade in the course.  The 
distribution of students’ grades in the course within each 
of the three academic performance indices are shown in 
Figure 2. The average overall final grade in the course was 
80.1% (Figure 2A), whereas comparatively the average 
grade on the final exam was lower at 73.3% (Figure 2B). 
The integrative concept questions on the final exam (nine 
questions total) required students to utilize information 
from multiple concepts with the course to answer the 
question correctly. The distribution of students’ grades on 
the integrative content questions on the final exam is 
shown in Figure 2C, wherein the average grade on this 
aspect of the final exam was 76.7%. 

Table 3. Correlations between Students’ Academic Performance 
Indices and Exam Aid Assessment Parameters1 

Exam Aid Assessment Parameters 

Academic Performance 
Indices 

Exam Aid 
General Score 

Exam Aid 
Content 

Integration Score 
r P r P 

Final Exam Integrative 
Concept Question Grade 0.162 0.018* 0.525 <0.001* 

Final Exam Grade 
0.206 0.004* 0.538 <0.001* 

Final Grade 
0.171 0.014* 0.518 <0.001* 

1Data are presented as correlation coefficients (r) with their 
corresponding P values. Statistically significant (P≤0.05) relationships 
between academic performance indices and exam aid assessment 
parameters are denoted with an asterisk (*). 

 
The relationship between each of the exam aid 

assessment parameters, namely the exam aid general score 
or the exam aid content integration score and the academic 
performance indices are shown in Table 3. Independent 
positive correlative relationships were determined between 
both the exam aid general score and the exam aid content 
integration score with all three academic indices, which 
included students’ final exam integrative concept question 
grade, final exam grade, and overall final grade in the 
course (P<0.05). Collectively, these data indicated that 
students who utilized a more organized and integrative 
approach in constructing their exam aid exhibited higher 
academic performance in the course.  

3.3. Relationship Between Learning 
Approach, Exam Aid Assessment 
Parameters, and Academic  
Performance Indices 

Students’ learning approach (deep and surface learning 
approach) scores were correlated with academic 
performance indices, as shown in Table 4. There were no 
relationships observed between any surface learning 
approach score (i.e., total score, surface motive or surface 
strategy score) and any academic performance outcome 
measurement assessed in the course (P>0.05). Conversely, 
deep learning approach score was positively correlated with 
students’ final exam grade (r=0.131, P=0.046). This 
indicated that students utilizing a deeper learning approach 
earned higher grades on the final exam. Analysis of the 
deep learning approach subscales, specifically deep motive 
score reflects students’ intrinsic motivation or curiosity that 
satisfies the students’ need for knowledge and 
understanding, was modestly positively correlated with 
final exam grade (r=0.124, P=0.055). Furthermore, deep 
strategy score was positively correlated with students’ final 
grade in the course (r=0.125, P=0.050), which reflects 
higher cognitive engagement with the course content in 
students employ this learning strategy. There were no other.  
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Table 4. Correlations between Students’ Learning Approach, Academic Performance Indices and Exam Aid Assessment Parameters1 

 
Surface 

Learning 
Approach Score 

Surface Motive 
Score 

Surface 
Strategy Score 

Deep Learning 
Approach Score 

Deep Motive 
Score 

Deep Strategy 
Score 

 
r P r P r P r P r P r P 

Academic 
Performance Indices  

Final Grade 
-0.002 0.489 -0.070 0.184 0.059 0.223 0.105 0.089 0.070 0.184 0.125 0.050* 

Final Exam Grade 
-0.042 0.294 -0.107 0.085 0.023 0.386 0.131 0.046* 0.124 0.055* -0.075 0.168 

Final Exam 
Integrative Concept 

Question Grade 
-0.091 0.121 -0.165 0.017* -0.011 0.446 0.056 0.236 0.029 0.357 0.076 0.165 

Exam Aid 
Assessment 
Parameters 

 

Exam Aid General 
Score -0.025 0.374 -0.107 0.085 0.052 0.251 -0.013 0.436 0.013 0.432 -0.038 0.315 

Exam Aid Content 
Integration Score -0.139 0.036* -0.206 0.004* -0.058 0.229 0.121 0.059 0.112 0.074 0.112 0.075 

1Data are presented as correlation coefficients (r) with their corresponding P values. Statistically significant (P≤0.05) relationships between learning 
approach scores, academic performance indices and exam aid assessment parameters are denoted with an asterisk (*). 

 
significant relationships between deep learning total 

score, deep strategy, or deep motivation sub-scale score 
and any other academic performance outcome assessed 
(P>0.05; Table 4). 

Surface learning scores reflect learning approaches 
dominated by fear of failure, repetitive memorization 
techniques (i.e., rote learning) and reproducing knowledge 
with narrow targets [44,49]. Surface learning score 
exhibited no relationship with any academic performance 
indices; however, surface motive scores were negatively 
correlated with the number of integrative concept 
questions answered correctly on the final exam (r = -0.165, 
P=0.017). This reflects the nature of surface motive learning 
approaches aimed at content memorization and reinforced by 
punishment or reward sources of motivation versus the 
deeper understanding of concepts that is associated with 
knowledge integration [44,49]. There were no other 
significant relationships between surface learning total scores, 
surface strategy, or surface motivation sub-scale scores and 
any other academic performance indices (Table 4) 

The relationship between learning approach and exam 
aid assessment parameters are also shown in Table 4. A 
significant negative relationship was observed between 
students’ surface learning approach score and the exam 
aid content integration score (r = -0.139, P=0.036), 
whereas the deep learning approach score exhibited a 
trend for a positive correlation with the exam aid content 
integration score (r = -0.121, P=0.059) but did not reach 
the cut off for determining a statistically significant 
relationship. This reflects how differing learning 
approaches adopted by students can impact their approach 
to organizing and integrating course concepts, which his 
required for a deep understanding of the concept [44,49]. 
With respect to the learning approach strategy and 

motivation subscales, the surface motive approach score 
was negatively correlated with the exam aid content 
integration score (r = -0.206, P=0.004), which reflects 
core surface learning strategies aimed at memorization 
and knowledge reproduction. There were no other 
significant relationships observed between any deep or 
surface learning approach scores (total score, motive score 
or strategy score) and any other exam aid assessment 
parameter (P>0.05). 

3.4. Relationship Between Student Stress 
Parameters, Exam Aid Assessment 
Parameters, Academic Performance 
Indices and Learning Approach 

Student stress parameters assessed near the end of the 
semester prior to the start of the two-week final 
examination period are shown in Figure 3. Specifically, 
the distribution of students’ perceived stress levels from 
all sources (both academic and non-academic sources 
combined) showed that the majority of students (61.7%) 
reported PSS scores that are reflective of high stress (PSS 
score ≥27), whereas 37.7% of students reported PSS 
scores reflective of moderate stress levels (PSS score of 
14-26) and 0.6% of students reported a low PSS score, 
reflective of low stress levels (PSS score of 0-13) (Figure 
3A). Not unsurprisingly, academic sources of stress were 
identified as the major source of stress experienced by 
67.7% of students (Figure 3B). 27.1% of students reported 
experiencing academic stress at a frequency of 2-3 times per 
week, 29.5% of students reported experiencing academic 
stress 4-6 times per week and 33.7% of students reported 
experiencing academic stress daily (7 times/week) (Figure 
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3C). Students also graded their daily academic stress intensity 
experience, wherein 34.4% reported a manageable level of 
stress, whereas 60.2% of students reported their daily 
academic stress levels to be quite or extremely stressful 
(Figure 3D). 

The relationships between students’ stress parameters 
and academic performance are shown in Table 5. There 
was a significant negative correlation between students 
PSS score and final grade in the course, indicating that 
students experiencing higher overall stress levels exhibited 

lower overall final grades in the course. There was a 
similar relationship trend observed between students’ PSS 
scores and final exam grade, however, it did not reach 
statistical significance (r = -0.122, P=0.058). There were 
no significant relationships between students’ integrative 
concept question grade on the final exam and any stress 
parameters assessed (P>0.05). Furthermore, there were no 
significant relationships between students’ academic stress 
frequency or academic stress intensity rating and any 
academic performance indices (P>0.05). 

 
Figure 3. Stress parameters A) perceived stress scale (PSS) score distribution, B) distribution of students identifying academic stress as the primary 
stress source they experience, C) academic stress frequency, and D) academic stress intensity. Bars represent the number of students within each grade 
category. PSS scores were divided into ranges of low stress (0-13), moderate stress (14-26) and high stress (27+) categories. Academic stress frequency 
was divided into the number of times students experience academic stress within a one-week period. Academic stress intensity was divided across a 5-
point scale ranging from not stressful to extremely stressful. 

Table 5. Correlations between Students’ Stress Parameters and Academic Performance Indices, Exam Aid Assessment Parameters and 
Learning Approach1 

 
PSS Stress Frequency Stress Intensity 

r P r P r P 
Academic Performance Indices  

Final Grade -0.185 0.008* -0.074 0.172 -0.034 0.331 
Final Exam Grade -0.122 0.058 -0.046 0.278 -0.077 0.163 

Integrative Concept Question Grade -0.099 0.101 0.001 0.493 -0.037 0.318 
Exam Aid Parameters  

Exam Aid General Score -0.134 0.042* -0.028 0.361 -0.117 0.066 
Exam Aid Content Integration Score -0.141 0.035* -0.090 0.125 -0.078 0.157 

Learning Approach Scores  
Surface Learning Approach Score 0.149 0.027* -0.053 0.251 -0.060 0.220 

Surface Motive Score 0.183 0.009* -0.092 0.119 -0.045 0.281 
Surface Strategy Score 0.096 0.109 -0.065 0.203 -0.009 0.455 

Deep Learning Approach Score -0.032 0.343 0.097 0.107 -0.054 0.244 
Deep Motive Score -0.016 0.419 -0.085 0.137 0.072 0.180 

Deep Strategy Score -0.043 0.291 0.109 0.082 -0.013 0.432 
1Data are presented as correlation coefficients (r) with their corresponding P values. Statistically significant (P≤0.05) relationships between stress 
parameters and academic performance indices, exam aid assessment parameters and learning approach scores are denoted with an asterisk (*). 
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The relationships between student stress parameters and 
exam aid assessment parameters are also shown in Table 5. 
There were moderate negative correlations between the 
PSS score and both the exam aid content integration score 
and the exam aid general score (P<0.05), indicating that 
students experiencing higher overall stress levels 
generated exam aids that exhibited lower levels of 
organization and integration of concepts that reflect the 
ease of utilizing the exam aid. There were no relationships 
between students’ academic stress frequency or academic 
stress intensity and any exam aid assessment parameter 
(P>0.05). Collectively, these findings likely reflect the 
challenges of cognitive processing experienced during 
periods of stress [5,24,27]. 

Surface learning approach score was modestly 
positively correlated with students’ PSS score (r=0.149, 
P=0.027; Table 5), indicating that students who preferred 
surface learning were experiencing higher stress levels 
from both academic and non-academic sources. In this 
connection, the surface motive score was also positively 
correlated with the PSS score (r=0.183, P=0.009), 
indicating that students favoring surface motives in their 
learning approach were experiencing higher stress levels. 
There were no significant relationships observed between 
surface learning approach score or the surface motive or 
surface strategy scores with any other stress parameter, 
namely PSS score or students’ self-reported academic 
stress frequency or academic stress intensity rating 
(P>0.05, Table 5). Similarly, there were no significant 
relationships observed between deep learning approach 
scores and any student stress parameter (P>0.05, Table 5). 

4. Discussion 

Permitting students to use self-generated exam aids 
during an examination assessment may represent a tool to 
promote deeper learning of course content, facilitate exam 
preparation, and reduce exam-associated stress. However, 
students will utilize different approaches to generate their 
exam aid, which may influence the utility of the exam aid. 
Therefore, the current study sought to develop exam aid 
assessment rubrics that captured the overall design 
approach utilized by students in the exam aid general 
score (organization, inclusion of visual aids and utilization 
of the permitted exam aid space, Table 1) and in the exam 
aid content integration score focused specifically on the 
dietary fibre and microbiome content on the exam aid 
(inclusion, visual organization, information accuracy and 
organization, and evidence of integration of 
comprehension of concepts; Table 2). Subsequently, our 
secondary objective was to determine the relationships 
between the exam aid assessment parameters and students’ 
academic performance, learning approach, and stress 
levels. Our findings demonstrated that both the exam aid 
general scores and content integration scores were 
positively correlated with multiple academic parameters 
including students’ grade on specific integrative concept 
questions on the final exam, overall final exam grade, and 
final grade in the course (Table 3). Moreover, the exam 
aid content integration score was inversely correlated with 
surface learning approach scores (Table 4), indicating that 
students who developed exam aids that demonstrated 

limited evidence of integrating course concepts and 
comprehension were using both higher surface learning 
and surface motives that are reflective of limited concept 
comprehension, increased memorization and reduced 
engagement [44,49]. Furthermore, perceived stress levels 
were positively correlated with surface motive scores 
(Table 5), indicating that the higher level of stress a 
student experienced the more prevalent their surface 
motives associated with learning. This may be reflective 
of a coping mechanism associated with balancing 
academic requirements with daily stress. Although there 
was no relationship between deep learning approach 
scores and the exam aid assessment indices, both overall 
deep learning approach score and deep strategy scores 
were positively correlated with final exam grades and final 
grade in the course, respectively (Table 4). Finally, 
students’ overall perceived daily stress levels were 
negatively correlated with final grade in the course and 
both of the exam aid assessment scores (general score and 
content integration score), indicating a potential lower 
level of engagement with the exam aid development 
during periods of high stress (Table 5). Collectively, these 
data demonstrate the utility of exam aids as an 
instructional approach to promote exam preparation and 
limit academic stress to support student learning and 
academic success.  

Previous research has demonstrated that students spend 
more time studying for exam aid assisted examinations 
compared to the preparation time for other exam formats 
without an exam aid (both closed-book and open-book 
assessment types) [25]. Open-book exams differ from an 
exam aid-assisted exam format, as students must comply 
with the restrictions of the exam aid parameters and 
determine what information to include or exclude from the 
exam aid [5,31]. Furthermore, limited space encourages 
students to engage in an iterative organizational process in 
developing their exam aid in preparation for the 
assessment, which can encourage more engagement with 
the course material and increased preparation for the final 
examination [56,57]. Previous research has shown that the 
exam aid paper size impacts students’ perceptions of the 
necessity to study for the exam [25], as open-book exams 
permit multiple pages of resources whereas an exam aid 
has space limitations. In this connection, restricting the 
exam aid paper size has been shown to discourage direct 
copying of course notes and encourage students to make 
evaluative judgements about the course content, only 
including necessary information and using the available 
exam aid space effectively [31]. Collectively, the process 
of generating an exam aid can help students prepare for the 
examination and can promote academic performance, as 
students permitted to use an exam aid have been shown to 
perform better compared to closed-book examinations [25]. 
In this connection, in the current study academic 
performance, namely correctly answered content integration 
questions, final exam grade, and final grade in the course 
were all positively correlated to both the exam aid general 
score and the exam aid content integration scores (Table 3). 
Moreover, deep learning approach was also positively 
associated with higher final exam grades (Table 4), which 
reflects higher cognitive engagement and comprehension of 
concepts [44]. Collectively, this highlights the value of 
utilizing an exam aid to foster deeper learning in addition to 
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improving academic performance. 
Multiple criteria were assessed in the evaluation of 

students’ exam aids, either related to the general design 
and organizational approach employed in the exam aid 
general score, or the specific approach students utilized to 
incorporate the specific information they were instructed 
to  make the exam aid for, which included information 
organization, accuracy, concept integration and 
comprehension and visual organization/mapping of 
concepts. Collectively, these criteria can reflect students’ 
engagement and learning approach, but also directly 
influence the utility of the exam aid in supporting 
academic performance. Exam aid organization permits 
efficient access to information, which is a critical factor 
underpinning utility of the exam aid to support academic 
performance, particularly within the context of a higher 
stress examination environment wherein students who 
develop more organized exam aids have been shown to 
score higher on assessments [58]. Information accuracy on 
the exam aid has previously been shown to positively 
impact academic performance [59]. Using knowledge 
integration activities, such as developing an exam aid, 
extends student learning and has been found to improve 
their understanding of course concepts [43]. Additionally, 
providing students with creative opportunities, such as 
developing an exam aid, can encourage higher-level 
learning, and thus, can improve academic performance 
[32]. Knowledge integration approaches utilized in the 
development of the exam aid, in particular via concept 
mapping approaches (as assessed in the exam aid rubrics) 
provide students with the opportunity to engage further 
with the course content and can promote knowledge 
retention and enhance student learning [43]. Furthermore, 
employing an integrative approach when designing an 
exam aid can encourage deeper learning by compelling 
students to reflect upon their understanding and identify 
concepts with lower comprehension [43], thereby 
providing another opportunity for evaluative judgement 
regarding their own understanding of concepts. In this 
connection, students with lower exam aid content 
integration scores had higher surface learning and surface 
motive scores for learning approach (Tables 4), which 
reflects learning approaches centered on repetitive 
memorization techniques, limited knowledge application 
capabilities and engagement [44,49]. Exam aids have been 
shown to benefit students on application-based 
assessments [7], which was also apparent in the current 
study where higher exam aid general scores and content 
integration scores were associated with higher grades on 
the content integration questions on the final exam and 
with final exam grades (Table 3); however, this is 
dependent upon both the students approach to constructing 
their exam aid and their overall learning approach and 
learning motives. In this connection, higher deep learning 
scores were associated with higher final exam grades 
(Table 4), which aligns with previous research [60], 
wherein deeper learning approaches requires integration 
and comprehension of concepts that promotes positive 
academic outcomes [61]. Therefore, instructors should 
emphasize the importance of how to construct an exam aid 
to promote deeper learning and organizational and content 

integrative approaches to better support students that do 
not intuitively take this approach. 

Previous research has shown that the use of exam aids 
can reduce students’ test anxiety and/or stress [7,61]. The 
negative relationship between students’ stress and 
academic performance is well documented and can start 
prior to undergraduate education, impacting multiple types 
of assessments including written examinations, practical 
skill assessments, and oral examinations [63-66]. Not 
unexpectedly, this relationship was confirmed in the 
current study, wherein students’ perceived stress levels 
were inversely related to their final grade (Table 5).  Our 
findings also showed a negative relationship between 
students’ perceived stress levels and both their exam aid 
general score and content integration scores (Table 5). 
Moreover, students’ perceived stress levels were 
positively correlated with surface motive learning 
approach scores (Table 5), and both surface learning 
approach scores and surface motive scores were also 
inversely correlated with exam aid content integration 
scores (Table 4). Collectively, these results indicate that 
students experiencing higher stress levels employed a 
surface learning approach and/or surface motives for 
learning, while concomitantly developing exam aids that 
also reflected their surface learning approaches. 
Consequently, the exam aid that was intended to help 
alleviate academic stress and promote deeper learning of 
the course concepts was not as successful compared to the 
outcomes in individuals that utilized a deeper learning 
approach. This highlights the need to not only provide the 
option of an exam aid, but to encourage and instruct 
students on the use of deeper learning approaches in the 
generation of an exam aid. Research has shown that 
instructional approaches emphasizing content 
understanding with less emphasis on rote memorization 
can alleviate student stress; moreover, these approaches 
are frequently assessed with knowledge application 
questions, which could be optimally assisted by the 
inclusion of an exam aid [7]. To adequately support 
students in the development of exam aids that capture all 
relevant criteria, which is particularly useful for students 
that employ surface learning and surface motive 
approaches, one suggestion could be a formal assessment 
of the exam aid prior to the final exam, using the rubrics 
provided herein with personalized feedback for students 
and/or demonstration exam aids to highlight how the 
approaches outlined in the rubrics for optimal exam aid 
development could be beneficial for promoting academic 
success on the exam.  

There were some notable limitations in the current 
study. The evaluation of students’ exam aids was 
subjective and based on the evaluator’s perspective. For 
example, what was identified as lower scored exam aid 
criteria by the research team may have been beneficial and 
optimally designed for the individual student using that 
exam aid to support their specific needs on the 
examination. Although this situation may have occurred in 
the evaluation of some exam aids the overall statistically 
significant relationships between the exam aid assessment 
criteria and academic performance indices, learning 
approach and perceived stress levels were still observed. 
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Additionally, the current study only identified associations 
and did not establish causative relationships, however, 
based on previous findings (and the current study) linking 
the use of exam aids and increasing academic performance 
[25,58,59] while limiting examination stress [7,61] there 
would be ethical concerns in denying some students the 
use of an exam aid and permitting exam aids for others in 
a subsequent study designed to determine a causative 
relationship. Finally, the current study did not include any 
assessment of students’ perspectives on the use of exam 
aids, and future studies should collect direct exam aid user 
perspectives, both before and after completing an exam 
aid assisted examination. 

Collectively, the current study demonstrated the critical 
relationships between the exam aid content assessments, 
both the general score and the content integration score, 
and students’ academic performance, learning approach 
and perceived stress experience, which highlights the 
benefits of permitting an exam aid to promote deeper 
learning of course concepts during students’ preparation 
for examinations. Additionally, the exam aid assessment 
rubrics can be utilized by other researchers and instructors 
and adapted to specific course contexts where applicable. 
Providing students with guidance on how to develop a 
more effective exam aid, based on the assessment criteria, 
can help facilitate deeper learning and comprehension of 
course material while preparing for an upcoming exam 
that could also help to alleviate exam-associated stress, 
which has been shown to hinder student recall during tests 
[63]. The true benefit of exam aids is likely in the iterative 
process of developing an exam aid; however, future 
studies are required to capture the student experience, 
which was not assessed herein. The current study provides 
the proof-of-principle for the benefits of permitting an 
exam aid on student academic performance outcomes and 
stress experience and provides the exam aid assessment 
rubrics that could be beneficial for guiding the process of 
developing a more effective exam aid. 
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