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ABSTRACT

Background: Evolving innovative, feasible and cost effective technology related with teaching and learning in context of
recent COVID-19 pandemic has led the medical educationists to think about its increased use in the assessment process.
Need of the hour is to develop and establish a framework in our institutions for technology enhanced assessment (TEA)
efficiently. European countries were using the e- assessment before the COVID-19 pandemic so their education system was
less disturbed by it as compared to the Asian countries like Pakistan. TEA can be done with a number of tools and mobile
phone technology, learning management systems (LMS) and social media have played remarkable role in this regard. The
objective of this scoping review was to find best practice regarding the use of TEA in context of COVID-19 pandemic
according to the Best Evidence Medical Education (BEME) principles. Methods: Databases which were searched were
Google Scholar, Educational Resource Information System (ERIC), Cochrane library and ScienceDirect (Elsevier). The key
words and phrases which we used for search were "TEA", "Online assessment”, "assessment in context of COVID-19",
"Role of TEA", "Advantages and disadvantages of TEA". 1252 articles were retrieved after screening total searched articles
by Mendeley software. These articles were then assessed according to the eligibility criteria and 84 articles were selected out
of which finally 12 articles were included in this scoping review after assessment of quality by Qualsyst appraisal tool. Data
was extracted by using data extraction form which was synthesized to create the themes by axial coding. Results: After
synthesis of data following themes were identified describing the TEA. What is TEA, role of TEA. Advantages and
disadvantages of TEA, measurement and implementation issues in TEA. Prime benefit of TEA is its potential to foster
learning by its ability to deliver vast variety of test formats in high fidelity virtual reality situations and by providing feedback
after formative assessment using number of digital tools. Major issues related to TEA are cheating, validity, quality and
security of test materials. Conclusion: E-assessment tools were already being used in European countries with the intent to
improve the teaching and learning activities but after the COVID-19 pandemic it became the necessity. TEA has extreme
potential for improving the learning and assessment process especially in context of current COVID-19 pandemic if the
available technology is used efficiently. Implementation of TEA in place of conventional assessment should be tailored
according to the local requirements and context. Finally the word of caution is to be prepared to address the issues of
validity, quality, cheating and security of test materials connected with this technological change.
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INTRODUCTION educationists to think about its increased use in the

assessment process.!"? It can be used to deliver and
Evolving innovative, feasible and cost effective  manage both formative and summative assessments.
technology related with teaching and learning in context Need of the hour is to develop and establish a
of recent COVID-19 pandemic has led the medical framework in our institutions for technology enhanced
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assessment (TEA) efficiently.” For this purpose we
have to accept the challenge to develop the guidelines
and arrange for the resources. TEA can be done with a
number of tools e.g. mind maps, self-assessment,
discussions with the help of e-communication tools,
peer assessment, viva, Item response based tests and e-
portfolios. Modern integrated curricula use problem
based learning (PBL) as a common instructional strategy
and TEA can be efficiently used to assess the students in
a virtual environment which closely matches the real
problem situation in which these students will work
during their professional life."!

European countries were using the e-assessment before
the COVID-19 pandemic so their education system was
less disturbed by it as compared to the Asian countries
like Pakistan."® A number of challenges were faced by
our country due to the COVID-19 pandemic and one of
these major challenges was threat to our education
system particularly medical education. Assessment being
an integral part of learning process needs to be enhanced
under the special circumstances of COVID-19 pandemic
with the help of available technology. Scoping reviews
are best tool for mapping the literature and finding the
gaps in the knowledge regarding a new topic. The
objective of this scoping review was to find best practice
regarding the use of TEA in context of COVID-19
pandemic according to the Best Evidence Medical
Education (BEME) principles.

METHODOLOGY

A team of two reviewers was formed which after
discussion developed a research question and decided a
scoping review search strategy for this scoping review.
Ethical approval was applicable to this review study. We
used Arksey O’Malley 2005 frame work for this scoping

review.

Research question

The research question of this scoping review is: What is
the role of TEA in context of COVID-19 pandemic in
health professions education?

Study design

Search for this scoping review was not limited to a
specific design. Mix design studies were included in this
review according to the inclusion and exclusion criteria.

Eligibility Criteria

The two member reviewer team decided the inclusion
and exclusion criteria with discussion and consensus. We
included both quantitative and qualitative studies and
surveys. Grey literature and systematic reviews were
included in this scoping review. Only full original articles
were included. Chapter from books and all others were
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excluded (Table 1).

Search strategy

Two member team first of all decided the core concept
regarding the defined research question. We decided
scoping review strategy for this review by consensus.

Electronic database sources, key words and
phrases

Databases which were searched were Google Scholar,
Educational Resource Information System (ERIC),
Cochrane library and ScienceDirect (Elsevier). The key
words and phrases which we used for search were
"technology enhanced assessment", "Online
assessment", "assessment in context of COVID-19",
"Role of technology enhanced assessment", "Advantages
and disadvantages of technology enhanced assessment".

Study selection

Articles identified through database searches were
screened according to the eligibility criteria to select the
final full text articles to be included in this scoping
review. All this process has been shown in PRISMA
flow diagram (Figure 1). All the searched articles were
imported in Mendeley software and then duplicates were
removed from these articles. 1252 articles were retrieved
after screening total searched articles by Mendeley
software. These articles were then assessed according to
the eligibility criteria and 84 articles were selected, out of
which finally 12 articles were included in this scoping
review. Quality of these studies to be included in this
review was checked by using Qualsyst appraisal tool and
minimum score of the article for inclusion in the review
was set at 35% after mutual consensus of the two
reviewers (Annexure IIT). Qualsyst tool consists of 14
item criteria for quantitative studies and 10 item critetia
for qualitative studies. Each item in the tool is scored on
a three point scale (NA: 0; Partial present: 1; Present: 2).
Maximum total score for quantitative study is 28 and for
qualitative study it is 20. Formula for calculating the
score is given in annexure III. Final score of >75% was
considered as high, 60%-74% as good, 35%-59% as
sufficient and below 35% as limited quality in this
scoping review. Value of 0.80 for Cohen's Kappa
coefficient was considered excellent for inter rater

reliability.

Publication year

As COVID-19 pandemic started a year back this further
highlighted the importance of TEA. Although European
countries were already using the technology in the
process of assessment but emphasis of research on TEA
came after the COVID-19 pandemic. So we did not set
any filter by time to include studies in this review but the
finally selected studies came out to be within last ten
years.
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Outcome measures

Prime objective of this scoping review was to collect
references from evidence based medicine to inform the
practice of TEA and ascertain its role in dental and
medical education.

Screening

The studies retrieved by literature search were carefully
reviewed by the two reviewers. Firstly the titles and
abstracts were reviewed and fulfilling the eligibility
criteria to some extent even were screened out. Secondly
full text articles and systematic reviews from these
screened out studies were assessed by the reviewers
according to the inclusion and exclusion criteria
(Table 2). Conflict of opinion on two papers was
resolved by consensus between the two reviewers after
which Qualsyst score improved.

Data extraction

A data extraction form was developed and pilot tested to
calibrate the assessment scoring of the two reviewers.
Main entries of the data extraction form were country
and year of publication, study design, objectives, main
outcome measures, full citation, target population,
strengths, limitations, bias, results and conclusion.

Assessment of risk of bias

It was tried to assess the risk of bias in the included
studies by at the used questionnaires, interview structure,
study population and author affiliation. To check for
inter rater reliability of the two reviewers Kappa
coefficient was calculated and value more than 0.8 was
considered excellent.

Analysis/synthesis of data

Studies were grouped according to the study design,
objectives main outcome measures and other character-
istics and put in tabulated form for data analysis and
synthesis.

RESULTS

The articles were read in detail by the two reviewers and
they carried out thematic analysis of the data extracted.
Then open coding leading to axial coding was done to
develop sub-categories and categories for explanation of
themes and sub-themes. We identified the following
themes describing the role of TEA in dental and medical
education.

What is TEA

Researchers have defined the term TEA in their articles
as use of any type of technology in any aspect of
assessment. a number of technologies like computers,
cell phones, personal digital assistants (PDA), interactive
voice response equipment (ivr) video recording, video
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teleconferencing equipment can be used. Similarly range
of test formats like mecqs and structured interviews can
be used which can be evaluated by computers instead of
human evaluators.

Role of TEA

"Use of technology in assessment has the potential to
improve the potential of students' performance" is the
final word of many papers on the topic of TEA. others
have declared it as way forward in the recent challenging
situation of COVID-19. technology can be used to make
the assessments more reliable. by use of technology
assessments for learning and assessment as learning can
be more productive. Similarly assessment of learning can
be made more transparent by using technology
appropriately.

Advantages of TEA

Different articles have discussed advantages and
disadvantages of TEA which come under the following
sub-themes: (a) Effects on quality of testing: It enhances
the quality of assessment by providing variety of formats
in high fidelity situations. (b) Candidate expectations and
reactions to TEA: Expectations and reactions of
candidates should be taken into account while planning
a TEA. For this purpose proper assessment plan and its
specifications should be developed. It should be pilot
tested before full implementation. (c) Consistency of
administration of tests: TEAs offer consistency of tests
thus increasing their validity. (d) Consistency of scoring
of tests: Scoring of tests by the computers is more
consistent than the human evaluators. () Administrative
ease and flexibility of tests: TEA offers relative ease and
flexibility regarding administration of tests.

Disadvantages of TEA

Some of the papers have discussed the disadvantages of
TEA which can be listed as under: (a) Costs: While
deciding to introduce technology enhanced the cost of
the process should be considered first as it may add
considerably to the budget of the institution. (b) Security
of test materials: The test items and results may be
attacked by the hackers to give pre information to the to
the test takers leading to cheating. There are number of
measures that can be taken to keep these test materials
safe e. g. firewall application. (c) Issue of cheating: It is a
serious issue in TEA (unproctored internet based tests)
in cognitive testing. Cheating can be inferred in these
situations three ways: (1) Statistical detection; (2) Score
comparison and verification; (3) Technological
detection. It can be discouraged by web petrol
monitoring, key stroke monitoring, key stroke analytics,
web cams, warnings and threats. To make cheating
difficult test design features and characteristics like
multiple test forms, speeded tests and computerized
adaptive tests can be used. (d) Response distortion: This
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Table 1: Electronic search history at databases used for searching articles

Number of retrieved

No. articles Key words and phrases used Filters used
I. Cochrane library

1. 75 Technology enhanced assessment in medical and dental education All text

2. 104 online assessment in medical and dental education All text

I1. Google scholar

1. 240 assessment in medical and dental education "technology enhanced" 2017—2021

2. 6 Role of technology enhanced assessment in medical and dental education Any time
technology OR enhanced OR assessment OR dental OR education "technology
enhanced assessment”

III. Eric

1. 229 Technology enhanced assessment in medical and dental education None

2. 320 Role of technology enhanced assessment in medical and dental education None

IV. ScienceDirect (Elsevier)

1 341 Technology enhanced assessment in dental and medical education Year 2020

2. 395 Technology enhanced assessment and role and in dental and medical education Year 2020/21/22

Review and

Research articles

Table 2: Inclusion/Exclusion criteria

No Inclusion criteria

Exclusion criteria

Systematic reviews

Shott communications

Manual search of grey literature
Articles in English language only
Original research articles

Research articles published at any time.

- S B A N S

Articles related only to medical and dental education.

Editorials

Book chapters

News papers
Dissertations
Abstracts only
Articles not accessible

Government reports

is important in non-cognitive testing. It means that the
test taker when asked about the certain content
pertaining to him (self-reports) in a survey he gives
willfully incorrect answer.

Measurement issues in TEA

TEA has great potential for measurement and prediction
of behavior of students. it can offer situations simulating
real life conditions in which the students can be
assessed. for valid measurements proper assessment plan
with specification should be developed.

Implementation issues in TEA

If implemented efficiently TEA has number of
beneficial effects like facility of data collection of
students taking the test and excellent decision decisions
can be taken on the basis of valid test measurements.
different frameworks have been proposed for the
implementation of TEA (Figure 2 and Figure 3).

DISCUSSION

Use of TEA is need of the hour, keeping in mind this

important aspect in mind we have carried out a scoping
review to collect the evidence from all over the world
regarding it. All the studies included in the review were
screened for methodological rigor, rater and study
selection bias. Overview of these studies is given below.

Overview of studies included in present
scoping review

Mostly the studies included in this review state that TEA
is beneficial for the learning of the students if used
efficiently. A number of technologies are available for
administration of tests in variety of formats and their
scoring. Although the role of technology in process of
assessment cannot be denied in terms of its advantages
but disadvantages and challenges in terms of costs,
issues of cheating and response distortion, student
expectations and reactions and validity issues should also
be considered seriously.

Sweeny e# al. ¥ in their study discuss the role of TEA in
higher education contexts. They conducted a systematic
review and found out that at the moment TEA is being
used mostly for formative assessment to give feedback
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Figure 2. Number of studies with their countries of origin.

to the students. They stress upon the need to develop
the good assessment feedback according to the
principles described by them. They talked about the use
of technological pedagogical and content knowledge
(TPACK) framework and substitution, augmentation,
modification, redefinition (SAMR) model."""! Devedzic
defined the term TEA as "a broad term which
encompasses diverse methods by which technology can

be used to support the management and delivery of
assessment in educational institutions in workplace,
lifelong learning and professional training and
development".">"! Whitelock ez a/" conducted a
systematic review to collect from the literature about the
use of technology in assessment. They found that
majority of literature focused on that technology
enhancement can enable assessment and feedback to
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Figure 3. Bubble plot of publication year of studies.

meet their goals and the ways assessment can be
designed to best use of technology. Moccozet ¢z al™ in
their study worked on online summative assessments in
a blended learning context at the level of higher
education. They mention some of the advantages of e-
assessments most important of which is that scoring in
this system is quick and this assessment can be done
anywhere any time. The results of e-assessment are
reusable and students can revisit their answers any
time.""" Ferreira e al. ' stressed the need for awareness
of students about their academic performance so that
they can self-regulate them and by doing so teaching
process will also be improved. In e-assessment and
learning (open student models) intelligent interfaces
which can be visualized can make learning interactive,
fostering and easier.

Zickar et /" highlighted some important aspects while
changing the system to TEA i.e. ethical, scientific and
practical issues. They also talked about the brain
scanning and imaging techniques for selection of
personnel. They also evaluated the potential of virtual
reality assessment.!"”) Rasman ¢f a/. *" and Csapé ef al. P!
compiled papers from 20" international conference on
assessment and worth mentioning is the paper
describing the pathways to successful online assessment.
Hettiarachchi e a/. ™ in their study declare that TEA can
be used for both skill and knowledge learning and these
e-learning systems make students more motivated and
engaged for efficient learning. They also described the
characteristics of e-assessment system as one which
supportts flexible and adaptive learning offers personal-
ization of assessment activities, reduces potential for

cheating, monitors question quality and statistical
analysis, provides automatic marking and immediate
feedback and supports variety of question formats for
tests.” Huertas e a/. " and Tomas e# a/* described the
use of technology in both online and blended
educational contexts and stressed upon the need of
more interactive tools for engaging and personalized
assessment experiences for replacing traditional
assessment practices.

A wide range of tools are available for TEA but issue of
security of test materials is a serious one. Scott ¢# a/.
discussed this important issue in their book and also
described different tools that can be used to deliver
different test formats. Hense ef /. ¥ and Gaytan ef al. ™
presented a case study of assessment centers and
documented use of technology in these centers.
Assessment is an important part of learning process.
Cognitive, attitude as well as psychomotor domain needs
to be tested. TEA offers wonderful opportunities for all
of these. Capella ef al® and Stédberg ef al. P in their
study compared traditional assessment with TEA and
recommended the use of technology in assessment.
Burke ez a/P" and Petrisor ez al. P in their study also
recommended use of technology in assessment process.
Kavanagh e al. ¥ and Sim e# al. P in their study tested
the use of technology for enhancing laboratory sessions
in health science and described student experience and
perceptions regarding use of digital technology in
assessment.

Recommendations
Internet connectivity has affected almost every aspect of
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our lives by facilitating our working but it has also raised
some new issues and problems as well. The discipline of
health professions has also been affected by it more so
positively. Technology has been used widely in teaching,
learning and assessment because of easily available and
affordable tools. Use of technology in assessment
process has been largely welcomed by all the
stakeholders because of the ease and flexibility it offers.

On the basis of this review we recommend the use of
TEA in our institutions because it fosters student
learning, engages them and provides opportunities for
self-assessment especially in the context of recent
COVID-19 pandemic. Almost all the studies and
reviews included in this scoping review support the use
of TEA for efficiently using the result data in student
centered curricula. We recommend to carefully select the
assessment tool according to the local requirements and
context. Feasibility of the assessment tool selected is also
important in context of its cost. While replacing the
conventional system of assessment with technology
enhanced system of assessment issues of its validity, test
material security, quality of assessment process, issue of
cheating and reaction of stakeholders should be
considered seriously and one should be ready to address
these problems beforehand.

We recommend future systematic reviews and studies in
this topic area to further inform the practice of TEA in
dental and medical education as evidence for some
aspects of TEA is still equivocal.

Strengths and limitations of this scoping
review

We used Arksey and O’Malley’s framework 2005 and
Qualsyst tool for this scoping review and tried to make
the whole process rigorous and transparent. We used
standard search strategy and searched almost all
common databases for articles and PRISMA flow
diagram to assess eligibility, screen and finally include
the articles in this scoping review. Thematic analysis and
axial coding was used for data collection and synthesis.

Limitations of our study are that we did not search all
databases so there is possibility of missing some of the
quality studies. Also we did not consult the experts and
researchers to include some additional studies in this
scoping review. Also the studies included in this review
were reviewed and assessed by only two reviewers which
may subject this study to reviewer bias although we
calculated kappa coefficient to check for inter rater
reliability. Lastly time constraint was also a factor which
could affect the quality of this review.

CONCLUSION
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Medical educationists have been thinking of the ways to
continue and foster the learning of the students since the
start of COVID-19 pandemic in a safe and conducive
environment. Although e- assessment tools were already
being used in European countries with the intent to
improve the teaching and learning activities but after the
COVID-19 pandemic it became the necessity.
Affordable and easily available assessment e-tools have
made it even more tempting for medical educationists to
use them for engaging their students in the learning
process. E-assessment is mostly being used for
formative assessment and giving feedback to the
students. Mobile phone technology and learning
management systems of different types are freely being
used for this purpose. Cheap and widely available
internet connectivity has made this task even easier.
Different of frameworks have been developed TEA
implementation in the higher education institutions.

On the basis of this scoping review it is evident that
TEA has extreme potential for improving the learning
and assessment process especially in context of current
COVID-19 pandemic if the available technology is used
efficiently. Implementation of TEA in place of conven-
tional assessment should be tailored according to the
local requirements and context. Finally the word of
caution is to be prepared to address the issues of validity,
quality, cheating and security of test material connected
with this technological change.
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