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Abstract�

This�dissertation�outlines� findings�based�on�three�journal�manuscripts.�The�publications�

have�a�common�theme:�the�use�of�data�analytics�techniques,�economic�theory,�and�knowledge�of�

online� shopping� to� analyze� and� assess� change� in� behavior� after� the� COVID-19� pandemic.� I�

employed�a�variety�of�empirical�analysis�tools,�including�different�regression�methods,�statistical�

analysis,� and�validity� testing.�I� also�utilized�well-established� theory� to� add�another� lens� to�my�

findings.�Such�frameworks�include� the�Transaction�Cost�Economics�(TCE)�and�the�Technology�

Acceptance�Model�(TAM).�Furthermore,�I�applied�my�tools�to�two�domains�to�further�widen�my�

knowledge�scope:�e-commerce�and�public�health.��

The�first�manuscript�offered�insight�into�consumer�behavior�after�the�COVID-19�pandemic.�

It�analyzed�the�change�in�online�shopping�activity�in�12�different�product�categories�and�offered�

an� empirical� association� between� it� and� various� demographic� factors.� The� second�manuscript�

builds� the�first�with�more�focus�on�online�grocery�shopping.�As�a�result,� the� findings�offered�a�

managerial� perspective� on� how� various� customer� segments� changed� their� shopping� behaviors�

online,�providing�insight�to�guide�marketing�and�merchandising�efforts.�The�third�paper�presented�

an� association� between� demographic� and� occupational� factors� with� worsened� mental� health�

conditions�of�healthcare�workers� (HCWs)�after�the�pandemic.�The�finding�presented�an� insight�

into�how�different�HCW�groups�reacted�to�the�pandemic�and�hence�aid�in�providing�more�effective�

mental�health�programming�targeting�specific�groups�in�future�events.��

�
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population�behavior�in�similar�events before�the�pandemic.�Additionally,�we�reviewed�publications� 

on� gaps� in� current� literature� that� need� to� be� filled.� In� all� three� papers,� the� reviews� focused� on�

  Also,�a�comprehensive�literature�review�was�conducted�to�guide�our�modeling�and�focus� 

population�for�similar�shock�events�in�the�future.�

Economics�(TCE)�theory.�Based�on�the�analysis,�several�recommendations�are�made�to�prepare the� 

Such� frameworks� include� the�Technology�Acceptance� Model (TAM)� and� the� Transaction� Cost� 

theoretical�frameworks�to�interpret�these�results�further�and understand�the�population's behavior.� 

  Our� empirical� methodology� provided� exciting� results. We also� employed� several� 

such�factors�are�reviewed�to�develop�meaningful�model�estimates.�

of�each�factor�and�confirm�its�relevance�to�the�intended�outcome.�Also,�the�fitness�and�reality�of� 

statistically�significant�results.�Data�analytics�techniques�are�utilized�to�examine�the�significance� 

of�available�information,�a�statistical�analysis�was�employed�to�determine�those�factors�that�yield� 

Those�factors�include�population�demographics�and�occupational�conditions.�Given�the�diversity� 

the�association�of�a�dependent�metric, such�as�consumer�spending,�with�several�population�factors.� 

  Multivariate� regression� models�of�different� classes�are� employed.�The�models�estimated 

behavioral change�after�the�start�of�the�COVID-19�pandemic.�

analytics� techniques� to� interpret� data� and� offer� insights� to� key� stakeholders.� Also,� they� study� 

manuscript.�However,�all�three�manuscripts are�related�in�many�ways.�First,�they�all�employ�data� 

  This� dissertation is� divided� into� three� chapters.� Each� chapter� represents a� standalone� 

Introduction

Chapter�1
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around�the�globe�further�to�understand�the�population's�reaction�to�the�pandemic.�In�light�of�the�

findings,�we�proceeded�with�model�designs�that�emphasized�the�association�of�population�reaction�

with�demographic�and�occupational�factors.�With�the�timing�of�our�studies,�the�results�shed�more�

light�on�demographic�analysis,�which�is�unique�and�enriching�for�the�growing�body�of�literature.��

In�the�first�manuscript,�I�argued�that�as�the�pandemic-related�shutdowns�took�place,�and�to�

avoid�physical�contact,�Canadian�consumers�resorted�to�online�shopping.�This�study�analyzes�the�

change� in� online� shopping� behaviors� across� 12� product� categories� which� include:�Computers,�

laptops,� tablets,� and� accessories� (COMP);� Smartphones� (SMRT);� Spectator� entertainment�

(ENTR);� Food� delivery� from� restaurants� (FOOD);� Online� video� streaming� services� (OVID);�

Online�audio�streaming�services�(OAUD);�Online�courses�and�training�materials�(EDUC);�Home�

exercise�equipment�(EXER);�Domestic�air�travel�(DOMT);�International�air�travel�(INTT);�Short�

rentals,�hotels,� and�Airbnb� (RENT);� Internet� service�(INTR).� I�employed�an�empirical� strategy�

(logit)� to� characterize� the� association� between� consumer� demographics� and� changes� in� online�

spending�compared�to�before�the�pandemic.�This�analysis�fills�a�gap�in�the�literature,�which�lacks�

demographic�analysis�for�this�online�shopping�behavior�compared�to�before�the�pandemic�started.��

The�data�used�is�available�through�the�Canadian�Internet�Use�Survey�(CIUS)�by�Statistics�

Canada,� which� was� collected� between� November� 2020� and� March� 2021.� Upon� analysis,� the�

Transaction�Cost�Economics�(TCE)�theory�adds�a�theoretical�perspective�to�the�empirical�findings.�

The�findings�indicate�that,�compared�to�their�counterparts,�younger�consumers�are�more�likely�to�

have� increased� online� spending� on� product� categories� related� to� internet� connectivity� and�

streaming�services.�Female�consumers�exhibit�increased�online�expenditures�on�similar�products,�

online�learning�services,�and�home�exercise�equipment.�Consumers�living�in�urban�areas�show�a�

higher� probability� of� increased� online� spending� on� computers,� smartphone� devices,� internet�
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connectivity,�and�food�delivery�services.�Consumers�with�at�least�one�child�exhibit�a�similar�trend.�

Larger�households�exhibit�a�considerable�increase�in�the�probability�of�increased�online�spending�

on�food�delivery�services.�Lastly,�consumers�with�higher�education�show�a�higher�likelihood�of�

increased� online� spending� on� products� related� to� online� learning� and� streaming� services.� The�

findings�here�offer�insight�into�how�different�demographic�groups�fared�during�the�pandemic�and�

help�marketing�and�e-commerce�stakeholders�understand�the�determinants�of�consumer�shopping�

behavior�during�certain�events.��

In�the�second�manuscript,�we�present�a�study�that�is�inspired�by�the�impacts�of�the�COVID-

19�pandemic�on�society.�The�study�analyzes�the�change�in�spending�on�Online�Grocery�Shopping�

(OGS)� in�Canada� during� the� pandemic.�Grocery� shopping� is� an� essential� household� item,� and�

studying� consumer� spending� behavior� is� vital� to� several� stakeholders,� especially� marketing�

professionals�and�e-commerce�strategists.�I�employed�an�empirical�strategy�(logit)�to�characterize�

the�association�between�consumer�demographics�and�changes�in�OGS�behavior�as�compared�to�

before� the� pandemic.� The� data� is� available� through� the� Canadian� Perspectives� Survey� Series�

(CPSS)� conducted� between� September� 14� and� September� 20,� 2020.� Then,� the� Technology�

Acceptance�Model�(TAM)�adds�a�theoretical�perspective�to�the�empirical�findings.��

My�analysis�found�that�a�female�consumer�(Odds�Ratio�(OR)�=�0.69)�is�less�likely�to�have�

increased�OGS�activities�after� the�start�of�the�pandemic.�On�the�other�hand,�a�consumer� that� is�

employed�(OR�=�1.36),�25–44-year-old�(OR�=�1.68),�university-educated�(OR�=�1.21)�consumer,�

with�a�higher�household�income�(OR�=�1.10)�is�more�likely�to�have�increased�OGS�activities.�An�

immigrant�consumer�(OR�=�0.73)�is�less�likely�to�have�increased�OGS�activities.�As�such,�different�

consumer�groups�exhibit�different�preferences� for� shopping�platforms.�The� findings�add� to� the�



4�
�

insight�offered�to�marketers�and�merchandise�specialists�to�guide�their�marketing�efforts�in�future�

campaigns.�

In� the� third�manuscript,� our� literature� revealed� that�Health�Care�Workers� (HCWs)�have�

endured�difficult�conditions�during�the�COVID-19�pandemic.�This�is�due�to�the�increased�demand�

for�care.�As�such,�such�conditions�impacted�their�mental�health�conditions.�In�this�paper,�I�analyzed�

the�change�in�mental�health�conditions�of�HCWs�in�Canada�and�the�association�of�this�change�with�

a� variety� of� demographic� and� occupational� factors,� as� well� as� access� to� Personal� Protective�

Equipment� (PPE).�Compared� to� before� the� pandemic,� I�utilized� an� empirical� strategy� (ordered�

logit)� to� characterize� the� association� between� HCW� mental� health� and� the� various� factors.� I�

obtained�data�from�the�Impacts�of�COVID-19�on�Health�Care�Workers:�Infection�Prevention�and�

Control�(ICHCWIPC)�survey,�collected�between�November�24�and�December�13,�2020.�

I�then�used�a�regression�model�to�estimate�the�odds�ratio�(OR)�of�feeling�worse�after�the�

start�of�the�pandemic.�HCWs�who�are�younger�than�35�years�old�were�more�likely�(OR�=�1.14)�to�

feel�worse.�Male�HCWs�were�less�likely�(OR�=�0.76)�to�feel�worse.�Immigrant�HCWs�were�also�

less�likely�(OR�=�0.57)�to�feel�worse.�Further,�HCWs�working�in�Alberta�had�the�highest�likelihood�

of�feeling�worse.�Frontline�workers�were�more�likely�(OR�=�1.26)�to�feel�worse.�Part-time�HCWs�

were�less�likely�(OR�=�0.85)�to�feel�worse.�HCWs�who�reported�encountering�COVID-19�cases�

were� more� likely� (OR� =� 1.55)� to� feel� worse.�As� for� PPEs,� HCWs� who� never� had� access� to�

respirators,�eye�protection,�and�face�shields�are�more�likely�to�feel�worse�by�1.31,�1.51,�and�1.41,�

respectively.�These�likelihoods�are�compared�to�the�reference�group.��
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Overview�

Background:�Health�Care�Workers�(HCWs)�in�Canada�have�endured�difficult�conditions�during�the�

COVID-19� pandemic.� Many� worked� long� hours� while� attending� to� patients� in� a� contagious�

environment.�This� introduced�an� additional� burden� that�may� have� contributed� to�worsened�mental�

health�conditions.��

Objective:�Here,�we�examine�the�factors�associated�with�worsened�mental�health�conditions�of�HCWs,�

as�compared�to�before�the�start�of�the�pandemic.��

Methods:�We�employ�data�from�a�survey�of�HCWs�by�Statistics�Canada.�A�regression�model�is�utilized�

to� estimate� the� odds� ratios� (OR)� of� worsened�mental� health� after� the� start� of� the� pandemic.� The�

estimated� OR� is� associated� with� different� independent� variables� that� include� demographics� (age,�

gender,� immigration� status,� and� geographic� area),� occupational� factors� (work� status,� occupational�

group,�and�exposure�category),�and�different�access�levels�to�Personal�Protective�Equipment�PPEs.�

Results:�Of�18,139�eligible�participants�surveyed,�13,990�(77.1%)�provided�valid�responses.�We�found�

that�HCWs�younger�than�35�years�old�were�more�likely�OR�=�1.14�(95%�CI�1.03�to�1.27;�P=.014)�to�
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exhibit�worsened�mental�health�as� compared�to�the� reference�group,�35-44�years�old.�Gender-wise,�

male�HCWs�were�less�likely�OR�=�0.76�(95%�CI�0.67�to�0.86;�P<.001)�to�exhibit�worsened�mental�

health�as�compared�to�female�HCWs.�Immigrant�HCWs�were�also�less�likely�OR�=�0.57�(95%�CI�0.51�

to�0.64;�P<.001)�to�exhibit�worsened�mental�health�as�compared�to�non-immigrant�HCWs.�Further,�

HCWs� working� in� Alberta� had� the� highest� likelihood� of� exhibiting� worsened� mental� health� as�

compared�to�HCWs�working�elsewhere�(Atlantic�provinces,�QC,�MB,�SK,�ON,�BC,�and�NT).�Frontline�

workers�were�more�likely�OR�=�1.26�(95%�CI�1.16�to�1.38;�P<.001)�to�exhibit�worsened�mental�health�

as�compared�to�non-frontline�HCWs.�Part-time�HCWs�were�less�likely�OR�=�0.85�(95%�CI�0.76�to�

0.93;�P<.001)�to�exhibit�worsened�mental�health�as�compared�to�full-time�HCWs.�HCWs�who�reported�

encountering�COVID-19�cases�were�more�likely�OR�=�1.55�(95%�CI�1.41�to�1.70;�P<.001)�to�exhibit�

worsened�mental�health�as�compared�to�HCWs�who�reported�no�contact�with�the�disease.�As�for�PPEs,�

HCWs�who�never�had�access�to�respirators,�eye�protection,�and�face�shields�are�more�likely�to�exhibit�

worsened�mental�health�by�1.31�(95%�CI�1.07�to�1.62;�P<.001),�1.51�(95%�CI�1.17�to�1.96;�P<.001),�

and�1.41�(95%�CI�1.05�to�1.92;�P=.023),�as�compared�to�those�who�always�had�access�to�the�same�

PPEs,�respectively.��

Conclusions:� Different� HCW� groups� experienced� the� pandemic� differently� based� on� their�

demographic�and�occupational�backgrounds�as�well�as�access�to�PPEs.�Such�findings�are�important�to�

stakeholders� involved� in� the� planning� of� personalized� support� programs� and� to� aid�mental� health�

mitigation�in�future�crises.�Certain�groups�require�more�attention.��

�

Keywords:�healthcare�workers,�COVID-19,�mental�health,�demographic�factors,�occupational�

factors,�access�to�PPE�

�
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Introduction�
On� 11� March� 2020,� the� World� Health� Organization� (WHO)� declared� the� novel� Coronavirus�

(COVID-19)� a� global� pandemic.� The� pandemic� resulted� in� devastating� health� impacts� on�

populations�and�a�crisis�within�the�healthcare�system�[1].�This�healthcare�system�was�tasked�to�

handle� the� unprecedented� inflow� of� patients.� Functions�within� the� system� that� were� impacted�

include�emergency�departments,� intensive�care�units� (ICUs),�physician� services,� and� long-term�

care� units� [2].� HCWs� of� different� occupational� groups� battled� the� pandemic.� Overwhelmed�

hospitals�in�Canada�canceled�less-urgent�surgeries�by�up�to�80%�by�June�2020�[3].�These�patterns�

shifted� the� workload� on� HCWs� and� had� an� impact� on� the� overall� healthcare� system.� These�

conditions� not�only� demanded�more� hospital� capacity� but� also� put� an� overwhelming� strain� on�

HCWs�[4].�In�addition�to�the�operational�pressure,�HCWs�also�suffered�from�the�lack�of�personal�

protection�equipment�(PPE),�especially�at�the�beginning�of�the�pandemic�[5].�HCWs�were�at�the�

frontline�in�battling�this�pandemic.�This�battle�has�put�pressure�on�their�mental�health�conditions�

[6-8].�

In� this� paper,� we� assess� the� various� factors� associated� with� worsened� HCWs'� mental� health�

conditions�as�compared�to�before�the�start�of�the�pandemic.�Although�experiencing�mental�health�

conditions� may� be� a� daily� occurrence� for� some� HCWs,� the� duration� and� severity� during� the�

pandemic�were� different.�HCWs�were� also� at� a� higher� risk� of� infection,� adding� to� the� risk� of�

suffering�further�mental�health�conditions�[9].�In�the�past,�HCWs�had�experienced�mental�health�

problems�during�other�outbreaks,�including�the�Middle�East�Respiratory�Syndrome�(MERS)�and�

the�Severe�Acute�Respiratory�Syndrome�(SARS)�[10].�Such�conditions�have�been�studied�in�the�

literature�[11].�In�this�study,�we�employ�a�recent�data�set�by�Statistics�Canada�from�a�national�cross-

sectional� survey� that�was�conducted� in� the� fall� of�2020� to�assess� the� impact�of�COVID-19�on�

HCWs.�Unlike�work�in�the�literature,�we�comprehensively�assess�the�impact�of�demographic�and�
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occupational� factors� as� well� as� the� availability� of� PPEs� on� HCWs'� mental� health� conditions�

[9,12,13].��

In�global�literature,�authors�assessed�the�mental�health�conditions�of�HCWs�during�such�outbreaks�

globally� [14-16].� The� impact� of� demographic,� social,� and� occupational� factors� was� reportedly�

linked� to� various�mental� health� conditions.�Researchers� also� assessed� the� prevalence� of� stress,�

anxiety,�and�other�psychological�well-being�indicators�of�HCWs�in�Oman�during�the�pandemic�

[12].�The�focus�was�on�female,�young�HCWs�who�encountered�confirmed�or�suspected�COVID-

19� cases� during� their� work.� Another� study� in� Turkey� examined� the� relationship� between� the�

perceived� risk� of� infection� and� the�mental� health� conditions� of�HCWs� during� the� COVID-19�

pandemic� [13].� Also,� a� study� in� the� Chinese� province� of� Hubei� was� conducted� early� in� the�

pandemic�to�assess�the�psychological�impact�of�the�pandemic�on�the�frontline�medical�staff�[9].�

The�study�measured�the�association�of�factors�including�professional�group,�age,�and�gender�factors�

with�work�stress.�

Our�study�is�among�the�first�to�highlight�the�association�of�diverse�demographic�and�occupational�

factors�with� the� mental� health� condition� of� HCWs� during� the� pandemic,� in�Canada.�We� also�

considered� the� role� of� access� to� PPEs� on� HCWs'� mental� health� conditions.� Unlike� existing�

literature,�we�studied�the�individual�impact�of�each�of�the�following�factors�on�the�mental�health�

of� HCWs,� while� holding� the� rest� constant.� Demographic� factors� include� age� group,� gender,�

province� of� the� workplace,� and� immigration� status.�Occupational� factors� include�work� status,�

frontline�category,�and�exposure� to� confirmed�or� suspected�COVID-19�cases.� Finally,�we�also�

considered�access�to�several�PPEs.�The�findings�of�the�study�will�be�of�prime�importance�to�key�

stakeholders,�including�mental�health�support�program�planners,�healthcare�policymakers,�HCWs�
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themselves,�and�researchers�in�the�area.�The�goal�of�this�paper�is�to�understand�which�factors�were�

associated�with�worsened�mental�health�conditions�in�HCWs�after�the�start�of�the�pandemic.��

Methods��
Data�Sources,�Study�Procedure,�and�Participants��

We�utilized�a�data�set�from�a�recent�cross-sectional�survey�by�Statistics�Canada�on�the�impacts�of�

COVID-19�on�healthcare�workers.�Unlike�other�traditional�Statistics�Canada�surveys,�a�random�

selection�of�participants�was�not�utilized.� Instead,�Statistics�Canada�sent� an�email� invitation� to�

HCWs�across�Canada.�Then,�a�snowball�sampling�procedure�was�utilized.�The�invitation�included�

a�link�to�an�online�survey�that�was�available�through�Statistics�Canada’s�web�page.�Accordingly,�

18,139� responses� were� collected� between� 24� November� and� 13� December� 2020� across� seven�

provincial�and�territorial�regions�in�Canada.�No�data�was�collected�for�this�survey�beyond�these�

dates.�Only� responses�by�HCWs�were�included�in� the�data�set.�The�responses�were�completely�

anonymized�by�Statistics�Canada.�

The�questionnaire�asked�HCWs�for� information� related� to� the� job�environment,�demographics,�

geography,�and�information�on�access�to�PPEs�as�background�information.�Adaptive�questioning�

was� utilized.� Our� study� was� limited� to� these� three� factors� categories� only:� demographics,�

occupational,�and�access�to�PPEs�based�on�the�available�data�from�Statistics�Canada.�In�assessing�

mental�health�well-being,�the�survey�asked�HCWs:�compared�to�before�the�COVID-19�pandemic,�

how�would�you�say�your�mental�health�is�now?�HCWs�self-reported�their�perceived�mental�health�

on�a�5-point�Likert�scale:�much�better�now,�somewhat�better�now,�about�the�same,�somewhat�worse�

now,�much�worse�now.��

Statistical�Analysis�Strategy�

Our�study�uniquely�studied�the�association�of�various�interesting�factors,�as�depicted�in�Figure�1,�

with�HCW�mental�health�conditions�as�compared�to�before�the�start�of�the�pandemic.�To�consider�
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each�factor�separately,�we�employed�a�multivariate�ordinal�logistic�regression�[17,18].�The�model�

is�defined�in�the�enclosed�supplementary�material.�The�dependent�variable�is�the�state�of�mental�

health�of�the�respondents.�We�reduced�the�mental�health�state�categories�from�the�five�mentioned�

above�to�three:�improved,�same,�or�worsened,�to�yield�statistically�significant�model�estimates.�The�

independent� variables� include� demographics� such� as� age,� gender,� immigration� status,� and� the�

province�of�the�workplace.�Occupational�variables�include�work�status,�occupational�group,�and�

exposure�to�COVID-19�cases.�The�model�also�estimated� the�association�of�HCWs’�access� to�a�

variety� of� PPEs,� such� as� respirators,� eye� protection,� and� face� shields.� Access� to� PPEs� is� also�

reported�by�the�HCW�on�a�5-point�Likert�scale,�which�we�reduced�to�3�categories:�always�available,�

sometimes� available,� or� never� available,� to� yield� statistically� significant� model� estimates.� All�

responses�are�self-reported.�Analyses�were�conducted�in�RStudio�V�1.4.1717.�

Figure�1.�Factors�associated�with�HCW�mental�health.�

�

Ethical�Considerations�

Data� collected� by� Statistics� Canada� is� reviewed� based� on� the� following� principles:� privacy,�

security,�transparency,�accountability,�trust,� sustainability,�data�quality,� and�fairness,� as�well�as�

well-vetted�to�be�harmless�to�participants�or�the�public.�All�ethical�approvals�were�considered�by�
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Statistics�Canada.�No�further�ethical�approval�to�use�this�data�was�required�by�the�authors�and�the�

survey�data�is�made�available�to�the�public.�This�study�is�exempt�from�further�ethical�approval.�

Furthermore,�the�authors�also�did�not�have�access�to�information�related�to�the�development�and�

testing�of� the� survey.�The�authors� are� also�not�aware� of�any�compensation�provided� to� survey�

participants.��

Results�
Participant�Profile�

From�the�full�data�set�of�18,139�responses,�we�considered�nonduplicate�responses�that�provided�

valid� answers� to� all� questions� of� interest� to� this� study� (N=13,990).� The� remaining� responses�

contained�missing�or�invalid�responses.�For�the�considered�population,�Table�1�outlines�the�number�

of� observations� and� percentages� for� different� demographic� factors:� age� group,� gender,� and�

immigration� status.� The� number� of� observations� and� percentages� are� also� calculated� for�

occupational�factors�including�the�province�of�the�primary�workplace,�work�status�(full-time�versus�

part-time),� front-line�work�status,� occupational�group,�and�exposure� to� confirmed�or� suspected�

COVID-19�cases.�Additionally,�the�last�three�rows�of�Table�1�outline�PPE�access�levels�for�three�

different�PPEs:�face�shields,�eye�protection,�and� respirators.�Overall,�4,261�(31%)�HCWs�were�

under�35�years�old.�Females�were�the�majority�of�the�population,�12,682�(91%).�Non-immigrant�

HCWs�were�12,510�(89%).�HCW�workers�were�distributed�across�seven�regions,�with�the�largest�

group�of�6,626� (47%)�working�in�Ontario.�The�majority,�10,152�(73%),�of�HCWs�worked�full-

time,�and�5,511�(39%)�were�non-frontline�allied�health�professionals.�Fifty-nine�percent�of�HCWs�

did�not�report�exposures�to�confirmed�or�suspected�COVID-19�cases.�As�for�access�to�PPEs,�10,758�

(77%)�HCWs�always�had�access�to�face�shields,�10,118�(72%)�always�had�access�to�eye�protection,�

and�6,898�(49%)�always�had�access�to�respirators.�

�
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Table�1.�Participant�demographic,�occupational,�and�PPE�access�characteristics.�

Characteristics�� Value,�n�(%)�

Age�(years)� �

� <�35�� 4261�(31)�

� 35-44�� 3962�(28)�

� 45-54�� 3415�(24)�

� ≥�55�� 2352�(17)�

Sex� �

� Male� 1308�(9)�

� Female� 12682�(91)�

Immigration�status� �

� Non-immigrant� 12510�(89)�

� Immigrant�� 1480�(11)�

Province�of�workplace� �

� Atlantic�provinces� 1972�(14)�

� Quebec� 832�(6)�

� Ontario� 6626�(47)�

� Manitoba�and�Saskatchewan� 1308�(9)�

� Alberta� 2018�(14)�

� British�Columbia� 1194�(9)�

� Territories� 40�(<�1)�

Work�status� �

� Full-time� 10152�(73)�

� Part-time� 3838�(27)�

Frontline�occupation� �

� Physician� 397�(3)�

� Nurse� 4689�(34)�

� Emergency�medical�personnel� 223�(2)�

Non-frontline�occupation� �

� Personal�support�worker�� 454�(3)�

� Allied�health�professional� 5511�(39)�

� Laboratory�worker� 1267�(9)�

� Pharmacist� 169�(1)�

� Dental�professional� 1280�(9)�

Exposure�to�confirmed�or�suspected�cases� �

� Yes� 5802�(41)�

� No� 8188�(59)�

Access�to�PPEs:�Face�shields� �
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� Always/Usually�available� 10758�(77)�

� Sometimes�available� 1070�(8)�

� Never�available� 357�(3)�

� Skipped�answer� 1805�(13)�

Access�to�PPEs:�Eye�protection� �

� Always/Usually�available� 10118�(72)�

� Sometimes�available� 1132�(8)�

� Never�available� 556�(4)�

� Skipped�answer� 2184�(16)�

Access�to�PPEs:�Respirators� �

� Always/Usually�available� 6898�(49)�

� Sometimes�available� 1369�(10)�

� Never�available� 676�(5)�

� Skipped�answer� 5047�(36)�

�

In�the�following,�we�present�the�results�for�estimating�the�associations�between�the�various�factors�

and�the�likelihood�of�worsened�mental�health�conditions�for�HCWs.�

Analysis�Results:�Demographic�Factors�

Model�estimates�are�expressed�as�odds�ratios�(OR),�as�presented�in�Table�2.�These�ORs�indicate�

the�odds�of�worsened�mental�health�conditions�as�compared�to�before�the�start�of�the�pandemic.�

Based�on�the�odds�ratios�in�Table�2,�HCWs�who�are�younger�than�35�years�old�were�more�likely�

(OR�=�1.14)�to�exhibit�worsened�mental�health�conditions�as�compared�to�the�reference�group�(35�

to� 44� years� old).� Furthermore,� those� aged� 45-54� and� 55� and� older�were� less� likely� to� exhibit�

worsened�mental�health�conditions�compared�to�the�reference�group�(OR�=�0.71�and�OR�=�0.55).�

Hence,�the�older�the�HCW,�the�lower�the�likelihood�of�worsened�mental�health�conditions.�As�for�

gender,�male�HCWs�were�less�likely�(OR�=�0.76)�to�exhibit�worsened�mental�health�conditions�as�

compared�with�their�female�counterparts.�Immigrant�HCWs�were�also�less�likely�(OR�=�0.57)�to�

exhibit�worsened�mental�health� conditions� as� compared�with� non-immigrants.� Geographically,�

HCWs� working� in� Alberta� have� the� highest� likelihood� of�worsened�mental� health� conditions.�
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HCWs� living� in� the� following� provinces� were� less� likely� to� exhibit� worsened� mental� health�

conditions� by� 0.92,� 0.91,� 0.78,� 0.74,� 0.66,� and� 0.57:� British� Columbia,� Manitoba� and�

Saskatchewan,�Ontario,�Quebec,�the�Atlantic�provinces,�and�the�North�Territories,�respectively.��

Analysis�Results:�Occupational�Factors�

Frontline�HCWs,�such�as�physicians,�nurses,�and�emergency�medical�personnel,�were�more�likely�

(OR�=� 1.26)� to� exhibit�worsened�mental� health� conditions� compared� to� non-frontline�workers�

(personal� support� workers,� allied� health� professionals,� laboratory� workers,� pharmacists,� and�

professionals).�Part-time�HCWs,�however,�were�less�likely�(OR�=�0.85)�to�exhibit�worsened�mental�

health� conditions.� Furthermore,� HCWs� who� reported� encountering� suspected� or� confirmed�

COVID-19�cases�were�more�likely�(OR�=�1.55)�to�exhibit�worsened�mental�health�conditions.��

Analysis�Results:�Access�to�PPEs�

HCWs�who�never�had�access�to�PPEs�such�as�respirators,�eye�protection,�and�face�shields�exhibited�

the�highest�likelihood�of�worsened�mental�health�conditions�as�compared�to�those�who�always�had�

access�to�such�PPEs.�For�instance,�HCWs�who�never�had�access�to�respirators�were�more�likely�

(OR=1.31)�to�exhibit�worsened�mental�health�conditions�as�compared�to�those�who�did�not�need�

this�PPE.�Similar�trends�were�exhibited�with�access�to�eye�protection�(OR=1.51)�and�face�shields�

(OR=1.41).�

Table�2.�Estimates�for�the�ordinal�regression�model�for�various�factors�associated�with�the�mental�health�conditions�of�HCWs.�

Independent�Variables� β�(95%�CI)� (SE)� OR� P�value�
Age�group�(reference�=�35�to�44�years)�
� Less�than�35�years�of�age� 0.13�(1.03�to�1.27)� 0.05� 1.14� .014�
� 45-54�years� -0.35�(0.64�to�0.78)� 0.05� 0.71� <.001�
� 55�and�older� -0.60�(0.49�to�0.61)� 0.06� 0.55� <.001�
Gender�(reference�=�female)�
����� Male� -0.28�(0.67�to�0.86)� 0.06� 0.76� <.001�
Immigration�status�(reference�=�non-immigrant)�
����� Immigrant� -0.56�(0.51�to�0.64)� 0.06� 0.57� <.001�
Work�location�(reference�=�Alberta)�
� �Atlantic�provinces� -0.41�(0.57�to�0.77)� 0.07� 0.66� <.001�
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Discussion�
Principal�Findings�

The�statistical�analysis�in�this�study�found�that�HCWs�who�are�younger�than�35�years�old�were�

found�to�be�more�likely�to�exhibit�worsened�mental�health�conditions�as�compared�to�HCWs�aged�

35-44� years.� Male� HCWs� were� less� likely� to� exhibit� worsened� mental� health� conditions� as�

compared�to�female�HCWs.�Immigrant�HCWs�were�also�less�likely�to�exhibit�worsened�mental�

health�conditions�as�compared�to�non-immigrant�HCWs.�In�contrast,�HCWs�working�in�Alberta�

had�the�highest�likelihood�of�worsened�mental�health�conditions�as�compared�to�HCWs�working�

elsewhere� (Atlantic� provinces,�QC,�MB,�SK,�ON,�BC,� and�NT).�Frontline�workers�were�more�

likely�to�exhibit�worsened�mental�health�conditions�as�compared�to�non-frontline�HCWs.�Part-time�

HCWs�were� less� likely� to�exhibit�worsened�mental�health� conditions� as� compared� to� full-time�

HCWs.�HCWs�who�reported�encountering�COVID-19�cases�were�more�likely�to�exhibit�worsened�

� QC� -0.30�(0.61�to�0.89)� 0.09� 0.74� <.001�
� MB�/�SK� -0.09�(0.77�to�1.08)� 0.08� 0.91��� .27�
� ON� -0.24�(0.70�to�0.88)� 0.06� 0.78� <.001�
� BC� -0.09�(0.77�to�1.09)� 0.09� 0.92� .309�
� NT� -0.56+�(0.30�to�1.15)� 0.34� 0.57� .013�
Work�status�(reference�=�full-time)�
� Part-time� -0.16�(0.76�to�0.93)� 0.04� 0.85� <.001�
Job�setting�(reference�=�non-frontline)�
� Frontline� 0.23�(1.16�to�1.38)� 0.05� 1.26� <.001�
Contact�with�COVID-19�cases�(reference�=�no�contact)�
� Exposure� 0.44�(1.41�to�1.70)� 0.05� 1.55� <.001�
Access�to�respirators�(reference�=�did�not�need)�
� Always� -0.03�(0.88�to�1.07)� 0.05� 0.97� .13�
� Sometimes� 0.30�(1.14�to�1.59)� 0.08� 1.34� <.001�
� Never� 0.27�(1.07�to�1.62)� 0.10� 1.31� <.001�
Access�to�eye�protection�(reference�=�did�not�need)�
� Always� -0.03�(0.85�to�1.10)� 0.06� 0.97� 0.17�
� Sometimes� 0.29�(1.08�to�1.65)� 0.11� 1.33� <.001�
� Never� 0.41�(1.17�to�1.96)� 0.13� 1.51� <.001�
Access�to�face�protection�(reference�=�did�not�need)�
� Always� 0.26�(1.14�to�1.48)� 0.07� 1.30� <.001�
� Sometimes� 0.40�(1.21�to�1.86)� 0.11� 1.50� <.001�
� Never� 0.35�(1.05�to�1.92)� 0.15� 1.41� .023�
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mental�health�conditions�as�compared�to�HCWs�who�reported�no�contact�with�the�disease.�As�for�

PPEs,�HCWs�who�never�had�access�to�respirators,�eye�protection,�and�face�shields�were�more�likely�

to�exhibit�worsened�mental�health�conditions�as�compared�to�those�who�always�had�access�to�the�

same�PPEs,�respectively.��

Comparison�with�Prior�Work�

Previous�research�has�shown�that�shock�events�can�result�in�psychological�trauma�to�HCWs�[19-

21].�To�the�best�of�our�knowledge,�our�study�is�the�first�to�assess�the�association�of�a�comprehensive�

variety�of�factors�(demographics,�occupational�factors,�and�access�to�PPEs)�independently�with�the�

mental�health�conditions�of�HCWs.�

With�regards�to�demographic�factors,�a�study�found�gender�to�be�associated�with�worsened�mental�

health�conditions�of�HCWs.�Female�medical�staff�exhibited�a�higher�incidence�of�severe�anxiety�

than�males�[22].�Gender�was�also�found�as�a�predictor�of�increased�anxiety�and�distress�in�a�study�

that�found�female�HCWs�more�vulnerable�to�such�conditions�than�males�[23].�Our�study�findings�

corroborate�these�findings.�Similarly,�for�age,�our�results�demonstrated�that�older�HCWs�exhibited�

less�likelihood�of�worsened�mental�health�conditions.�This�agrees�with�findings�from�a�study�in�the�

Middle� East� that� found� older� workers� enjoyed� better� mental� health� conditions� than� younger�

workers�[24].�Older�HCWs�with�longer�work�experience�seemed�to�have�handled�the�pandemic�

better�than�their�younger�counterparts.�Another�study�found�that�HCWs�40�years�or�older�were�less�

likely�to�report�higher�anxiety�during�the�pandemic,�as�compared�with�younger�HCWs�[25].�Our�

results�confirm�such�findings�as�well.��

As� for�occupational� factors,�our�findings�align�with�a�cross-sectional�study�conducted�in�Oman�

which�found�frontline�workers�to�be�more�likely�to�have�anxiety�and�sleep�problems�[26].�This�was�

attributed�to�frontline�workers’�increased�awareness�of�the�mortality�rate�of�COVID-19�and�their�
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fear�of�contracting�the�virus.�Similar�findings�were�reported�by�a�study�conducted�in�China�as�well�

[27].� Exposure� to� COVID-19� cases� has� been� recognized� as� a� risk� factor� associated� with� an�

increased� likelihood� of� mental� health� issues� in� the� literature.� For� instance,� in� France,� female�

urologists�working�on�the�frontline�were�1.41�times�more�likely�to�feel�a�degree�of�stress�during�

their�duties.�Of�this�group,�those�who�worked�in�a�department�where�COVID-19�patients�are�treated�

were�1.85�times�more�likely�to�report�a�degree�of�stress�during�work�duties�[28].�This�was�attributed�

to�the�workers’�fear�of�infection�and�the�spread�of�the�virus.�Direct�involvement�with�COVID-19�

care� is�also� found�to�be�highly�associated�with�fear,�depression,�and�anxiety�as�compared�with�

those�working�under�lower-risk�conditions�[29].�The�authors�attributed�this�to�the�workers’�fear�of�

bringing�the�virus�to�their�families�at�home.��

As�for�the�work�setting,�contrary�to�our�findings,�the� literature�reports�higher�levels�of�fear�and�

anxiety�among�part-time�HCWs�than�among�full-time�[30].�Another�study�in�France�found�part-

time�HCWs�to�exhibit�a�greater�association�with�distress�[31].�Given�the�small�number�of�part-time�

HCWs� in� our� study,� caution� should� be� observed� in� interpreting� the� results.�Regarding� factors�

related�to�access�to�PPEs,�access�to�PPEs�was�found�to�be�associated�with�better�health�and�less�

stress�[24].�Lack�of�access�to�PPE�was�found�to�be�a�major�source�of�HCW�stress�in�a�study�that�

surveyed� emergency� physicians� [32].� In� Canada,� a� study� found� inadequate� PPE� supply� is�

associated�with�increased�symptoms�of�anxiety�and�depression�among�HCWs�[33].�Workers�were�

concerned�about�the�ability�to�access�sufficient�PPEs�during�work�hours.�These�findings�are�in�line�

with�our�results.�Compared�to�studies�in�the�literature,�our�study�is�the�first�comprehensive�study�

that�assesses�the�association�of�a�diverse�pool�of� factors� including�demographics,�occupational,�

and�access�to�PPEs,�with�HCWs’�mental�health�conditions.��
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Implications:�Mental�Health�Programming��

Our�comprehensive� study�sheds� light�on� the�association�of�various� factors�with�HCWs'�mental�

health�after�the�start�of�the�pandemic.�It�helps�in�understanding�the�vulnerability�of�various�HCW�

groups�to�mental�health�during�such�events.�Certain�groups�were�at�substantially�higher�risk�of�

exhibiting�worsened�mental�health�conditions�after�the�pandemic,�hence�the�need�for�a�specialized�

support�program�to�target�this�group.�As�a�direct�implication,�the�findings�can�be�used�to�inform�

guidelines� for�mental� health� support� for�HCWs� during� future�public� health�emergencies.� Such�

mental�health�support�may�be�directed�more�specifically�to�more�vulnerable�groups.�Literature�has�

pointed� to� the� importance� of� an� evidence-based� approach� to� designing�mental� health� support�

programs�for�HCWs�[34,35].�For�instance,�a�study�in�Alberta�during�the�pandemic�pointed�to�the�

importance� of� understanding� HCWs’� occupational� settings� and� mental� health� mitigation�

techniques�[16].�Others�have�discussed�the�importance�of�support�programs�for�HCWs�during�the�

pandemic�based�on�need�and�background�[36,37].�More�importantly,�many�studies�highlighted�the�

importance�of�designing�personalized�mental�health� support�programs�based�on�various� factors�

including�demographic�and�occupational�factors�[38,39].�Some�of�these�programs�utilized�mobile�

technology�to�offer�mental�health�support�to�HCWs�[35,40].�As�such,�our�study�aims�to� inform�

stakeholders�of�such�factors�associated�with�HCW�groups�most�vulnerable�to�future�events�such�as�

the�pandemic�and�health�crises.��

Limitations�and�Future�Direction�

This�study�has�several�limitations.�First,�the�scope�of�the�study�was�limited�to�assessing�mental�

health�in�general�without�measuring�different�mental�condition�forms�such�as�depression,�anxiety,�

and�fear.�This�is�due�to�the�limited�data�offered�by�the�survey�we�utilized.�Second,�participants�

were�asked,�"Compared�to�before�the�COVID-19�pandemic,�how�would�you�say�your�mental�health�

is�now?".�That�is,�HCWs�had� to�objectively�compare� their�mental�health� state�at� the� time�they�
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received�the�survey,�to�sometime�in�the�past.�There�may�be�some�variation�in�how�HCWs�perceive�

this�comparison.�Third,� data�collected�was�at�a� single�point� in� time�which� limits� the�ability� to�

compare� mental� health� assessments� to� later� periods� in� the� pandemic� and� during� subsequent�

pandemic�waves.�Fourth,�no�information�about�HCW�medical�history�is�collected�in�the�current�

survey.�In�future�research,�we�recommend�collecting�data�at�different�points�in�the�given�event�to�

allow�for�a�time-series�analysis�and�comparison�at�different�crucial�points�of�the�event.�We�also�

suggest� the�collection�of� distress� information�and�whether� the� conditions� persisted� beyond� the�

initial�shockwave.�HCWs’�years�of�work�experience�and�ethnicity�information�can�also�be�useful�

in� future�studies.�We�also�believe�medical�history,�particularly� a�pre-existing�history�of�mental�

health�disorders,�is�an�important�factor�associated�with�the�mental�health�conditions�of�HCWs�and�

should�be�considered�in�future�studies.��

Conclusions�

This�study�investigated�the�factors�associated�with�worsened�mental�health�conditions�of�HCWs�in�

Canada� during� the� pandemic.�Our� study� suggested� the� association� of� various� factors�with� the�

likelihood�of�HCWs�exhibiting�worsened�mental�health�conditions�as�compared�to�feeling�neutral�

and�better.�In�agreement�with�the�literature,�our�findings�concluded�that�younger�(versus�older),�

female� (versus�male),�non-immigrant� (versus�immigrant),�full-time�(versus�part-time),�frontline�

(versus� non-frontline)� HCWs� living� in� Alberta� (versus� other� provinces)� exhibited� a� higher�

likelihood�of�worsened�mental�health�conditions�as�compared�to�those�who�felt�neutral�or�better.�

Those�who�reported�concerns�about�access�to�PPEs�also�exhibited�the�same�trend.�Such�findings�

can�guide�the� future�development�of�healthcare�programming�and�inform�mental�health�support�

planning� for�HCWs.�COVID-19� is� a� shock�event� that� introduced�uncertainty� to� the�healthcare�

system.��
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LIST�OF�ABBREVIATIONS�

HCWs:�healthcare�workers�

MERS:�Middle�East�Respiratory�Syndrome�

OR:�odds�ratio�

PPE:�personal�protective�equipment�

SARS:�severe�acute�respiratory�syndrome��

WHO:�World�Health�Organization�
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Chapter�5�

Conclusions�
�

This�dissertation� introduced� three� unique�but� interrelated�projects.�The� first� studied� the�

association�between�consumer�demographics�and�the�change�in�online�shopping�levels�across�12�

product�categories.�There�were�several�implications�from�this�study.�After�the�pandemic�started,�an�

increase�in�online�spending�on�various�products�was�associated�with�consumer�certainty�about�the�

online� shopping�channel.�Consumer�groups� that� felt�more�comfortable�with� the�online� channel�

increased�shopping�faster� than�others.�Also� interesting�was�that� the� study�found� that� the�online�

shopping�channel�provided�a�viable�alternative�to�shopping�during�physical�store�closures.�Hence,�

online�shopping�plays�a�crucial�role�in�supporting�consumer�spending.�

Demographically,�female�consumers�were�more�likely�to�increase�online�spending�after�the�

pandemic�than�males.�Younger�consumers�exhibited�the�same�trend.�The�older�consumer�group�

exhibited� slower� online� channel� adoption� due� to� their� uncertainty� about� it.� As� such,� it� is�

recommended� that�educational�programs� that� familiarize� these�groups�with�online� shopping�be�

introduced�to�prepare�them�for�future�events�where�access�to�physical�stores�is�restricted.�Similarly,�

consumers�outside�urban�areas�exhibited�slower�adoption�of�online�shopping;�further�research�is�

recommended�to�understand�the�reasons;�we�suspect�that�lack�of�internet�or�computer�devices�may�

have�contributed�to�the�slower�adoption.�Such�deterrents�need�to�be�addressed�to�enable�this�group�

in�future�circumstances.��

�
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The� second� offered� an� in-depth� analysis� of� online� grocery� shopping� behavior� after� the�

COVID-19�pandemic�and�associated�that�analysis�with�the�demographic�backgrounds�of�online�

shoppers.�The�study�found�that�consumers�with�higher�incomes,�who�are�younger,�male,�and�have�

higher�education,�increased�their�online�grocery�shopping�activity�after�the�start�of�the�pandemic.�

Interestingly,�immigrant�consumers�and�those�living�outside�urban�areas�have�not�followed�suit.�

Using�the�Technology�Acceptance�Model�(TAM),�the�slower�adoption�by�this�group�was�attributed�

to� the� perception� of� a�higher� risk�association�with�online� shopping� and� the� difficulty� of� using�

technology� in� completing� transactions.� To� be� ready� for� future� events,� this� group� needs� more�

attention� to� facilitate� the� adoption� of� online� grocery� shopping.�This�may� be� achieved� through�

educational�incentives�and�more�access�to�technology.�

The�third�manuscript�introduced�a�unique�association�between�the�worsened�mental�health�

of� healthcare� workers� in� Canada� and� their� demographic� and� occupational� factors.� These�

manuscripts�commonly�utilized�various�data�analytics�techniques�and�offered�an�interpretation�of�

the� findings�with� theory.� Interestingly,�we�found� that�healthcare�workers� in�Alberta�were�more�

likely� to� experience� significantly� worsened� mental� health� conditions� during� the� pandemic� as�

compared�to�their�counterparts�in�other�examined�provinces.�As�such,�more�attention�is�suggested�

to� understanding� the� factors� associated� with� those� conditions,� especially� those� related� to� the�

geography�of�their�workplace.�Perhaps�more�mental�health�support�is�recommended�in�Alberta�to�

mitigate� the� impact� of� this� condition.� In� contrast,� immigrant� healthcare�workers� seem� to� have�

exhibited�less�likelihood�of�worsened�mental�health�conditions�during�the�same�period.�More�light�

needs�to�be�shed�on�the�factors�contributing�to�this�finding.��

�



126�
�

The�manuscripts�have�several�limitations.�In�the�first�manuscript,�the�analysis�was�based�

on�cross-sectional�data�collected�at�a�point�in�time� that� compares�consumer�spending�before� to�

after.�More�substantive�findings�can�be�derived�from�time-series�collected�data�over�multiple�points�

in�time,�especially�during�closures.�Also,�the�dataset�used�in�the�study�offered�a�limited�indication�

of�participants’�region�of�residency.�Future�data�collection�with�city�or�province�variables�will�yield�

more�insight�into�online�spending�by�geography.�

Furthermore,�the�dataset�used�here�is�limited�in�observation�count.�It�does�not�allow�for�the�

statistically�significant�modeling�of� interaction� terms,�which�can�offer�a�deeper�insight� into�the�

factors�associated�with�online�spending.�Lastly,�the�dataset�utilized�in�this�paper�does�not�allow�the�

modeling� of�other�TCE�dimensions,� such� as� asset� specificity� and� frequency.�The� collection�of�

supporting�data�will� enable� the� study�of� such�dimensions�and�offer�deeper� insight� into� factors�

impacting�consumer�behavior�in�the�light�of�the�TCE.�

As� for�the�second�manuscript,�the�dataset�used�here�does�not�provide�amounts� spent�on�

OGS.� Such� information� can� give� more� insight.� Also,� more� data� can� be� collected�

to� model� other� TAM3� constructs,� such� as� computer� anxiety,� perceived� enjoyment,�

and� objective� usability.� Such� constructions� can� shed� more� light� on� the� observed�

consumer�behavior.�

The�third�manuscript�also�has�several�limitations.��First,�the�scope�of�the�study�was�limited�

to�assessing�mental�health�in�general�without�measuring�different�mental�condition�forms�such�as�

depression,�anxiety,�and�fear.�This�is�due�to�the�limited�data�offered�by�the�survey�we�used.�Second,�

participants�were�asked,�“Compared�to�before�the�COVID-19�pandemic,�how�would�you�say�your�

mental�health�is�now?”�That�is,�HCWs�had�to�objectively�compare�their�mental�health�state�from�

the�time�they�received�the�survey�to�sometime�in�the�past.�There�may�be�some�variation�in�how�
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HCWs�perceive�this�comparison.�Third,�data�collected�were�at�a�single�point�in�time,�which�limits�

the� ability� to� compare�mental� health� assessments� to� later� periods� in� the� pandemic� and� during�

subsequent�pandemic�waves.�Fourth,�no�information�about�HCW�medical�history�is�collected�in�

this�survey.�In�future�research,�we�recommend�collecting�data�at�different�points�in�the�given�event�

to� allow� for� a� time-series� analysis� and� comparison� at� various� crucial� points.� We� also�

suggest� collecting� distress� information�and�whether� the� conditions� persisted�beyond� the� initial�

shockwave.� HCWs’� years� of� work� experience� and� ethnicity� information� can� also� be� useful�

in� future� studies.�We� also� believe�medical� history,� particularly� a� preexisting� history� of�mental�

health� disorders,� is� an� essential� factor� associated� with� the�mental� health� conditions� of�HCWs�

and�should�be�considered�in�future�studies.�
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