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Scope of Journal

Xjenza Online is the Science Journal of the Malta Chamber of Sci-
entists and is published in an electronic format. Xjenza Online is
a peer-reviewed, open access international journal. The scope of
the journal encompasses research articles, original research reports,
reviews, short communications and scientific commentaries in the
fields of: mathematics, statistics, geology, engineering, computer
science, social sciences, natural and earth sciences, technological
sciences, linguistics, industrial, nanotechnology, biology, chemistry,
physics, zoology, medical studies, electronics and all other applied
and theoretical aspect of science.

The first printed issue of the journal was published in 1996 and
the last (Vol. 12) in 2007. The publication of Xjenza was then
ceased until 2013 when a new editorial board was formed with in-
ternationally recognised scientists, and Xjenza was relaunched as an
online journal, with two issues being produced every year. One of
the aims of Xjenza, besides highlighting the exciting research be-
ing performed nationally and internationally by Maltese scholars, is
to provide a launching platform into scientific publishing for a wide
scope of potential authors, including students and young researchers,
into scientific publishing in a peer-reviewed environment.

Instructions for Authors

Xjenza is the Science Journal of the Malta Chamber of Scientists
and is published by the Chamber in electronic format on the web-
site: http://www.mcs.org.mt/index.php/xjenza. Xjenza will con-
sider manuscripts for publication on a wide variety of scientific topics
in the following categories

1. Research Articles
Communications

Review Articles

Notes

Research Reports

Commentaries

News and Views

Invited Articles and Special Issues
9. Errata

ONoGA~WD

Research Articles form the main category of scientific papers
submitted to Xjenza. The same standards of scientific content and
quality that applies to Communications also apply to Research Ar-
ticles.

Communications are short peer-reviewed research articles (lim-
ited to three journal pages) that describe new important results mer-
iting urgent publication. These are often followed by a full Research
Article.

Review Articles describe work of interest to the wide commu-
nity of readers of Xjenza. They should provide an in-depth under-
standing of significant topics in the sciences and a critical discussion
of the existing state of knowledge on a topic based on primary lit-
erature sources. Review Articles should not normally exceed 6000
words.Authors are strongly advised to contact the Editorial Board
before writing a Review.

Notes are fully referenced, peer-reviewed short articles limited
to three journal pages that describe new theories, concepts and
developments made by the authors in any branch of science and
technology. Notes need not contain results from experimental or
simulation work.

Research Reports are extended reports describing research of
interest to a wide scientific audience characteristic of Xjenza. Please
contact the editor to discuss the suitability of topics for Research
Reports.

Commentaries Upon Editor's invitation, commentaries discuss
a paper published in a specific issue and should set the problems
addressed by the paper in the wider context of the field. Proposals
for Commentaries may be submitted; however, in this case authors
should only send an outline of the proposed paper for initial con-
sideration. The contents of the commentaries should follow the
following set of rules: 3000 words maximum, title 20 words maxi-
mum, references 10 maximum (including the article discussed) and
figures/tables 2 maximum.

News and Views The News section provides a space for articles
up to three journal pages in length describing leading developments
in any field of science and technology or for reporting items such
as conference reports. The Editor reserves the right to modify or
reject articles for consideration as News.

Invited Articles and Special Issues Xjenza regularly publishes
Invited Articles and Special Issues that consist of articles written at
the invitation of the Editor or another member of the editorial board.

Errata Xjenza also publishes errata, in which authors correct sig-
nificant errors of substance in their published manuscripts. The
title should read: Erratum: “Original title” by *** Xjenza, vol.
*¥* (year). Errata should be short and consistent for clarity.

Submission of Manuscripts

Manuscripts should be sent according to the guidelines given here-
after to xjenza@mcs.org.mt.

Referees All manuscripts submitted to Xjenza are peer reviewed.
Authors are requested to submit with their manuscript the names
and addresses of three referees, preferably from overseas. Every
effort will be made to use the recommended reviewers; however the
editor reserves the right to also consult other competent reviewers.

Conflict of Interest  Authors are expected to disclose any com-
mercial or other types of associations that may pose a conflict of
interest in connection to with the submitted manuscript. All funding
sources supporting the work, and institutional or corporate affilia-
tions of the authors, should be acknowledged on the title page or
at the end of the article.

Policy and Ethics The work presented in the submitted
manuscript must have been carried out in compliance with The
Code of Ethics of the World Medical Association (Declaration
of Helsinki) for experiments involving humans (http://www.wma.
net/en/30publications/10@policies/b3/index.html); EU Direc-
tive 2010/63/EU for animal experiments (http://ec.europa.eu/
environment/chemicals/lab_animals/legislation_en.htm); Uni-
form Requirements for manuscripts submitted to Biomedical jour-
nals (http://www.icmje.org). This must be stated at an appropri-
ate point in the article.

Submission, Declaration and Verification Author(s) must
only submit work that has not been published previously (except
in the form of an abstract or as part of a published lecture or aca-
demic thesis), that is not under consideration for publication else-
where, that has been approved for publication by all authors, and
tacitly or explicitly, by the responsible authorities where the work was
carried out, and that, if accepted, will not be published elsewhere
in the same form, in English or in any other language, including
electronically, without the written consent of the copyright-holder.

Permissions It is the responsibility of the corresponding author
of a manuscript to ensure that there is no infringement of copyright
when submitting material to Xjenza. In particular, when material
is copied from other sources, a written statement is required from
both the author and/or publisher giving permission for reproduction.
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Manuscripts in press, unpublished data and personal communica-
tions are discouraged; however, corresponding authors are expected
to obtain permission in writing from at least one author of such
materials.

Preparation of Manuscripts

Xjenza accepts submissions in MS Word, Libre Office Writer
and IATEX, the latter being the preferred option. Anyone sub-
mitting in IATEX should use the journal template, the latest
version of which can be found at http://github.com/hicklin/
Xjenza-Journal-Template. All the necessary files to run the IATEX
document should be supplied together with the rendered PDF.

If a word processor is used the styling should be kept to a min-
imum. Bold face and italic fonts, as well as subscript and super-
script text may be used as required by the context. Text should
be in single-column format and the word processor options should
not be used in order to justify text or hyphenate words. Alongside
the native format of the word processer, a PDF file, generated by
the word processor, must be provided. Furthermore, artwork should
be in accordance with the artwork guidelines given below and must
be submitted separately from the word processor file. Similarly, the
bibliographic data of the cited material should be submitted sepa-
rately as an Endnote (*.xml), Research Information Systems (*.ris),
Zotero Library (zotero.splite) or a BIETEX (*.bib) file.

Article Structure

A manuscript for publication in Xjenza will typicall have the following
components: Title page, Abstract, Keywords, Abbreviations, Intro-
duction, Materials and Methods, Results, Discussion, Conclusions,
Appendices and References.

The manuscript will be divided into clearly defined and numbered
sections. Each numbered subsection should have a brief heading.
Each heading should appear on its own separate line. Subsections
should be used as much as possible when cross-referencing text, i.e.
refer to the subsection by the section number.

Title page

e The title should be concise yet informative. Titles are often
used in information-retrieval systems. Avoid abbreviations and
formulae where possible.

e Author names and affiliations. Indicate the authors’ affilia-
tion addresses (where the actual work was done) below the
names. Indicate all affiliations with a lower-case superscript
number immediately after each author’'s name and in front of
the appropriate address. Provide the full postal address of
each affiliation, including the country name and, if available,
the e-mail address.

e Corresponding author. Clearly indicate who will handle corre-
spondence at all stages of refereeing and publication, including
post-publication. Ensure that telephone and fax numbers (with
country and area code) are provided in addition to the e-mail
address and complete postal address. Contact details must be
kept up to date by the corresponding author.

e Present/permanent address. If an author has changed the
address since the work described, this can be indicated as a
footnote to the author's name. The address at which the
author actually did the work must be retained as the main,
affiliation address. Superscript Arabic numerals are used for
such footnotes.

Abstract A concise and factual abstract is required of up to
about 250 words. The abstract should state briefly the background
and purpose of the research, the principal results and major conclu-
sions. An abstract is often presented separately from the article, so

it must be able to stand alone. For this reason, references and non-
standard abbreviations should be avoided. If essential, these must
be defined at first mention in the abstract itself.

Abbreviations Define abbreviations that are not standard in this
field in a footnote to be placed on the first page of the article. Such
abbreviations that are unavoidable in the abstract must be defined
at their first mention as well as in the footnote and should be used
consistently throughout the text.

Introduction State the objectives of the work and provide an
adequate background, avoid a detailed literature survey or a sum-
mary of the results.

Materials and Methods Provide sufficient detail to allow the
work to be reproduced. Methods already published should be in-
dicated by a reference: only relevant modifications should be de-
scribed.

Results Results should be clear and concise. Num-
bered/tabulated information and/or figures should also be included.

Discussion This should explore the significance of the results
of the work, yet not repeat them. Avoid extensive citations and
discussion of published literature. A combined section of Results
and Discussion is often appropriate.

Conclusions The main conclusions based on results of the study
may be presented in a short Conclusions section. This may stand
alone or form a subsection of a Discussion or Results and Discussion
section.

Appendices Formulae and equations in appendices should be
given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a sub-
sequent appendix, Eq. (B.1) and so on. Similarly for tables and
figures: Table A.1; Fig. A.1, etc.

Acknowledgements Collate acknowledgements in a separate
section at the end of the article before the references. Do not include
them on the title page, as a footnote to the title or otherwise. List
here those individuals who provided assistance during the research
(e.g., providing language help, writing assistance or proof reading
the article, etc.).

Units Follow internationally accepted rules and conventions: use
the international system of units (SI). If other units are mentioned,
please give their equivalent in SI. Anyone using IATEX should use the
package siunitx in all cases.

Footnotes Footnotes should be used sparingly. Number them
consecutively throughout the article, using superscript Arabic num-
bers. Many word processors build footnotes into the text, and this
feature may be used. Should this not be the case, indicate the
position of footnotes by a superscript number in the text and list
the footnotes separately at the end of the article. Do not include
footnotes in the Reference list.

Table Footnotes Indicate each footnote in a table with a super-
script lower case letter.

Artwork Electronic artwork general instructions:

o Make sure you use uniform lettering and sizing of your original
artwork.

e Save text in illustrations as ‘graphics’ or enclose the font.

e Only use the following fonts in your illustrations: Arial,
Courier, Times, Symbol or Computer Modern Roman, the lat-
ter is preferred.

o Number the illustrations according to their sequence in the
text.

o Name your artwork files as ‘figx’ or ‘tabx’ where x corresponds
to the sequence number in your document.
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e Provide captions to illustrations separately.

o Produce images near to the desired size of the printed version
or grater.

o Make sure that the artwork has no margins and borders.

e Submit each figure as a separate file.

Formats Regardless of the application used, when your electronic
artwork is finalised its file format should be one of the following
(note the resolution requirements for line drawings, halftones, and
line/halftone combinations given below):
e PDF or SVG: Vector drawings. Embed the font or save the
text as ‘graphics’.
e JPEG or PNG: Color or grayscale photographs (halftones):
always use a minimum of 300 dpi.
e JPEG or PNG: Bitmapped line drawings: use a minimum of
1000 dpi.
e JPEG or PNG: Combinations bitmapped line/half-tone (color
or grayscale): a minimum of 500 dpi is required.
Where possible use a vector format for your artwork (PDF or
SVG). If this is not possible, supply files that have and adequate
resolution.

Colour Artwork Make sure that color artwork files are in an
acceptable format (JPEG, PNG, PDF or SVG) and have the correct
resolution.

Figure Captions Ensure that each illustration has a caption.
Supply captions separately, not attached to the figure. A caption
should comprise a brief title (not on the figure itself) and a descrip-
tion of the illustration. Keep text in the illustrations themselves to
a minimum, but explain all symbols and abbreviations used.

Tables Number tables consecutively in accordance with their ap-
pearance in the text. Place footnotes to tables below the table body
and indicate them with superscript lowercase letters. Avoid vertical
rules. Be moderate with the use of tables and ensure that the data
presented in tables do not duplicate results described elsewhere in
the article. Large tables should be submitted in CSV format.

Citations and References Reference and citation styles for
manuscripts submitted to Xjenza should be in accordance to the
APA V6 style.

Citationintext References to cited literature in the text should
be given in the form of an author’'s surname and the year of pub-
lication of the paper with the addition of a letter for references to
several publications of the author in the same year. For further in-
formation regarding multiple authors consult the APA v6 guidelines.
Citations may be made directly

Kramer et al. (2010) have recently shown ...
or parenthetically

as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones,
1999).
Groups of references should be listed first alphabetically, then
chronologically. ~ When writing in IATEX use \textcite{} and
\parencite{} for the respective cases mentioned.

The reference section  Every reference cited in the text should
also be present in the reference list (and vice versa). The reference
list should also be supplied as an Endnote (*.xml), Research Infor-
mation Systems (*.ris), Zotero Library (zotero.splite) or a BiBTEX
(*.bib) file. Unpublished results and personal communications are
not recommended in the reference list, but may be mentioned in
the text. If these references are included in the reference list they
should follow the standard reference style of the journal and should
include a substitution of the publication date with either ‘Unpub-
lished results’ or ‘Personal communication’. Citation of a reference
as ‘in press’ implies that the item has been accepted for publication.

References should be arranged first alphabetically and then fur-
ther sorted chronologically if necessary. More than one reference
from the same author(s) in the same year must be identified by the
letters 'a’, 'b’, 'c’, etc., placed after the year of publication. Con-
sult the APA v6 guidelines for multiple authors. Below are some
examples of referencing different bibliographic material.

Reference to a Journal Publication

Agree, E. M. and Freedman, V. A. (2011). A Quality-of-Life
Scale for Assistive Technology: Results of a Pilot Study of
Aging and Technology. Phys. Ther., 91(12):1780-1788.

McCreadie, C. and Tinker, A. (2005). The acceptability of assis-
tive technology to older people. Ageing Soc., 25(1):91-110.

Reference to a Book

Brownsell, B. (2003). Assistive Technology and Telecare: Forging
Solutions for Independent Living. Policy Press, Bristol.

Fisk, M. J. (2003). Social Alarms to Telecare: Older People’s
Services in Transition. Policy Press, Bristol, 1st edition.

Reference to a Chapter in an Edited Book

Brownsell, S. and Bradley, D. (2003). New Generations of Tele-
care Equipment. In Assist. Technol. Telecare Forg. Solut.
Indep. Living, pages 39-50.

Web references The full URL should be given together with
the date the reference was last accessed. Any further information, if
known (DOI, author names, dates, reference to a source publication,
etc.), should also be given. Web references can be listed separately
or can be included in the reference list.

Referencesin a Speciallssue Please ensure that the words ‘this
issue’ are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Journal Abbreviations Journal names should be abbreviated
according to:

-Index Medicus journal abbreviations: http://www.nlm.nih.gov/
tsd/serials/1ji.html;

-List of title word abbreviations:
2-22661-LTWA-online.php;

-CAS (Chemical Abstracts Service): http://www.cas.org/sent.
html.

Video data Xjenza accepts video material and animation se-
quences to support and enhance the presentation of the scientific
research. Authors who have video or animation files that they wish
to submit with their article should send them as a separate file. Ref-
erence to the video material should be clearly made in text. This will
the modified into a linked to the paper's supplementary information
page. All submitted files should be properly labelled so that they
directly relate to the video files content. This should be within a
maximum size of 50 MB.

http://www.issn.org/

Submission check list

The following list will be useful during the final checking of a
manuscript prior to sending it to the journal for review. Please
consult the Author Guidelines for further details of any item.

e One author has been designated as the corresponding author
with contact details:
— E-mail address.
Full postal address.
Telephone and fax numbers.
o All necessary files have been sent, and contain:
— All figures are given separately in PDF, SVG, JPEG of
PNG format.
— Caption for figures is included at the end of the text.
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— All tables (including title, description, footnotes) are in-
cluded in the text and large tables have been given sep-
arately as CSV.

— The reference list has been given
zotero.splite or BIB file format.

e Further considerations

— Abstract does not exceed about 250 words.

— Manuscript has been ‘spell-checked’ and ‘grammar-
checked'.

— References are in the required format.

— All references mentioned in the reference list are cited
in the text, and vice versa.

— Bibliographic data for all cited material has been pro-
vided.

— Permission has been obtained for use of copyrighted ma-
terial from other sources (including the Web).

— A PDF document generated from the word processor
used is submitted.

After Acceptance

Use of the Digital Object Identifier The Digital Object Iden-
tifier (DOI) may be used to cite and link to electronic documents.

in XML, RIS,

The DOI consists of a unique alpha-numeric character string which
is assigned to a document by the publisher upon the initial electronic
publication. The assigned DOI never changes. Therefore, it is an
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Editorial
A Time to Celebrate

Cristiana Sebu*!
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I Department of Mathematics, University of Malta, Msida, Malta

Dear readers and authors of Xjenza Online, as Editor-
in-Chief, | am very pleased to announce the release of
the second issue of 2021 of Xjenza Online. This year has
been quite a rollercoaster, but as we are now entering
2022 it is the time to embrace the new and celebrate the
past achievements of the journal and, moreover, of the
scientific community it serves .

| would like first to thank our team of copy editors
who contributed to this issue: Luke Collins whose con-
tributions for the past two years have been invaluable to
ensure the publishing continuity of the journal during dif-
ficult times while upholding quality and accuracy of con-
tent, Yun-Yun Tseng for her enthusiasm, proficiency and
hard work, and Julia Curmi who has recently joined our
team in her wider role of Science Officer of Malta Cham-
ber of Scientists.

The issue opens with a follow-up study by McBerry et
al. on tooth whitening procedures which focuses on the
participants’ self-reported subjective evaluation of their
experience.

*Correspondence to: C. Sebu (cristiana.sebu@um.edu.mt)

© 2021 Xjenza Online

In the following empirical paper, Ayrton Zarb invest-
igates the impact of larger class sizes on the academic
performance by students and, hence, encourages man-
agement teams in schools to design smaller classes to
enhance students’ academic wellbeing and advance the
economic and social development of society.

The issue concludes with an insightful article by Grech
et al. on the supply-side and demand-side shocks inflicted
by the COVID-19 pandemic.

| would like to take the opportunity to wish all readers
and contributors of Xjenza Online, a New Year 2022 with
good health, happiness and scientific achievements! To
continue in the festive spirit, the Editorial Board of Xjenza
Online is delighted to announce that two special issues of
the journal dedicated to the celebration of Malta's top
scientists will be released soon.
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Research Article

Patient-reported Subjective Outcomes on Tooth Whitening Pro-

cedures

I. McBerry*!, G. Gatt?, E. E. Alzoubi?, N. Attard’

1Department of Oral Rehabilitation and Community Care, Faculty of Dental Surgery, University of Malta, Msida,

Malta

2Department of Child Dental Health and Orthodontics, Faculty of Dental Surgery, University of Malta, Msida, Malta

Abstract. Introduction: Tooth whitening procedures
have gained popularity. Whilst it is important to evaluate
the clinical effectiveness of these bleaching products, the
patients’ opinion on their clinical experience should be
investigated.

Aims and Objective: This second article aims to report
on the participants’ self-reported subjective evaluation of
their tooth whitening experience.

Material and Methods: 127 participants were invited
to join the study and 77 were enrolled in the study
according to the selection criteria. They were randomly
divided into 8 groups, each group receiving a different
tooth-bleaching product. Clinical data collection was
performed at 4 different time points. Patients’ subjective
outcomes were measured before and at the end of the
observation period with pre-piloted questionnaires.
Results: Significant changes between products,
from pre-treatment (TO) to 1-month after treatment
(T3), were observed, with two products clinically
underperforming(p < 0.05). Eighty-two percent of
participants reported that they would undergo another
whitening procedure, whilst 42.5% indicated that tooth
whitening was a motivational factor for them to improve
and maintain their oral health status.

Patient-reported sensitivity was significantly highest for
the Ultradedent Opalescence PF HK group (P < 0.001).
Bi- and multi-variate analyses of patients’ self-reported
levels of satisfaction indicated that patients were able
to discern clinical changes. They reported the highest
satisfaction rates for Philips Zoom (P < 0.001) and
dissatisfactions with two of the bleaching products.
Conclusions: Patients detected clinical changes and
their satisfaction was overall very positive, although some
products performed below expectations. Tooth whitening
procedures appeared to be a motivational tool.

*Correspondence to: E. E. Alzoubi (emad.alzoubi@um.edu.mt)

© 2021 Xjenza Online

Keywords: tooth whitening, patient-reported out-

comes, oral health

1 Introduction

People are constantly judged by their physical appearance
and attractiveness (Hassebrauck, 1998). The issue of
appearance goes beyond just mere beauty; it affects psy-
chological well-being as well as social interactions (Patzer,
1997). Evidence shows that the perception of attractive-
ness lies in a triangular shape with emphasis mainly on
eyes, nose and mouth (Mondelli et al., 2012). The indi-
vidual's smile is pivotal when evaluating facial attractive-
ness and overall assessment (Otta et al., 1996). Indeed,
subjects are more self-aware of their tooth discolouration,
and younger people attribute higher importance to col-
our shade as compared to older individuals (Alkhatib et
al., 2004). This great demand for facial appearance has
transformed dentistry from a profession that addresses
‘functional needs' to one driven by ‘aesthetic requisites’
of the patient (Reis et al., 2011). Unlike Europe, millions
of people in the United States have whitened their teeth
over the past two decades without any serious adverse re-
actions reported in the literature (G. C. Heymann et al.,
2010). The American Academy of Cosmetic Dentistry
had declared that at the beginning of the year 2015, the
annual revenue in the tooth whitening sector rose to el-
even billion dollars. In New Zealand, a study was carried
out to investigate the response of people opting for aes-
thetic intervention. The response rate was that of 81.2%
with 77.8% opting for tooth whitening as opposed to ven-
eers that were selected by 54.8%. This study continued to
elaborate that 97% of patients reported asking for a tooth
whitening treatment while the percentage of dentists re-
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commending a whitening treatment to their patients was
37.9%. Since the demand for a ‘perfect smile’ especially
in Western society is on the increase, the dental profes-
sion should be better prepared (Comunidade et al., 2012).
Even though tooth whitening is not destructive to teeth,
it still has its disadvantages such as tooth sensitivity and
gingival irritation. These appear to be dose and technique
related (Hatherell et al., 2011). Evidence has shown that
as long as protocols are adhered to, tooth whitening res-
ults can last up to 17 years. Some people like to top-up
after three years while others like to top up every month.
Topping up every month is not required as long as the ini-
tial treatment of whitening had been reached effectively
and proper maintenance is instituted (Greenwall, 2016).
In a previous study, we reported on the clinical effective-
ness of In-Office and At-Home tooth whitening kits. One
of the most important findings of this study was that a
considerable number of the participants who volunteered
and who were eligible for the study required prior dental
treatment to optimise their oral health. This underscores
a very important issue that tooth-whitening procedures
should be carried out by properly qualified professionals
who can diagnose oral health issues. Regrettably, Over
Counter (OTC) products are readily available in various
settings, beyond properly registered dental clinics. Pa-
tients might not be aware of ongoing oral health issues
and failure to interact with a dental professional may al-
low oral pathology to go unnoticed and preclude timely
dental treatment. In this study, we report participants’
subjective evaluation of their tooth whitening experience
by exploring post-treatment sensitivity and satisfaction.

2 Materials and Methods

The study design was a prospective cohort study. Ethical
approval for the research project was obtained. (UREC-
DP 1801011DSG - DSG-2017-18-008). Details of the
recruitment process and clinical procedures were discussed
previously (Alzoubi et al., 2020). The participation was
voluntary following a social media posting and all eligible
subjects were selected based on inclusion and exclusion
criteria (see table 1).

Participants were randomly allocated to one of the eight
“Tooth Whitening Product’ groups as outlined in table 2.

All patients received a clinical examination, oral pro-
phylaxis and oral health instructions. Pre-treatment ques-
tionnaire was completed. Subsequently, impressions were
taken for those patients allocated to the products re-
quiring customised whitening trays for home use. Each
whitening treatment was carried out according to the
manufacturer’s instructions. A one-use demonstration,
following the manufacturer’s directions, was given to the
participants allocated the home kit. All participants re-
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ceived oral hygiene instructions and whitening mainten-
ance advice based on the manufacturer’s direction.

Shade measurements using the VITA Easyshade® V
digital spectrophotometer (VITA Zahnfabrik, Germany)
were carried out 1 month before the treatment (T0),
on the day of treatment after bleaching (T1), 2 weeks
after the treatment (T2) and 1 month after the treatment
(T3). Sequential shade readings were compared and the
change in shade from the original pre-treatment reading
was calculated to obtain the change in bleaching scores.
The participants were asked to complete a second post-
treatment questionnaire at the 1-month visit (T3). The
pre-treatment (Before-BT) and post-treatment (After-
AT) questionnaires included open and close-ended ques-
tions, which were later categorised for statistical analysis.
The first section collected demographic data such as age,
gender and occupation. Subsequent sections questioned
medical health conditions, dietary habits, smoking history,
oral hygiene self-care (OHSC) habits, knowledge on pro-
fessional oral prophylaxis and knowledge of EU law regard-
ing tooth whitening procedures.

The AT questionnaire was relatively similar to the BT
questionnaire however it further asked participants if they
would consider future whitening procedures. It also in-
cluded two scales measuring tooth sensitivity and patient
satisfaction with the results of the whitening procedures.
Both questions utilised a scale from 0-10 with zero (0)
indicating no sensitivity or unsatisfied with the whitening
outcomes, whilst 10 signified extreme sensitivity resulting
in pain or complete satisfaction with the whitening out-
comes. Both questionnaires were previously piloted on a
small group of patients prior to their use in the study.

2.1 Statistical Analysis

All data was put on an Excel sheet. The results were tab-
ulated and analysed with computer software (SPSS soft-
ware IL, USA). Demographic data collected were analysed
to establish homogeneity between the different groups.
Data derived from the history and examination of each
patient were analysed per group, to assess the effective-
ness of the product. The shade readings (VITA Bleaching
Score Index) for all the groups were compared together.
Questionnaires were used to assess the patients’ subject-
ive points of view. Categorical data were analysed by
the Chi-square test. The Kruskal-Wallis H Test allowed
between groups analysis of the non-parametric continu-
ous scores derived from the various groups. Statistical
significance was set at p < 0.05

3 Results

One hundred twenty-seven (127) subjects agreed to parti-
cipate in the study. Following dental examination, 77 sub-
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Inclusion Criteria

Exclusion Criteria

Be at least 18 years of age.

Able to voluntarily consent.

Willing to participate in the post-whitening phase
and no prior whitening treatment experience.
Presence of all maxillary and mandibular teeth.
Anterior teeth have no restorations.

Absence of Hypersensitivity.

Medically compromised patients.
Smoking Habits.

Requiring dental treatment due to caries and/or
poor oral hygiene.

Oral pathology requiring immediate care.
Previous stains due to Tetracycline.

Pregnancy or lactating.

Table 1: Inclusion and Exclusion Criteria to participate in the study

Group Intervention

Group 1 Philips Zoom Speed In Office; 6% HP

Group 2 Beyond Osmo In Office; 6% HP

Group 3 Philips Zoom Home-kit (daywear); 6% HP

Group 4 Beyond Corewhite Home-kit (daywear); 6% HP

Group 5  Ultradent Opalescence PF for at-home use (night wear); 18% CP
Group 6  Ultradent Opalescence GO for at-home us (day wear); 6% HP
Group 7 PearlSmile Standard Treatment on cosmetic chair; <0.1% HP
Group 8 Pearl Light Home-Kit at home; <0.1% HP

Table 2: Whitening Products allocated to each Group

10.7423/XIENZA.2021.2.01
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jects (61%) were eligible for this study, based on the in-
clusion and exclusion criteria. Participants were excluded
due to dental decay, suboptimal oral hygiene and the need
for the dental treatment necessary before tooth whiten-
ing procedures. The eligible participants in the study (44
females and 33 males) varied in age from 18 to 60+,
however, 65% were between the ages of 18 and 25 years.
Normality Tests revealed that gender distribution, med-
ical health conditions, dietary habits, smoking history, oral
hygiene self-care (OHSC), knowledge on professional oral
prophylaxis and knowledge of EU law on tooth whitening
procedures were normally distributed.

3.1 Participants’ Change in Bleaching Scores

Figure 1 presents the average change in the bleaching
scores as measured with the 3D Master Bleaching Score.
Significant differences in results between products, from
pre-treatment (TO0) to 1-month after treatment (T3),
were observed, with two products clinically underperform-
ing.

3.2 Participants’ opinions for future tooth
whitening treatment

The majority of participants, 82%, reported that they
would undergo another whitening procedure. 42.5% of
the participants indicated that tooth whitening was a mo-
tivational factor for them to improve and maintain their
oral health status (see figure 2).

3.3 Patient Self-reported Knowledge of EU le-
gislation on Tooth Whitening

Figure 3 clearly shows that the vast preponderance of the
participants are unaware of or have poor knowledge of
legislation governing the use of tooth whitening products.

3.4 Patient Self-reported Tooth Sensitivity

Figure 4 presents the patients’ self-reported post-
treatment levels of tooth sensitivity. Patients reported the
highest tooth sensitivity with Ultradedent Opalescence PF
HK.

3.5 Patient Self-Reported Treatment Satisfac-
tion

Patients’ post-treatment satisfaction scores are presented
in figure 5. Philips Zoom Home kit showed the highest
satisfaction as opposed to the Pearl light Home kit which
had the least satisfaction average.

Table 3 shows that the linear regression model for post-
treatment patient satisfaction. The model is significant
and the patients’ self-reported satisfaction levels is ex-
plained by the type of bleaching product, the individual's
educational level and the initial change in the shade as
measured by the Bleaching score for the upper right can-
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ine.

Table 4 shows the generalised linear model differences
for the type of bleaching products and clearly shows that
two particular types of bleaching agents performed much
worse than the rest.

4 Discussion

A rise in the demand for tooth whitening procedures has
been observed over these past two decades (Kwon et al.,
2015). In North America, teeth whitening procedures
are common, with no serious adverse reaction reported
in the literature (H. O. Heymann, 2005). This study was
carried out to evaluate patients’ self-reported subjective
outcomes on tooth whitening procedures. The levels of
tooth sensitivity and patient satisfaction when comparing
eight tooth-whitening products together- five At Home
kits (HK) and three In-office Kits (10), were explored.
The objective measurements of the clinical effectiveness
of the tooth whitening products studied were reported in
a previous paper (Alzoubi et al., 2020).

In this study, patients reported the highest levels of
tooth sensitivity with the Ultradent Opalescence PF home
kit product. The latter has 18% Carbamide Peroxide (CP)
and had to be applied for 4-6 hours for two weeks. Al-
though patients reported these findings, the tooth sens-
itivity per se may not necessarily be linked with the teeth
whitening products as the patients may have had a pre-
vious history of sensitive teeth and the procedure might
have exacerbated it (Perdigdo et al., 2004). One must
also consider that as the product is a home kit, the cli-
ents may have overused the product with respect to the
dosage and time exposure, leading to increased sensitivity
(Li et al., 2013). Notwithstanding, one must also point
out that these trends were not observed with other the
home kits used in this study.

Moreover, this study observed that patients still repor-
ted tooth sensitivity with products that had lower hy-
drogen peroxide concentrations. Indeed, patients who
received both Pearl Light HK and PearlSmile Standard
Treatment still reported tooth sensitivity despite having
0.1% or less Hydrogen Peroxide (H,O») concentrations.
This result is not in accordance with evidence that per-
oxide concentration and procedural time had an impact
on the reported sensitivity (Kossatz et al., 2011). This
study’s finding, that patients still reported tooth sensitiv-
ity even with the use of a product with a dosage of j0.1%
HP product, underscored certain points: firstly, it is in ac-
cordance with what was reported earlier that the concen-
tration of HP had no impact on tooth sensitivity (Mondelli
et al.,, 2012), secondly, that the relation between tooth
sensitivity and bleach concentration in tooth whitening
products is still a grey area that requires further clin-
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Average Change in Bleaching Scores of Upper Right Canine
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dental chair chair Home kit PF Home kit GO Home kit Treatment

Product
m Results_ TO_T1_BLEACHINGSCORE1

m Results TO T2 BLEACHINGSCORE1L
m Results T0O_ T3 BLEACHINGSCOREL

TO-T3 Bleaching Score 1:* Kruskal-Wallis Test: p = 0.121. (Zoom In-office/Pearlsmile Standard Treatment)
TO0-T3 Bleaching Score 1:* Kruskal-Wallis Test: p = 0.119. (Zoom In-office/Pearl Light Home-kit)

TO-T3 Bleaching Score 1:* Kruskal-Wallis Test: p = 0.02. (Zoom Home-kit/Pearlsmile Standard Treatment)
TO0-T3 Bleaching Score 1:* Kruskal-Wallis Test: p = 0.02. (Zoom Home-kit/Pearl Light Home-kit)

TO0-T3 Bleaching Score 1:* Kruskal-Wallis Test: p = 0.004. (Beyond CoreWhite/Pearsmile Standard Treatment)
TO0-T3 Bleaching Score 1:* Kruskal-Wallis Test: p = 0.004. (Beyond CoreWhite/Pearl Light Home kit)

TO-T3 Bleaching Score 1:* Kruskal-Wallis Test: p = 0.003. (Opalescence PF/ Pearsmile Standard Treatment)
TO0-T3 Bleaching Score 1:* Kruskal-Wallis Test: p = 0.003. (Opalescence PF/ Pearl Light Home kit)

TO-T3 Bleaching Score 1:* Kruskal-Wallis Test: p = 0.008. (Opalescence GO/ Pearlsmile Standard Treatment)
TO0-T3 Bleaching Score 1:* Kruskal-Wallis Test: p = 0.008. (Opalescence GO/Pearl Light Home kit)

Figure 1: Average change in Bleaching Score compared to other Products (Tooth 13) TO- pre-treatment; T1- immediately after
treatment; T2- two weeks after treatment; T3- one month after treatment.

Variable Parameter Estimate (G) | Standard Error | p-value
(Constant) 11.246 2.582 .000
Type of Bleaching Product —.473 .149 .002
Age —.514 .388 .190
Gender 157 .650 .810
Nationality .186 764 .809
Educational Level —.619 .318 .051
Occupation —.044 142 757
Results_TO_T1_BLEACHINGSCORE1 .188 .091 .044
Results_TO_T1_BLEACHINGSCORE?2 —.010 125 .937
Results_-TO_T1_-BLEACHINGSCORE3 —.028 122 .819

F =4.042; p=10.0001; R? =0.374

Table 3: Linear Regression Model for Post Treatment patient’s self-reported Satisfaction Levels.
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11

m Yes No reason Provided

m Yes. For confidence,
aesthetics/Motivation

m Yes, casy, effective, painfree,
fast

m Yes, but different method

B Yes, but procedure is time
consuming
m No. Very painful/ sensitivity

m No. Concerned with
health/dental issues
= No sure. No reason

= Not sure. Due sensitivity/ Pain

Not sure/ Maybe another
product

Figure 2: Participants’ Opinions for future tooth Whitening Treatment.

Knowledge of EU Law

m Unaware of EU Law

m Yes regarding Concentration of
Peroxide

m Patient Consenting Adult

= Non-Dental persons not allowed to
provide procedure

Figure 3: Participants’ Knowledge on tooth Whitening Treatment under EU law.
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Post Treatment Sensitivity
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Beyond Osmo on dental chair N .56
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Mean of sensitivity level

* Kruskal-Wallis Test: p = 0.037. (Opalescence PF Home kit/ Opalescense GO Home kit) * Kruskal-Wallis Test:
p = 0.040. (Opalescence PF Home kit/ Pearl Light Home kit)

Figure 4: Mean Scores of Tooth Sensitivity.

Patient-Reported Post Treatment Satisfaction

Pearl Light Home kit s
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Ultradent Opalescence GO Home kit | 6.8
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Product

Philips Zoom Home kit I 3.88
Beyond Osmo on dental chair I 6.56
Philips Zoom Speed on dental chair I S

0 1 2 3 1 5 6 7 8 9 10

Mean of satisfaction level

Kruskal-Wallis Test: p = 0.015. (Zoom in-office/Pearl Smile Standard Treatment)

Kruskal-Wallis Test: p = 0.011. (Zoom in-office/Pearl Light Home-kit)

Kruskal-Wallis Test: p = 0.002. (Zoom Home-kit/Pearl Smile Standard Treatment)

Kruskal-Wallis Test: p = 0.002. (Zoom Home-kit/ Pearl Light Home kit)

Kruskal-Wallis Test: p = 0.011. (Beyond Core White/ Pearl Smile Standard Treatment)

Kruskal-Wallis Test: p = 0.008. (Beyond Core White/Pearl Light Home kit)

Kruskal-Wallis Test: p = 0.05. (Ultra Dent Opalescence PF Home Kit /Pearl Smile Standard Treatment)
Kruskal-Wallis Test: p = 0.008. (Ultra Dent Opalescence PF Home Kit /Pearl Light Home kit)
Kruskal-Wallis Test: p = 0.038. (Opalescence PF/Pearl Light Home kit).

Figure 5: Mean Scores of Patient-reported Satisfaction with Whitening Products.
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Type of Bleaching Product Mean | Std. Error | 95% Wald Confidence Interval | Sig.
Lower Upper
(Intercept) .000
Philips Zoom Speed In Office 8.00 .694 6.64 9.36 .000
Beyond Osmo In Office 6.56 731 5.12 7.99 0.13
Philips Zoom Home kit 8.88 775 7.36 10.39 .000
Beyond Core White Home kit 8.22 731 6.79 9.66 .000
Ultradent Opalescence PF Home kit 7.67 0.731 6.23 9.10 .000
Ultradent Opalescence GO Home kit 6.80 .694 5.44 8.16 .005
PearlSmile Standard Treatment in Office | 4.11 731 2.68 5.54 914
Pearl Light Home kit 4.00 731 2.57 5.43 .926

Dependent Variable: Post-treatment Patient Satisfaction. p = 0.0001

Table 4: Linear Regression Model for Post Treatment patient’s self-reported Satisfaction Levels.

ical studies to explore the underlying reasons and, lastly,
that these products should be curtailed to professional
use only, as adverse reactions can only be dealt with by
dental professionals. The implications of the latter ob-
servation are more pronounced when one considers that
39% of the patients who attended these tooth-whitening
procedures were clinically unsound and required optimisa-
tion of their oral health prior to the application of these
whitening procedures. Additionally, omitting the dental
examination stage might mean missing serious conditions
such as pre-malignant or malignant lesions in the oral cav-
ity. Furthermore, foregoing oral prophylaxis prior to teeth
whitening also decreases the effectiveness of the bleach-
ing product. When using an over the counter preparation,
this stage is more often than not, skipped. This could
lead to unsatisfactory outcomes. Patients reported reas-
onably high levels of satisfaction with the procedures for
most of the products, irrespective of the delivery mode.
The improvement in aesthetics was perceived by the par-
ticipants and was a motivational factor to maintain their
oral and general health (Richins, 1991). When compar-
ing all products, one can suggest that the Philips Zoom
home kit outperformed the other products—patients re-
ported the highest mean satisfaction levels along with the
lowest levels of tooth sensitivity. The linear regression
model, which was statistically significant, explored the
reasons for post-treatment patient self-reported satisfac-
tion. The model identified that patient satisfaction was
explained mainly by the type of bleaching product, the
educational level of the participant and the initial change
in the shade as measured by the Bleaching score. This
model explained 37% of the variability observed in the
study population. Moreover, when the type of bleaching
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product was further explored, the generalised linear model
differences for the type of bleaching products clearly shows
that two particular products performed much worse than
the rest. Indeed all the products were significantly bet-
ter than these two products. The Pearl Light home-kit
and Pearlsmile Standard Treatment both have lower hy-
drogen peroxide concentrations, and this study suggests
that concentrations of 0.1% hydrogen peroxide or less,
are not clinically effective for tooth whitening. This in-
dicates that tooth whitening is indeed dependant on HP
concentration and also on the duration of treatment, as
suggested in previous studies (Meireles et al., 2012).

5 Conclusions

Within the limitations of the study, it can be concluded
that patients can detect clinical outcomes. Their satis-
faction with the bleaching products was overall very posit-
ive, although some products performed below the expect-
ations. There is poor patient knowledge of EU legislation
regulating these products. Tooth whitening appears to be
a motivational tool. The fact that roughly a third of the
study participants required preprocedural optimisation of
their oral health highlights the need that these procedures
are provided by properly trained oral health care profes-
sionals.
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formance by Business, Management and Commerce students: A
Vocational Education and Training Case Study
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Institute of Business, Management and Commerce, MCAST, Malta

Abstract. This empirical paper follows the ongoing eco-
nomic literature investigating the impact of larger class
sizes on the academic performance by students. This
study uses secondary data involving 874 business, man-
agement, and commerce students who followed an edu-
cational course between 2018/2019 and/or 2019,/2020
at the Malta College of Arts, Science and Technology
(MCAST). Several variations of the proposed Ordinary
Least Squares (OLS) regression model have been tested
to produce the best possible model intended to test for a
scientific relationship between the two variables, whilst
controlling for a set of academic and socio-economic
characteristics affecting students’ academic performance.
Results suggest that larger class sizes lead to lower end-
of-course scores obtained by students. Furthermore, a
statistically significant positive relationship is also evident
between the end-of-course score and the students’ age,
level of studies, and attendance rate. Also, students’ fam-
ily background and the distance from college are proved
to be significant indicators to explain changes in the de-
pendent variable. Such findings encourage management
teams in schools to design smaller classes to enhance stu-
dents’ academic wellbeing and advance the economic and
social development of society.

Keywords: Class sizes, Regression, Wellbeing

1 Introduction

The importance of investing in human capital to improve
the quality of the labour force to attain economic de-
velopment has been acknowledged by several economists
and researchers, including the acclaimed Robert Solow
(1957). Such relationship is reciprocal since social and
economic development within the country is also linked
to better educational performances as the government af-
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fords to invest more to improve the quality of educational
institutions (Maganga, 2016).

1.1 Background to the Subject

The most common technique adopted by employers when
hiring workers, especially amongst fresh graduates, is to
assess the academic scores obtained by students at the
end of the course followed. To this extent, as from the
late years of the 19th century, policymakers, teachers and
parents have been pushing for Class Size Reduction (CSR)
proposals as an attempt to improve the academic perform-
ance by students (Rice, 1902). Intuitively, smaller classes
should result in better learning outcomes compared to
those in larger classes since the educator can provide more
individualised attention and classroom discipline is more
easily implemented with fewer students. The adoption
of this suggestion leads to a substantial increase in the
amount of financial resources from the national budget
to be spent in education as it requires more classrooms,
teachers and potentially schools (Shin et al., 2009). In
fact, Mitchell (2001, p.5) argues that,

“class size reduction is provided to be one of
the costliest, if not the costliest, of state-level
education policies ever implemented.”

Between 2012 - 2018, the Maltese government allocated
14% of the national budget on the education sector, al-
though this cost is increasing every year (Figure 1).

Despite these efforts, latest publications by the OECD
compared the performance of Maltese students to that
of international learners as part of their Programme for
International Student Assessment (PISA) and concluded
that

“students in Malta scored lower than the


https://www.xjenza.org
https://doi.org/10.7423/XJENZA.2021.2.02
mailto:ayrton.zarb@mcast.edu.mt

48 Assessing the impact of Class Sizes on the Educational Performance

OECD average in reading, mathematics and sci-
ence.” (OECD, 2021, p.1)

Moreover, although there has been a drastic decrease in
the number of youths between 16 - 18 years as being Not
in Employment, Education and Training (NEETs), Malta
is still classified as one of the least performing countries
in terms of early school leavers from formal education. In
fact, in 2019, 16.7% of youths between 18 — 24 years left
formal education.
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Figure 1: Government expenditure on education

Source: NSO (2020)

1.2 Scope of the Study

The educational debate revolves around the concept of
maximising the amount of student learning given finite
resources such as class time, number and availability of
teachers, and the percentage of financial resources ded-
icated to education.

The rationale behind this study is to examine whether
students perform better academically when assigned in
small classes compared to when they are assigned in a
larger class. Using data from students who have followed
a course at the Institute of Business, Management and
Commerce (IBMC) at MCAST between scholastic years
2018/2019 and/or 2019/2020, this paper will showcase a
Vocational Education and Training (VET) perspective by
forming regression models to compare the end-of-course
scores obtained by students assigned in different class
sizes, whilst controlling for other determinants that have
an impact on academic scores.

2 Materials and Methods

Over the past years, numerous researchers and academics
from the fields of education, psychology, and economics
(amongst others), have investigated the impact of class
sizes (or the teacher-pupil ratio) on the average scores
attained by students in their assessments (Ehrenberg et
al., 2001; Kukreja et al., 2013; Olufemi et al., 2018; Talib
et al., 2012).
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2.1 The Impact of Class Size Reductions

Studies about class sizes and student achievements have
been performed since the late 1890s (Rice, 1902).
Over the years, separate nationwide class reduction pro-
grammes have been implemented, namely Project STAR
(Student-Teacher Achievement Ratio) in Indiana and Pro-
ject SAGE (Student Achievement Guarantee in Educa-
tion) in Wisconsin. Apart from exploring the intended
benefits associated with class size reductions (referring
to the actual number of students taught by a teacher
at a particular time), being an improvement in students’
academic performance (referring to the outcome of the
teaching and learning process in terms of knowledge and
skills); researchers have also examined the external bene-
fits and costs of such reduction programmes.

Each student gets a proportion % of the teacher’s time
and attention. Hence, smaller classes allow for instruc-
tional improvements through frequent assessments, more
discussions, more writing and more help to individual stu-
dents. This translates into

“more individual tailored questions, instruc-
tions, examples, referents, etc. (better scaffold-
ing) when responding to individual students.”
(Zahorik, 1999, p.211)

Furthermore, student socialisation is enhanced by making
it easier for teachers to intervene when anti-social and
inappropriate behaviour is exhibited (R. Mitchell, 2001).
This conclusion supports Krueger's (1999) and Blatch-
ford's (2000) findings that lower achieving and margin-
alised students benefit more than higher achievers from
reduced-sized classes. Such advancements occur since
learners,

“may pay better attention when there are
fewer students in the room” (Ehrenberg et al.,
2001, p.21)

whilst “managing student misbehaviour is easier” (Molnar
et al., 2000, p.165), being fundamental problems faced by
educators to maintain order in their classrooms (Goodlad,
2004).

However, contrasting arguments to the above believe
that the returns of smaller classes are subtle and un-
likely to result in significant differences in students’ aca-
demic performance (Slavin, 1989). In fact, Pollard and
Yap (1995), and Sturm (1997) believe that large classes
are correlated with higher academic achievements. R.
Mitchell (2001) extends these thoughts and hypothesizes
that although better democratic citizens can be created in
return, as well as a more productive workforce, there are
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no returns in the form of increased test scores. Further-
more, the researcher argues that possible pair and collect-
ive interactions decrease as the class size is reduced, an ar-
gument that contrasts Epstein et al.’s (1984) earlier con-
clusions. Also, unlike Ehrenberg et al. (2001), Shapson
et al. (1980) firmly believes that there are no statistical
differences in student engagement in small vis-a-vis large
classes. Such results concur with Jepsen's (2015) view
that

“other education policies, such as tutoring,
early childhood programs, or improving teacher
quality would be better investments” .

2.2 A Review of Past Methodologies

Lab and field experiments were mostly adopted by past
researchers to examining the impact of manipulating one
independent variable (class size) on the dependent vari-
able (students' test scores). The acclaimed Tennessee
experiment in the 1980s involved the random assign-
ment of 11,000 students between small classes (15 stu-
dents) and regular classes (23 students) (Jepsen, 2015).
Results from this field experiment proves that students
in smaller classes improve their test scores by 0.048
standard deviations. Opposing results were acclaimed by
Fredriksson2013 whilst adopting the same methodology
when finding “little, if any, improvement in achievement” .
Consistent results were revealed by Shapson et al. (1980)
whilst performing a quasi-experiment in Toronto. In this
experimental design, students were randomly assigned in
classes consisting of 16, 23, 30 or 37 students. Results
prove that there are no consistent differences between
smaller and larger classes.

In Sweden, results by Chingos (2012) show that on av-
erage, a reduction of one student is associated with an
increase in test scores of 0.023. Such benefits were also
claimed in Gary-Bobo and Mahjoubs (2013) publication
on students in France as well as Urquiola (2006) among
learners in Bolivia. However, most of the literature us-
ing regression models in Europe prove substantial cross-
country variations with most countries finding small or
no benefits from smaller class sizes (Woessmann et al.,
2006). Still, when Urquiola (2006) repeated the study
among pupils in Kenya, he uncovers contrasting findings
to the above, proving that a class reduction programme
from 82 to 44 students per class is not associated with
improved academic achievements.

2.3 Determinants Behind Academic Scores

The cross-country research surveyed performed by
academicians in various fields of study have identified
numerous internal and external classroom determinants
that significantly affect the academic score obtained
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by students in their studies (Maganga, 2016). These
group of independent variables can be classified in three:
Category 1. Demograpihic characteristics
Category 2. Academic characteristics
Category 3. Socio-economic characteristics

Dependent variable: Academic score

Most empirical research measure students' academic
performances using their end-of-course test scores,
being a weighted average value of the accumulated final
grades earned during the course (Kukreja et al., 2013;
Yigermal, 2017). Using such a holistic approach enables
this research to quantify the impact of class sizes on
the academic scores attained by learners throughout the
course, rather than its individual impact in every subject.
This variable will be obtained from administrative records
based on the average unweighted mark obtained by each
student in his/her studies.

Demographic characteristics

e Student’s gender:
This parameter has been quoted in the literature and
proved to be a statistically significant determinant
that explains variations in academic performances
among students (Alhassan et al., 2019; Hansen,
2000; Weldegiorgis et al., 2011; Yigermal, 2017).
Using primary data, analysed under an econometric
model, Yigermal (2017) found that males perform
better than females (8 = 0.1727). Card and Krueger
1996, Koh and Koh 1999, and Matamande et al.
(2013) support this conclusion by proving that males
outpace females in their studies. Opposing views to
these were presented by several authors, including
Tyson et al. (n.d.), Mutchler (n.d.), and Dayioglu et
al. (2007). This gender-gap has been acknowledged
in Cheesman et al.'s 2006 study performed among
upper division accounting students, when finding that
males underperform when compared to the opposite
sex, potentially due to females’ biology which makes
them more mature during teenage years (Pekkarinen,
2012). The last interpretation of this variable was
presented in Kukreja and Aali's (2013) publication
where gender was not a statistically significant vari-
able to explain changes in students’ academic per-
formance.
e Student’s age:

In their studies, Koh and Koh Koh et al. (1999),
Hansen (2000), and Aripin et al. (2008) have all ac-
knowledged that the student’'s age influences the av-
erage grade obtained during the course. Further-
more, in their study, Reilly and Woodfield (2009)
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found that mature students tend to attain marginally
higher grades vis-a-vis their peers, potentially due to
being equipped with more life-experience. However,
Nyikahadzoi et al. (2013) produced a contradictory
argument when finding that younger students outper-
form their older counterparts with a beta coefficient
equivalent to -0.3301. The econometric model pro-
duced by Yigermal (2017) produced a non-significant
coefficient for this variable, meaning that age was
not scientifically important to explain changes in stu-
dents’ scores.

Minnority students:

Minority students (foreign students) are taught in
an environment different than the one to which
they are accustomed in their home country. In
fact, Mwinsheikhe (2003) pointed out that students
perform better when they are taught using their
country's official language, an argument which is
supported in Finn et al.’s (2001) earlier publication.
Such positive attributes are also acknowledged in
Robinson and Wittebols (1986), and R. Mitchell
(2001) who proved that class reduction programmes
are promising for disadvantaged students. In a
similar study involving a regression model, Hruz
(2000) noted that African American students in
North Carolina (minority students) benefited much
more from this reduction programme whilst white
students (major cohort) did not benefit. Hence,
the author concludes that race is an important
determinant that needs to be controlled for in
econometric models.

Academic characteristics

e Student's grade of studies:

Several researchers identified the grade/level of study
of the assessed students to influence the programme
effectiveness. In fact, according to Ehrenberg et al.
(2001, p.13), the positive returns associated with
designing smaller classes are most effective in ele-
mentary grades as they help pupils to

“develop working habits and learning
strategies that would enable them to bet-
ter take advantage of learning opportunit-
ies in later grades”.

Such results corroborate with Jepsen's publication
(2015) who finds that the class reduction programme
in Japan was effective among students in grades four
and six, whilst being ineffective when implemented
among higher grade students. In fact, a common
finding by researchers is that the returns of class
reduction programmes diminish as grade levels in-
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creases, whilst positive effects are mostly found at
early stages (Glass et al., 1978; R. Mitchell, 2001;
Robinson et al., 1986).

Enrolment status:

The type of admission followed by students was
proved in the literature to have an impact on the
academic performance by students. Part-time
employees typically have work-related or family
commitments which require such individuals to
exert extra effort, compared to full-time employees,
to attain the same marks (BournerRacel990;
Nyikahadzoi et al., 2013; Zeidler et al., 2005).

Socio-economic characteristics

e Family background:

The positive influence of family on students’ aca-
demic scores has been acknowledged by several au-
thors (Farooq et al., 2001; Florence, 2012; Sakho,
2004). In fact, Noble et al. (2006) and Aldin et al.
(2011) identified the positive impacts of household
attributes such as family income, education, and sup-
port on the composite scores attained by students.
Similar conclusions were reached by Considine and
Zappala (2002, p.20) in their study among students
in Australia, finding that

“families where parents are advant-
aged socially, economically and education-
ally foster a higher and higher level of
achievement in their children”.

Conversely, students coming from deprived socio-
economic backgrounds, including financial, social,
and interpersonal problems at home experience neg-
ative impacts on test scores (Hansen, 2000). In fact,
students coming from low-income households must
strive harder to succeed since they incur higher liv-
ing expenses whilst richer families are able to provide
their children important and necessary facilities to
produce better learners (Ermisch et al., 2001). How-
ever, opposite to these views, Karemera et al. (2003)
found no statistical evidence between family income
and the final scores by students.

Distance:

The distance between the student’'s hometown and
the school attended contributes to differences in aca-
demic scores. In fact, Raychauduri et al.’s (2010)
study presented a negative link between the distance
to school and the end-of-course scores obtained by
students due to higher effort being exerted by stu-
dents who live far.
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2.4 Research Rationale

This paper utilises a linear regression model intended to
answer the research question, “Does class size matter for
business, management and commerce students’ academic
achievements?” Based on the publications surveyed, this
study will contribute to the growing library and develop-
ments on the subject by applying the regression model
among business, management and commerce students in
Malta following vocational courses at MCAST. To this
extent, the following hypothesis was formed which can be
expressed algebraically:

Ho: The class size has no or a positive impact on the
academic score of students.

Ha: The class size has a negative impact on the aca-
demic score of students.

2.5 Data Collection

In total, a dataset involving 874 full-time students was re-
ceived involving the population of students who have fol-
lowed a course within IBMC between the scholastic years
2018/2019 and/or 2019/2020 (Table 2). These admin-
istrative records comprise of graduates who had followed
educational programmes at the following levels:
e Awards (Malta Qualifications Framework (MQF)
level 1)
o MCAST Award in Basic Office Skills
o MCAST Award in Hospitality
o MCAST Award in Retail
e Foundation certificate (MQF level 2)
o MCAST Foundation Certificate in Business
e Diploma (MQF level 3)
o MCAST Diploma in Business
e Advanced diploma (MQF level 4)
o MCAST Advanced Diploma in Business Admin-
istration
o MCAST Advanced Diploma in Insurance
o MCAST Advanced Diploma in Accounting
o MCAST Advanced Diploma in Financial Ser-
vices
o MCAST Advanced Diploma in Marketing
o MCAST Advanced Diploma in Administrative
and Secretarial Studies
e Bachelor’'s degree (MQF level 6)
o Bachelor of Science (Honours) in Financial Ser-
vices Management
o Bachelor of Science (Honours) in Business En-
terprise

2.6 Data Transformation

The surveyed literature has identified a set of independ-
ent variables that need to be included in the Economet-
ric model to control for their influence on the dependent
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variable and hence minimise the noise in the data. The
inclusion of such parameters will allow this study to solely
quantify the impact of class size on students’ test score,
being the rationale behind this study.

The surveyed papers approve that minority students
are at a disadvantage versus other students (Cook et al.,
2000; Robinson et al., 1986). To this extent, the model
will be assuming that all students who do not have a
Maltese nationality or study the subject ‘Maltese as a for-
eign language’, and have followed a programme between
2018 - 2020, were a minority within their classrooms.
Such assumption enables this model to examine whether
there are variations in marks between local and foreign
students. The variable ‘FOREIGN’ will be capturing this
difference by taking a value of ‘1" if the student is a for-
eigner and ‘0" if the person has a Maltese identity card.

The distance between the student's locality and the
IBMC institute in Paola will be captured by the variable
‘DISTANCE'. Google Maps was used to calculate the av-
erage shortest driving distance in kilometres that students
travelled to arrive to the college.

Also, the literature surveyed is skewed in favour of con-
trolling for the economic status since students coming
from families who enjoy relatively higher income levels
typically produce better learners (Considine et al., 2002;
Hansen, 2000). Data from the European Union Statistics
on Income and Living Conditions (EU-SILC) will be used
to estimate the economic status of students. The indic-
ator 'At-Risk-Of-Poverty or Social Exclusion” (AROPE)
corresponds to the

“sum of persons who are either at risk of
poverty, or severely materially deprived or living
in a household with a very low work intensity.”
(Eurostat, 2020)

Data from the National Statistics Office (NSO) at a
district level will be used to portray the distribution of
AROPE individuals in Malta and Gozo. Data conversion
will be performed by first changing the locality of the stu-
dents into districts based on the guidelines from the Elect-
oral Commission of Malta. Then, these districts will be
numerically transformed depending on the percentage of
the population in that district who are AROPE.

The end-of-course score was obtained by taking an un-
weighted average score of all the units attempted by the
students through the course (Table 1). However, the
mark obtained in the final dissertation for level 6 students
was not included in the average given the nature of this
unit which is not influenced by the class size. Moreover,
students who failed in all the units that they attempted
were assigned a score of ‘0" as their end-of-course mark.
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2.7 Empirical Plan

The multiple linear regression model (with a constant) will
be adopted using OLS to minimise the stochastic errors
(Table 4). This technique was mainly chosen due to being
already used in past studies, as well as due to its ability
to deal with several independent variables (Kukreja et al.,
2013).

SCORE; =By + B1Class; + BoGENDER,; + B3AGE;
4+ B4sFOREIGN; 4+ BsLEVEL; + BeAROPE;
+B:DISTANCE; + BSATTENDANCE; + €;

Several variations! of the generic regression model will
be tested to choose a final model that produces the
highest score based on A.C. Harvey's model specification
criteria (1981).

2.8 Methodological Limitation

One of the shortcomings associated with the collection
of data using administrative records from an educational
institution is that the class size might have been chosen as
small or large on purpose based on pre-entry qualifications
and tests. Such limitation was also present in Olufemi et
al.'s (2018) and Adeleke et al.'s (2013) studies which
hence creates a degree of bias in the results.

Another limitation resulting from the adopted method-
ology is that this technique does not ensure homogeneity
between classes for comparison purposes. This study was
performed whilst students were already assigned in their
respective classes and hence factors such as subject diffi-
culty, group dynamics, student’s IQ and teaching effect-
iveness could not be accounted for in the adopted model.
Such common limitation in the literature is referred to as
omitted variable bias (Shin et al., 2009).

3 Results

3.1 Dataset Overview

Due to shortcomings in retrieving data, especially among
students who completed their studies during the scholastic
year 2018/2019, some variables contain missing observa-
tions as shown in Table 3. Although a data imputation
exercise could be completed, such technique is criticised
by Van Wicklin et al. (2020) since it leads to:

1) A decrease in the variance of the imputed variables.
2) A decrease in the standard errors, leading the hypo-
theses test to be made invalid.

IThe paper also attempted to transform the variable that cap-
tures the class size into a binary variable, taking a value of ‘1" when
the class includes less than 17 students.
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3) A separation between variables which hence creates
problems for causations.

Hence, the study proceeded by using the collected data
and leaving missing records empty.

In order to undertake a deeper investigation of the col-
lected data, a descriptive statistics exercise is performed
in Table 5 to explore the structure of the dependent, core,
and control variables across levels. It is evident that as
students progress to higher levels, the minimum score re-
corded in the respective level increases, indicating higher
commitment and dedication by more mature students.

3.2 Preliminary Analysis

Following Mukaka's (2012) guidelines, the result in Figure
2 identifies a weak negative correlation between foreign
students who followed courses within MCAST during the
scholastic year 2019/2020 (since no data was available
for 2018/2019 students) and their attendance.

Correlations

Attendance FOREIGN
Spearman's rho Attendance Correlation Coefficient 1.000 -179"
Sig. (2-tailed) . .000
N 391 391
FOREIGN Correlation Coefficient -179" 1.000
Sig. (2-tailed) .000
N 391 874

**_Correlation is significant at the 0.01 level (2-tailed).

Figure 2: Correlation between ‘AT TENDANCE' and ‘FOR-
EIGN’

Moreover, there is no statistically significant correlation
in Figure 3 between the AROPE rate and students' at-
tendance, meaning that the socio-economic background
experienced by commerce students does not link with
higher absenteeism.

Correlations

Attendance AROPE
''s tho C ion Coefficient 1.000 -.032
Sig. (2-tailed) . 540
N 391 370
AROPE Correlation Coefficient -.032 1.000
Sig. (2-tailed) 540 .
N 370 670

Figure 3: Correlation between ‘AT TENDANCE' and ‘AROPE’

3.3 Main Empirical Findings

The dependent variable ‘SCORE" will be gradually re-
gressed against several variables to test different vari-
ations of the model. Prior to including any independent
variable in the regression, the variables were examined for
multicollinearity to check the correlation between vari-
ables. Since no variable experienced high correlation of
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0.8 or higher based on Franke's (2010) criteria, the mod-
els could proceed with the listed variables. White adjusted
standard errors are used for results to be heteroscedastic
consistent.

Table 6 produces a summary output of the regres-
sion models tested. Results from regression 1 indicate
that class sizes have no significant relationship to explain
changes in the end-of-course scores among students. The
first model does not include any control variables, thereby
leading to low R2? values. Hence, model 2 added a group
of academic and socio-economic determinants of educa-
tional attainments. Demographic control variables have
been added in regression 2 however, the variables '‘DIS-
TANCE' and ‘AROPE’ were not included due to signi-
ficant missing observations. The goodness of fit value
(R2) increased substantially in this model, while ‘CLASS’
became significant. Results from regression 2 indicate
that larger class sizes have a statistically significant neg-
ative correlation with the end-of-course scores obtained
by business students at MCAST. Regression 3 includes
all the variables identified in the literature. Results reaf-
firm that that larger classes correlate with lower students’
academic performance.

An evaluation exercise was performed to decide the op-
timal model between regressions. A.C. Harvey's criteria
was used to choose between regressions and model 3 was
preferred since it has more statistically significant indic-
ators and all the signs of coefficients follow the surveyed
papers®. The constant term (28.16) suggests the average
‘'SCORE’ obtained by a student when all other determin-
ants are equal to zero. Except for the variables ‘GENDER'’
and ‘FOREIGN’, all the variables are highly significant in
the model. The chosen model is explaining 61.98% of all
the changes in the dependent variable.

4 Discussion

The chosen regression produced the following coefficients:

SCORE; =28.16 — 0.27Class; — 0.31GENDER,;
+ 0.72AGE; —4.80FOREIGN; + 1.64LEVEL;
+ 1.0SATTENDANCE; — 0.84AROPE;

—0.59DISTANCE; +¢;

Results suggest that on average, larger classes are as-
sociated with lower average end-of-course scores, and
vice-versa. Subsequently, for every additional student re-

2The Ramsey Reset Test was performed on the chosen model as
a diagnostic test. Since the p-value of the produced results is less
than 0.05 and the F-statistic exceeded the critical value, the model
is well specified. Furthermore, the Wald test results confirm that
the chosen model best explains changes in the dependent variable.
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gistered in each class, the average 'SCORE' of each stu-
dent typically decreases by 0.27 marks; meaning that hav-
ing 10 more students in each class decreases the class
average score by 2.7 marks, assuming Ceteris Paribus.
Therefore, this conclusion leads this study to reject the
null hypothesis:

Ho: The class size has no or a positive impact on the
academic score of students.

Ha: The class size has a negative impact on the aca-
demic score of students.

4.1 Comparison with the literature

The results produced provide guidelines to policymakers
and educational management teams when designing
classes and programmes. This finding corroborates with
Molnar et al. (2000) when arguing that smaller classes
are more effective since they enable teachers to include
more educational activities. Furthermore, Zahorik (1999)
adds that smaller classes lead to more individual atten-
tion, more examples, and more instructions, all leading to
higher test scores.

Small class designs are especially important for disad-
vantaged and marginalised students, especially those fol-
lowing courses at levels 1, 2, and 3 within IBMC. Results
from the employed regression reveal that smaller class
sizes also helps these disadvantaged students, an argu-
ment which corroborates with Krueger (1999) and Blatch-
ford’s (2000) studies.

Moreover, another reason behind higher grades in smal-
ler classes may be attributed to stronger interpersonal
relationship between teachers and students. Such argu-
ments were presented by Epstein et al. (1984) who con-
clude that educators can provide better explanations when
teaching in a smaller class.

The student's gender, although including a negative
sign which indicates that on average, females obtain
higher scores than males, is not statistically significant.
Therefore, this contradicts Yigermal's (2017) paper who
argues that males outperform females, as well as Mutchler
et al.’s (n.d.) publication who argue the contrary.

According to Reilly and Woodfield (2009), students’
‘AGE' causes higher ‘SCORE’. This finding, although
contradicted by Nyikahadzoi et al. (2013), is proved in this
study, which signals that mature students are equipped
with more life skills that enable them to perform better
academically. This is part of MCAST's strategy to in-
clude apprenticeship programmes, intended to link aca-
demia with the industry to equip its students with more
life skills.

The variable ‘FOREIGN’ contradicts the surveyed lit-
erature, especially Mwinsheikhe's (2003) conclusions who
argues that since foreign students are not taught in their
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official language, it acts as a hurdle for them, leading to
lower end-of-course scores. In this study, being a local or
a foreign student had no significant impact on the average
test score obtained during the course of studies.

Furthermore, when students progress to higher
‘LEVELS’, on average, they obtain higher scores than
their counterparts in lower levels. Such conclusion may
be linked to Nyikahadzoi et al.’s (2013) argument that
mature students have more skills, experiences, and are
more academically committed, enabling them to obtain
better scores. In fact, the degree of commitment was
tested using the variable ‘AT TENDANCE' which signalls
that by missing less lectures, students obtain higher final
scores.

Moreover, following the surveyed literature, students
who are living in localities that hosts individuals with a
higher probability of being At-Risk-Of-Poverty or Social-
Exclusion (‘AROPE’) tend to obtain lower scores com-
pared to students from other localities. This finding
corroborates with Hansen's (2000), Noble's (2006) and
Nayebzadeh et al.’s (2011) findings that family income,
background, and the level of education by parents is
proved to have an influence on student's academic per-
formance. Also, similar to Raychaudhuri et al.’s paper
(2010), the further away the student's locality from the
college, the lower the final score, potentially due to stu-
dents exerting more effort prior to arriving at the college
which creates fatigue and stress.

4.2 Policy Recommendations

Defining the determinants that affect students’ academic
performance is vital for a number of stakeholders, includ-
ing students, their parents/guardians, academicians, col-
lege management, the Ministry for Education, and other
institutions related to educational policy. These find-
ings can help academics to develop tailor-made teaching
strategies and pedagogies to ensure better student en-
gagement which ultimately results in higher scores. Be-
sides educational organisations, the industry is also inter-
ested in knowing these factors since they are considered
as the end users of graduate students once they officially
enter the labour market (Alfan et al., 2005).

These findings could be generalised to other academic
institutions following similar programmes. Based on these
results, by designing lower class sizes, ideally includ-
ing less than 17 students (as advocated by Glass and
Smith (1978), and M. Mitchell et al. (2016), the insti-
tute (IBMC) will be aiding its business students to obtain
higher scores, leading to higher employment prospects,
better reputation for the college for producing better qual-
ity students, as well as saving students’ money and effort
by helping them to perform better academically. Accord-
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ing to Mushtaq and Khan (2012, p.1), this might also lead
to a change in the attitude of students towards learning
by “facilitating students and improving the teaching pro-
cedures”.

The first set of recommendations are targeted towards
MCAST Administration, in particular IBMC. Currently,
larger classes are more common among level 4 and 6 stu-
dents, reaching cases of 34 students per class. This goes
against Glass and Smith's (1978), and Mitchell et al.'s
(2016) recommendation of having up to 17 students per
class. Although it is crucial to retain small class designs
for elementary grades (levels 1 — 3) since students attend-
ing these courses left secondary school with limited qual-
ifications, it is equally important to support students in
their final years of study in order to produce effective work-
ers. Moreover, to minimise the skills gap between mature
and young adults as identified by the variables ‘AGE’ and
‘LEVEL', apprenticeship programmes should continue so
to equip students, especially teenage students, with more
life skills, including employment-related competencies.

Furthermore, such initiatives could potentially decrease
the number of students resigning from the course or not
passing from most of the units as they feel more valued
and supported by their teacher and their peers in class. In
fact, both Rwegoshora (2011) and Maganga (2016) cor-
roborate that students feel more content in a small class
vis-a-vis a larger class. Therefore, by designing smaller
classes, IBMC can contribute towards decreasing the per-
centage of early school leavers in which Spain and Malta
currently top the charts.

The institute should be stricter with regards to the
number of school days that students miss. The positive
correlation between students’ ‘ATTENDANCE' and the
‘SCORE’ should serve as a standard for lecturers, institute
management and students on the importance of attend-
ing the lectures. Ongoing reviews on a monthly/semester
base will help decrease the formation of a pattern of ab-
senteeism.

Moreover, a set of recommendations is targeted to-
wards the Ministry for Education which should recruit
more teachers, expand schooling facilities for the busi-
ness institute within MCAST so to accommodate more
classrooms, as well as encourage the design of more
courses and subjects to better segregate students into
smaller classes. Such proposition, as explained by Shin
et al. (2009), creates positive spillover effects by bet-
ter responding to the industry's demands as well as bet-
ter serving students’ interests by designing courses closer
linked to their areas of interest. Furthermore, the cam-
pus in Gozo should expand its list of business courses to
better accommodate Gozitan students, as well as start
attracting students located in the Northern district, es-
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pecially following the government’s plan to link the two
islands through the construction of a tunnel.

5 Conclusion

Using a rich panel dataset composed of 874 students from
two scholastic years (2018/2019 and 2019/2020), this
study explored the degree of association between class
sizes and the end-of-course scores by students, whilst
controlling for other academic, demographic, and socio-
economic attributes in the employed models. Following
the set hypotheses, empirical results from the chosen
OLS regression produced a significant negative relation-
ship between larger class sizes and the average end-of-
course score obtained by students, signalling that students
perform better when assigned in smaller classes vis-a-vis
larger classes.

This study could be reproduced by future researchers
to understand whether this trend is only common among
business students following a VET course, or whether
students from other institutes perform better when as-
signed in smaller classes. Also, this paper focused on the
academic benefits of designing smaller classes. However,
the surveyed literature also exploits non-school related at-
tributes, such as interpersonal skills, teamwork, and the
presence of bullying. Therefore, a study could be under-
taken to study the impact of class sizes on these non-
academic factors. Furthermore, a Cost-Benefit-Analysis
(CBA) could be undertaken to quantify whether the po-
tential benefits of smaller classes exceed their costs (ad-
ditional teachers, the classroom space, as well as operat-
ing costs such as electricity bills). Such proposal should
be compared against alternative calls for more effect-
ive teaching, such as improving the classroom ambience,
providing more technical training and workplace opportun-
ities to students.
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Table 1: Grade Boundaries

Grade | Boundary | Median mark
Ax 90 - 100 95
A 80 - 89 85
B 70 -79 75
C 60 - 69 65
D 50 - 59 55
U 0-49 25

Table 2: Collected data segregated by level and year

| 2018/2019 | 2019/2020
Level1 14 13
Level 2 50 55
Level 3 108 122
Level 4 205 135
Level 6 106 66
Total [ 485 [ 391

Table 3: Missing observations

Variable l Missing observations L Percentage of missing observations
ATTENDANCE 874 55%
DISTANCE 204 23%
AROPE 204 23%
AGE 119 14%
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Table 5: Descriptive Statistics Output

i Level 1 Il Level 2 Il Level 3 Il Level 4 Il Level 6
E | 5 E | 5 E | ¢ E | 5 E | 5

£ E c £ E c £ 3 c £ E c S E c

£ 5 o £ 5 o £ 5 0 £ 5 o £ 5 o

Variable = = = = = = = = = = = = = = =
ATTENDANCE 32.6 56.80 | 47.44 2.10 58.20 | 30.70 0.50 56.90 | 32.34 3.30 724 | 4350 12.20 | 52.10 | 40.17
CLASS 3 10 6.50 13 18 15.62 16 24 20.24 2.0 21 15.77 17 34 25.01
GENDER 0 1 0.70 0 1 0.51 0 1 0.44 0 1 0.42 0 1 0.43
DISTANCE 1.70 14.70 7.50 1.70 15.50 7.10 1.90 | 40.50 8.07 1.70 42.40 7.89 1.70 42 .4 9.59
AROPE 14.20 | 22.10 | 17.90 14.20 | 22.10 | 19.92 14.20 | 22.10 | 19.56 14.20 | 22.10 | 19.18 14.20 | 22.10 | 18.71
AGE 17 37 19.10 17 26 18.10 14 29 18.10 17 38 19.84 21 29 22.52
FOREIGN 0 1 0.04 0 1 0.43 0 1 0.25 0 1 0.06 0 1 0.02
SCORE 0 955 | 78.25 0 935 | 50.75 0 89.17 | 47.78 25 90.56 | 66.96 || 52.39 | 90.20 | 72.58
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Note: Robust standard errors in parentheses: *** indicates significance at 1% (p < 0.01); ** at 5% (p < 0.05) and * at 10% level

(p<0.1)

Variable Regression1 Regression2 Regression 3
Technique oLs oLs oLs
Constant 59.08*** 5.6158 28.1591***
(2.1500) (5.7702) (9.3936)
0.1257 -0.2857** -0.2662%*
CLASS (0.1021) (0.1281) (0.1308)
-0.2252 -0.3142
GENDER (0.8847) (1.6165)
0.7957** 0.7225**
AGE (0.3438) (0.3459)
5.6658 4.7983
FOREIGN (5.0441) (5.3817)
1.9713*** 1.6407**
LEVEL (0.6994) (0.7357)
1.0459%*** 1.0484***
ATTENDENCE (0.0579) (0.0571)
-0.8369***
AROPE (0.3254)
-0.5876%**
DISTANCE (0.2257)
SER 22.0757 13.3910 13.3884
Adjusted R? 0.0001 0.6039 0.6198
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Abstract. COVID-19 mitigation restrictions have
avoided countless deaths and infections while simultan-
eously disrupting livelihoods and economies. The global
loss of gross (world) product is unprecedented as COVID-
19 has inflicted both supply-side and a demand-side
shocks. While public health measures have mitigated mor-
bidity and mortality with positive effects on cross-country
economic results, the decline in global Gross Domestic
Product is leading to diminished spending on healthcare,
the environment, and social wellbeing. In addition to the
current challenges, there will also be various long-term im-
plications of lasting illness (“long COVID") which are still
to be determined. Numerous and varied economic stim-
uli packages have been instituted by different countries
aiming to revive economies in the short term and thereby
also mitigate long-term implications. In line with these
measures, as a result of the COVID-19 vaccine roll-out,
European countries have initiated discussions on vaccine-
immunity passports to enhance mobility and assist eco-
nomic recovery. However, this will not resolve the eco-
nomic scars, the impaired innovation outcome and the
healthcare fatigue that are expected to linger for years.
While uncertainty is certain, this very uncertainty high-
lights the need for unbiased and rigorous quantitative
evaluations of all possible decisions. A “nuanced ap-
proach” to the easing of restrictions must take into ac-
count the balance of immediate mortality and both short-
and long-term morbidity versus the even longer-term risks
of widening health, education and wealth inequalities and
decreased life expectancy among the more socially and
economically vulnerable.

Keywords: COVID-19, recession, depression, econom-
ics, health economics
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1 Introduction

COVID-19 continues to plague the globe and the presence
of effective treatments and vaccines is reducing spread
and death. Other treatments by non-pharmaceutical
interventions (NPIs), so-called community mitigation
strategies are also assisting in reducing pandemic spread
(Ferguson et al., 2020). These include hygiene, social
distancing, self-isolation and travel restrictions. The ap-
plication of these interventions has not been consistent
across countries, with countries like Sweden, the United
States (US) and the United Kingdom (UK) imposing so-
cial distance restrictions cautiously, a so-called “sacrifice
lives to save economy” approach (Born et al., 2020; Ca-
sey, 2020; Krueger et al., 2020). Others imposed strict
lockdowns after high infectivity and fatality rates, as seen
in Italy and Spain (Brauner et al., 2021; Farboodi et al.,
2020). Indeed, these initially unprepared localities ex-
perienced devastating COVID-19 morbidity and mortality
that overwhelmed their respective healthcare systems, as
witnessed in Italy early in 2020 (Fagiuoli et al., 2020).
On the other hand, in Germany and Denmark, lockdowns
were imposed due to perceived insufficient voluntary so-
cial distancing by the population (Brauner et al., 2021).
Strict restrictions imposed by countries such as Japan,
China, South Korea, Norway and Finland among oth-
ers were considered to ‘“sacrifice economy to save lives”
(Casey, 2020). These mitigation measures resulted in
a flattened curve in the early summer months of 2020
in the Northern hemisphere, preventing millions of infec-
tions and saving millions of lives (Flaxman et al., 2020;
Hsiang et al., 2020). However, these positive effects were
reversed when the measurements were relaxed, especially
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when done hastily (Cuschieri et al., 2020). This narrative
review will discuss the direct and indirect economic impact
of COVID-19 and the public health implications.

1.1 Mitigation measure effects on the eco-
nomy

Mitigation measures have had detrimental effects on
global healthcare systems and a disruptive ripple effect on
literally every aspect of human endeavour and economic
activity. There have been unprecedented levels of disturb-
ance to individual lives and even more importantly for the
long term, to general economic activity, both at national
and at global levels (Nicola et al., 2020). Employment
challenges occurred across all economic sectors, although
not in a consistent manner. Some sectors such as tour-
ism, wholesale and retail have been badly hit compared to
others. Certain areas of economic activities proved to be
resilient by shifting to new forms of work such as remote
working. Schools have closed, piling additional pressure
on carers and economic activity in general. From a con-
sumption perspective, some sectors experienced a lower
expenditure during lockdowns, with households who man-
aged to retain their employment, experiencing increases
in their saving rates. Indeed, in March 2020, the US re-
ported that personal savings surged as a percentage of
disposal income from 7.5% (normal level) to 34% during
lockdown (Copper, n.d.). This led to an anticipated post-
lockdown economic spree with the anticipated inflation
pressures never truly materialising (Copper, n.d.), prob-
ably because the post-lockdown phase was not extensive
in most countries. Households mainly used their income
on food related products, and the sector faced increased
demands due to panic-buying and stockpiling (Nicola et
al., 2020). On the other hand, the general demand for
commodities and manufactured products has significantly
decreased while demand for specific medical supplies has
risen.

In economic terms, COVID-19 has inflicted both a
supply-side and a demand-side shock. A shock is a sud-
den and unexpected change which can be both negat-
ive and positive. A supply shock is an unexpected in-
crease/decrease in the supply of goods/services due to
non-price determinant factors. Demand shocks are sud-
den increased/decreased demands for goods or services.
Since the supply of a commodity/good/service is usually
not very flexible (inelastic in economic terms), all of these
COVID-19 affected factors can and have wreaked eco-
nomic havoc.

Almost all countries are constantly reducing and in-
creasing NP1 restrictions, but these actions will not undo
the damage already done and the evolving domino col-
lateral damage. Indeed, due to ongoing effects including
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decimated tourism, the World Travel and Tourism Coun-
cil (WTTC) has averred that COVID-19 is threatening
the livelihoods of 300 million people — one in 10 of the
global workforce — employed in the tourism/hospitality
industry, an industry which accounts for 300 million jobs
and almost 10% of global gross domestic product (GDP)
(Broom, 2020; "UNWTO World Tourism Barometer and
Statistical Annex, January 2019, 2019).

1.2 The impact of COVID-19 on GDP

The Gross Domestic Product (GDP) is defined as the
total amount of goods produced and services provided,
typically quoted or cited per country, for a one year period
(Callen, 2008). Annual growth is invariably given as a
percentage of the previous year's GDP. The world's GDP
was $85.9 trillion in 2018 (The World Bank, 2018). As
an example and for the sake of perspective, the largest
economy in terms of GDP is that of the United States
at almost $19.5 trillion/year (Worldometer, 2019), with
an annual budget for 2019 of almost $4.45 trillion (USA
Spending, 2019).

Health issues are inextricably intertwined with GDP and
other economic indicators such as social wellbeing. In
fact, it has been estimated that in the developed coun-
tries, if GDP drops by circa 6%, more years of life would
be lost due to recession than would be gained through lives
saved at this tipping point since there is a link between
GDP and life expectancy. This is because affluent coun-
tries are able to spend more on healthcare, safety and the
environment and this expenditure would be restricted due
to decreased funds available if GDP falls (Thomas, 2020).

Income is causally related to health not only via a direct
effect on the material requirements necessary for simple
survival, but also by influencing the ability to participate
in society, including at work and hence the opportunity to
control life circumstances. Indeed, the fewer the goods
and services publicly made available by the community,
the more important individual income becomes for health
(Marmot, 2002).

This can even be shown in relation to COVID-19 in that
case fatality rates (CFRs) have varied widely in different
countries, from 0 to 8.91%. An analysis of the effect of
socio-economic and health indicators showed that GDP,
more specifically a low GDP per capita among other in-
dicators were significant contributors to CFR. Developing
countries are therefore particularly vulnerable (Asfahan et
al., 2020).

GDP and mitigation measures

A modelling study comparing the UK with European coun-
tries of similar income and healthcare resources showed
that when applying a quality-adjusted life year (QALY)
value of £30,000 (the maximum under national (NICE)
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guidelines), the cost of the imposition of further strict
lockdown would only be justified with a QALY value of
at £220k — £3.7m (much higher than NICE values, x7
— x125). The authors concluded that clearly, the costs
of continuing draconian restrictions are so great in rela-
tion to lives saved that a quick easing in restrictions was
highly warranted (Miles et al., 2020). A study conducted
in the US had shown that with a value of $125,000 per
QALY, assuming COVID-19 vaccine availability by April
2021, QALY benefits from averted deaths by continued
social distancing and limited reopening. This exceeds full
reopening with projected increased GDP gains. The au-
thors concluded that a limited reopening to achieve partial
economic mitigation of COVID-19 would be more cost ef-
fective than a full reopening (Schonberger et al., 2020).
Another study explored the effects of GPD growth in re-
lation to changes in lockdown strategies across 42 coun-
tries, over the first three-quarters of 2020. It was reported
that although strict government measures had a negat-
ive economic activity impact, these kept the fatality rates
low. Therefore, from an economy perspective, lockdowns
and low fatality rates were the second-best policy to limit
economy damage secondary to high fatality rates. It was
concluded that changes in lockdown strategies have dom-
inant effects on in-country GDP, while low fatality rates
have a positive effect on cross-country economic results
(Konig et al., 2021).

Long COVID and the economic implications

In addition to acute morbidity and mortality, “long
COVID" is a novel term that describes lasting illness in
patients who have either recovered from COVID-19 but
still experience lasting symptoms or who have had symp-
toms for longer than expected. Up to 90% of sympto-
matic patients may go through this, with 90%, 32% and
55% were still experiencing at least one, two, or three
or more symptoms respectively 60 days after onset (Carfi
et al., 2020). It has been estimated that due to residual
functional disability, the cumulative post-discharge health-
care costs/patient/year are comparable to those of elderly
patients with severe chronic diseases (Ambrosino et al.,
2020). The additional complication of long COVID-19
is that relatively young and previously healthy individuals
who lack important comorbidities, do not return to their
previous baseline functional status. This has enormous
public health implications, particularly in the context of a
pandemic (Ambrosino et al., 2020). These complications
will weigh most heavily on those least equipped to shoulder
them and their families and friends: lower-income earners,
the uninsured/underinsured, and the homelessness (Jiang
et al., 2020). All of these costs must also be factored in
when weighing the pros and cons of removing restrictions.
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Of course, this will have serious economic implications not
only in terms of the quality of life of these individuals, but
also in terms of economic activity. The faster the work-
force recovers, the faster will be the economic rebound to
the new economy post-COVID.

1.3 Reviving the economy

It has been reported that COVID-19 contributed to a
number of positive long-term outcomes on companies, as
these were forced to change their daily operations and
consumer behaviour. Indeed, businesses that survived the
initial COVID-19 economic shock are more likely to be
resilient and flexible in the future. It has also accelerated
digitalization, increased e-commerce and virtual selling
apart from enhancing health and safety (Maqui et al.,
2021).

Economic stimulus and forecasts

Individual countries have varied in the degree of stimula-
tion that they have internally provided in their attempts to
ameliorate the negative economic effects of the pandemic,
and this has ranged from 2.5% — 50% of GDP (Danielli
et al.,, 2020). These include immediate fiscal impulse,
deferrals, and other liquidity and guarantee measures.

In order to assist economies and attempt to avoid a
recession of the magnitude witnessed in the 1930s dur-
ing the Great Depression (Romer, 1990), countries have
pledged various stimulus packages, including a $10 tril-
lion internal aid boost (Cassim et al., 2020). This is
more than three times more the 2008-2009 crisis. The
European Union initially planned 1.8 EUR trillion a recov-
ery package which is mainly aimed at greening the eco-
nomy and transformation through investments in digital-
ization, (European Commission, 2020) and this has been
increased to $2.2 trillion backed by joint debt (Dendrinou
et al., 2020). The equivalent stimulus package for the
USA is $1.9 trillion (Wasson et al., 2021). Despite
the extraordinary efforts to counter the evolving reces-
sion/depression with fiscal and monetary policy support,
forecasts vary but are overall bleak.

World Economic Outlook

“A Crisis Like No Other, An Uncertain Recovery” (World
Economic Outlook Update, 2020). Global growth is pro-
jected at 5.5% in 2021, after shrinking by 3.5% in 2020
according to the latest IMF projections (World Economic
Outlook Update, 2021). In 2022 global growth is projec-
ted at 4.2%. Despite the growth projections, the “adverse
impact on low-income households is expected to be par-
ticularly acute, imperiling the significant progress made in
reducing extreme poverty in the world since the 1990s"
(World Economic Outlook Update, 2020).
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Eurozone

Meanwhile, according to the latest statistics published
by the European Commission, GDP growth in the euro
area decreased by 6.8%, less than the 9.1% anticipated
last year. This is even better than the 5.5% contraction
in 2009 as the Eurozone dealt with the financial crisis
(OECD, 2020). In 2021 and 2022, the Eurozone eco-
nomy is expected to grow my 3.8% per year (European
Commission, 2021).

Despite the relatively positive economic outlook for the
coming years, and with the use of the vaccine, COVID-
19 will leave “lasting scars through lower investment, an
erosion of human capital through lost work and schooling,
and fragmentation of global trade and supply linkages”
(The World Bank, 2020). Additionally, innovation will be
affected through the impaired of financial contribution to
research and development (Martin Fuentes et al., 2021).
Furthermore, healthcare fatigue that will affect health-
care services and output (Adibe, 2021). Finally, ongoing
waves of infection (even in countries with relatively high
vaccination rates) may derail all estimates. This is par-
ticularly important as viral spikes have been witnessed in
Chile and the Seychelles despite relatively high vaccine up-
take (39% and 67% respectively) (Balicer et al., 2021).
Indeed: “How fast will economy recover? |t depends on
businesses reopening, vaccination, COVID-19 third wave”
(Nangia, 2021).

Hyperinflation

Economic stimulus packages and increased family savings
due to ability to spend on holidays and entertainment is
also raising the spectre of hyperinflation, a rapid, excess-
ive, and out-of-control general price increases in econom-
ies (Asia Times, 2021). Furthermore, the initial drop in
COVID infections in Europe earlier in 2021 followed by
further waves of infection has triggered a double-dip i.e.
a recession followed by a short-lived recovery, followed by
another recession (also known as a W-shaped recovery)
(Financial Times., 2021). These factors will also mostly
impact low-income earners.

1.4 Immunity-vaccine passports

The recovery of the hospitality industry is crucial to all
economies and tourism plays a crucial role (Grech et al.,
2020). COVID-19 vaccines roll-out have initiated across
most European countries (March 2021) resulting in a de-
bate for the introduction of a vaccine passport among
countries. Those fully vaccinated, tested negative or re-
cently recovered from COVID-19 will be eligible for this
certification (BBC News, 2021b). These passports aim
to enable mobilisation and relaxation of restrictions so as
to revive economies. However, these initiatives are faced
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by a number of debates including ethical concerns and
privacy concerns and the possibility that this will exacer-
bate inequalities and discrimination (Brown et al., 2021).
Naturally, increased travel also risks viral spread from one
country to another by asymptomatic (albeit certified) car-
riers but the newly approved pan-European vaccine pass-
port may mitigate these risks (Schengenvisainfo News,
2021).

1.5 Positive outcomes and forecasts

Not all appears to be gloom and doom and for example,
China’s economy grew 18.3% in the Q1 2021 compared
to the same quarter of 2020, the largest rise in GDP from
1992 when China started keeping records. This should be
contrasted with a 6.8% reduction for the same country in
Q1 2020 due to lockdowns (BBC News, 2021a).

Similarly, in the United States, retail sales have spiked
by 9.8% in March 2021 due to pandemic relief cheques,
and a successful vaccination program and the rollout of
a $1.9 trillion rescue package. All of these factors are
positioning the USA’s economy for the fastest growth
spurt this year in decades (Aljazeera, 2021). Indeed, a
surplus of cash in the financial system has reduced in-
terest rates (The Economic Times, 2021) and it is estim-
ated that business have accumulated billions of dollars and
euros (Bharti, 2021). Not all households have done badly
and overall, it is estimated that households have saved
the equivalent of 6% of global GDP since the pandemic
began, a staggering $5.4 trillion (Romei, 2021). These
has led to bullish market with fears of a bubble forming
and perhaps the best example is the surge in cryptocur-
rency (Gutscher et al., 2021; Raimonde et al., 2021).

All these estimates may be disrupted by additional
waves of infection. For example, the planned (at the time
of writing) UK reopening and relaxation of all measures
may lead to between 1000-2000 hospital admissions daily
and 100-200 deaths daily in England when cases peak,
based on the assumption that the public's behaviour will
change slowly over several months, rather than suddenly
(Vaughan, 2021).

2 Public Health Implications - Con-
clusion

The oft-repeated 'COVID-19 does not discriminate’ is
patently incorrect — it certainly does and has in fact high-
lighted the stark wealth and health inequalities within so-
ciety and exacerbated them (Patel et al., 2020).
COVID-19 continues to pose a dynamic challenge for
both governments and policymakers who have been ping-
ponging degrees of restrictions to reduce viral morbidity
and mortality through social distancing interventions over
economic growth. However, travel and mobility restric-
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tions and shuttered businesses have triggered an economic
collapse with an inbuilt uncertainty.

While uncertainty is certain, this very uncertainty high-
lights the need for unbiased and rigorous quantitative eval-
uations of all possible decisions. A ‘“nuanced approach”
to the easing of restrictions must take into account the
balance of immediate mortality and both short- and long-
term morbidity versus the even longer term risks of widen-
ing health and wealth inequalities and decreased life ex-
pectancy from poverty (Danielli et al., 2020), particularly
in the more socially and economically vulnerable strata
since public health measures disregard the most econom-
ically disadvantaged (Patel et al., 2020).
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