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1   |   INTRODUCTION

Teaching and learning in higher education has been be-
come increasingly engaged with the online environment 
over recent years, however, the sudden requirement 
for online learning and assessment brought on by the 

COVID-19 pandemic led to the rapid adaption of assess-
ment practices to online delivery. Unlike higher education 
institutes that have worked within an online distance ed-
ucation model for many years, most institutes were inade-
quately resourced for the online assessment environment. 
It has been a major challenge moving from the previously 
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described “patchy” adoption of technology assisted as-
sessments1 to rapid wide-scale implementation, while 
maintaining the confidence of students, staff, employers, 
and accreditation bodies.

Assessment was defined by Huba and Freed2 as “the 
process of gathering and discussing information from 
multiple and diverse sources in order to develop a deep un-
derstanding of what students know, understand, and can 
do with their knowledge as a result of their educational ex-
periences; the process culminates when assessment results 
are used to improve subsequent learning.” It is an integral 
element of the teaching and learning process regardless of 
the discipline, content, and mode of delivery. Indeed it has 
been said, “Students can, with difficulty, escape the effects 
of poor teaching, they cannot …….escape the effects of poor 
assessment”.3  While online assessment has the potential 
to enhance the teaching and learning process, both practi-
cally (to manage distance education, increasing class sizes, 
and staff workload) and pedagogically (to provide continu-
ous feedback to both students and staff on progress toward 
learning goals), it presents challenges for academic integ-
rity and student equity. Effective implementation of online 
assessments therefore requires careful consideration of the 
role of assessment in teaching and learning, the rationale 
for online delivery, accessibility of the assessment from 
both a technical and equity perspective, academic integrity 
as well as the authenticity and structure of the assessment. 
This paper provides a review of these areas, summarizes 
strategies for effective summative assessments online and 
presents a case study of an online summative assessment 
in a large first year human physiology course.

2   |   ROLE OF ASSESSMENT

Assessment is an integral part of the educational process; 
it promotes learning and confirms that students have 
achieved the learning outcomes of the course. In order for 
both of these requirements to be satisfied, assessment prac-
tices need to be aligned with the curriculum and teaching 
methods, and make use of both formative and summative 
tasks.4 Assessment also serves as a motivator of student 
learning, a number of lower stakes assessments can be used 
to provide short-term goals for students. However, inappro-
priate assessments can also lead to a demotivating effect and 
an excessive quantity of assessment can be overwhelming.

Formative online or digital assessments have been used 
extensively in many disciplines, including physiology, 
anatomy, biochemistry, and others, since the introduction 
of learning management systems (LMSs) to tertiary edu-
cation.5  The key feature of formative assessment is that 
information is released or fed back to the learner to help 
identify areas of strength and weakness and motivate them 

to improve their learning and future performance. For the 
instructor it allows the identification of misconceptions or 
gaps in learning across the cohort, and to reflect on their 
own practice. Although a crucial element of the leaning 
process, feedback practice in higher education is an area 
of dissatisfaction for both students and staff.6 The online 
environment is well suited to a variety of asynchronous 
formative assessments, that can be used as desired by stu-
dents to gain feedback on their learning and by staff to 
monitor student engagement and progress. It has been 
used in this way in online-based higher education facili-
ties and also within traditional on campus modes of study.

Summative assessments, including examinations, 
play an important role in ensuring students have factual 
knowledge, technical proficiencies, communication, and 
higher order cognitive skills. In the context of biomedi-
cal science; students studying medicine, nursing, phar-
macy, physiotherapy, podiatry, medical radiation science, 
speech pathology, occupational therapy, and other allied 
health professions have accrediting bodies (like many vo-
cational programs) that require a satisfactory means of 
demonstrating students have met key learning outcomes 
and standards, with summative assessments performing 
this role. One of the most fundamental principles of sum-
mative assessment in this context is that it closely aligns 
with learning objectives. Bloom's taxonomy7 provides a hi-
erarchical framework for development and classification 
of learning objectives and assessments based on six levels 
of intellectual activity: knowledge, comprehension, appli-
cation, analysis, synthesis, and evaluation. With careful 
attention to this framework, an appropriate balance of 
questions and activities that address lower, intermediate, 
and higher order cognitive levels can be used to assess and 
demonstrate key knowledge, proficiencies, and skills.

3   |   RATIONALE FOR ONLINE 
ASSESSMENT

A recent report on the future of assessment in universi-
ties argued that technology could be used to make as-
sessments more authentic, accessible, secure, efficient, 
and effective.8 There are both efficiency and pedagogical 
reasons for the introduction and increasing role of online 
assessment in higher education,9,10  however, these are 
balanced by practical challenges and risks, especially for 
summative assessments.

3.1  |  Pedagogy

One of the most compelling pedagogical reasons for on-
line assessment is the opportunity to provide immediate 
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and meaningful feedback that aligns with the principles of 
good feedback practice. Good feedback clarifies the stand-
ards and criteria of good performance; assists develop-
ment of reflective learning; provides quality information 
to both students and teachers to facilitate learning and 
teaching; encourages positive motivation and dialogue 
around learning; and gives opportunities to progress from 
the current to desired level of performance.11 While marks 
and grades are an important aspect of feedback, they alone 
do not enhance learning and can actually hinder learning 
and decrease motivation.9 Indeed, the specificity of feed-
back is a major challenge faced by both students and staff; 
students desire more detailed and less generic feedback, 
while staff feel that inadequate workload allocations and 
lack of scalability limit their ability to provide personal-
ized feedback.9 Online testing provides an opportunity to 
provide not only a grade, but also specific feedback about 
correct responses and the reasoning involved. Formative 
multiple choice (or similar automatable marking question 
type) activities and tests, when aligned with the principles 
of good feedback, can be an efficient and effective online 
strategy to support student learning and autonomy.11

Advances in machine learning have led to the devel-
opment of adaptive learning platforms (using learning 
analytics). These platforms create a more personalized 
assessment system that can monitor and respond to user 
input.12 The fast feedback and adaptation to the progres-
sion of the student, coupled with direction to electronic 
resources to remediate areas of misunderstanding, is par-
ticularly suited to formative assessment to support student 
learning. Furthermore, these platforms provide a useful 
means to monitor and evaluate learner engagement with 
the resources; recording activity and progress, to facilitate 
dialogue between the student and instructor.

3.2  |  Efficiency/Practicality

In designing any assessment task, be it summative or 
formative, it is essential that it is practical for both stu-
dents and staff. In particular, time needed for comple-
tion and grading,13  must be balanced with achieving 
a task that provides information on achievement of a 
learning objective. The development of the World Wide 
Web and internet in the 1990s, and subsequent wide-
spread adoption of digital LMSs in higher education in 
the early 2000s, provided a previously unseen ease of 
delivering distance teaching, learning, and assessment, 
which led to what is now known as online learning. 
Online assessment, also referred to as e-assessment, 
technology-assisted assessment or computer-based test-
ing, represents perhaps the most challenging component 
of online higher education.

Global technological advances also triggered changes 
in the tertiary education sector, in particular a rapid expan-
sion in degree options and student numbers. Alongside a 
concomitant decrease in resources, this led to increased 
student to staff ratios and staff teaching and assessment 
workloads. To overcome this many staff shifted assess-
ments toward high-throughput marking styles. Certain 
types of assessments created, edited, and deployed using 
a course LMS (e.g., Blackboard, Moodle, and Canvas) can 
be marked automatically, and provide immediate specific 
feedback to students on their answers including a short 
explanation of the correct and incorrect answer options. 
While designing and writing online assessments that de-
velop and/or measure different cognitive levels is chal-
lenging and time consuming, automated marking, and 
feedback of some question types (e.g., multiple choice, 
true/false, matching, and short response) increases ef-
ficiency for both student and instructor. Consequently, 
these types of assessments are regularly used in large first 
year undergraduate courses across the globe for both for-
mative and summative needs. This has also been recog-
nized by textbook publishers such as Pearson Education, 
Wiley, and McGraw-Hill Education that have developed 
comprehensive online packages of learning and assess-
ment materials that integrate within the LMS. These 
packages include extensive test banks of different ques-
tion types that be used as the basis for creation of both 
formative and summative assessments.

As teaching and learning has increasingly (and then 
suddenly during the COVID-19 pandemic) moved to 
online delivery, the inclusion of online assessment has 
alleviated the validity associated with the previous dis-
junction between teaching and assessment modes with 
e-based learning.9 Despite this, there is still much de-
bate, both globally and locally, on whether online as-
sessments, particularly examinations, offer the same 
academic integrity as a traditional on campus paper 
assessment.

4  |  ACCESSIBILITY OF ASSESSMENT

4.1  |  Technical

A 2016 study of first year tertiary student attitudes found 
that information and communications technology (ICT) 
infrastructure and reliable connectivity were significant 
barriers to successful completion of online examinations 
at that time.14 From the institutional perspective, access 
to reliable systems that can manage synchronous deliv-
ery to large numbers of students and technical support 
for staff and students is essential. Contingency plans for 
dealing with technical failures are vital when planning 
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and delivering online assessments, as demonstrated by an 
account of a central server failure during a large under-
graduate summative test.15

Higher education providers have a responsibility to 
ensure that their virtual learning and assessment en-
vironments are usable and accessible. Commonly used 
LMSs are designed in accordance with the internation-
ally recognized Web Content Accessibility Guidelines, 
so they can be utilized by all students regardless of their 
needs and preferences. Delivery of online assessments 
within a compliant LMS and in keeping with the general 
accessibility principles applicable to online learning16,17 
will benefit all learners, however, instructors should 
also design their course site with usability in mind. The 
mark that a student achieves in an online assessment 
should be a reflection of their achievement against 
course learning goals, not their IT skills. Formative and 
summative assessments, grades, and feedback should all 
be easy to find on the course site, which may be best 
achieved through a course site designed with both func-
tional and chronological elements.18

4.2  |  Equity

A strong motivation for students’ own learning is the en-
joyment they receive from having opportunities to dem-
onstrate their learning success.13 All students, regardless 
of their individual background and circumstances, should 
be provided with the opportunity to demonstrate their 
learning. Online assessment can potentially exacerbate 
educational and social disadvantage due to differences in 
access to, and literacy in digital technologies associated 
with age, gender, and socioeconomic factors.1 In addition, 
there are other less tangible disadvantages to online as-
sessment, which may be more relevant to particular stu-
dents. Small test-mode effects have been observed, with 
high performing students benefitting most from a shift 
away from paper-based to online assessments,19 possibly 
due to differences in cognitive workload.20 Others report 
no increase in cognitive load associated with online test-
ing in a tertiary setting.21 A study designed to separate 
online testing environment effects from cheating effects 
found that exam performance was negatively affected by 
the online testing environment, which was offset by an in-
creased propensity to cheat.22 Several negative effects of 
the online testing environment were identified including 
disadvantages due to greater distraction, technical diffi-
culties, and the inability to seek clarification for any am-
biguous questions.

While studying and completing assessments “online” 
presented a degree of flexibility in learning that may be 
conceived as an advantage to those students with work 

and family caring responsibilities, the sudden closure of 
schools and childcare centers during the COVID-19 pan-
demic created increased distraction.23 In some cases, older 
siblings were also affected by lost “quiet” study time with 
younger siblings not attending school; there was increased 
competition in the home for use of technology and a very 
high demand on internet bandwidth. While all these in-
equities exist and likely many more, such as an exacer-
bation of gender equality in caring responsibilities during 
the COVID-19 pandemic, it is important to be aware that 
students experience different online testing environments 
depending on their personal circumstances.

There is also a diversity of technological preferences 
and proficiencies among all students, including those 
younger students, who are commonly referred to as “dig-
ital natives”.24 Interestingly these “digital natives” often 
lack capacity to trouble shoot or cope when technology 
fails to work as anticipated or something varies slightly 
from expected. It is these students who appear to fare 
worse in these circumstances, possibly due to a lack of 
having to work out technology on their own and becoming 
over reliant on what they are “taught” at school. Equity 
in access to suitable technology and support for complet-
ing varied online assessments became especially relevant 
in the rapid shift to online assessment due to COVID-19. 
Limitations reported by students included lack of home 
Wi-Fi, failure of audio and/or visual connections, and 
sharing computers with other family members.23  Many 
students rely on university or library computers, which 
became more intensively used and/or were in restricted 
access areas due to social distancing requirements. This 
situation was further exacerbated by general shortages of 
electronic and computing equipment, limited access to 
shops, and delayed delivery times.

Reasonable adjustments to online assessments may 
be required to address inequities due to physical or men-
tal limitations. Many higher education students, for ex-
ample, have some form of clinically diagnosed anxiety. 
These students are often allowed additional time and or 
other adaptations to the usual paper-based exam to allow 
them to focus, lessen the chance of an acute episode of 
anxiety, and achieve deeper learning.13 A recent survey of 
students from a range of health disciplines revealed that 
38% of female and 25% of male respondents experienced 
more stress with remote online exams than face-to-face 
exams.25 The main stressors reported were exam duration, 
navigation mode (backtracking permitted or not; ques-
tions presented one at a time or all at once), and technical 
problems.25 It is likely therefore, that online assessments 
increase anxiety further in those with underlying anxiety 
disorders and as such, the existing adjustments for testing 
for these students may be inadequate and create an equity 
concern. Further research in this area is clearly required 
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to determine if standard adjustments for a variety of med-
ical conditions that students have, are as equally appro-
priate for online assessment as they are for paper and oral 
assessments. This includes consideration by the asses-
sor of the layout and adjustability of text and image size 
and color and how this may be affected by technological 
limitations.

5   |   ACADEMIC INTEGRITY

The prevalence of cheating, or willingness to cheat, on 
graded assessments among tertiary students has increased 
steadily over a number of years, with estimates ranging 
from 9% to as high as 90%.26 There is a strong perception, 
and some evidence that the growth in use of online assess-
ments presents a threat to academic integrity as they may 
provide increased opportunity for student cheating com-
pared to traditional invigilated face-to-face exams. Since 
2011, there has been a steep rise in the number of students 
undertaking higher education online; in 2016 more than a 
third of Australian university students enrolled in at least 
one online course.27 The issue of academic integrity of as-
sessment was becoming a priority area with the number 
of students completing a substantial component of their 
studies off campus predicted to increase rapidly, even be-
fore the COVID-19 pandemic forced a large proportion 
of courses online in 2020.28  While academic dishonesty 
is a serious concern for the capacity of any graduate to 
undertake future work, within the health disciplines the 
potential consequences for patient care could result in se-
rious injury or death and as such this is a priority concern 
for academics responsible for educating these students.29 
Indeed there has been a recent call for institutions to an-
notate summative test results of medical students as “in-
person proctored”, “online proctored,” or “unproctored” 
in order to maintain transparency and accountability.10,30

Academic dishonesty in online assessments without 
direct supervision can take several forms31:

▪	 Misrepresentation of identity, in which a third party 
completes individual assessments or even the entire 
course for the student. The third party may be known 
to the student (e.g. a family member or friend) or 
an unknown “work for hire” arrangement.

▪	 Plagiarism, defined by our institution (The University 
of Newcastle) as “presenting the words or ideas of 
someone else as your own without giving credit to the 
original author.”

▪	 Manipulation of technology to gain advantage can take 
several forms; students may deliberately crash or break 
their internet connection to gain extra time or the op-
portunity to re-take an assessment, or find technical 

loopholes to access pre-set answers or other students 
submitted work.

▪	 Collaboration or collusion with other students taking 
the course to share information and answers while 
completing the assessment.

▪	 Deception or breaking the agreed conditions for com-
pletion of an assessment, such as referring to notes 
or other sources of information during an online test. 
Although this particular type of behavior is norma-
tively described as cheating, 46% of face to face and 
71% of online students believe that referring to existing 
notes is not cheating at all or only trivial cheating.26

To ensure integrity of assessment, tasks should gener-
ate clear evidence that the work, whatever its nature, has 
been produced by the candidate.13 Different approaches 
are required to address the different types of cheating and 
assessments in the online environment. Measures such 
as including verification of the test taker, plagiarism de-
tection software and supervision of monitoring of test 
conditions can directly reduce cheating, whereas other ap-
proaches such as use of authentic assessments can reduce 
both the opportunity and motivation to cheat.

5.1  |  Authentication and Security

One aspect of reducing cheating is authenticating the user 
and monitoring the activity of the user during the assess-
ment. A number of proctoring solutions, including LMS 
add-ons (e.g., Respondus within Blackboard, Waevaer 
within Moodle), and other services (e.g., ProctorU), use 
video, keystrokes, fingerprints, and the like to identify 
the user during the test. Some of these software solutions 
provide algorithms that monitor eye movement and other 
motion to determine if the user is potentially utilizing “off 
screen” notes, while others track activity arising from the 
device such as use of internet browsers. In this way, these 
services allow academics to overcome many of the issues 
raised above regarding cheating. However, they raise a 
secondary issue around security and protection of user 
privacy. In particular, use of video and monitoring of de-
vice activity allow for unintended information to be shared 
and/or unethically obtained. Furthermore, large amounts 
of data are collected by these softwares in order to under-
take their algorithms and this can also entice unethical 
use of student specific data. An alternative approach is the 
use of post-hoc assessments, such as an oral examination 
or viva voce to validate results. However, this requires ei-
ther extensive time commitment to interview all students 
or creates equity issues around which students are inter-
viewed and what to subsequently do with information on 
a subset of the cohort. Alternatively, rather than query the 
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student on content knowledge using post-hoc oral exami-
nation, students could be queried on their approach to the 
assessment. This may be quite stressful for some students 
if they feel they are being “accused” of cheating and could 
affect their ability to recall their approach and explain 
their thinking.

5.2  |  Proctored vs Unproctored

There have been reports that students perform better in 
non-proctored exams than proctored exams. A recent 
comparison of fourth year medical students results from 
an open-book online examination, necessitated by the 
COVID-10 pandemic, with results from traditional exami-
nations found significant differences.32 The mean scores 
for the multiple choice and essay questions were higher 
than for closed-book examinations. However, the scores 
for short answer questions were lower. Similarly, others 
report increased completion times and lower scores when 
online tests were proctored.33,34  The authors indicated 
that the online and closed-book examination questions 
were of the same difficulty, but did not provide any infor-
mation on the cognitive level of questions,33,34 while one 
specifically mentioned that the exam required a high de-
gree of memorization.32

Others have reported no significant difference be-
tween proctored or invigilated tests and non-proctored 
tests.35-37 Key features of the non-proctored tests in these 
studies include the use of a lockdown browser and the 
inability to backtrack,35  low stakes assessment,36 and a 
commitment to authentic assessment.37 As such, the de-
termining factors of using proctored assessment or not 
appears to be similar to those for determining the use of 
open-book and closed-book examination in the traditional 
paper-based invigilated setting. Regardless, the most ap-
propriate choice should depend on the learning outcomes 
and skill set being assessed.38

5.3  |  Authentic Assessment

As with all assessments, online assessment must meet 
a measure of effectiveness: that is the assessment tasks 
should be designed to encourage good quality, “deep” ap-
proaches to learning in the students. This is true regard-
less of whether the learning outcome is for the acquisition 
or for the application of knowledge. Assessment can be 
described within three paradigms39: (i) assessment as 
measurement, (ii) assessment as procedure, and (iii) as-
sessment as inquiry. Another, perhaps simpler way of 
presenting these three paradigms is as follows: (i) assess-
ment of learning, (ii) assessment for learning, and (iii) 

assessment as learning.13 Authentic “inquiry” assess-
ments contextualize learning and include consideration of 
the complexities and ambiguities of operating in the real-
world situation. Assessments constructed in this way can 
provide recognition and evidence of student performance 
in tasks requiring higher order cognitive skills.

5.4  |  Validity and Reliability

A number of principles relevant to validity and reliability 
of online assessment have been elucidated by various au-
thors and regulatory bodies.13,40 The underlying principle 
to ensure an assessment is authentic is that it be designed 
such that it accurately reflects the assessed learning out-
comes.41 As such an assessment is considered to have 
validity if it can meet expectations of both the assessors 
and the students. Validity can be considered in regards to 
content: ensuring the assessment tasks are assessing the 
stated learning outcomes, and fairness; is satisfactory per-
formance achievable in the modality used and the time 
allowed, which is typically only able to be measured after 
completion.42  The issue of fairness is also confounded 
by conflicting expectation of academics and students, 
particularly when introducing online assessment into 
a course where it was not previously used. Information, 
guidance, rules, and regulations on assessment should be 
clear, accurate, consistent, and accessible to all staff, stu-
dents, practice teachers, and external examiners.13,40

The online environment without proctoring makes it 
difficult to generate an authentic assessment for the ac-
quisition of knowledge that is also fair. The application of 
knowledge, however, is far easier to assess in an online 
assessment while maintaining fairness. It is also appeal-
ing for academics to assume that general underperfor-
mance in an online assessment is the result of student 
expectation that they will be able to use a multitude of 
resources to assist them in answering the questions and 
that they will have ample time to do this, rather than that 
the assessment was indeed not fair in terms of the restric-
tions placed upon it in regards settings such as time and 
backtracking.

An intrinsic requirement of assessment design is that 
the task should generate comparable marks across time, 
across markers, and across methods. Objective marking 
criteria and electronic marking can improve reliability, 
making online assessment an attractive option. A com-
mon approach to reducing collusion in online examina-
tions is the use of question pools; in this instance it is 
imperative that the selection of questions is structured to 
ensure fairness during the random distribution of ques-
tions. This requirement necessitates the development of a 
high number of small pools of questions to ensure that an 
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equitable selection of questions (of different topics, diffi-
culty, and cognitive level) is presented to each student.43 
Alternatively question variants with different numerical 
values could be supplied to individuals at random, but 
again these must represent equal difficulty and are only 
achievable for certain topics.

5.5  |  Multiple choice question 
assessments

The myth that multiple choice questions (MCQs) only 
assess lower cognitive levels and promote surface 
learning has now been well and truly debunked; well-
constructed MCQs can objectively measure learning 
achievement across higher cognitive levels such as ap-
plication, analysis, and problem solving.44-46  While con-
structing a well-designed MCQ is challenging, there are 
numerous generic guides available,47,48 as well as more 
specialized frameworks for construction of MCQs target-
ing different Bloom's taxonomy levels in specific disci-
plines.44,45,49  While pictures are easily incorporated into 
traditional paper-based assessments, additional features 
such as animations, audios, and videos can increase the 
authenticity of questions that can be constructed com-
pared to traditional paper-based assessments.42  When 
done well, MCQ-based assessments can fulfil the param-
eters of authentic, valid, and reliable assessment, provide 
timely feedback to students and instructors and improve 
efficiencies in large undergraduate classes.

6   |   STRATEGIES FOR ONLINE 
DELIVERY OF AUTHENTIC,  VALID,  
AND RELIABLE MULTIPLE CHOICE  
QUESTION ASSESSMENTS

A number of authors50,51 have suggested “control proce-
dures” to help minimize cheating in online exams, many 
of which are specifically relevant to online multiple choice 
assessments in the absence of proctoring. These include:

•	 Academic integrity or code of conduct statement: 
Enhanced awareness and knowledge of expectations 
of academic integrity for students including the prob-
lems, implications, and potential consequences of aca-
demic dishonesty can help change attitudes and reduce 
engagement in cheating behaviors.29 Inclusion of an 
academic integrity declaration that must be acknowl-
edged or digitally signed in order to access each online 
assessment can inform and remind students of general 
academic integrity standards as well as the specific con-
ditions for the assessment.

•	 Timing: Scheduling a single set time to complete the 
assessment will prevent students from collaborating 
and completing it sequentially. The effectiveness of this 
approach can be increased by making the assessment 
link available within a narrow time window to force all 
students to commence and therefore complete the as-
sessment simultaneously. Restricting the time allowed 
for completion of the exam so it is sufficient for stu-
dents to provide thoughtful answers but not to research 
or find answers is another timing-related strategy that 
is particularly useful when assessing knowledge, recall, 
and interpretation. In this case, the assessment should 
be set to auto-submit when the allotted time expires. 
Individual adjustments may be required for students 
with a disability.

•	 Content: We have already defined assessment to include 
a measure of what students “know, understand, and 
can do with their knowledge, as a result of their edu-
cational experiences”.2 A modified Bloom's taxonomy7 
based approach to construction of MCQ assessments 
with a greater focus on higher order cognitive skills 
(application, analysis, synthesis, and evaluation) than 
lower order skills (knowledge and comprehension) can 
also address academic integrity. Answers to questions 
requiring higher cognitive levels cannot be looked up in 
notes, textbooks, or found by online searches. There is a 
tool available to guide writing and classifying questions 
on biology-related topics using Bloom's taxonomy.49 
Images and graphs are an effective way to create higher 
order questions as long as they are not identical to those 
used previously in teaching activities.52 Any assessment 
delivered online should subsequently be considered to 
be freely available in the public domain and therefore 
questions should be changed regularly or modified be-
tween cohorts. Algorithmic test banks that present vari-
ations of questions by changing question parameters at 
each implementation to create personalized exams have 
been used for particular topic areas such as mathemat-
ics,53 but are achievable in other areas, including the 
health sciences.

•	 Other parameters: The presentation of questions one 
at a time, and randomized for each test taker will min-
imize the opportunity for synchronous collusion and 
completion of the assessment. Randomizing the an-
swers to each question, and preventing students from 
backtracking to questions they have already answered 
are additional measures that limit opportunities to 
cheat. The incorporation of images into the question 
stem can also make it more difficult for students to 
copy and paste key words into search engines. Any 
image files incorporated into an online assessment 
should be given an uninformative name, as it may be 
accessible to students. It is also important critical to 



16  |      MATE and WEIDENHOFER

consider the implications of this approach on the cog-
nitive level of the question.

7   |   ALTERNATIVE TYPES OF 
SUMMATIVE ONLINE ASSESSMENT

There are a variety of other assessment types that are 
well suited to the online environment, and have the 
advantages of automated marking and immediate feed-
back to students including extended matching exercises, 
fill in the gap (cloze passage) or single word/number an-
swers, labeling or identification of image hotspots, drag 
and drop labeling, and online simulations. Essentially 
any type of assessment can be adapted to an online set-
ting including those that address development of skills 
such as communication or teamwork. In this context, 
assessments may include short or long answer ques-
tions, submission of essays or case studies, participation 
in discussion forums, wikis, reflections, e-portfolios, as 
well as individual or group presentations (either live or 
recorded).

While these types of assessments have potential for in-
dividualized instruction and targeting of specific learning 
needs, they present their own challenges. Some may not 
be applicable to very large undergraduate classes due to 
the burden of manual marking and the inability to provide 
immediate or timely feedback tailored to the individual, 
which provides an opportunity to correct misunderstand-
ings and misconceptions. Although intuitively we may 
assume that essays, case studies etc. provide a more thor-
ough and rigorous assessment strategy this is not necessar-
ily the case. A comparative analysis of MCQ and modified 
essay questions (MEQs) used in assessments of fourth year 
medical students found that the majority of both question 
types focused on recall of knowledge, however, MCQs 
were better at addressing the highest order cognitive skills 
compared with MEQs.45 MEQs tend to test knowledge as 
well as higher cognitive skills, although they do have the 
advantage of contributing to the development of written 
communication skills especially if high-quality feedback 
in this area is provided to students.

8   |   CASE STUDY

As the COVID-19 pandemic caused international com-
munity “lockdowns”, face-to-face courses at many higher 
educational institutes were rapidly transitioned to fully 
online delivery. In our case, this impacted the delivery of 
classes, as well as the major assessment items (invigilated 
mid-semester and final exams) for an introductory human 

physiology course undertaken by first year students from 
multiple degree programs (biomedical science, nutrition 
and dietetics, pharmacy, physiotherapy, podiatry, speech 
pathology). Traditionally, the course is delivered face to 
face across two campuses, with approximately 500  stu-
dents enrolled at the main campus and 100 students en-
rolled at a regional campus about 100 km away. There is 
a single course Blackboard site that serves students from 
both campuses. Our largest challenge was to transition in-
vigilated assessments to an online (non-proctored) format, 
while ensuring and demonstrating the academic integrity 
of the course to satisfy the accreditation requirements of 
the multiple degree programs that this course services. 
This case study describes our approach to balancing stu-
dent equity and quality assurance in the mid-semester as-
sessment that occurred at the time of intensive restrictions 
to limit the spread of COVID-19.

8.1  |  Equity considerations

Our university has a relatively high proportion of students 
from low socioeconomic backgrounds, the majority of 
whom have gained entry to their program via alternative 
pathways for non-school leavers. A number of students 
were therefore affected by the closure of childcare cent-
ers and schools, and expressed concern about completing 
the mid-semester assessment at the originally scheduled 
times (while caring for young children). Although we had 
already decided to adhere to the original course timeta-
ble, including separate exam dates (on consecutive days) 
for the mid-semester assessment at the two campuses, 
this did not address the issue of students caring for small 
children. To ensure that all students had the opportunity 
to complete the exam under suitable conditions an ad-
ditional evening time slot was scheduled, which meant 
that there were three separate exam time slots over 2 days 
that students could choose from. Three versions of the 
30  MCQ mid-semester assessment were created; there 
were 12 questions in common, 9 variant questions (with 
different values in each sitting, as described below), and 9 
unique questions. There was a single sitting for the end of 
semester assessment, as many of the previous issues relat-
ing to social restrictions had been lifted by that time.

Considerations and adjustments to the time allowed to 
complete the exam were given to students with a disabil-
ity. At our university students with a disability are able to 
register with the health service to develop a reasonable ad-
justment plan that specifies adjustments that are required 
to support their learning including font size and color text 
to voice technology and additional time required to com-
plete assessments.
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8.2  |  Academic integrity considerations

Online delivery and the multiple opportunities for com-
pletion of the mid-semester assessment were identified as 
potential threats to academic integrity that required con-
trol and monitoring. We therefore implemented several 
strategies to maximize within-test and between test aca-
demic integrity by requiring students to review and agree 
to an academic integrity statement before starting the as-
sessment; setting a 40-min time limit for completion with 
auto submission when that time elapsed; presentation of 
one question at a time with no option to return to ques-
tions they had already answered and saved (e.g., no back-
tracking); presentation of questions and answer options 
in a random order; and making the link to the assessment 
available within a limited 30-min time window to ensure 
a nearly synchronous start for all students. This combi-
nation of settings was chosen to limit opportunities for 
collaboration and cheating. Question variants (Figure 1) 
were used to assess if students had gained access to the 
questions or the answers from a previous sitting. As such 
the questions were varied so that all the answer options 
remained the same, but the correct answer was different.

An additional measure to ensure integrity and im-
prove the quality of the assessment was to adjust the 
questions toward assessing higher order cognition. The 

answers to higher order and discipline integrated ques-
tions cannot be easily found in notes, textbooks, or by 
searching online and are therefore a more robust indica-
tor of what “students know, understand, and can do with 
their knowledge”.2 Questions were classified into three 
categories using a modified Bloom's Taxonomy scale: 
Level 1 (L1) questions were simple recall questions, level 
2 (L2) questions required some interpretation, and level 3 
(L3) questions involved application and or analysis of key 
concepts. For the 30-question assessment, the number of 
L1 questions was reduced from 13 (2019; invigilated) to 
7 (2020; online) and the number of L3 questions was in-
creased from 6 (2019; invigilated) to 12 (2020; online). The 
number of L2 questions remained relatively constant and 
comprised approximately 40% of the exam (Figure 2A). 
Table 1 shows an example of a question that was changed 
from Bloom's L1 in the 2019 invigilated exam to L3 in the 
2020 online exam. The L1 question requires only recall 
of the key features of the different fluid compartments 
within the body, whereas the L3 question requires an 
understanding of the relevance of these differences and 
what it means for cell function. These questions were 
written and classified according to Blooms level by sub-
ject matter experts, however, recent research has found 
that students may approach questions differently than 
intended.54

F I G U R E  1   Design of “calibrator” multiple choice questions for multiple offerings of the same online exam

Stem Variation 1 Stem Variation 2 Stem Variation 3 Answer options
An element has 2 neutrons and 12 
electrons in a cloud orbiting the 
nucleus. What is the mass of one mole 
of this element?

Correct response B

An element has 12 neutrons and 28 
electrons in a cloud orbiting the 
nucleus. What is the mass of one 
mole of this element?

Correct Response D

An element has 2 neutrons and 10 
electrons in a cloud orbiting the 
nucleus. What is the mass of one mole 
of this element?

Correct response A

A. 12 grams
B. 14 grams
C. 26 grams
D. 40 grams

During digestion disaccharides are 
converted to monosaccharides by the 
__________.

Correct response A

An anabolic reaction involving 
disaccharides and monosaccharides 
would involve the ___________.

Correct response C

The conversion of ipeptides to amino 
acids involves the _________.

Correct response A

A. addition of a water molecule
between each two units

B. addition of a carbon atom
between each two units

C. removal of a water molecule
between each two units

D. removal of a carbon atom
between each two units

Ehlers-Danlos Type VI is an autosomal 
recessive condition characterized by 
high risk of retinal detachment. When 
one parent has detached retinas, and 
the other is heterozygous for the trait, 
what is the possibility that the second 
child will have Ehlers-Danlos Type VI?

Correct response C

Polydactyly is an autosomal dominant 
condition characterized by the 
presence of extra finger(s). When 
both parents are heterozygous for the 
trait, what is the possibility that the 
first child will have 5 fingers on each 
hand?

Correct response B

Ehlers-Danlos Type VI is an autosomal 
recessive condition characterized by 
high risk of retinal detachment. When 
one parent has detached retinas, and 
the other is homozygous for the trait, 
what is the possibility that the second 
child will have Ehlers-Danlos Type VI?

Correct response D

A. 0%
B. 25%
C. 50%
D. 100%

The tissue in the image is best 
described as:

Correct response D

The tissue in the image is best 
described as:

Correct response C

The tissue in the image is best 
described as:

Correct response A

A. Skeletal muscle
B. Loose connective tissue
C. A tendon or ligament
D. Dense regular connective tissue



18  |      MATE and WEIDENHOFER

8.3  |  Findings

Analysis of the results from the three online offerings 
of the assessment showed that a higher mark was ob-
tained by students in the first sitting (mean, 20.8) com-
pared to the second (mean, 18.7; p < 0.01, ANOVA with 
post-hoc Tukey HSD) and third (mean 19.7; p  <  0.05, 
ANOVA with post-hoc Tukey HSD) sittings. Students 
in the first sitting may have been better prepared, more 
confident with the content and presumably had fewer 

impediments to study (e.g., young children), however, 
this was not specifically examined. Overall we were sat-
isfied that the results were generally consistent across 
the three sittings, with no obvious signs of cheating or 
collusion. Although not directly comparable, the av-
erage mark for the 2020 online mid-semester assess-
ment (19.3 of 30) did not differ significantly from the 
2019 invigilated assessment (18.6 of 30; p = 0.3, t-test) 
and is consistent with results over several years. As we 
expected, the performance in L1 recall questions was 
higher in the 2020 “open book” online exam, but the 
performance in the L3 application/analysis questions 
was lower (Figure 2B). This may be due to the test set-
tings that prevented backtracking; questions had to be 
answered as they were presented so students did not 
have an opportunity to go back or spend longer think-
ing about the more challenging questions. Indeed, many 
students reported that the inability to backtrack was the 
most challenging aspect of online assessment, as they 
could not use their normal examination strategy of re-
turning to difficult questions. The randomization of 
question order may have exacerbated this situation for 
some students, as they could potentially be presented 
with the most difficult questions at the start of the exam 
affecting their confidence and time management.

The built in countdown timer in the Blackboard-
based online assessment was another stressor reported 
by our students that is not present in a traditional paper-
based exam. We have also observed that time manage-
ment is poor in online exams; 5.4% of students did not 
reach the final question, and 3.0% did not answer the 
final three questions (10% of the exam), whereas more 
than 99% of students completed all questions in previ-
ous paper-based versions of the exam. Students also re-
port a high rate of misreading questions off screens, in 
part due to not being able to underline or highlight key-
words within the question. Additionally, students when 
being examined online are less inclined to use pen and 
paper to assist them with their problem solving. While 
these issues are primarily the concern of the individual 

F I G U R E  2   Comparison of examination content and student 
performance in a paper-based invigilated format in 2019 and a non-
invigilated online format in 2020 for a first year human physiology 
course. (A) The proportion of questions classified as modified 
Bloom's level 1, 2, or 3. (B) The proportion of correctly answered 
questions based on their Bloom's level 1, 2, or 3 classification

(A)

(B)

T A B L E  1   Questions on fluid compartments within the body that written to test learning at a modified Bloom's taxonomy level 1 and 
level 3

Bloom's level Question stem Answer options

1 Which body fluid compartment contains high levels of K+, 
large anions and proteins?

A. Intracellular fluid (correct answer)
B. Interstitial fluid
C. Plasma
D. Both plasma and interstitial fluid

3 An artificial cell contains 25 potassium ions and 35 protein 
anions. The surrounding solution contains 30 chloride 
ions and 30 sodium ions. What is the membrane 
potential difference?

A. −10 (correct answer)
B. 10
C. −35
D. −60
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student, the academic still maintains some responsibil-
ity to ensure that students are aware they are permitted 
to do so, particularly where online assessment is being 
used as a major component of an otherwise face-to-face 
course. In these circumstances students are often lost 
in the online component of the task rather than focus-
sing on demonstrating their capacity against learning 
outcomes.

Overall the results of the changes made compared to 
the overall performance showed that with careful plan-
ning and adjustments an “open book” online MCQ as-
sessment can provide similar rigor and discriminating 
power as a “closed-book” invigilated assessment. Our 
key recommendations to ensure this are to include a 
higher proportion of questions that assess higher order 
learning in addition to adjusting test settings and in-
troducing “new” or variable questions delivered in a 
random fashion to limit opportunities for online collab-
oration and sharing of answers. With these modifica-
tions we were able to offer the test at several different 
scheduled times so that students were not disadvan-
taged due to their additional childcare responsibilities 
or other commitments during the COVID-19 lockdown 
period. While this lockdown style of learning will lift, 
considerations of this nature remain for institutes that 
offer flexible modes of study in order to support students 
with competing commitments. Further analysis and de-
livery of tests with alterations to settings is required to 
determine if all the restrictions imposed are essential 
to ensure integrity. Of particular note is prevention of 
backtracking; our data suggested this may have nega-
tively impacted performance in higher order thinking 
questions in online delivery. It is therefore important to 
consider the requirement for this feature if the bulk of a 
test is questions of this nature.

An unexpected benefit of the online test delivery was 
that we could access additional performance analytics and 
provide all students with personalized feedback on their 
performance in the specific topic areas that were tested 
without releasing the actual questions. The individual 
student results were available to the instructors imme-
diately in a format that allowed for rapid dissemination. 
As a result, once quality control was completed, students 
were emailed (using Microsoft mail-out capabilities) their 
individual performance on the specific topics assessed by 
the MCQs. This allowed all students a timely opportunity 
to remediate their understanding of these topics prior to 
moving too far ahead in the remaining course material. 
Previously, it was not feasible to offer such feedback, with 
students only receiving their individual score and then 
much later a discussion of topics that were answered 
poorly across the cohort. In this way, it was possible to pro-
vide a desirable feedback on performance for a summative 

assessment and also maintain the integrity of the ques-
tions for future use.

9   |   CONCLUSION

The COVID-19 pandemic caused a major disruption to 
higher education in 2020–2021, increasing the need for 
flexibility and adaptability, while accelerating the trend 
toward online teaching and learning. With this transi-
tion comes the need to provide valid and reliable meas-
ures of student learning, that are accessible and secure, 
and ensure academic integrity, but are also equitable for 
all students. Future research will be required to ensure 
that rapid adoption of online assessment does not result 
in unintended poor outcomes for students. As it is likely 
that many universities will continue a level of online as-
sessment in a face-to-face environment, it is vital that the 
practices that have been rushed into place are carefully 
considered for ongoing use. In particular, the potential is-
sues raised here around equity in regard socioeconomic 
factors as well as disability need intentional investigation 
and appropriate solutions.

Likewise, there is yet to be a comprehensive analysis 
of how policies introduced to “maximize academic integ-
rity” during online testing, affect capacity of students to 
demonstrate their achievement against course learning 
outcomes. Our case study suggests that not all strategies 
are necessarily best employed together. Where appropri-
ate, shifting questions toward higher Bloom's taxonomy 
is likely to counteract the need to significantly reduce the 
time allowed for completion of an assessment in order to 
restrict looking up or searching for answers. However, this 
is not possible in all situations, depending on the course 
learning objectives. Furthermore, while restriction of 
backtracking is an attractive means to prevent collusion 
and sharing of answers even for higher Bloom's taxonomy 
questions, it also leads to poor time management, addi-
tional stress, and therefore potential under performance. 
Further research in this area is warranted. Finally, the in-
creased attention given to development of authentic, reli-
able, and equitable assessments in the online environment 
can only benefit our students and several general aspects 
of assessment that we have discussed here can also be ap-
plied to improvement of on-campus assessment practices 
when we return to face-to-face learning.
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