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Abstract

The academic, financial, and social pressures that emerge when adults begin university
may lead them to encounter mental health challenges (American €bléadth Association
[ACHA], 2016). n Ont ari o, 46.2% of wunivexsestgiuvell eg:
stress whereas 64. 5% r epor t6).Oneapproashtreimaybeg’™ an
useful for enhancing mental health is exergaming whaggs motiorsensor technology
requiring players to move their bodies to complete the videogamerse$simng et al., 2017).
However, studies focused on the effectiveness of exergaming for improving mental health of
university students are scarce in numésed limited in scope. The overall purpose of this
dissertation was to examine the role of exerggmirrelation to mental health reported by
university students. In Study 1, a synthesis of published intervention research using exergaming
to change welbeing— a psychological concept affiliated with mental healtieported by adults
was conducted. Reks from Study 1 indicated that less than 50.0% of the coded stugigsy
either multi or singlegroup (preposttest) research designseported enanced welbeing as a
function of exergaming. In Study 2, the link between the amount and intefisitgrgaming
behaviour per week and mental health reported by university students was evaluated. Results
from Study 2 indicated that university studentowdported more frequent exergaming
behaviour during a typical week displayed lower anxiety andsspies higher flourishing and
vitality. In Study 3, the contributions of exergaming to mental health of university students were
investigated using an exp@ental research design that compared exergaming against other
physical activity behaviours and seffanagement approaches. Results from Study 3 showed that
‘exergamer s’ did not present higher or | ower

exercisers but displayed less stress and anxiety when compared against pet therapy, as well as,



highervi t al ity plus | ower stfrexsegcarmseranxi elthye o em]
studies make it apparent that exergaming may not offeragythihuni que’ as a sti nm

more traditional modes @xerciseput it fosters mental health ohiversity students.

Keywords: Active Video GamingMental Health Quality of Life, Psychosocial Healthhisical
Activity
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Chapter 1

Introduction

Mental health can be defined as a state of-iihg in which the individual recognizes their
potential, is able to work productivelgontributes to the commiiy, and copes with the stresses of life
(World Health Organization [WHO], 2014). When young adults begin their studies at university, they
may face challenges that lead to diminished mental health (Samuolis & Griffin, 2014), Socia
academic, and finandia changes are some factors that can w
(American Coll ege Heal th Associ aBeingaway from@miKk] , 2
and friends may evoke social isolation (ACHA, 2019} #ve number of classes be taken and the
amount of materials to be learned may be stressful (Bergin & Pakenham, 2015). Furthermore,
university students tend to feel stressed about the debts they incurnpdyenient otuition and fees
(Lange & Byrd, 198). Research publishegt the American Psychological Association (American
Psychological Association [APA], 2018) showed that more thartturek of firstyear university
students reported some mental health challenges with a substantial increase #on220QJ (from
22% to 34%).

To address the escalating problem of mental health challespg@dedoy university students
(see ACHA, 2019 for detailspostsecondary edudan institutionshave implemented sever@mpus
wide initiatives. Students hawaccess to programs desgghto enhance mental health such as
counselling, pet therapgt therapymassage therapgindnap pods (Galante et al., 2018). Active
videogames, also known as exergaming, are electronic devices that could bemgedvie the
mental health of univentsi students. Playing exergaming has shown potential to improve mental health
reported by adults living with and without medical conditions (Byrne & Kim, 2019; Chaq 2044

Kappen et al., 2019; Li et al., 2016). dxding to Kooiman and Sheehan (2QXxXergaming



motivates game play vidun stenming from story-based, textual, auditory and visgéimuli
within the game Due tothe entertainmenit | u r eg€rganoirfg, players feel motieat toengagen
behaviar thatsubsequently camprove mental galth (e.g., higher webeing, lower stress and
anxiety; Kooiman & Sheehan, 2015). Howewehijle exergaming may be usefidr changingmental
healthreported byuniversity students, there is limited evidence focused exclusively on the role of
exergamingn relation toindicators ofmental healtlieported bythis cohort.

The overall purpose of this dissertation was to investigate taef@xergaming in relation to
mental health with application to university students. To accomplish this purposesttities were
conducted in this dissertatioStudy 1 was conducted to (a) synthesize the research evidence appraising
the utility of exegaming as an interventionodality to changevell-being— a psychological concept
affiliated with mental healtk of adults, and (b) identify the gaps in the published literature supporting
the use of exergaming as a tool to promote-veihgreported by adultsThe objective of Study 2 was
to examine links between exergaming performed at both moédaraterigorousntersities with
dimensions of mental health reported by university students. Specifecalbrexperimental research
designtegedlinks betweerexergamingehaviarr atbothmoderate and vigorousintensitieswith
levels of stress, anxiety, flourishing, aswbjective vitalityreported by niversity students. Finally, the
purpose of Study 3 wade determine if exergaming impactgental healtleported irfirst-year
university students. A randomized experimental research design was used to examine if egergami
impacts levels of stress, anxiety, flourishing, and vitality reported by university students when the
targets are firsyear university studentStudy 3 also compardbe impact of exergaming on mental
health of firstyear university studenegainstotherapproaches teel-management (e.qg., pet therapy,
etc.).

Mental health challenges amongst university students



Many young adults enrol in pesecondareducatiorduring akey developmental phase lifie
(Samuolis & Griffin, 2014). This phaseoften] abel | ed ‘emer ging adul t hooct
2014)- occurs for most people between 18 to 25 years of agetABD06). Emerging adulthood is a
period of lifeduringwhich young adults explore their identities and define relationships, educatibn, a
careerpaths (Arnett, 2006). It is also a time of emerging autonomy ane®alfs which can bring
instability (Arnett, 2006). It is during this period of transition that young atipisally enter
universitywhich isa phasehatdiffers from thar previousacadent experience¢Goodday et al.,

2019). University students may encounter debilitating pressures (e.g., financial, academic, etc.;

O’ Rei | | y ), excessavé wejght g@alh {e&)., de Vos et al., 2015), disruptions in normal routine
causedy living independently from parents (e.g., Lewis et al., 2015), and reduced sleep quality (e.g.,
Wilson et al., 2014)Someuniversitystudentsiavigateroutine changewith optimism, happness
confiderce, andoverallhigh levels of mental health (Arne006; Samuolis & Griffin, 2014By

contrast othesfind it more difficult to adjust to the challengeshainga university student, which

may lead tadiminishedmental health (Samuolis & Griffin, 2014).

Mental heah comprises feeling happy (i.e., etional weltbeing), searching for personal
growth through purpose in life, sedftceptance, positive relations with peers (i.e., psychological well
being), and doing well making individual contributions to society, @@cial wellbeing; Keyes, 2005;
Ryff, 1989; WHO, 2014). People typically falloag a continuum ranging from low to high mental
health (Canadian Mental Health Association [CMHA], 2019). Following this continuum, those with
high levels of social, psychological and emotional veeling, flouish oftenreportng high levels of
mental healti{Keyes, 2005; SchotariBijkstra et al., 2016). Yet, challenging situations may interfere
with this continuum and decr eas eDijkptaotpll, 20168 | ev el
Challengingsituations may promoteegative mental health suchtasghtenedtress, anxiety, or

sadness (Mental Health Commission of Canada [MHCC], 2&&ykes (2005) argued thateryday



concerns faced by university students may initimtexacerbate thesegeativedimensions ofnental
health

University students wh high levels oktress and/or anxietyiten reportlower levels of welt
being thatandeteriorate over time (Ribeiro et al., 2018). Prior research suggests that young adults
enrolled in universitiedo report diminished mental health compared with-ageched peers not
attending university (e.g., Ibrahim et al., 2013; Keyes et al., 2012; Larcombe et al., 2016; Leahy et al.,
2010; Roberts et al., 1999; Stallman, 2010; Ste®estvn et al., 2000)-or exanple, higher levels of
anxiety and stress (e.g., Ibrahim et al., 2013; McKenzie et al., 2010) plus reduced levels of flourishing
(e.g.,Keyes et al.2012)have been reported by university students compared with peers not enrolled in
university.Stallman 010)research indicated thigvels of distress reported by university students
were more than five times higher than young adults in the same age group who were not enrolled in
universty. Longitudinal investigations have shown that university studeptsrt better mental health

before’” than *“during’ t he-secondany eddcatioricanbet udi e s
anxiogenic and stressducing (e.g., Andrews & Wilding, 2004; Bewick et al., 2010; Cooke et al.,
2006).

In Canada, research conductgdthe ACHA in 2019reported thatiniversity studentsN =
55,284)felt hopeless (63.6%), overwhelmed (88.2%), more than average stress (45.6%), exhausted
(87.6%), lonely (69.6%), sad (76.2%)% well as, anxiet{68.9%)within the past 12 month©®ther
studies focused on university students enrolled in clinical progrargsr{ursingstudents, ety within
Canada report higbverallrates of negative mental healthtirese cohort@Chernomas & Shapiro,

2013; Matheson etl., 2016). Aweb-basedsurvey condcted with medical students and residents
enrolled at Canadian universities showed that 41.5% repoeigtitenedevels of psychological

distress (Matheson et al., 2018¢ditional researctby Chernomas and Shapiro (&) with nursing

students reportedlevatedprevalence of mild to severe forms of anxiety (39%) and stress (38%).



study ofcollege and university students in Ontdriothe ACHA in 2016 reportede x c e s si ve’' s
(46.2%) plus ov er wh el m{eh5§0) Ovarall xitiseemsythat univengistudents worldwide, as
well as in Canada, report levels of mental healthwlzaitantconcernfor this cohort of societfACHA,
2016).

Mental healthexperiencedby university students mayontribute tovariousconsequences
(Hysenbegasi et al., 2005; k¢er et al., 2018). Students with high levels of anxiety and $tes®s
troubleconcentrating on assignments and exams, which in turn, manish academic performance
(Eisenberg et al., 2@0 Hysenbegasi et al., 2005). Other mental health variableglered askey
predictors to successful learning and academic performance of university stondentsflourishing
and vitality (Abdi & Zandipayam, 2019). According to Parker et al. (208&);, 33%of first-year
university students report concerns albmewv routing (e.g.,numberof classes, assignmengdc.),
concerns about meeting new people, feeling lgraiypecomindhomesick. These social, psychological
and emotional challenges may affect uniwads sity
personal growth, ansbcial engagement (Gokcen et al., 2012; Knoesen & Naude, 2018; Parker et al.,
2005). Furthermoreuniversity students may lack energy to study, attend classgsr seek
opportunities tdurther learningGokcen et al., 2012Research byAbdi and Zandipayam (2019)
demonstratethat 3% of the variance academic performaned university students was predicted
by levels offlourishingand subjective vitalityFox et al. (2019) suggest that pestondary institutions
thatomit mental health strategiéscused orflourishing and vitality should rethinthis approach given
the centrality of these mental healfimensiongo academic successported byuniversity students.

Over time, university students facing mental healthlehges may begin to isolate themselves
to a greater degrdeom their peers and withdraw registratiin academic courses (Ishii et al., 2018)
possibly as a result of poor mental health. The availasiearch shows thatudents experiencing

greatementl health challengdsave mordifficulty completing theacademigequirements to



graduate (see Ishii et al., 2018, for detaiB)ce auniversity studengraduates it remains eviddahit
mental health challengeanpersistafter transitioning intaehe workforce (GoldmardMellor et al.,

2014). Young adults with a history of encountgrmental health challenges have been linked with a
higher incidence of disability pension, sickness abseticenished occupational preparedness]
lower performance oheir workrelated dutieg§GoldmaraVellor et al., 2014; Niederkrotenthaler et al.,
2014;Rudman & Gustavsson, 201%/inzeret al., 2018). Considering that poor mental headth c
impact student performance during university and extend throughout lifesgmmstdary institutions
have been tasked with develog thendeploying resources to support the mental health of uniwersit
students (Eisenberg et al., 2007).

What on-campus initiatives can be accessed to improve mental health of university students?

To help address mental health challenges encountered by university students it has become
apparent that effective interventiomsearly stages are considered an important strdtegyniversities
(Harrer et al., 2018). To that end, many universities are beginning to share mental health information
with students through approaches such as panel discussions, prevention videogtas, and
group discussions (Eisenberg et 2009). Such approaches can help to reduce the high demand
evident in campubased mental health centers (Worfel et al., 200&mpusbased mental health
centers have reported increased demand forpheiessional services between 2008 to 2015 (Pendry
etal., 2019). Data reported from over nind¢ltyee possecondary institutions located in United States
of America (USA) showed that counselling appointméetsveer?2008(5.6%)to 2015(38.4%)were
morethan seven times high@Center for Collegiate Ment&lealth [CCMH], 2015). While the demand
for university students who need-oampus mental health services has risen, previous research shows
that only 22.3% of students reported obtaining any mental health or psychologicat suppa
universitybased rantal health center (CCMH, 2015; Eisenberg et al., 2009). Given the burden levied

on campusbased mental health services and the high demand of university students in need of mental


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5885977/#ref-56

health assistance, it has become more impbiteexpandptionsto suppot mental health for
universitystudentgPendry et al., 2019).

Postsecondary institutions may provide a variety of services to support mental health for
universitystudents yet the primary source for mental health care offgrediversities is counseilg
(Goodman, 2017). Universities provide counselling services primarily focusing on students with social,
physical, and emotional demareféectingperformance (Bekere & Tlale, 2019).counselling
sessions, universities offstudents qualified professials who provide confidential, impartial, and
private services designed to address mental health challenges (Corey, 2009). Recent studies emphasize
that counselling sessions may be effective in-gesbndary institutions whestudents feel annoyed,
unhappy, anxious, or lack future aspirations (Bekere & Tlale, 2019). Bekere and 2041@)
recommend universities provide counselling services to assist students with mental health challenges as

these demands may directly affeatste nt s a ¢ a d e Gounsellipgasrjust@me wfanany e
mental health services that could be provided by universities (Corey, 2009).

Universities have also implemented designated places around camairsly in libraries-to
situat e ‘' chafferapotdcsed spaddnti students can use to sleep (Gruber & Cassoff,
2014). The supporting rationale behind introducing nap podssauniversity campuses is that lack of
sleep quality reported by university students is associated with moodnmepajicompromised
memory, dininished academic performance, and poor learning (Gruber & Cassoff, 2014; Hershner &
Chervin, 2014; Killick et al., 2012). On the other hand, university students who use nap pods report
higher quality of life and welbeing pludower perceived stress abdrnout than students not using
this equipment (Hernandez et al., 2019). Installing nap pods in universities helps studentsin reduc
stressandanxietyplusimprove examperformance (e.g., Ng et al., 2019; Sterba, 2013).

While nap pods may contributetoh e uni ver sity students ment &

performance (e.g., Hernandez et al., 2019; Ng et al., 2019), universities have also introduced animal



assisted therapAAT) services for students (Barker et al.,, 206AT —al so known as ' pe
has risen in prominence on university campuses as an intervention to promote mental health during
times of stress for university students (e.g., exam periods; Barkkr 2016). Pet therapy involves
using trained animals as resowt® implementinga therapeutic plan to enhance mental health
(Binfet, 2017). Research investigating the use of pet thecaglyange mental healteported by
university students Isshown promi® (e.g., Quintana et al., 2019; Thelwell, 201f)r example,
university studats interadhg directlywith therapy animals for at least 10 minutes per session report
improved mood, diminished anxiety, and lowered stress (Quintana et al., 2019; Thelwell, 2019; Wood
et al., 2019). To assist university students during stressful tiitleis theacademiderm,sessions
with AAT usually take placduringmid-term andinal exam periods (fielwell, 2019). This strategy is
important because high levels of stress and anxiety can affect university students' ability to concentrate
thus impactg performance during ews (Quintana et al., 2019).

In order to reduce stress and anxiety during the exams periodcaompesesffer massage
therapysessiongor universitystudentgTani & Lee, 2019). This approach is provided to help
university studsts relax, prepare for ams, and reduce stress (Tani & Lee, 20R8kearch focused
on university studentisdicatesmassage therapy has potential to enhance mental health (Katsurada,
2019; Tani & Lee, 2019). For example, a pilot study conducted by kalz{2019) using 11 fensal
university students reported a significant decrease in levels of stress afterutés of massage
therapy (Katsurada, 2019). These results are consistent with other research that demonstrated 10
minutes of massage therapy iruyg Japanese athletes moyed levels of stress, anger, confusion,
depression, vigour, fatigue, and tension (Tani & Lee, 2019).
Impact of physical activity on mental health of university students

Anot her effective appr oaneal Heathtbab@amgtedby ni v er s

university campuses is physical activity (Andersen et al., 2019). Physical activity is widely recognized



as one approach tmprove mental healtbf university stuénts given theosteffective nature of this

strategy(e.g, Andersen et al., 2019; Chekroud et al., 2018; Kadariya et al., 2019; Pengpid & Peltzer,

2018; Piggin et al., 2017). Physical activity is the amount of energy resulting from any bodily

movement ppduced by the skeletal muscles (Westerterp, 2013). Taleatmiount of energy varies

from low to vigorous (Hills et al., 2014). Exercise is typically considered to be a subcategory of

physical activity that constitutes planned, structured, purposive ggetitive motion aiming to

condition the body, as well anaintain or improve physical fithess and health (Kylasov & Gavrov,

2011; WHO, 2002). Public health agencies (e.g., American College of Sports Medicine [ACSM], etc.)

have published evidendmsed gidelines recommending the frequency, intensity, duratiod,mode

of physical activityto preventdisease and/ananage existing healttonditiors (Zenko & Ekkekakis,

2015). Research has demonstrated that physical activity is effective in minimizingktbenon

communicable diseases such as diabetes meltifmdiovascular diseases, obesity, depression,

hypertension, cancer, stroke, chronic lung di sce

(Andersen et al., 2016; Bouchard et al., 19%& & Skerett, 2001). Published reviews further

highlight the pogive impact of exercise and physical activtgven at low dosesonimproved

mental health (e.g., Baker et al., 2016; Bondar et al., 2019; Gordon et al., 2017; Kadariya et al., 2019).
Across thepublished reviews, it is evident that being physicalljvacdecreases negative

indicators of mental health reported by university students feducedosychological distress after

physical activityinterventions Muir et al., 2019)University students with a sedentary lifestyle report

higherlevels of stres and anxiety (Lee & Kim, 2019ngagemenn physical activityby university

studentsas improed mental health of this cohort (e.g., Dev & Rahman, 2016pGz et al., 2019;

Muir et al., 2019)For example, regulgrhysical activityhasdecreasgunive r si ty st udent s’

stress, depression, anxiety, distress, and fatigue (Ghrouz et al., 2019; Hossain et al., 2020; Muir et al.,

2019).Overall,researctdemonstrates that physical activity is uséfulpromoting emotional
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intelligence, quality ofife, and weltbeing of university students (Dev & Rahman, 2016; Muir et al.,
2019).
Physical activity in university students

Despite the benefits of mental health attributable to physical activity, it is widely accepted that
the adoption and maintenanafa physically active lifestyle is a challenge across the lifespan (Kelly &
Barker, 2016). This is particularly evident inwa adults (aged 184 years old) where physical
inactivity levels exceed current recommendations (Willmott et al., 2019). Witivetudents have
been identified as the cohort at the highest risk for physical inactivity (Cocca et al., 2014). According to
Romaguera et al. (2011), levels of physical activity in university students may decline because physical
activity becomes voluaty after high school or due in part to the routine tasks imposed by studying for
auniversitydegree (Downes, 2015; Velarb& Elgar, 2009). To illustrate this point, a survey of
university students from 22 universities wavide (e.g., Nigeria, MexicoChina,etc) reported the
prevalence of engaging in regular physical activitiefined a2 hours and 30 minutesinimum per
week- wasonly 20.7% (Peltzer et al., 2014)evels of physical activity in university studeigpear
lower thanagematched persnot pursuing universiteducationCocca et al., 2014). Researchers have
reported that young people not enrolled in unities may engage, on average, in 103 minutes of
moderateto-vigorousintensity physical activity per day whereas university sttglengage on average
in only 57 minuteper day(Coccaet al., 2014). In a recent study conducted with university students
enrolled at Canadian pesecondary institutions less than half (42%) of the female participants
reported exercising regularly (Sévet al., 2019).

Given the potential mental healenefits of regular physical activity for university students,
combined with th@bservedarticipation rateseported bythis cohort, it has become imperative that
viable alternatives to encouraging gioal activity in university student'ecomes an impant area of

research focuOne technology that may prove useful in this regard is exergaming (Huang et al., 2017).
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What is exergaming?

Exergaming is a novel approach to physical activity that combides ganmg with motion
sensor technologyhich mandges thappeoplemove their bodies to complete sessions (Witherspoon,

2013). This category of videogame was initially developed in 1980 by a Japanese company (called
Bandai) to encourage physical adiyvin children/adolescents, with subsequent implemiemtatcross
recreation and health centers, gyms, and videogame facilities (ACSM, 2013; Bogost, 2005). By 2009,
exergaming sales worldwide had generated revenues of US$2 billion (ACSM, 2013; Jortsalattir e
2018).

The first known exEalgamek wawn ‘' £ w'eF a rRialdy Fun
2005). Bandai developed this game originally before the Nintendo Entertainment System released the
game to a North American market in 1988 (Bogost, 2005)elP Pad is a floor mat that is connected
to a Nintendaconsole via the television (Sinclair et al., 2007). The mat has twelve pressis@s
which require players to jump and step at speed to move the character within the game (Fell & Ferrier,
1993). Mst of the ‘Power Pad’ (¢ drmejsmpiagobstables,suarding,on O
etc.) which enhanced this game’s popularity (Fe

The popularity of exergaming increased in 1998 when Dance Dance Reav@ibd&) was
released for purchase (Murphy et al., 20@DR is considered a pioneer in the genre of ddrased
exergames with the original version released as aamenated game for arcade venues
(Behrenshausen, 200T)ke* P o we r P-baded yveishsohD®R include a mat connected to
sensors and pliarms (e.g., Nintendo, PlayStation, Xbox, etc.). To activate this game, players must
step on arrows in sequence to complete choreographed dance movements (Unnithan et al., 2006).
Players are guided lmyn-screen prompts to step on corresponding arrowsthgtispeed of the game

based on the accompanying song’s beat (Murphy e
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There are several categories of exergames (e.g., action, dance, adventure, etc.) that vary how
play is developed baden the genre of game and specific console usegamee (Sheehan & Katz,
2013). For example, when using the Xbox console with Kitteekergamea person engages in
‘handsf r e e’ (Withergpbeon, 2013). The motiesensor technology of the Kinect cagsithe
pl ayer’ s mo v eamdheldicontwollet (Biegel ¢t al.a2009%Exergaming that usddintendo
Wii, Nintendo Switch or mobileequiresplayers to hold the controller (or cellphone) in a manner that
movements are recognized by the game (VasDet al., 2013). Different playability featuregy(e.
handsfree of holding a motioisensor controller, etc.) may impact players' feelings of control which
leads to different levels afithin-game immersion anehjoyment (Tanaka et al., 2012).

Exergaming may also engage playavgh opportunities tgaricipateusingvariousgame
modescombined withdiverse themes (e.g., play with family and friends, play in sipglg mode at
home; compete online against other players; choose between Zumba, walkiiigg themes;
Witherspoon, 2013). According ®ogost (2005), the components of exergagn- such as diverse
game modes for exampleould motivatke physical activity byindividualsthatdislike traditional
exercise and/aavoid traditional exercise settjs (e.g., gyms, etc.fror example, in the exgame
called EA Sport s: P e r s obteatronic Ants@achplayerhasadvietualgoérsomak d
trainerthat providesnstructons for various modes of exercise including cardiovascular and strength
based activitiegElectronic Arts, 2009)Complimenting the variety elements of exergaming, modern
exergames make use of themes specifically related to exercise reality(Sheehan & Katz, 2013).
The exer game! ' Zdoenvbe | eo, p eRdu niwhichdhe preydmiudt ranto guaviveeto a n
zombie apocalypse and help other survivors (Six to Start, 2012). To complete the missions within
‘ Zo mb i eeachptayernhustcollect itemsvirtually by running in outdoor arean realtime.
Exergames such aBA Sports: Personal Traineand‘Zombie, Run! can engage peopl e

physically active by manipulating variety and thematic presentation winaghbe suitable for
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individualsseekingmore dynamic ways to exercigdile gamingat the same time (Withgyson,
2013).
What is known about exergaming and mental health?

The release of exergamgsurrednewresearch ito the effects of videogames on the player
behaviour (Bogost, 2005). Several researchers havesdistctine potential impact @fdeogame
contentin p | a yliees(dasSilva Stroppa et al., 201 For exampleyideogameshat includeviolent
contenthave been linked witincreased aggressive cognitions, antisocial behaviour and violence
expressed by playe(s.g., Anderson et al., 2010; Bett et al., 2008). The interest in studying the
effects of exergaming on mental health of players demonstrates that, just as videogames with negative
content may negatively affect the player, videoganhesigned for health promotion (e.g., exergames),
may positively affect them (Halbrook et al., 2019). Research using exergaming to promote mental
healthis evident inearly stages of the lifesp#e.g., children, youth, etc.), clinical groups (e.qg.,

Alzhe mer ' s di s e as e ,-clinical groupge.g.cokler adalts, letc.)aBExergamigrihas
become popular for interventionists aiming to improve mental health due in part to widespread
accessibilityof this technologyLee et al., 2019; Street et,&2017). Exergaming has also generated a
lot of clinical interest over the past decade, both as games desigispeddicinterventions (e.g.,

Peng et al., 2012), or as commercially available optimesl to foster globalhysical activity

behaviars (e.g., Pefia et al., 2016; Zayeni et al., 2020).

Benefits of exergaming in terms of improvdidnensions ofmental healttarereported for
children/youth in terms of increased se$fteemrandwell-being(Chao et al., 2015; O'Loughlin et al.,
2020; Sun2012), as well as, decredsanxietyandsocial stresgAndrade et al., 2019; Byrne & Kim,
2019; Cacciata et al., 2019). It is evident, based on the systematic review aahaigtes conducted

by Andrade et al. (2019)hat exergaming may be used to reglsymptoms of depression and stress, as

well as, increasegsitive mental health outcomes such as-estéem in children/youth.
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Exergaming hashown utility forimproving mental healthin various clinical groups (i.e., adults
living with chronic diseaseor health conditions; Padala, Padala, Lensing, Dennig, Bgberson, et
al., 2017) A In recent metanalysis, Cacciata et al. (2019) concluded that exergaming has been used
successfully to change mental health of adults with gait instability (Hatirmés 2009) and Alzheimer's
disease (Padala, Padala, Legsinennis, Bopp, Parkes, et al., 2017). Tough et al. (2018) synthesized
the evidence for exergaming interventions delivered to improve mental health of adults living with
cancer. In their study,dugh et al. reported that exergaming redunatth fatigue anl stresexhibited
by cancer survivord\ith other adult cohorts living with unilateral peripheral vestibular loss,

Parkinson’s disease, or diabetes, researchers
reducingdepression (Li et al., 201@xergaming has been shown to enhance esstiéem, positive

feelings, and selperception of adults living with cognitive impairments (Van Santen et al., 2018).
Finally, VerheijderKlompstra et al. (2014 poredthatexergamingmprovesquality of life,

psycltosocial wellbeing, and empowerment aflults living with heart failure. Overall, the available
evidence highlights the potential of exergaming to improve the mental health of adults living with

various chronic diseases or health conditions.

There is inceasing empirical work including metaanalyses and systematic reviews

conducted to examine the effect of exergaming on mental health of adults living without specific health

issues (e.g., Byrne & Kim, 2019; Li et al., 2016; Pasti et al., 2012). Viaa(2017) demonstrated

thata singlebout of Zumba Fitness performed using Xbox 360 Kiwacreduce anxiety reported by
healthy adults. Other studies have indicated that positive outcomes associated with exergaming may
include greater subjective vitatitfNani et al., 2019), vigour, happs® quality of life (Huang et al.,

2017), enjoyment, and positive emotions (Naugle et al., 2014). Matallaoui et al. (2017) concluded in
their systematic review that adults who played sport, aerobics, cycling, ane roosditioning

exergames reported highlevels ofoverallenjoyment. The benefits of exergaming for improving

t
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mental health via physical activity reinforce the potential ofaptsonas an intervention tool (Bogost,
2005; Lee et al., 2017) yet gapsle iteraturecemainevident (Huang edl., 2017).

Onegap in exergaming and mental hedittrature concerns the limitexpplication ofrelevant
theorieso advance causal understand{fgoiman & Sheehan, 2015). Lack of theoriesha
exergaming liteature is pervasive with no specific theory developed to explain the link between
exergaming and mental health of players. In the few studies investigating the relation between
exergaming and mental health in which theories were usgselachershave reled on existingtheories
as a guide, but not specific theorpestaining to the role adxergaming and mental heafibr se
(Kooiman & Sheehan, 2015). Chao et al. (2015) investighte psychological and physidaénefts of
Nintendo Wii Ft exergamesepated byolder adults. To design the exergaming intervention, Chao et
al. appliedelements of 8cial Cognitive Theory (SCT; Bandura, 199%hat presents four approaches to
increase seléfficacywhich includeverbal persuasion, physiological and affectieedback, enactive
mastery experiences, and vicarious experiences. According to Chao et al. (20i&sonfer using
SCT to design aexergaming interventiononcerns the role gfositive psychological feedbacdioted
by Bandura (1997) that can encouraigyeisto continue exersing thugresulting inbetterphysical
and mental health. Chao et sthowedhat older adults plagg exerganes displayedmproved
mobility, balance, and mental health compared to the control group. Swoktstudiesnvestigating
themental healttbenefitsfrom exergamingamongsuniversityage adults could be defined as
‘“‘at heor et i ciaitly’guidéd by theory; Dounstet ale, 0a2; Huang et al., 2017; Mackintosh
et al., 2016; Monedero et al., 2016; Naugle e2&l14; Rosipal et al., 2013). Atheoretical interventions
do not invalidate the effectiveness of exergaming interventions aslaitto mental health but may
add extra ‘| ayer sdeddisctissia\betwkenschaarstwibh varied backgtsend

regarding the relevance pérticulartheories (e.g., Miller, 2007).
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According to Miller (2007), theories guide thesearchbut they may also guid@and/or limit)
researchers' perceptions about the phenomeder studyTheories shape the kind of gtiens
pursued in research, as well as, how the resul:'t
(Miller, 2007). Researchers magnductinvestigations too narrowhyhich can lead tinterpretingany
findings exclusiely within the confines of a sgific theory (Arestis & Chortareas, 2008).
Consequentlypromising results may be rationalized inappropriately or ignored to ensure fit with
underlying theorieguiding the studyArestis & Chortareas, 2008). Miller (200@)oposes a different
approach taleal with the challenges associatédheoryguided investigationgtheoretical research.
Conducting atheoretical research allows scholars to observe, experimestitcand ultimately
explore key variables (Miller, 2@9. Furthermore, atheoreticaMestigations enable discoyenf new
facts, arguments, relationships or pattéhad promotaunderstanihg of the phenomena which could
remainconcealed f t he studies ar e *‘ fGhortareds, 2008).t hi n a t he

Glanz and Rimer (2005) argtieat utilizing theory in physical activity interventions provides a
framework for evaluating and developing behaviour change interventions. Use of theory is endorsed by
numerous scholars (e.g., Taylor et 2012) and it ioftenviewed as good practicehen applied in
behaviour change interventions (Glanz & Rimer, 2005). However, atheoretical interveotigpsred
with theorybased interventions may produce equivalent chamgghysical activity behawur (e.g.,
Conn et al., 2011; McEwan et al., 2019)ioh questions overeliance on theory in physical activity
researchReviews of interventiomesearch targeting physical activity report tatteoretical
interventions were no mofer lesg effectivecompared with t hdarsy d’ i nterwvoenti or
improve physical activity (e.g., Rhodes et al., 2017). McEwan et al. (2019ddhgueven though the
effectiveness of atheoretical (versus theloaged) interventiongmains undetermined at thisi
atheoretical interventionsayimprove physical etivity to at leasthe same degress interventions

grounded in theory. As such, physical activity strategies designed to improve mentat healiding
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the mental health of university studertsiaynot require overt reliance on specific theoriesdwaace
reseach atthis juncture. This assertion is corroborated by several investigations conducted without
theory in which the benefits of physical activity on mental health of university stutmrdemerged
(e.g., Ghrouz et al., 2019).
In addition tothe debate on the applicability of theories, Zanna and Fazio (1982) present a
pattern in the development of research questions commonplace to psychology which they classify as
first-, second and thirdgeneréion questions. Firggeneration questionsfocs on ‘I S’ whi ch
investigates if (or how) variables are related to one another (e.g., Is there a correlation between
exergaming behaviw and mental health of university students?). After itigaing the first
generatiorguestionsresearchers oul d i nvesti gat e ‘ WHEdéneratiohat i s
guestions (Zanna & Fazio, 198&econdgeneration (of Wh gqueéstions determine the point in time
a relationship between variablgpically emerge (e.g., When does exergaming predict rheagdth of
university students?). Titd-generation research questionsgwsedoy Zanna and Fazio (198&)cus
onissues of H O Wvariablesaffectone another or thgrocesses typically psychological processes
that mediate the phenomena of interess@ny sequelae (e.g., How does exergaming influence the
mental health of university students?). Zanna and Fazio proposbkdlsscond and third generation
guestonlo not essentially need to be pursutods separ
foll owed by *WHEN’' then ‘' HOW can be a useful ¢
As suchdrawing fromthe current researcéhvesigatingexergaming and mental health, the
studies comprising this dissertatifmtus on frst-generation research questidnstestng if
exergaming is related to improved mental health as well as its effects (i.e., Is there a relationship
between egrgaming and mental health?; Does exergaming predict mental health of university
students?; Are there differential effects between exdrgpand other selfnanagement approaches on

mental health of university students?).
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Exergaming and mental health of university students: What’s missing?

Examination of publishedork shows gaps ithe exergaming and mental health research fo
universitystudents. These gaps provided the justification for this dissertation. In summary, there are
four main gaps in the &rature concerning exergaming and mental health of university students that
warrant further research. The figdp focuses osampling. he second gap is related to the
measurement of exergaming performed at different intensities. The#prdlates to lack of research
comparingexergaming against other seffanagemerdpproaches (e.g., pet therapy, etsgd by
university students toptimize mental healthThe fourthgapconcers lack of r epl i cat i on’
of research. Each issue will be presenkteshdiscussed in greater detail in this section.

The first issue evident in the literature concerning exergaming and mentaldfeslthits that
warrants further attention is the lired focus on samples other than persons living with chronic health/
medical conditions (e.g., cancer, etc.) or mieatjed/older adults. Most of the research linking
exergaming to mental health uses phs of children/youth (Joronen et al., 2017). As gaering was
originally invented to decrease sitting tiineurred byscreerbased activity in children/youth (e.g.,
internet use, etc.; Witherspoon, 2013), empirical work concentrated in this coharsigprising.
Research focused on exergaming and addrgalth of adults has been mainly restricted to older adults
and/or persons living with chronic diseases/health conditions. To illustrate this point, Byrne and Kim
(2019) reported that 64.7% of stusliavestigating the effects of exergaming on mentalthevere
conducted with older adults. Similarly, exergaming research conducted with adults classified as
middle-aged focused on mental health outcomsss mostlyglinical groups (e.g., Chiang et £#012;
Gil-Gomez et al., 2011; Rosenberg et al., 2000krall, it seems reasonable to contend that research
investigating the role of exergamifay improvingmental healths restricted to limited segments of the

populationomitting university studentss a focus
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The samples used in previous studiesxargaming and mental health limit the generalizability
of the results (Otzen & Manterola, 2017). Reliance on samples that do not represent the target
population—namely university studentshinders theexternal validity and applicability of the data
(MartinezMesa et al., 2016). Possible explanations for the limited generalizability of results from
previous studies to university studentayincludedifferences in knowsample characteristics (Elfil
& Negida, 2017). Thus, it prevents the researcher fyeneralizing the results obtained to other
cohorts—such as university studentsf the evidencebase is generated using roepresentative
samples (e.g., children/youth, mideiged/older adults, et@) from other contexts (e.g., clinical
settings; @zen & Manterola, 20170verall, currentresearch int@xergamingandmental health is
limited tosamples that may not adequately represaiversity students. The studies comprising this
dissertation adress this limitatiordirectly by samping universty students.

A second gap in thigeratureconcerndack of attention to intensity of exergaming play in
studies of mental heal{iMonedero et al., 2016). One explanation for this oversgtite lack 6
published instruments designed to measuergaming that quanigsthe degree of intensity
associated with this behaviour. It is therefore not surprisiagésearchers do ndtrectly reportthe
intensity of exergaminglay in studiege.g., Huangteal., 2017; Mackintosh et al., 2016) or the
measurement of exergaming intensitgxrapolatedndirectly from modes of exercisased in a
particular studye.g., Monedero et al., 2016). In ostedy nvestigaing links between exergaming and
mental hedh reported byuniversity students, Huang et al. (20h6}es the exergaming group
exhibitedgreater happiness and vigour than the cogtralip, yethe intensity of exergaming play was
not reported. As the intensity of the exercises may differ (e.gCHiais. Yoga etc.) it remains
unclear if university students in this study played exergaming at the same (or dittarelistpf
intensity which ultimately leaves the effect of exergaming on mental health as a function of intensity

unexplored (Ekkekaki& Brand, 2019Huang et al., 2017).
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According to Ekkekakis and Brand (2019), the determinants of adherence and participation in
exercise are complaxithn o f i x e d a naffecpive onséquenaesanifesiegt o f
automatically for every persomudng exerciseThe affective responses to exercise can range from
positive to rEkgkakisi&Beand, 2018)avhicaredgterinedgartially by the
intensity of the exercise stimulugigorousintensity exerciséor many people isftenassaiatedwith
morenegative affedte responses. Given the lack of focus on measurement of exergaming intensity
combined with EkKkekaki s thatimdnsity offdag asSosiated witht he s i s
exergamingn relation tomental health of univsity studentss worth exploring To address this
limitation, one of the three studies comprising this dissertation (Study 2, see Chagseddinks
betweermoderate and vigorousntensity levelof exergaming withmental healthieported by
university sudents

The third gap irevident intheliteratureconcerns the limited work undertaken comparing
exergaming to other sethanagement approaches for promoting mental health in university students
Pet therapy is a promising approach used byesoniversites to promote mental health of students
(Barker et al., 2016Previous investigationseportthat university studentsttendinglO minuteqor
more)of pet therapy reportddssstress, anxietyplusimproved mood (Quintana et al., 2019; Thelwell,
2019; Wbod et al., 2019). According to Quintana et al. (2019), pet the@y assist university
students during stressful tim@sg.,exanination periods, etc.Based on this research, it appears there
is considerable scope fdirectly assessing the bensfifexergamingrersus other approaches to self
managemente(g, pd therapy, etc.) as a route to mental healthufoversitystudentsTo dateno
studies have compared the effects of exergamingeamtal health reported by university students
against ther approaches to setianagement (especially pet therapy) implemehygabstsecondary

institutions.One stud of this dissertatio(Study 3, see Chapter &jldressed this gap directly by
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comparingthe effectsof exegamingversus multiplealternativeself-management approaches on
mental healtmeportedby a typicalfirst yearuniversitystudent

The fourthgap in the exergamingid mental healthteratureis concerned withimited
attention to replication as a mainstay for advancing research in¢hisReplication is a core principle
of scientific advancement as it consists of repeating previous research to establish support for, or
refutation of, the available evidend€léin et al., 2014; Schmidt, 2009). According to Bonett (2020),
the advantaged oeplicationincludecounteracting misleading results in previous studies and
combining the results from new studiggh previous studies to obtambroadeunderstanding ahe
phenomena under stud®n the other hand, replication also has drawbaai{s @si the difficulty of
controllingwithin-person and timéasedvariance (i.e., as individuals go through changes over time,
the cohort of interest is likely to respond diéfietly based on when the variables as measured;
Guttinger, 2020). Confirming oefuting the results from previous investigations may have the
limitation of generalizing the findings due to individual differences and other aspects that shape
people's behawur and that change over time (e.g., culture, memory, experiences; Guttirfyr, 20
Despitethesedisadvantages, replication is importamadvanceesearch as it enables scientists to
confirm if the effect noted in prior studiesan artifact or consiesntphenomen#Avrichir &
Maclennan, 2015). Schmidt (2009) proposed two forfmemication which he labelled direct
replication and conceptual replication. Direct replication is described by Schmidt as repeating the same
protocols and methods of a studiiile conceptual replication applies different methods to test the
same hypothees or previous results of research studies (Schmidt, 2009).

Currently, the exergaming and mental health literatasenosustained focus otonceptual
replication (Schmidt2009). For example, previous studies report that exergaming improves mental
heath of university students (e.g., Huang et al., 2017), while in other studies it has been reported that

exergaming has not been mdoe les$ effective in promoting mental health of this cohart
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compaisonto other forms of physical activity (e.g., Moregd et al., 2015). To address this limitation,

the dissertation replicated previous research that hypothesized that exergaming couldrimeptal/e

health of university students (e.g., Huang et al., 2017) including a comparison with more traditional
modesof physical activity and extended this idea to examine the feasibility of exergaming compared to
other modes of sethanagement (e.g., petkitapy) for improving the mental health of university

students.
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Chapter 2

Objectives of Dissertation Research

The global objective of the studies comprising this dissertation was to investigate the role of
exergaming in relation to mental healéported byuniversity studentsThe specific objectives of this
dissertatiorwere as follows

1. To synthesiz¢heresearch evaluating the utility of exergaming msnerventionplatformto

enhanceavell-beingof adults(Study 1).

2. To examindinks between exergaming performed at modeaaigvigorousintensities vith

mental health reported by university studgstsidy 2).

3. To comparehe contributios of exergamindehaviour againother sekmanagement

behavious (e.g, pet therapy) for promotingiental healtlof university student§Study 3).
The global resarch questios guiding each study comprising this dissertat@oa listed below:

1. Does exergaming improweell-beingreported byadults?Study 1).

2. Is exergamingat moderateand vigorousintensitiesrelatedto mental healt reported by

university sudents?Study 2).

3. Does exergaming improve mental health ntben other selfnanagement approaches used

by university studen®(Study 3)
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Does exergaming promote well-being in adults?
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Introduction

Evidence supports the importance of regular physical activity for reduciaguee mortality
risk (e.g., Ekelund et al., 2016; Warburton et2006), improving quality of life (Conn et al., 2009),
and supporting healthy ageing (Daskalopoulou eR@17). It is also well documented that
participation in physical activity is sulptimal in most countries leading many public health experts to
label inactivity (and sedentary living) as a global pandemic (Andersen et al., 2016). Public health
advocate$awe responded to these vexing participation rates with calls for novel ways to promote and
sustain physical activity (e.g., Heath et al., 2012). One approach that may hold some appeal for
changing physical activity behaviour is exergaming (Witherspodi)20

Exergaming uses&echnology as a platform to encourage physical activity (or movement)
while immersed in virtual environments (Witherspoon, 2013). Initially developed to counteract the
negative effects of excessive screen time behaviour in childngh/¢Witherspoon, 2013), subsequent
applications of exergaming hasbown to bauseful for various clinicaldg.g.,da Silva Alves et al.,
2017) and nostlinical (e.g, Sweeret al.,2014) groups across the lifespan. Data from randomized
controlled trialyf RCT) supports the utility of exergaming as a physical activitgrvention to reduce
blood pressureg(g, Huanget al, 2017), increase bone mineral density and reduce total adipesity (
Staiancet al.,2017), improve mobility skills and redudear of falling (e.g, ColladeMateoet al,
2017), optimize postural contra.g, Barryet al, 2016), and to a lesser degree, enhance cognitive
functioning €.g, Stanmorest al, 2017).

Previous studies have supported the utility of exergaming faiowmg physical activity
behaviar and bolstering various health parameters (e.g., reduced blood pressure; Huang et al., 2017),
yet less is known about the effects of this approach onbeeily. One previous review implies that
exergaming- representing aulset of videogaming platformsholds broad appeal for enhancing well

being since enjoyment and engagement are parameters that can be embedded within videogame design
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(Jones et al., 2014). Empirical studies (e.g., Mack et al., 2012) and narrativesr@gevwViese et al.,

2017) have substantiated the important role played by leisneephysical activity as a route to

improve weltbeing; however, these investigations have not addressed the viability of exergaming as an
intervention approach. To addeehis gap, the purpose of this review was to synthesize the research
evidence evaluating the utility of exergaming as an intervention modality to changeewmellin

adults.

Methods
Search Strategy
A comprehensive literature search by mesearchers (ES&$d DEM) of the following

electronic databases was conducted to identify potential studies to include in this review: PubMed,
CINAHL, PsycINFO, Cochrane, and Web of Science. Keywords used in the search stetegg
follows: Exergame ORxergam* OR exegam* OR exergaming OR activedeogameOR videogam*
OR videagam* OR videebased OR computdrased OR Wii OR Nintendo OR-Box NOT protein

OR Kinect OR playstation ORPlaySation OR virtua* realit* OR dance dance revolution AND
wellbeingAND quality of ife AND affect AND vitality AND adults. The keyword phrase "NOT Xbox
protein” was included as the Xbox conse@led the Xbox binding protein h&similar names that

would contaminate the results of this search strategy.

Inclusion/Exclusion Criteria

A series of inclusion (and exclusion) criteria were developed a priori for this review. The
inclusion criteria guiding study selection wer ¢
living without any documented health conditidhat may limit @ contradict physical activity, (2) Use
of exergaming as the only intervention modality, \(8lI-beingidentified as a study outcome, (4)

Published in English, and (5) Use of quantitative data. Further restrictions in terms of study desig

(e.g.,onlyRCT s, c ompar a-postiest designss eic.) wdre npt inausion criteria guiding
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study selection for this review. Exclusion criteria guiding study selection were as follows: (1) Use of
gualitative data, (b) Published in a languatieenthan Englishand/or (c) Samples comprised of
children/youth (defined as < 17 years of age).
exclusion criteria were omitted from subsequent consideration in this reMew.earnf the

publication of the paps wasnot an inclusion/exclusioparameterAll studies—regardless of

publication year meeting the criteria were considered in this review.

Study Selection Process

Each published study identified via the search strategy was impatdendNote X8
(Clarivate Analytics©, Toronto, Ontario, Canada) and subsequently uploaded to DistillerSR (Evidence
Partners, Ottawa, Ontario, Canada) for additional scrutiny. Using the study inclusion/exclusion criteria

as a guide, a thrdevel screeningrocess was defed within DistillerSR using a solitary question per

l evel . Level 1 screening focused otitlerdlehamtfop u bl i c ¢
our study?”. Level 2 infused t heudgabstreceusmithisgy pr o ¢
guestion: “Should thiestpuoshlrieeatit ngr?”"golLenwetl o 3f ol

abstract plus the fuliext for every published study retained from Level 1 and Level 2 screening in
DistilerSRusi ng t hi s ftihniasl pquubelsitciaotni:on* Irsel echokent f or
response for'maoctCdgmnet ,t élYles) was used at each |
and DEM) evaluated all published studies at each levéleatdreening process. Conflittstween
coding for study selection were discussed between coders and the third author (PMW) until full
consensus was reached
Data Extraction

Data were extracted from each study retained for this review using a staadiagform that
was developed spéidally for this study using recommended best practices for systematic reviews

(e.g, Cooper, 1982) combined with previous reseaect),(Macket al, 2016). Using this standard
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codingform, two authors (ESS and DEM) iddigd then recorded all relevadata published in each
study retained following the study selection process. A copy of the standard form used for coding is
annexedn the Appendixsection (Appendid).

Data Analyses

Data analyses proceeded in staggiag various descriptive statistiésrst, univariate mean and
standard deviation values were calculated for the following variable clusters: (a) Study characteristics
(e.g, sample size); (b) Sample characteristeeg,( partiagpans’ age, etc.); an¢c) Intervention
characteristicsg.g, duration of treatment, etc.). Second, median scores were calculated for select
variables €.g, sample size) within each variable cluster toth&interpretation of the data. Finally,
percentages were calculated iiedices within each the following vable clusters: (a$tudy
characteristicsg.g.,study design); (b) Sample characteristieg ( presence/absence of medical
condition, etc.); (c) Intervention characteristiegy( type of console, etc.); and (dxé&gaming and
Well-being(e.g, instrunmentation, etqg.

Results

A total of 24 studies met the eligibility criteria for inclusion in this review and were retained
following the multilevel screening process (see Figure 1 for details). Tamesknts a synopsis of the
individual studies codeih this review.

Study Characteristics: Nine countries were represented across the coded studies with 45.8
originating from the United States of America (see Table 1). Randomized experimental designs (

13; 54.2%) were the most frequent approach to stigdign. One coded study did not specify the
research design used for the investigation. Sample sizes varied across coded studies ranging from 5 to
335 patrticipantsMl = 50.5SD= 75.6;Median= 26.5). Only two studies used samples exceeding 100

participarts in total.
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Sample Characteristics: Age of participants varied from 20.5 to 83.0 Mt € 54.9SD =20.4
yr) with 62.3% of the coded studies using samples aged 50.0 yr or older. Over ha%o]5zf the
coded studiesn(= 13) reported data provided byansple living with at least one medical condition.
Neurological disease was the most common medical condition reported across codedstudies (
53.9%).

Intervention Characteristics: Table 2displays characteristics of the exergaming intervention
acrosscoded studies. Nintendo Wi Fit (n = 18; 75.0%) was the most popular mode of exergaming
reported followed by Xbox 360 E 4; 16.7%). A total of eleven (45.8%) coded studies reported details
concerning the intensity used as the intervention stimulesmwh e x er gami n =6, Pr ogr e
54.5%) was the most common metric defining exergaming intensity reported in coded studies followed
by ‘moder 3f e27( 3%e!| &lméex B 2%) Highteen studies (75.0%) reported
duration of exergamig as an intervention stimulus in texof days per week. In this subset(18),
the modal intervention duration was 3.0 d/Wk+£ 3.0SD =1.2 d/wk; Range = 1.0 to 5.0 d/wk).

Studies lasting more than one weak=(21; 91.7%) varied from 2.0 to 14.0 vksgM = 7.4SD =3.49
wk) in totalduration.

Exergaming and Well-being: Seven studies (29.2%) assessed-eihg using the Medical
Outcomes Surveghort Form 36 (War& Sherbourne, 1992). Of the remaining studies, five studies
(20.8%) used a diseaseedfic quality of life instrument while four studies (16.7%) used the brief
version of the World Health Organization Quality of Life instrument (World Health Organization
[WHOQO], 2002). The remaining studies%£ 8; 33.3%) used seven different instrumentasgsess well
being. Seenteen of the coded studies used a mulgpteips research design with 3% 8 = 6)
reporting greater welbeing in the exergaming group compared to other treatments (e.g., cognitive
trai ntasygis,d 0 do et ¢ . ; "MHKamlmag et al.t 2G;aKonstantinkdid ét al., 2014,

Maillot et al.,2010; Monedero et al., 2016; Viana et al., 2014). Over half of the coded studies (62.5%)
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using multigroup research designs reported no significant betgemips differences in webleing
(da Silva Ribeireet al., 2017; Karahan et al., 2015; Keogh et al., 2013; Kloos et al., 2013; Mackintosh
et al., 2016; Naugle et al., 201Padala, Padala, Lensing, Dennis, Bopp, Roberson, et al;, R&dala,
Padala, Lensing, Dennis, Bopp, Parkesle®2017 Ribaseth . , 2017; Si msek et al
using a randomized crosser design reported greater wieling in participants when engaged in brisk
walking compared to exergaming (Douris et al., 2012). Seven of the coded studies rtepoged
singlegroup (pe-posttest) research designs with 4%% = 3) reporting improvementa well-being
from preto-post assessment (Herz et al., 2013; Rosenberg et al., 2010; Seber et al., 2016). One study
(14.3%) reported significant decreases inlvieeling following anexergaming intervention using sport
and danc#based games played via Nintendo Wii (Rosipal et al., 2013). Three studies (42.9%) reported
no change in welbeing in a singlegroup posttest onlyassessment following an exergaming
intervention (Chao et al2014; Tsengk Hsieh, 2013; Wall et al., 2015).
Discussion

The aim of this study was to synthesize the published evidence attesting to the role of
exergaming in promoting webleing. To address this aim, we conducted a review of adlistudies
(English language only) that reported exergaming as an intervention along with an indexbafimgl|
as a key study outcome. A comprehensive search andphakke filtering strategy resulted in 24
published studies that met the a priori irsdtun critera used in this review. Overall, it appears that
exergaming research targeting wedling in adults has relied on samples at later stages of the lifespan
often living with at least one health condition. Nintendo Wii is the most popular corssalgau
evaluate the contributions of exergaming to wedling. Considerable variability was evident in terms
of study design that likely confounds the role played by exergaming for bolsteringeied| in adults.
Finally, it is worth noting that two majarends emaged from this review. First, it appears that

exergaming can enhance whinge s peci al |l y wheasyoudmp arn ed th® na X‘ed
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condition. Second, exergaming does not appear to confer unique benefitshheingivhen compared

againstothe per haps traditional’”) interven-bdngins usi
adults.

Perhaps the most important observation emerging from this review concerns the effects
attributable to exergaming on markers of wading displagd by adultdiving with (or without) health
conditions. The published studies evaluated in this review make it apparent that exergaming has
potential to improve welbeing in adult gamers; yet, the net effects of using this intervention modality
are not giaranteed. Rirteen of the coded studies provided no support for the role of exergaming in
changing wellbeing, whereas nine studies using either betvggenps or singkgroups designs
provided evidence that exergaming can promote-baitg in adults. Abest, the @sults of this review
i mply that exer ga mbanginadalte yet usdirig this raghmologically adeahced
intervention modality to exercise fails to guarantee enhanceebeial).

Considering that exergaming is touted by variotganizatios — such as the American College
of Sports Medicine (Witherspoon, 2013as a health promotion tool it seems the findings reported in
this study call into question the role of exergaming as a modality to promotbeiradl in adults. With
thisin mind, itseems reasonable to question the veipieead use of exergaming as an approach to
improving welltbeing via exercise when the evidefi@se supporting this technique is equivocal at
best. Several possible issues emerged from this review thaigoaynt foithe equivocal findings that
warrant further consideration to advance researaxergaming. First, it is evident that insufficient
attention has been afforded to various issues that strengthen the integrity of research attesting to the
role dayed by exegaming in boosting welbeing. Reliance on singlgroup designs or poestst only
assessments of wedking seriously limit causal inference due to a host of internal validity threats
(Shadish et al., 2002). Overuse (or misuse) of statistigaificancetesting especially in small samples

can propagate null findings within the literature concerexgrgaming and welbeing (Harlow et al.,
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1999). Finally, the measurement of wiedling is challenging at best (Mack et al., 2016); yet the
eclectc nature otthe instruments chosen to assess this important outcome of exergaming highlighted
by this review leaves much to be desired. Future studies could use more sophisticated research designs
(e.g., randomized controlled trials with multiple ptet assessmesitof outcome variables, etc.),
employ a prior statistical power analyses to bolster null hypothesis testing approaches to data analysis,
and be mindful of advances in the conceptualization and measurement-béinglto clarify the role
of exergaming inpromoting (or diminishing) welbeing.
Study Limitations and Future Directions

Several limitations of this review deserve attention coupled with plausible directions for future
research to advance our understanding of the contributions tbewed stemnrig from exergaming.
First, there is a limited number of published studies that have addressed the relationship between
exergaming and welbeing in adults. Future research could address this issue by testing the association
between exergamingd wellbeing using both subjective indicators (e.g., seffort) and biological
markers (e.g., interleukifl). Second, the inclusion/exclusion criteria restricted the studies included this
review to those published in English. It remains unclear if oiag) the sape of the review to
include grey literature (e.g., graduate theses, etc.) that may be less susceptible to publication bias plus
studies published in any language other than English would alter the main findings of this review.
Future studiesauld explorethis issue in greater detail to address the generalizability of the findings
reported in this study. Third, substantigterogeneity emerged from the coding process for both
intervention delivery (see Table 2) and the assessment ebaiallj While thisobservation is wholly
aligned with other physical activity intervention research focused orbeilh as an outcome (see
Mack et al., 2016, as an example), it remains a potential confound when trying to unravel the nature of

the links betweewell-beingand exergaming. Future work could address this issue, in part, by
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mandating greater detail and transparency in reporting of exergaming interventions perhaps using the
Consensus on Exercise Reporting Template (Slade et al., 2@1&jvance fis vibrant esearch area.
Conclusions

Overall, the summary findings emerging from this review make it apparent that exergaming

may'’ be a novel i ntervent i oweldgngaf adats. Howevaragitt h a ¢

is also evidentthatgel oyi ng exer gametsooals’ awi t‘hi natdeurlvtesn tnieoint

improvedwell-beingn or of fer anything unique’ as a sti mu

exercise behavioue(, wal ki ng i n real not virtual sSpa
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Table 1

Summary of research design and sampling characteristics

Study Authors Year Country Design Sample Sex N Age (yrs)
Rosenberg et al. 2010 us SGD C M/F 19 78.7
Douris et al. 2012 us RCOD H M/F 21 23.2
Herz et al. 2013 us SGD C M/F 33 66.7
Keogh et al. 2013 AU QED H M/F 34 83.0
Kloos et al. 2013 us SGD C M/F 18 50.7
Rosipal et al. 2013 us SGD C M/F 18 22.1
Tseng and Hsieh 2013 CN SGD C M/F 60 59.3
Chao et al. 2014 us SGD H M/F 7 80.0
Konstantinidis et al. 2014 GR RED H M/F 232 69.5
Maillot et al. 2014 FR N/S H M/F 16 74.0
Naugle et al. 2014 us QED H M/F 22 20.5
Viana et al. 2014 BR RED C M/F 20 55.5
Wall et al. 2015 us ITSD C M 5 58.6
Si metalk 2015 TR RED C M/F 42 57.8
Ribeiro et al. 2015 BR RED C M/F 30 52.9
Karahan et al. 2015 TR RCOD H M/F 90 71.4
Serber et al. 2016 us SGD C M/F 14 52.7
Karahan et al. 2016 TR RED C M/F 57 36.3
Monedero et al. 2016 IE RCOD H M/F 23 24.8
Mackintosh et al. 2016 UK RCOD H M/F 36 22.0
Ribas et al. 2017 BR RED C M/F 20 60.9
Padala et al. 2017 us RED H M/F 30 68.3
Padala et al. 2017 us RED C M/F 30 73.0
Huang et al. 2017 TW RED H M/F 335 N/S

Note. RED = Randomized Experimental Design. RCOD = Randomized &8oss Design. QED QuasiExperimental Design.
ITSD = Interrupted TimeSeries Design. SGD = SingBroup Design (petest-posttest assessments). H = No diagnosed
medical conditions specified by study authors. C = Diagnosetktdical conditions specifiedby study authors. M =Male. F =
Female. N/S = Not Specified (or unable to determine based on information provided in teudy). N = Sample size (this
value is the total sample across all conditions within a study reported by the authors). Age = Mean age calculated across
any/all groups reported by authors. US = United States of America. AU = Australia. CN = China. GReseé5FR = France. BR
= Brazil. TR = Turkey. IE #reland (Eire). UK = United Kingdom. TW = Taiwan.
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Summary of intervention characteristics

65

Study Authors Mode Duration Frequency Intensity Time
Rosenberg et al. NWii 12 wk 3 d/wk N/S 35 mins/wk
Douris et al. NWiiFit 2 wk 2 d/wk Mod. 30 mins/d
Her al. NWii 8 wk 3 d/wk N/S 60 mins/d
Keogh et al. NWii 8 wk SS N/S 30£24mins/d
Kloos et al. DDR 6 wk 2 d/wk Prog. 45 mins/d
Rosipal et al. NWii 2 wk SS SS 60 mins/wk
Tseng and Hsieh Hot Plus 2 wk 3 d/wk N/S 20 mins/d
Chao et al. NWiiFit 8 wk 2 d/wk N/S 60 mins/d
Konstantinidis et al. NWiiFit 8 wk 5 d/wk Prog. N/S
Maillot et al. NWiiFit 14 wk 24 sessions Prog. 60 mins/d
Naugle et al. NWii 3d 2 sessions/d SS 20 mins/session
Viana et al. NWii 5 wk 3 d/wk N/S 60 mins/d
Wall et al. NWii 7 wk 2 d/iwk N/S 60 mins/d

Si metak NWii 10 wk 3 d/wk N/S 45-60 mins/d
Ribeiro et al. NWii 2 mths 2 d/wk Prog. 50 mins/d
Karahan et al. Xbox 360 6 wk 5 d/wk N/S 30 mins/d
Serber et al. NWii 12 wk 3 d/wk Mod. 60 mins/d
Karahan et al. Xbox 360 8 wk 5 d/wk N/S 30 mins/d
Monedero et al. Xbox 360 6d 4 sessions Mod. 30 mins/session
Mackintosh et al. NWii N/R 2 sessions N/S 30 mins/session
Ribaset al. NWii 12 wk 2 d/wk N/S 30 mins/d
Padala et al. NWii 8 wk 3 d/wk Prog. 45 mins/d
Padala et al. Nwii 8 wk 5 d/wk Prog. 30 mins/d
Huang et al. Xbox 360 2 wk 1 d/wk N/S 30 mins/d

Note. N/S = Not reported by study authors (or unable to determine based on information provided in the study). NWii & Ninte
Wii. NWiiFit = Nintendo WiiFit. Mod. = Moderate Intensity. Prog. = Progressive IntgnSit = SeHSelected Intensity. Duratida
reported in terms of months (mths), weeks (wk) and/or days (d) as noted by the study author(s).
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Introduction

Mental healtichallenges- such as heigkted anxiety or diminished vitality have emerged as
a global health pandemic (seabn et al, 2018, for a synopsistombined with increased risk of
premature mortalityfatonet al.,2018, previous studiegeport thatiminished merdl health disrupts
educational achievement, dietary intake, as well as, annual iqpemeapitgsee Ptel et al., 2018, for
details).Within Canada, estimated treatment costs for the 7.5 million people (or 1 in 5 Canadians)
living with mentalhealthchalengesapproaches a total cost of CAB0 billion per annum (Mental
Health Commission of CanaflfdHCC], 2016). Previous reports indicate 504f young adults living
in Canada will report at least onegativemental healthridicator(e.g., anxiety disorders, etbgfore
reaching the age of 4MHCC, 2016) with young adulthood (i.e., 134 years old) the mbsommon
stage of lifewheremental kealthchallengeemergelbrahimet al, 2013; Zivinet al, 2009).

University students may be a population at risk for mental helatthengegiue to escalating
academic/financial pressuresd, Dograet al, 2018),diminished sleep qualitye(g, Wilsonet al.,
2014), excessive weight gaie.g, de Voset al.,2015), and disruptions to daily routine caused by
living independent of familyg.g, Lewis et al, 2015). Global prevalence afegativemental health
indicaorsreported by university studes is challenging to quantify yet up to 2% of
university/college students in OmrmbBYrepprb have
“over whel mi meritanCallegetealthAssofiaiofACHA], 2018). Longitudinal studies
corroborate this trend with reports indicating up to 8d university/college students wiincounter
mental healtithallengeghat persevere over time (Zivet al.,2009).Suicidal ideation (ACHA, 208),
diminished academic performan@nd elevatedrdpout rates accompany perturbations in mental
health reported by university studergsy, Eisenberget al, 2009).To address these consequences of
declining mental health, universities across North America have instigated variousiprafes

servicege.g, counselling, psychotherapgrt/pet therapyetc.)to improve mental healtwhich remain
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underutilized byuniversitystudents (Hussaiet al, 2013).With more tharb0% of high school
graduates in North America enrolling in pestcaondary education yearly (ACHA, 28}, it has become
apparent that identifying prevention/treatment strategies to promote mental health for university
students is a priority.

One approach thamay be useful for enhancing mental healtliniversity studentss physical
activity (Mammen & Faulkner, 2013Numerous studies have linked physical activity with
improvement in various dimensions of mental heafthoung adultsFor example, reducedress
(Dol, 2019), lower anxiety and depression (Lee & Kim, 20dBhinished hopelessness (Taliafeeto
al., 2010), greater selisteem (Fox & Wilson, 2008ncreased flourishing (Wattt al, 2018) and
well-being—a psychological concepffiliated with mental healtfKleszczewska et al., 2019)n
cohorts of yong adults havall been linked to more frequent physical actilaghaviar. Yet
prevalence studies indicate at least $0d university students fail to engage in regular phgisic
activity (Harbouret al, 2008) while the initial transition into univetgiis accompanied by a reduction
in physical activity rates in firstear students (Bray & Born, 200@his issue is further exacerbated by
reports of increased time devoted &ing screefbased technology, as well as, escalating rates of
sedentary beha&wr(s) which contribute to diminished mental health independent of other factors in
university students (Lee & Kim, 2019} ollectively, these trends present a paradox for health
professionals (and university administrators): Can sebesed technologfe.g., exergamind)e used
to improve mental healtbf university students by engaging physical activity?

Exergaming is oneapplicationof screerbased technology that holds promise for improving
mental health reported by university studeBteergaming- also referred to as Active Vidgames
(JAVG], Benzinget al, 2018)— uses a digital platform (or ¢echnology) that encourag physical
movement within a virtual setting (Cavalli et al., 2014; Limperos & Schmierbach, 2016; Witherspoon,

2013).Initially developed to combat the negative consequences of excessivetseredam
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children/youth (Witherspoon, 2013), subsequent rebdaais shown that exergaming is applicable to a
broacder spectrum of the lifespam g, older adults, etc.), and could enhance waridimensions of
well-beingreported byadults (see Santeat al, 2018, for a review).
Justification: What do we need to know about exergaming?

Careful examination of theublishedresearch concerning exergaming and mental health
provided the impetus fahisstudyFi r st , the | ion’s share of resea
health targets children/youth (Benziegal, 2018).This is hardly surprising given that exergaming
was originally developed to combat excessive setieea in this cohort (Withrspoon, 2013)Within
the small pool of studies testing interventions usixgrgaming tachangewell-beingreported by
adults (Santostal,2018) , it i s evi dewithin hdallheate systembaveabeena |l ° s a
the focus ofesearcl{see Benminget al, 2018, for details)-or example, irareview of the exergaming
and wellbeing literatureSantoset al.(2018) indicated that over half (54.2%+ 13) of the published

studies testing the effectiveness of exergaming as an intervention tivénvpeltbeing relied upon

‘ )

clinical samples (i.e., adults living with a
Of the remaining 11 studies coded in their reviewmt&set al.(2018) reported that 63.7%

focused on older adulte.g.,Chaoet al, 2014).0Only three studies (Douris et al., 2012; Mackintosh et

al., 2016; Naugle et al., 201#)was used samples of college and university stud@ntsss the three

studies, a limited range of mental health outcomessmvestigate (e.g.,positive weltbeing and

distress; Dourit al., 2012). Studies focused on investigating tools to improve flourishing and vitality

while minimizing stress and anxiety of university students are important and warranted. High levels of

stress and anxiety may directly affect universityusd e ratlemic pegdocmance (Eisenbergal,

2009; Hysenbegasi et al., 2005). On the other hand, university students with high flourishing and

vitality are academically engaged and committed to legi(Battisti et al., 2020Fox et al., 2019 As

sud, it seemseasonable to assert based on the existing literature that |n@stearch has investigated
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the role of exergaming i n -cprionnoctaHsuan apnoeorergiss| heal
students- where digital platforms encouraging ploa activiy behaviar(s) hold practical appeal for
improving mental health.

A second line of reasonintbatprovidesjustification for thisstudyis based on research testing
affective responses to the stimulus properties of exercise in adults (seal&li&Brand, 2019, for a
review).Central to this |line of r esear caffectiveeffectshe not
do not automatilly stem fromexerciseparticipation reported bgdults.In brief, Ekkekakis and Brand
(2019) notethaa ny i ndi vi dual’'s affective responses to
spanning the full gamut of &tastpdrtally deteimmedpy si t i Vv ¢
intensityof the exercise itselEkkekakis and Bran(2019) have demonsttedthatmanipulating
exercisantensitysuch that it feelgigorousto adultparticipantgyeneratesegative affedve responses

It is evidentthat studies using exergaming as a digitatform to bolster mental health have
largely overlooked thissLe of exercise intensitySantost al.(2018) reported 13 of the 24 studies
coded in their review did not report any information pertaining to the intensity of the exergaming
activity used within intervention researc®loser inspection of the remaining 4tlidies indicatethe

applicationof moderatentensity exergamingngwdgies= 3 ) Or use of a progres
exergaming interventioméudies= 6). The remaining studieBsfudes= 2 ) r epor t-xdl act end’
intensity for the gergaming sessionsmdertaken duringheintervention periodBased on these
observationgSantos et al., 20183ombined with thevork of Ekkekakis and Brand (2019), there
seems to beonsiderable scope for exploring the contributions of exergaming pexrdiat both
moderate and vigorousdntensities to mental healtkeported byuniversity students.

The aim of this study was to examitielink between exergaming performed at both nmatke

and vigorousdntensities with mental health reported by universttydentsThe studyhypotheses were

based on previous research using exergaming as a digital platform to change mental aealts
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(see Santost al, 2018, for a review), as Wels, investigationfocused orthe affective responsé¢o
exercise repwed by adultsEkkekakis & Brand, 2009 First, it was hypothesized that university
students who report more frequent participation in exergaming would also ggtmental health.
Second, it was hypothesized thaghermental health would be linkdd the intensity of exergaming
activity reported by university students. Stated differently, it was anticipateditfesential links with
mental health would be evident as a function of the intensity ¢téwlergaming behavioweportedoy
universitystudentsWi t h i n t Highes mental hehlth was ‘operatiormdd as higher scores on
flourishing and vitality plus lower scores stress and anxietyhich areconsider representative of the
conceptual bandwidth defining mental health as a glatvateuctfrom previous researde.g, Ward
Griffin et al.,2018).Study 2 builds upon Study 1 of this dissertation bye(apiricallytesting the
exergamingmental helth link while accounting fovariability in intensityof exergamingbehaviours
(b) using a broader range wériables to assess mental heétidn typically reporteth studies of
exergamindehaviaur, and (c)collecting data from curreniniversity studentse/ho served to represent
the population of interest fahisline of research

Methods

Participants
Onehundred and siuniversity studentaere subdivided into two groups for this study based on
thar selfreported participatiom moderatentensityand/or vigorousntensity exergaming (MVE)
during a typical week. Group b € 53; 58.490 female; 84.91% White; 54.72% full/pditne
employed9 8. 07% single) were cl ass eporieéahgagigyinMEE er ga m
during a typical weekGroup 2 (1= 53; 69.81% female; 81.13% White; 54.72% full/garte

employed; 100.00% single wer e c INanExiefrigeadnea s because they

MVE during a typical weekNo statisticald i f f er ences wer e founMonbet we el
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E x e r g damany demographic variablRecent and current MVE behauiovas not asessed in
this study.
Instrumentation

Demographics: The participants complede items to assess personal characteriséiag, @ge,
ethnicity, etc; see AppendiB).

Exergaming: Two items modified from the Behavioral Risk Factor Surveillance System
([BRFSS], US Centers for Disease Control & Prevention, 2001) asd#ss frequency (sessions per
week) and duration (minutes per session) of modénédasity (EXG Moderate) and vigorous
intensity (EXG Vigorous) exergaminGonceptual boundaries defining b@&&XG Moderate (i.e.,
“...smal | i ncreases tien” )braenad hH X1@ \aingdo rhoeuasr t( ir.ae . ,
breathing and heart rate”) plus the minimal dur
provided to guidéem interpretatiorby participantsTotal scores representing minutes of exergaming
behaviarr undertaken per typical week at each intensity level were calculated using these formulas: (a)
EXG Moderate = [Frequency of moderatéensity exergaming sessions/week x Duration ofienate
intensity exergaming bouts per session]; (b) EXG Vigorous = [Frequency of vigortmamnsity
exergaming sessions/week x Duration of vigorimtiensity exergaming bouts per sessidifie items
from the BRFSSveremodified from th& original format ad used in prewus research (see Wilseh
al., 2006, for an example).

Mental Health: Participants completdtems from 4 instruments designed to capture both
positive (i.e., flourishing, vitality) and negative (i.e., stress, anxiety) dimensions of rhealidd. The
10-item Perceived Stress Scé]lES3, Cohenet al, 1983)measuredhe frequency of stress felt over
the past month as a university studéiite 6item short form of the Staf€rait Anxiety Inventory
([STAI-SH, Marteau & Bekker, 1992) measdrfeelings of apprehension and tension experienced

typically as a university studerfthe 8item Flourishing ScalgFS], Diener et al., 2010) assess
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psychological wellbeing in terms of perceived success as a university student over areas of importance
in life. Finally, the 7item Subjective Vitality Scalf SVSY, Ryan & Frederick, 1997) asseskhe
degree of eudemonic wedking felt specific to theiife as a university studernthe instruments
selected to assess mental health in this siehgbased on two criteria: (alyse inpreviousstudies
investigatingthe mental healteported byuniversity studentsand (b)inclusion of variables to
conceptually represent ' posi t Totakcoresawera createcefgrat i v e
eachmental health variable by summing responses to each item per instrument then dividing this score
by the number of items measwg eachconstruciper instrument.
Data Collection and Data Analyses

Verbal presenteons were made by the first author (ESSiptact groupsN = 6) using a scripted
protocol to minimize variability in participant recruitmenadh participant was-maileddetails about
the studywhich included a Uniform Resource LocabiRL). Those choosing to participaténo
selected the URkeredirected to a secure websitesigned using commercial software (i.e.,
SurveyMorkey®). The firstpage of the study website contained the Letter of Invitgti@1), which
providedinformationabout his study and encouraggartiapantsto ask questiosiabout the study
After reading the LOI, each pari@ant was then directed to a separate webpage that requested
informed consenbefore permitting access to thaestionnaire used to collect the data for this study.
Informed consent was secured by asleéagh partiggant to checla box indicating they hadad the
LOI and were consenting to participatethis study At the end of LOJthe participant had teespond
either' y e s’ toahis statemerit | hereby agree to waylickingi pat e I
‘ y e s ’ed participantso the first page of the questionnaire (iRemographic questions}licking
‘“no’ doarticipantdtoeadandom URL (i.e SurveyMonkey Thank you page)without permitting

acces to the study questinaire All studyprotocols/procedures were rewied and cleared by a
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universitybasedResearch Ethics Boa(®EB) prior to initiatingparticipantrecruitment §eeAppendix
C). Recruitment fothis study begamn October 24 (2018) and finished on January2@019.

Data analyses wermnducted in the following stepsirst, the data were screened for missing
values, outliers, anevaluated foconformity with assumptionsf eachstatistical testSecond, log
transformations were performed for the EXG Modeeaiteé EXG Vigorous scoresvgn the presence
of extreme values in the dafghird, missing values were replaced using sarspkific valus
generated via an expectatioraximization algorithm provided in IBM SPSS® (Version Zxurth,
score reliability esmateswere al cul at ed for the ment al heal t h v
Cronbach, 1951¥ifth, descriptive statistiowerecalculatedor each mental healtrariabke. Sixth, a
series of simpleregressiormodek were computedsingdummy codesspredicta variables
(‘ Exer goa méNeéEx e r g a‘m@ard’stress, anxiety, flourishing, and subjective vitality as
criterion variablesBased on the results of teempleregressiormodek, subsequentataanalyses
using only the subsample of participamso reported exergaming during a typical week at any
intensity leveln=53 * E x e r g wareeconsluctgd texaminethelink betweenexergaming
behaviar performedat differentintensitylevelsandmental healthThesesubsequerdnalyses
included (a) omputingbivariatecorrelation( P e a r sbetwmeerr EXG Moderate and EXG Vigorous
with stress, anxiety, flourishing, asdbjectivevitality, and (b) computingpur separate multiple
regressionmodek using ordinary least squares estimation proced&¢& Moderate and EXG
Vigorous served as predictor variables in each multiple regresside| whereas stress, anxiety,
flourishing, and subjective vitality served as the criterion variable in otieedbur regression models.
Additional markers of variablenportance- structure coefficients{ Courville & Thompson, 2001)
and squared serpiartial correlation coefficientsy?; Cohen, 2013} were calculated to aid
interpretation of the results pexgression model.

Results
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Preliminary Analyses: No more tlan 1.896 of the data were missing on any item assessed in the
Exergamer or NofExergamer subsamplds.i t t | e’ s GdxedaBed B1D.57dfe 86 p = (04;
GNonExergamer= 70.46,df = 77,p = .69) provided mixed results concerning the random nature of the
missing values in these subsamphdémissing values were replaced prior to subsequent analyses
using subsamplepecific estimates generated using an expectat@ximization algathm provided
by IBM SPSS (Version 25.0nternal consistencygf scorereliability estimates for items measuring
stress, anxiety, flourishing, and subjective vitality ranged from 0.82®in the Exergamer
subsampleNlg= 0.88SD= 0.05) and 0.88 t0.02 in the NorExergamer subsampl®1( n eexergamer=
0.89SD= 0.03).Table 1 provides specific estimates for score reliability per subsample and censtruct
assessed in this study.

Distributional properties of scores repeating stress, anxiety, flourishing, and subjective vitality
approximated normality in the ExergamBfts(ewness -0.31SD =0.96; Mkurtosis= 1.13SD =2.20) and
Non-Exergamer Mskewness -0.40SD =0.78;Mkurtoss = 0.72SD =1.20) subsamples. Tablepiovides
specific values for univariate skewness and kurtéesponses to items assessing EXG Modehkate (
145.55SD= 176.98;Skewness 2.22;Kurtosis= 5.21) and EXG Vigorous = 56.96SD = 92.76;
Skewness 2.98;Kurtosis= 9.66) deviated from noratity in the subsample of Exergamereg(10)
transformations were performed on both items which produced distributions approximating normality
for both items (EXG Moderat& = 1.91SD= 0.49;Skewness -0.04;Kurtosis=-0.02; EXG
Vigorous:M = 1.63SD= 0.46;Skewness -0.01;Kurtosis= 1.10).Subsequent analysesth the
Exergamer subsample usaealy the Log (10) transformed scores for both EXG Moderate and EXG
Vigorous.

Multiple Regression Analyses Predicting Mental Health Dimensions: To evaluate if
exergaming versus not exergaming predicted mental haadtiries of four simple linear regression

models were computed and interpreteldying status was dummy coded in these regression models as
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foll ows: {Exerg@’'me=x; Ng ) tressl danxiety, fleuxishinggaadsabjectiveS

vitality servel as the criterion variables in these regression models while playing status (Non

Exergamer vs. Exergamer) was the only predictor varidldestatistical outliers were identified within

the combind Exergamer and NeBxergamer sample (Mahalanobis D vaiu@.99,p = .68).

Assessment of the global model fit parameters for each criterion variable in the regression models

indicated the following: (a) StresBi(104 = 0.09,p = 0.77;R%q; < .01); (b)Anxiety (F1,104= 0.41,p=

0.52;R%4q; < .01); (c) FlourishingR1,104= 0.02,p = 0.89;R%q, < .01); and (d) Subjective Vitality

(F1,104= 0.79,p = 0.38;R%q; ~.01). Across the four regression models, no standardizeadbefficient

(Range = .020 .09) was statistically significarp’é ranged from 0.38 to 0.89) and alP®6onfidence

intervals around the unstandardized bmafficients included zero (Range @34 to 0.61).
Furtherdataanalyses using only the Exergamer subsanmmpte53) evallatedthe combined and

unique contributions tpredictingmental healtfirom EXG Moderateand EXG Vigorous during a

typical week.In these analyses, the Log(10) transformed scores representing EXG Moderate and EXG

Vigorous served as predictor variables wtstores for stresspdety, flourishing, and subjective

vitality served as criterion variables in separate multiple regression mg8aeldtaneous variable

entry was used in each multiple regression maddelstatistical outliers were identified (Mahatgbis

D values rangettom 0.09 to 11.00; al’ s > Visunldnkpection of the bivariate scatterplots for

each regression model implied that linearity and homoscedasticity were tenable assumptions in this

subsample. One standardized residual valueedaxd |3.00| acrossetfour regression models (99.51%

Z s r ange-219e.88) dominconsideration of the Variance Inflation Values (0.68),
Tolerance Values (1.47), Condition Indices (Ranged from 1.00 to 10.85) plus Variance Proportion
Values (098, 0.23) provided nevidence otkubstantiatollinearity between the EXG Moderate and/or

EXG Vigorous scores in any of the multiple regression models.



77

Visual inspection of the bivariate correlation matrix (see Table 2) indicated higher stress and
higheranxiety were assoced with bwerEXG Moderate and EXG Vigorous per weélanversely,
higher flourishing and higher subjective vitality were positively correlated mgtherEXG Moderate
and EXG Vigorouscoresalbeit using a liberal probability valup¢ . 08) f or the corr
EXG Vigorous with flourishingSummary observations from the multiple regression anafyses
presented (see Table BXG Moderate was the dominant predictor of each mental health variable
accounting for between 9.99to 10.00% of unique variance per criteriobess frequent EXG
Moderate predicted higher stress and anxietyp{alé < By.c@nakst, more frequent EXG Moderate
predicted higher subjective vitality and flourishing @lls < The 95%¢I for the unsindardized
betacoefficient defining the prediction stress and anxiety from EXG Moderated EXG Vigorous
included zero in both regression models. Finally, the 95% CI for the unstandardizeddfétaent
defining the prediction afnental health fronEXG Vigorousbut not EXG Moderatdid include zero in
each regression model examined in this stypeyajues ranged from .09 to .8Bable 3).

Discussion

Drawing on previous researeiploringthe potential fousingexergamingas a platformo
improveadd t mestal healthd.g, Benzinget al, 2018; Santost al.,2018), the purpose of this study
was to examine thmle of moderae-intensityand/or vigorousntensityexergaming behavio reported
by university studentduring a typical week in relation fpositive and negative dimensionshoéntal
health.Using anon-experimentatesearch design, a total of 106 university studeatsified asither
‘' NeEmx er g a meErxse’'r goarme r s’ repor t e e@xergadameg ehadoduriegiac y o f
typicd week, as well agheir own feelings of stress, anxiety, flourishing, and subjective vitality that
conceptually represented negative and positive dimensions of mental Qeaitall, the results of this
study make iapparent that exergamimgpically on a weekto-weekbasis provides no unique mental

health benefits (or decrementsjuniversity students compared to not exergamfed.it is apparent
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based on theubsample analyséisat more frequent exergamirgespecially at a level of intensity

¢ ’

percev ed as moder at e i n —maytountnbete tb greatdtourishirgrarsdi t vy st
vitality while minimizing stress and anxietyp summary, it seemaausible to suggeshatexergaming
on a weekly basis holds potential to improve mental heaftortedby university students particularly

‘

if the intensity of engagement is felt as mo d ¢
One key finding emerging from this study comsethe potentidink betweenexergamingluring a
typical weekin relation tomental healtliepored by university students compared with not
exergamingBased on theimple linear regressioanalygs conduting in this study, it is tempting to
conclude that exergaming is not a viable route to mental Healtimiversity stueénts.Certainly, the
observation that no ‘better’ (or 'plagerstates-that!| ev el
is‘Ex e r g avensus Non-Exe r g a !wag the predictor variable dsnothing to undermine this
claim. This observatiomlignswith previous reviews of the exergamiagd weltbeingliterature.For
example, Santost al.(2018) reported that 62.5% of the published studies testing exergaming
interventionsrersus other modaf physical activity €.g, treadmill walking, etc.) foundo substantive
betweengroup differences well-beingreported by adultsAs such, the results of this studbinforce
theobservatios reported bysantoset al.(2018)with data provided by university students
Second, it is also cleftom the resub of the simple linear regression analyses conducted in this
studythat exergaming does ne¢em to underminde mental health of university students when
compar e e xtear g'alrisgpiausible thatiniversity students who do not useegganing ona
regular basiso stay activaiseother forms of physical activitguring a typicalveek (e.g., walking,
resistance training, etclp this study, global physical activity levels beyond activity completea
function ofexergamingoehaviar wasnot measuredAt present, it seems plausible to suggest that

n-emx er g anigldpagake in physical activity using modes that do not relgligtal platforms
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(e.g.,walking outside, etcthat have beelinked empiricallyto bettermental healthd.g, Ekkekakis &
Brand, 2019Wwhich explains the null findingsvelent inthe simple linear regression analyses

Aligned with our second hypothesis, it appears thaintensity of exergamingehaviar may be
an importantonsideationwhen using this digital plearm to strengthen mental heatthuniversity
studentsinspection of the data reported in Tablm&kesi t apparent that ‘bette
demonstrated by higher floshing and vitality combiadwith lower stress and anxietyvas predicted
from exergamingperformedat moderatentensityandvigorousintensily levelsyet most of the
explainedvariancein themultiple regression models reported in thtsdywasattributedto moderate
intensity exergamingdPrevious studies addults(and universitystudentsheither evaluated nor
reportedthe possibility of intensitgependentelationships betweesxergamingandmental healthlt
is plausible that sensati®mvhichaccompay more intense physicalctivities— including vigorous
exergaming- can beexperienced as unpleasdnyt university studentthereby not contributing
favorablyto improval mental healthWhile this explanation remains speculative at best it aligns with
research testing the affective responses to exercise summarized by Ekkek&kesnan(2019) and
seems worthy of further scrutiny using exergamkgure studies may wish teauae this
speculatve account in more detaiking rigorous timeseries research designs that permit greater
understanding of the complaxterrelationship betweerexergamingntensity withvariability in
mental healtlmeporedby university students.

While datain Table 3 make it apparent that exergaming may be a useful conduit to mental health
for university students, it is also evident that substantietigns of the variance in each dimension of
mental helh assessed in this study remain unexplaiAgeéw possibilities couldaccounfor these
observatios. First, it is possible (and likely) that exergaming is merely one of several factors that
contributes to mental health reported niversity studentfreviousresearctwith youthshows that

demographic considerations.g.,biological sex, etc.), medical issuesq, depression, etc.plusother
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lifestyle behaviaors (e.g, smokng, etc.)may contibute to overallmental healtieported byuniversity
studentsThis explanation may reed the selection of variables to be included (and omitted) from the
regression analyses subject to post criticism. It is worth noting the principal aim of this
investigation was to determine if exergaming was a potential (not necessarily the optirdalj to
mental healtlmeported byuniversity students. As such, the principal aim was not to ascertain if
exergaming was the optimi@rm of physical activity to pnmotemental healtlhin this cohort.

Ultimately, the inclusion (and omission) of variables in the regression anatyagsender the seilts

of this studylimited in scope.

A few remarks concerning the measurement of exergaming behaeiem justified gien the
observations reported in this studlyis plausible the observed variability in exergaming behavio
undertaken on a weekly basis at both intensity
studentsPrevious reviewse(g, Santost al, 2018) imply that much greater emphasis has Ipésssed
on testing outcomes attributable to exergaming behaa® a digitabased intervention platform by
researchers in |ieu of opti mizliingi ntghe crmoenatseuxrtesme
Alternatively, it is also plausible that using a modifiastrument to assess exergaming behaio
this studyeffectedcomprehensionf the items used to measuhé constructby study participants
Previousresearch- albeit focused on the assessment gthslogical variablese(g, Gunnellet al,
2012)-indicateseven minor adjustments to item wording can impact participaatnprehension in
studiesreliant on selreport dataThefindingsreported in this study do nothing to undermine the
longstandig observation that measuring physical astibehaviar is a vexing problem for
researchers (Welk, 2002Jonsidering both observations seem plausible, it is reasonable to suggest that
more researchedevoted to optimizing the measurement of exergamatgbiair in observational
(i . e-living’) plusegperimental (i.e., interventidpased) contexts where this digital platform to

engage people in physical activity behawis popular (Witherspoor£013).
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Study Limitations and Future Directions

While the results of this study are novel and informative, this study is not without limitations that
warrant consideration alongside future directions to advance exergeeseagyctwith university
studentsFirst, this study relied on the use of modified itdmmeasure exergaming behawigiven
the lack of an available instrument to measurerttodeof physical activiy. The questions to measure
frequency and duration of exergaminmghaviar were adaptefrom the BRFSS which originally was
designed to assegllobal physical activity behauipnot exergaming per sk is not clear ifextent
instruments measurirgjobal physical activity are wedluited toadvancing this line of research
focused orexerganmmg. Future instrument development studies embrattiegconstruct validation
approach set forth by Messick (1995) seem justified to create an instrument measuring exergaming
behaviarr for university studentsSecond, this study relied on rprobability samplg within a non
experimental research design aiimits the generalizability and internal validity of the results.
Future studies could use more sophisticated approaches to samplingnénem populationsas well
as, consider embracing more complex landjnal research designs that permit some htsigto the
temporal dynamics between exergaming behamand mental healtbf university studentsSuch
research would do well assessnental health and exergaming behaviat multiple time points
acrosghe term where university students could lotljcaxperience perturbations in their mental
health that are worthy of investigatiomg, mid-termbreaksfinal exam periods, etc.).

Conclusions

In summary, the aim of this study wasetealuatdinks betweermoderatentensityand vigorous
intensity exergaming performed during a typical week by university students in relation to various
facets of mental healtithe main findingemerging fronthis study were that exergaming does not
predict any dimension of mental health when contrasted with not exergauring a typical week in

university students. Yet the frequency of modematensityandvigorousintensity exergaming per
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week is linked withhetter mental healtteported byuniversity students | assi fi ed .As ' ex
secondary findingf this studyconcernghe measurement adxergaming behaviw in university
studentsvhich at leasthased orthis investigation warrants more serious attention by exercise

psychology researehns Collectively, the results of this study do nothing to underntireassertion

that exergaming- as a form of physical activity behauio- may be a viable route to bettmental

health for university students and further exploration of this digital platform especially in university

students is warranted.
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Table 1

Descriptive statistics and score reliabigis for eachmental health dimension

Group 1: Exergamers Group 2: NorExergamers
Study Variables M SD  Skew. Kurt. U M SD  Skew. Kurt. U
Stress 2.48 0.63 046 055 085 248 0.62 0.10 0.89 0.89
Anxiety 2.39 0.67 0.10 -0.05 0.82 247 0.62 0.13 -0.28 0.86
Flourishing 5.60 0.96 -1.71 438 093 562 096 -154 2.35 0.92
Vitality 4.16 1.06 -0.07 -0.37 090 4.35 114 -0 -0.09 0.88
Note. M=Mean.SDSt andard Deviation. Skew. = Univariate Skewness.

estimate of score reliability (Cronbach, 195



Table 2

90

Bivariate correlations between mental health dimensionsnaodeerate/vigorous exergaming behaviours

Variable 1. 2. 3. 4. 5. 6.
1. Moderate EXG -
2. Vigorous EXG 0.56 -
3. Stress -0.50 -0.45 -
4. Anxiety -0.45 -0.38 0.63 -
5. Flourishing 0.38 0.24 -0.51 -0.48 -
6. Vitality 0.44 0.32 -0.54 -0.64 0.74 -

Note. EXG = Exergaming. Sample size is equivalesithin all elements in the diagonal matrin € 53). All ri2' displayedin the

diagonalmatrix are bivariate (Pearson) coefficients. Al rs

this sample.

greater

t han

| 0. 25| -taiked)latp< .G5tinat i st i
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Table 3

Multiple regression analyses predicting mental health dimensionsrroderate/vigorous

Variables B(SE) 95%ciB B t-values s (spY

Stress F2,50= 10.11,SEE= 0.54,R? = 0.29,R%g;. = 0.26)

Moderate EXG -0.45(.18) -0.8210-0.08 -0.36 -2.46 -0.92 .09

Vigorous EXG -0.19(0.11) -0.41t00.03 -0.25 -172 -0.84 .04
Anxiety (F2,50= 7.32,SEE= 0.56,R? = 0.23,R%g;. = 0.20)

Moderate EXG -0.45(0.19) -0.83t0-0.07 -0.36 -2.36 -0.95 .09

Vigorous EXG -0.13(0.11) -0.36t00.10 -0.17 -1.15 -0.79 .02
Flourishing F2,50= 4.31,SEE= 0.90,R? = 0.15,R%q;. = 0.11)

Moderate EXG 0.71(0.31) 0.09t01.33 0.36 229 099 .09

Vigorous EXG 0.04(0.19) -0.33t00.41 0.04 0.22 0.63 <.01
Vitality (F2:50= 6.14,SEE= 1.03,R? = 0.20, R%ag;. = 0.17)

Moderate EXG 0.88(0.36) 0.16to1.59 0.38 2.47 0.98 .10

Vigorous EXG 0.14(0.21) -0.29t0 0.57 0.10 0.66 0.71 <01

Note. F = Univariate ftatistic per regression model. SEE = Standard Error of the EstimdateCéefficient of Determination. ;. = Adjusted Rsquared value

based on sampleza and number of independent variables in the regression equation. B(SE) = Unstandardzseffim¢at (standard error of unstandardized beta

coefficient). 95%,B = Ninety-five percent confidence interval around the point estimate for the unstandavdize o e f f i ci ent . B-coefficiént. =t d ar di z e
value for each betaoefficient. g = Structure coefficients calculated from this formula: rX.Y/R wh&t& ris the bivariate (Pearson) correlation between the predictor and

criterion variable ad the R is the multiple correlation coefficient per regression model (Nathans, Oswold, & Nimon, 2012) S@mjpartial (part) correlation

coefficients (squaredxpressed as unique variance within each regression model per independent variakeiguatibe (Nathans et al., 2012). Abtatistics greater

than |2.00| were statistically significantat .05 in this sample.
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Introduction

Exergaming is &rm of active vigco gaming thatequires boilly movement and physical
exertion from player§Staiano & Calvert, 2011)n contrast taconventional videogamesghereplay is
controlled by handheld devicesexergamingequires eacplayerto engage in physical activity to
facilitate in-gamemovementind progresgPefa et al., 2016). Exergaming was initially developed to
increase physical activity levels in children and adolesahrégo concerns about sedentary behavio
caused by excessigereertime (Joronen et al., 201.7merginginterest haslevelopedn using
exergaming tamprove physical, psychosocial, and cognitiimensions ofhealth indifferent cohorts
and contexts such as rehabilitation following injury or illn@sg., Bailey& Mclinnis, 2011; Rosenberg
et al, 2010; Wang et gl2018).

Recent sidieshavebroadenedheinitial focusof exergaming research to include wastarget
groupssuch asuniversity studentsThis is not surprising given reports indieatentalhealth problera
amongspostsecondary sidentsarerising (Auerbach et al., 201®lanco et al., 200&8jue partially to
academic, financial, and lifestyle pressui@ar{ningham & Duffy, 2019Eisenberg et al., 200Hunt
& Eisenberg, 2010 Diminished academic performangmor class attendanampre d/sfunctional
relationships, and suicidal tendencies have been reputetbmental healtlproblemsin university
students (Bruffaertst al., 2018; Mortier et al., 2018)s a result, it is incumbent orogtsecondary
educationinstitutionsto provide services that promote the mental healtimfersitystudents
(Auerbach et al., 2016).

Campusghealth servicescludea variety of actiities to promote mental healtbr university
students (Eisenberg et al., 2009). Some univergities petthergpy which consists of dedicated

space for students to interact with trained dogs (Barker et al., 2016; Binfet, Ré&&arch by Adamle
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et al. (2009) withwo hundredandforty-six college freshmeshowed thaR0 minutes per week of pet
therapyacrossone yearresulted ira significantdecrease in levels pierceivedstress (Adamle et al.,
2009). Personal counselling and psychotheragmalsobe effectiveresourceffered bycampuses to
support the mental health of university studé@sodman, 2017). &BmdanMansour et al. (2009)
testedthe effectiveness of psychotherap\Bihuniversitystudents with depressive symptoResults
indicated ong@sychotherapy sessiger weekfor a duration oten weeks redudadepressie
symptoms, use of avoidance copsitategies, and perceivelels ofstresgor university students
(HamdamMansour et al., 2009)

Aligned with this work, a growing body of literatuiredicatespositive mental healthenefits
reported by university studentio engage in regular physicadtivity (e.g., Huang et al., 2017).
Positive mental health can include seteem, happiness,diar psychosocial welbeing €.g.,
Flourishing, etc.Huang et al., 2017Research byyson et al. (20103howed that lowest levels of
depression and anxijetvere reported by university students engagetemighest levels of physical
activity. Emerging research suggests impngvmental healtlof university studentffom engaging in
physical activity may alsbe derived fronexergaming. Br exampleHuanget al.(2017)evaluated the
role ofexergamingn changingnoodreported byuniversity students and university staiff.this study,
participants were randomlssigned tagroups. Thenterventiongroupparticipatedn exergaming for
30 minuteger sessiomp to twice a week across a tmeek periodvhile the control group did no
participate in exergaming during this peribtlang et al. (201 ®eportedgreater happiness and vigour
in theexergaminggroup compared to the control grolfurther researchy Santos et al. (Study 2)
demonstrated links betweemore frequent moderatatensity and vigoroustensity exergaming
behaviour per week with lower amounts of stress and anxiety plus higher leflelgishingand

subjectivevitality in university stalerts from Canada.
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Overall, the results of Huang et al. (2017) and Santos et al. (Study 2) prowradesupport for
the potential of exergaming aseapprach toengage irphysical activity hat can promotenental
health reported byniversity studentddowever, research testiniinks between exergaming and mental
healthin cohorts ofyoung adults witbut anydiagnosedealth conditiors (e.g., cancer, cerebral palsy;
Andersen et al., 2016) and&pecifically inuniversity studenteemain sparsat best At presentit is
not clear if exergaming effectivecompared tmtherinitiatives- such agpet therapy offeredas
campuswide initiatives promotingnental healthdr university studentConsistent and strong
evidence would bring one more alternatioee¢he forefront ofcampuswide health serviceprovided by
universitiesto promote mental health
The Present Study

To date no studies have compared the effeftexergaming/ersuspet therapy andr other
selfmanagement approach@sg., traditionakxercise, etc.lised to promotenental health of
university students. #such, thenainaim of this study was tevduate within an experimental design
i f university st udenmmptogedbyerergarmimaglcomipared With traditooall | d
exercisegprograms, pet therapy, or no approach toselhagemenStudy hypotheses were based on
previousstresgesearch (e.g., Wai@riffin et al., 2018) as well as, aystematic review of exergaming
and well-being in adults (e.g., Santos et al., 2018). Firstas hypothesized that exergaming would
promote superiomental health compared to no selhnagemerdpproachebut notcompared with
traditional modes of exercise. This hypothegis based othework by Santos et al. (2018) which
synthesizeghublished intervention studiedemonstratig thatexergamingcan promotemental healthn
adultsbutto no greater degree thatherformsof exercisge.g., walking, etc.)Secondit was
hypothesized thato differences in mental health would emerge in compasi®fexergamingvith pet

therapy. Tl hypothesis was based msearch published bardGriffin et al. (2018) supparig use

be
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of pet therapyto enhance mental health reported by university studiemiisg stressful periods in the
term .g.,exam weeketc).

Study 3 of this dissertation builds up8tudy 2in four ways. FirstStudy 3 provides a direct
assegwent ofdifferences in mental health attributed to exergaming veradgional exerciseSecond,
Study 3evaluaéspotentialdifferences betweeexergaming and other approaches to-selhagement
(i.e., Pet therapyjesigned to boost mental health for university studdmtisd, Study 3 uses
randomized experimental reseh design which is less prone to threats from internal validity compared
with the norexperimental research design used in Studiydurth,no researcho dateusing
exergaming to promote mental healftpublished that focuses on Kegriods of theacademiacalendar
whereuniversitystudents typically encounter greater mengalthchallenges- such as during
scheduledinal examperiods Study 3 addresses this gap in the literature that Stuglyo?ed
Methods
Participants

The samplevolunteering to participate in thigudy were wll-time university studentd\N(= 121)
rangirg in age from 19.00 to 30.0@ars(Mage= 20.18years;SD= 1.94 years). The samphasmostly
white (76.86%), single (98.33%Emale (57.85% )part/full-time employed (60.33%), and currently
pursuing an undergraduate degree (100.00%). Tamevides asmmary data fodemographic
characteristics and exergaming history of the samqiessexperimetal conditiors. The sample was
recruited using a neprobability (purposive) approach (see Elfil & Negida, 2017, for details)
Procedure

Research Design: This study used a pegtst only randomized experimental desfyiogt, et al.,
2012).
Instrumentation: Participants completed a sefport questionnaire on a single occasion assessing

mental health variablepércaved stressperceivedanxiety, perceivedlourishing andperceived
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subjective vitality, demographiwariablege.g, ageetc.)andexergamindhistory. The full instrument

is presented ilppendix D Mental healthwasassessed with the following instruments:Hajceived

Stress Sda ([PSS],Cohen, 1994); (birlourishing Scale[FS], Diener et al., 2009); (StateTrait

Anxiety ScaleShort Form [STAS-SF], Marteau & Bekker, 1992); (ubjective Vitality Scale

([SVS], Ryan & Frederick, 1997). The instruction&m® for each set afems comprising [a] through

[d] noted abovédocused on the expected mental health exhibiteal lypotheticatarget depicted per
experimental vignette. Exergaming history was measusetd)items modified from the Behavioral

Risk Facor Surveillance Sysin to gauge the frequency (days/week) and duration (minutes/session) of
moderate and vigorotiatensity exergamin BRFSS], US Centers for Disease Control & Prevention,
2001)

Manipulation check: Four manipulation check items were used to verify theceftd the

experimental stimulus. Foll owing an instructior
at university... "), each oflLikertrseak rarmgihglfromv(l)ng i t er
“Strongl’'yoDi(§gagreseeg’ong(la) Ag. .. CHRI'S was attendi
regularly’”; (b) *.CHRIS was playing exergames
and (d) ‘' ..CHRIS was rmpdtyseamgpmdgeadctiinviaryy rteygpud aafl

modified fomresearch published liyeck et al. (2018).

Experimental Stimulus: Each vignette provided generic details of afysar malgnvignettes=
4) or female(nvignettes= 4) student entering the final exam week at the end of his/her firstetegnding
university(seeAppendix Efor detailg. All vignettes were modified fromesearch published Arbour
et al. (2007). Each vignette featured a unique sentence manipulating thedimstr s éxcludieent ' s
use of one of the following sefhanagerant approaches: (a) Traditional Exercise, (b) Exergaming, (c)
Pet Therapy, (dNo Exercise

Data Collection and Data Analyses
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Following clearancéy a universitybasedResearcltthicsBoard please se@ppendixF for
detailg, participants were recruitdtbm undergraduate classes usingeries overbal presentations. A
standardpresentatiorscript was used fagach classo minimize betweeisubject effects based time
participantrecruitment. Interested participants subsequently contacted the resaanchia email to
schedule data collection alab. All data were provided duringdn-1 sessions between thtidy
participantwith thefirst author (ESS). Upon entering the lab, each participant received a detailed
explanation of the study, had a chang ask questions, then provided informed coneparticipate
in this study Subsequently,ach participant was randomljlacatedto 1 of 8 experimental groups (see

Table2) then asked to read thssignedrignette twice while vividly imagingthetaggt * s acti ons
reading the assigned vignettgce, each participant was directed to a computer terminal to complete
the posttest qustionnaire using a secure website designed via a commercial provider (i.e.,
SurveyMonkey®).
The main hypotheses comning the effects of exergaming on mental health were evaluated
using separate Multivariate Analyses of Varia(MANOVA). P | | aniwassused to evalgate i
the omnibus effects per MANOV4iventhe unequal cell sizes across experimental groups
(Tabadnick et al., 200Y. Follow-up univariateAnalyses of VarianceANOVA) were conducted when
reliable effects of the independent variables. (presence/absence of exergaming by the taaget
were detected in the data for positive (i.e., flourishing) subjective vitality) and negative (i.e., anxiety
and stress) components of mental he&étial etas q u a r?evelue were calculated to interpret
theeffectsizes attributed to thexperimental manipulation.
Results
Preliminary Analyses: No missing data or owdf-range responses were evident across

dependent variables. Score reliabilityimstes for items comming each dependent variable ranged

across experimental groups albeit not markedly on avekdge 0.81SD =0.11;see Table 3). No
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grave departures from univariate skewnédsedy=-0.23 SDskew.= 0.69) or univariate kurtosi$/ur.
=0.24 SDwrt. = 1.42) emerged on average for any dependent variable useMANOVA’ see
Table 3 for specific values). The nsignificantF-t e st s associ ated with each
the assumption of homogeneity of variatooeariarce matrices acroskeM A N O V Apésanded
from .05 to .46 inclusive).

Manipulation Check: Separ at e uni variate AMXN®@¥nalyses wi t h Bo
indicated aggregate differences per manipulation check item across experimental groups (gee Table
for details). Moderatéo-large effect sizesf?) were evident across experimental groups per
manipulation check itenM = 0.57% SD =0.08). No statistical differences were noted for when varying
thehypotheticatarget s pereayed withireachvignettefor the same selinanagement approach
(e.g.,male exergamer vs. female exergamer, etc.). Aggregate differences across experimgrgal gr
were in the expected direction per manipulation check item (see 4 &drleletails).

Main Analyses: Means and stand&deviations from theight MANOV A’ s eval uating
of exergaming compared to traditional exercise, pet therapyn@mexercising during the end of term
final exam period on ment al health are shown ir

exagaming to traditional exercise indicated no statistical differences between groups on stress/anxiety

(Pi | | ai ®#0s1Q A(6,144=e0.97, p = 0.45, partiatf? = 0.05) or flourishing/subjective vitality

(Pil |l ai ©0610;A(6,144)=1.00p=0483, p&rt0ads5). MANOVA’' s compa
exergaming to ne-exercise indicated statistical differences between groupsessktnxietyRi | | ai 6 s
Trace= 0.29; F(6,114)=3.21, p<0.01, p a ¥=t0il4pand flqurishing/subjective vitaliy?(i | | ai 6 s

Trace= 0.5; F(6,114)= 2.65, p= 0., p a ¥=t0il2h Follow-upunivariateANOV A’ s i ndi ca
aggregatelifferences across groups on stré¥867) = 4.52,p< .01,p a r t2E @.19), apxiety
(F(357)=4.56,p<.01,p a r t2F @.19), ahd subjeste vitality (F(3,57)=5.25,p<.0l,par t’Fal d

0.22) but not flourishingH(3,57)= 1.32,p=0.28,p a r t?F @.07). Targets characterized as
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exergamers reported higher subjective vitality as well as lower stress and anxiety compared to non
exercise targets. Finally, the MANOVA comparing exergaming to pet therapy implied statistical
differences across groups on stress/anxiBty (I | a i ©0s20;F(6,144)=2.16pp= 0. 05,2 part
= 0.10) but not flourishing/subjective vitaliti? (i | | a e®5010;A(6,144)= 0.97,p = 0.45, partial
n?=0.05).Followup univariate ANOVA’'s indicated possi bl
stressF(3,57)= 2.62,p=.06,p a r t?F @.12), ahxietyk(3,57)= 2.86,p=.05,p a r t?F @.13) bt
not eithersubjective vitality F(3,57)= 184, p = .24p a r t?F @.07) odflourishingk(3,57) = 0.45,p
=0.72,p a r t?F @.02). Thrgets presented as exergamers reported less stress and anxiety compared to
targets using pet therapy.
Discussion
Thepurpose of this study was to provide an expental test of the contributions made by

exergaming to university students ment al healt
therapy, or no approach to setanagement durinipe end of term finadxamperiod Consistent with
previous research (Santos et al., 2018), and partially in support of our study hypotheses, this
investigationprovides overalsupportfor exergamingas a conduit toninimize stress and anxiety
during challenging periods in thmiversitycalendar while at the same time bolstering flourishing and
subjective vitality. When compared with pet therapy or no approach tmaekigement, it appears that
exergamingnay hold som@otential for bolstering the mental health of fiystaruniversitystudents.
By comparison, it seems that exergaming provides nothing unique in terms of stimulating mental health
benefitswhen compared againsaditional modes of exercise participatiorfinst-yearuniversity
students

Inferential analyseprovided mixel supportfor the initial studyhypotheses concerning the

potential for exergaming tonpactmental health. Building on previous studies using adult samples

(e.q., Eggenberger et &2016; Huang et al2017,etc.) plus a recent synthesis oé thellbeing
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literature using exergaming as an intervention with adults (Santos et al., (b 8)udy found no
support forthe hypothesis that exergaming bersafiental health in university students more (or less)
than traditional modes of exerciserfigipation. The likely explanation for this observation is that
exergaming and exercise at@riousforms ofphysical activity which, in all forms, is likely
advantageous for promoting mental health (Fox & Wilson, 2@A8ure studiesouldtest this
asertionusingbroaderassessments aiental healttwhich includebothtrait- and statdevels of
experience to determine if exergaming and traditional exgpeikieipationoffer comparabldenefits
to mental healtffior university students

Perhaps of grear interest in this study concerns the expected role of exergaming in advancing
mental health amongst university students in comparison to no exercise and pet-tiagpapylar
selfmanaement approagbrovided by manyorth American-based universitie@Vard-Griffin et al.,
2018). Consistent witthe studyhypotheses, and previotesearche.g., Karahan et al., 2015), it is
apparent that exergaming offers benefits to mental healthwensity students compared to no
exercise participation during stefsl periods of the term such the week of finakxams. While the
causal mechanisexplainingthis phenomenoremairs unclear at this juncture, amduld include
biological models of please/displeasure (Ekekakais & Brand, 20a8yl/orkey psychological
mediatorschannelinghe contributionof exergamingo mental health (e.g., Gunnell et al., 2012), the
results of this study combined with the existing suppartHis notion solidifies the importance of
usingexercise- which includes exergamingas avehicle to advance mental hedith university
students. Future studies may wish to explore the role of exergaming in promoting acute versus chronic
challengesn mental health reported by university students acrossrtieacademic term particularly
during stressful periods such as réim and final exam weeks that represent pendgtisn the
academic calendavhen mental health is likely challged and/or neglected by university students.

Study Limitations and Future Directions
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Several limitations warrantacknowledgment with the provision fafture directions to advance
the study of exergaming and mental headiorted byuniversity students. Ft, this study relied on
nonprobability sampling that likely minimizes the external validity a$ ttesarch Future research
could use probabilitpased approaches to draw more representative sampéegfgaming research
Second, this study reliec@usively on the use of vignetteased manipulations as the experimental
stimulus distributed in a reseéarlabsetting Future studies may wish to extend this work by
comparing the effects on the mental heatthibutable teexergaming compared against other
approaches to sethanagementespecially pet therapy\ard Griffin et al.,2018)- in natural sethgs
across university campuses where students might experience mental health issues (e.g., classroom,
etc.) Third, dataverecollected at different points over the duration of a single academiaatnar
than at a fixed point of the teriAlthough part ci pant s’ respo rhgetsticaler e bas
character portrayed in the \thgtimed dat sollectioneray onder
have impacted the way they read and interpret the vignettes (Hughes & Huby, 2002). In the vignettes
used for this studythetargetwasportrayed as a firgtear studenéntering the final week of Fall term
preparingto write final exams. Thdéinal examperiodis knownto bestressful anénxiogenidor many
university students (e.g., Allen et al., 198&yalan et al., 2010). Thmarticipantsn this studywere
university studentbut notrecruited at the end oérm or during the period dihal exams This aspect
of the research design may have impathedevels of stress, anxiety, flourishing, anhty expested
of thehypotheticakargetportrayed withineach vignettéhatstudy participantseported Future
research may wish tmnsider measuringll studyvariablesat designated periods of the acadetarm
whenuniversity studentmay be likelyto experience greatehallenges tanental healthFinally, the
assessment ofental health in this study was limited to four variables which may not coventine

conceptuabreadth or depth of the content required to represent this broad psycHajogsatauct.
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Additional studies usingothclinical (e.g., depressigetc) and norclinical (e.g., happinesgtc)
markers of positive and negative mental hedithensionseem warranted.
Conclusions

Overall, this study presented eviderlgethe potatial of exergamingo advancenental health
reported byuniversity stalents.Targets presented aseegamerslisplayed higher levels of flourishing
and vitality, and lower levels of stress and anxietgomparison tmon-exercisers. Alsadargets
presened as exergamersportedessstress and anxiety compared witingets engaged pet therapy.
Finally, targetpresented as exergameid not differ from targetpresented as exercisénserms of
mental healthOverall, heseresultsprovidemore evigncefavoringthe pdentialbenefits of

exergamindor improving themental healtof university students.
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Table 1
Descriptive statistics for sample across experi@ecdnditions
Variables Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8
Demographic
Factors
Age (yr.) 20.13+2.13 19.50+0.65 20.00+1.37 20.87+2.50 20.13+1.19 20.47+2.88 19.67+0.62 20.67+2.64

Height (m) 1.68+0.13 1.68+0.14 1.69+0.12 1.70+0.14 1.71+0.12 1.63+0.12 1.67+0.11 1.65+0.09
Weight (kgs) 64.11+10.29 63.89+£12.15 72.09+14.44 79.44+19.29 74.91+11.33 60.82+9.35 75.29+12.83 71.12+10.07
BMI (R ¢ 2295+4.89 22.96+5.11 25.72+6.73 27.59+7.58 25.78+3.59 23.35+5.11 27.25+4.93  26.32+4.23

Exergaming
Behaviar
Moderate
Intensity
Days/Week 0.33+0.49 0.80£1.01 1.07£1.29 1.67+2.06 0.64+0.93 0.33+0.62 0.87+1.13 0.87+£0.74
Minutes/Sessior 14.67+20.57 21.67+28.01 22.19+23.94 29.00+33.98 22.00+23.59 15.33+21.99 28.33+23.81 39.67+36.96
Vigorous
Intensity
Days/Week 0.13+0.35 0.47+0.74 0.44+0.63 0.73+1.83 0.50+0.76  0.27+0.46 0.67+1.05 0.27+0.59
Minutes/Sessin  5.00+10.52 8.00+12.51 12.31+17.80 15.00+33.43 16.73+12.31 5.00+9.82 13.00+18.78  4.00+8.28
Moderateto-
Vigorous
Intensity
MVEG- 15.67+24.56 52.33+87.85 61.56+89.18 145.67+318.1% 35.80+56.09 20.67+41.48 49.33+66.38 57.00+58.55
Mins/Week

Note. Goup 1 = Male Target (Traditional Exerciser); Group 2 = Male Taidebh-Exerciser); Group 3 = Male Target (Exergamer); Group 4 = Male Target (Pet
Therapy); Group 5 = Female Target (Traditional Exerciser); Group 6 = Female TargdEXBimiser); Group 7 £emale Target (Exergamer); Group 8 = Female Target
(Pet Therapy). "lues presented as Mean (+SD). M\AMBhs/Week = Selreported minutes of Moderate-Vigorous Exergaming per week.
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Table 2

Descriptions of experimental manipulation of target types across groups

Vignette Components Description

Opening Stem Chris is 18 years old and a fingear university student in Ontario. This term he/she is takincg
courses in Psychology, French, Calculus, World History, and Chemistry. Chris is of avere
height and average weight. He/She has breyes and short dark haln his/her spare time,
Chris listens to music, reads, watches TV, and often gets together with his/her friends to
drink or to see a movie. Chris is now entering the final week of the Fall term where he/sh:
scheduled taovrite a final exam in &ch class. Each final exam is cumulative including quest
from lectures and readings assigned in each course over the entire term.

Target Types
Exergamer: Chris plays exergames regularly on at least 4 or 5 days every We#Ker exergaming

routine includes activities that focus on fitness such as Zumba Fitness or Wii Fit using eit
XBOX 360 or Nintendo Wii. He/She also enjoys playing exergames thatkeisypalrts like
basketball (e.g., NBA 2K19) or tennis (e.g., Wii T®mwith his/her friends.

Traditional Chris exercises regularly, working out at the gym 4 or 5 days every week. His/Her exercit

Exerciser: program consists of jogging, fitness classesl some weight training. Chris enjoys playing
pick-up basketball antennis with his/her friends.

Non-Exerciser: Chris is not physically active and does not participate in exercise such as jogging, fithess

classes, or weight training. Chris does not pdany sports such as piakp basketball or tennis
with his/her friends

Pet Therapy: Chris is attending drofin sessions offered at the university on at least 4 or 5 days this wee
he can pet, groom, and play with therapy dogs. Chris attends thesensesgh his/her friends

Closing Stem Chris is the oldest of the children and his/her parents are both schoolteachers. Last sumt
Chris worked at a movie theater. Next summer, Chris hopes to tour Canada for a few we:
with his/her friends.
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Table 3

Desciptive statistics and score reliability values for dependemiables across experimental groups

Dependent Variables Group Group Group Group Group Group Group7 Group

1 2 3 4 5 6 8
Stress
M 1.61 1.69 1.54 1.77 1.61 1.99 1.43 1.89
SD 0.52 0.56 044 0.65 0.60 0.36 0.39 0.52
a 0.83 0.87 0.76 0.83 0.88 0.34 0.68 0.77
Skew. -0.33 -0.03 -0.37 -0.10 -1.16 -0.64 -0.44  0.05
Kurt. -0.81 -0.74 043 -0.94 2.61 2.35 -0.93 -0.37
Anxiety
M 2.28 249 214 2.68 2.51 3.01 2.40 2.70
SD 0.61 0.75 0.79 0.57 0.59 0.50 0.58 0.69
a 0.86 0.88 0.91 0.79 0.84 0.81 0.87 0.75
Skew. -0.91 <0.00 0.09 -0.23 -0.99 -1.58 1.38 -0.69
Kurt. 037 -182 -1.02 -0.55 1.63 2.59 3.20 0.10
Flourishing
M 6.08 545 556 5.65 5.87 5.28 5.84 5.59
SD 0.46 0.61 0.98 0.77 0.71 1.03 0.41 0.61
a 0.711 0.76  0.90 0.83 0.84 0.84 0.63 0.71
Skew. -0.52 -0.27 -121 -0.21 -0.69 -0.47 0.20 0.40
Kurt. -0.16 -1.35 104 -0.17 -0.53 -0.03 0.22 0.09
Subjective Vitality
M 3.99 3.74 430 3.55 4.00 2.86 4.28 4.01
SD 1.27 1.27 1.24 1.19 1.25 0.86 1.19 0.87
a 0.92 091 0.88 0.90 0.90 0.82 0.94 0.83
Skew. 0.32 1.03 -0.15 0.50 0.13 1.23 -1.39 -0.33
Kurt. -1.50 053 -0.22 -0.80 -0.72 2.26 3.47 -0.55

Note. Group 1 = Male Target (Traditional Exerciser); Group 2 = Male TargetBXerciser); Group 3 = Male Tget

(Exergamer); Group 4 = Male Target (Héterapy); Group 5 = Female Target (Traditional Exerciser); Group 6 = Female

Target (NorExerciser);Group 7 = Female Target (Exergamer); Group 8 = Feifmiget (Pet Therapy). M = Univariate

Mean.SD = Standat DeviatonSkew. = Uni variate Skewness. Kurt. = Univar
score reliability (Cronbach, 1951).
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Table 4
Descriptive statistics for manipulation check items across experinmondltions
Variables Group1l Group Group Group Group Group Group Group 8
2 3 4 5 6 7

Pet TherapyKi 7= 18.89,p <
.01, Pp=a054)i al n
M 2.47 2.33 2.38 6.47 2.67 3.33 2.86 6.33
SD 1.55 1.68 1.46 1.13 1.54 1.99 1.82 1.23
Exergamerfk.7=23.28,p <
.01, p=a059i al n
M 2.67 2.60 6.31 2.32 2.13 1.87 6.20 2.07
SD 1.91 1.68 0.79 1.99 1.25 1.77 1.08 1.22
Traditional ExerciserH1,7=
33.12,p< .01, partiah? = 0.67)
M 6.20 1.40 4.50 2.27 6.47 1.40 4.33 2.27
SD 1.21 0.74 1.93 1.39 0.92 1.55 1.63 1.28
Non-Exerciser F1,7= 15.35p <
.01, partiain? = 0.49)
M 1.53 5.33 1.94 4.67 1.40 5.80 2.07 4.60
SD 1.25 2.09 1.34 2.26 1.55 2.48 1.39 1.92

Notes. Group 1 = Male Target (Traditional Exerciserpr2 = Male Target (No&xerciser); Group 3 = Male Target (Exergamer);
Group 4 = Male Target (P&herapy); Group 5 = Female Target (Traditional Exerciser); Group 6 = Female TargeEXbimiser);
Group 7 = Female Target (Exergamer); Group 8 = Feireiget (Pet Therapy). M = Univariate Mean. SD = Standard Devidton.
= F-statisticsper model Partian?= Partial etasquared values per meid
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Chapter 6

General discussion
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University students may encounter disruptitlmpersonaftoutines whenstartinguniversity
combined withfinancial and academpressureg¢Lewiset al.,2 0 1 5 ;eilly@t aR 2018)Some
university students adjust to gechanges with confidence, optimmsandretainhigh levels of mental
health (Arnett, 2006; Samuolis & Griffin, 2014)tH@runiversity students have more difficulty
adapting to these angesandreportdiminishedmental health (Samuolis & Griffin, 2014 ccording
to theWorld Health Organization {(JyHQ], 2014), mental health is a state of wa#ing in which
people recognize theawn potential, contribute to tirecommunity, work productively, ahcope with
stresses of lifeUniversity students witpoormental health- which is often characterized by higr
levelsof stress and anxietyoften reporiower well-being thatdeclinesover time (Ribeiro et al.,
2018).Previous work repogdiminishedmental healthby university studentsompared t@age
matched peers not enrolled in pgstondargeducatione.g., Keyes et al., 28, Larcombe et al., 2016;
Leahy et al., 2010).

Universities and colleges have implenmextgtrategies taombatmentl health challenges faced
by studentgHarrer etal., 20B). Thesestrategiesnclude- butarenotlimited to- counsding services
(Goodman, 2017), massage therapy (Tani & Lee, 2019), napstaiass(Gruber & Cassoff, 2014),
plusanimatassisted thapy (Barker et al., 2016hysical activity isone alternativetrategy promoted
by universitiego improve mental health of students (Andersen et al., 2@r®).approach designed to
blenddigital technology with health promotidnitiativesthat carpatentially improve mental healtts
exegaming(Huang et al., 2017 he first exergamesere developed to increaels ofphysical
activity in children and adolescen(d/itherspoon, 2013)Dueto the variety of exergames currently
available é.g.,golf, dance, bxing, running etc) usingthe most popular consolese(, PlayStation
Xbox, and Nintenda)more interest in using exergaming wtlultshas emerged in the health
promotion literaturgWitherspoon, 2013Exergamingprovides onalternative tanore traditional

modes okxercisagyiven thevariety of themes and game modesilable to the us€Bogost, 2005).
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For examplepptionsto play in singleplayer mode, play cooperatively with pegry against other
players (Witherspoon, 201,3)se wtual structured exercise prografe.g.,'EA Sports Active:
Personal Trainéy), or engage in physical activity usipgculiar themes (e.,JZombie, Run!; Sheehan
& Katz, 2013 render exergaming a versatile option for physical activity promotmeogame
companies have launched mobile games with augmented realigy¢lcansidered exergambégcause
usersneed to walk in redime (e.g., catching®?okémornin the gameé P o k é mpNanti§ @J016).
Overall, the array of exergames availableniobile or conele-based formats offerdausible
alternative to traditional exerciséacilities for being physically activéhat may beerceivedas
dynamic and fuy adults(Limperos & Schmierbach, 2016).

A growingbody ofresearch has shown that exergagntan promotghysical, cognitive, social,
psychological benefits tadults(e.g.,Bailey & Mclnnis, 2011Huanget al.,2017; Roseberg et al.,
2010; Stanmoret al, 2017) Studies mvestigaing the psychologicabenefitsstemming from
exergamingare sant compare to thieon's share of the evidendecumentingrariousphysicalbenefits
stemming from exergaming reported by adults date, research testing the role of exergaming in
relation to mental health reported by adults has relied on those pgomevith health conditions,
middle-agedolder adultsor childredyouth (e.g.,Chaoet al.,2014 Madntosh et al., 201, Santos et
al., 2018 with limited attention to research using university students

The lack of studies targetinmiversitystudentsuseof, and benefits from, exergamirgevident
(Huang et al., 2017 he relevance of investigating the link between exergatmngiversitystudents
with mental healths warrantedgiventhe number of individuals enrolled pog-secondarynstitutions
reporting mental health challengssising (American College Health AssociatioAQCHA], 2016)
University sudentsare exposed to many factdeeelewis et al, 2015 for detailg that makehe
experiences atniversity difficultto handle whichin turn, can exacerbate problems witiental health

(Huanget al.,2017) Most universitiesnclude mental health ihatives to promots t u d mentals
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health(Eisenberget al, 2007; Hunt & Eisenberg, 201Miowever the role of exergaing as a coduit
to promote mental health in universgfudentgemains unclear
Building on this literaturethe focusof this dissertation was to investigate exergaming in relation

to mental health with apiation touniversity studentdn total,three studies are conducted with the
following objectives(1) Syntheskethe researchsingexergamingo promotewell-being— a
psychological concept affiliated with mental healtteported byadults(Study 1) (2) Verify potential
links between exergaming performadmoderatentensityandvigorousintensity with mental health
reported by university studentStudy 2);, (3) Compae the contributions of exergaming against other
selfmanagement behaviours (e.g. pet therapy to mental healtlieported byuniversitystudents
(Study 3)
Summary of research findings

This section provides a brief synopsis of the main findings emerging from each study
comprising this dissertatio®tudy 1 (see Chapter 3) addresseasidhestion:Does exergaming
improvewell-beingrepoted by adultsThe main findings from Study 1 weas follows: (a) Evidence
supports the utility of eergamingfor improving well-beingin adults incomparisorto noexercisgor
‘ dasyoud 9 tonditions;and(b) Exergaming does not benefitell-beingreported by adultsnore
(orless) so thanther( per haps modessoteketcises( rmriningon treadmills, etc.)
Secondary findings emerging from Study 1 included the following: @tMf the studiewith adults
focused on exergaming and wbking useaohorts living withspecifichealth conditionge.g.,
neurological disease, eta)middle agéolder adultsnot university studentgb) Overall reporting of
detailspertaining tahe exergaming intervention were minimal at bastj(c) Most published studies
omitteddetails aboutheintensity of the exergaming intervention used to changelveatig in adults

Study 2 (see Chapter 4) addresgeslquestionis exergaming at m@uate and vigorous

intensities related to mental health repd by university studentd®singa nonexperimentatesearch
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design the main findingemergingfrom Study 2 wereas follows (a) University students reporting

moderate andvigorousintensityexergamindoehaviaur in a typical weelkalso eportedower stress,
loweranxiety,highersubjectivevitality, andhigherflourishing; (©) Moderateintensityexergaming
behaviourduring a typical weekredictedowerstress, dweranxiety,higherflourishing, anchigher

subjective vitality typically felt by the univsity studentsand (9P| ayer st atus (-' Exer
E x e r g aicheot preflict mental health reported by university students.

Study 3 (see Chapter 5) addressed the following quefimes exergaming improve mental
health morehan other selmanagement approaches used by university studélsisgy a randomized
experimental research desjdime main findings of Study 3 were adléavs: (a) Exergaming can
promote better mental health in university studentaparedo no exercise; (b) Exergamingght
promote less stress and less anxiety in univessityentcomparedo pettherapy and(c) Exergaming
does not impact mental health reported by university students in terms ofastresty, subjective
vitality, or flourishingmore (or l&ss) so tlan other forms of exercise.

The studies comprising this dissertation contributamal extendthe literatue focused on
exergaming and mental health in several wayst, the data presented in these studiescatethat
exergamindhas the potential tbeas effectivgor no less effectiveds traditionamodes ofxercise in
relation topromotingmental healtlieported by university studentSeconddatapresented irstudy 2
may justify futureconsideratiorof exergaming intensitgs one keyactor toconsider when targeting
mental health ofiniversitystudentsn health promotionThird, data presented in Stied 1 ancB
confirm thatexergaming is morkkely to improve mental health than e&erciseat all Fourth,the
results of Study 3 extend thgezgaming literature to show it may be mbeneficialto promoting
mental healtk- especially stress and aety dimensions-than usingpet therapyFifth, Studies 2 and 3
provide direct evidence for the role of exergaming in relation to mental headthie@ by university

students as a targethemt of interestFinally, the studies comprising this dissertation addrepsurt
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thelimited focus on conceptual replicatigmoposed by &hmidt (2009)within the exergamingnental
health literature
Implications for future research

Combined withprevious investigation&.g, Huang et a).2017 Lee& Skerrett, 2001Naugle
et al., 2014, the results of these dissertation studies intipht exergaming may keepromisingway to
mental healthn universitystudents. Yet a few limitations exist within the studies comprising this
dissertation that should be addressed in future Widr&se limitations are outlined in this section along
with future directions for this area of exergaming research.

The first limitation concerns the design of the research studéspecially Study 2 and Study 3
— of this dissertation. Neaxperimentalesearch designs provide limited evidencectrsation while
posttest only research designs provide no evidenohafge over timin mental health variables as a
function of exergamingQuality of study design within theublishediteratureon well-being changes
attributed to exergamingeported byadults was noted in Study $pecifically,randomized
experimental dsigns were uskin only 9 of the 24 (37.5%) investigations coded for Study 1. Other
studiesreliedon single-group desiga(7 of 24 studies29.2%), quastexperimental desig(? of 24
studies8.3%, interrupted timeseries designs (1 of 24 studies; 4.2%), and no césaarch design (1
of 24 studies; 4.2%). Qualityf, andvariationin, researclidesignfor exergaming studiamay impact
study results andhuspotentialimplicationsof the research findingdladiganet al, 2013).To address
this limitation, future rese@h focused on mental health aaxkergaminghouldconsidemusingmore
sophisticated desigr{s.g.,randomized controlled tria[RCT]) which include longitudinal
measirement of mental health variables over titdeingof RCT-baseddesignshave advantagesuch
as the possibility of makingausal inferences between the variallagh are considered the strongest

evidence of the efficacy of an interventi@pieth et al., 2016)ncluding longitudinal assessment of
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mental health variables over key time pdaanay alswerify the patterns afhange between study
variableson different occasionwith time-lags(Caruana et al., 2015)

Thesecom limitation of the studies comprising this dissertation is concerned with the
measurement of variables to represemtalehealth Across thditeraturein this area,leoverarching
concept of mental health is presenfienin differentperspectivesd.g.,Deci & Ryan, 2008; Keyes,

2006; WHO, 20T7) which has led t@onfusionin operationalizing mental healthor example,
assessingnental health should not leguated to only assessingntal disorderéKeyes, 2005)In
addition,thereliability andvalidity of scoredor instrumentaised to assess mental health variables

should be a priority (Basta al, 2014).A mindful conceptualization of mental healtivolves

choosing the best availalilestrumenation toclarify therole of exergamingn changingnental health

of university studentg-uture studies could assess a broader array of mental health variables, as well as,
consider using methods of assessing mental health that do not rely-mpseifdata. Attention to

positive as well as negative dimensiofsnentalhealth would bedvantageous future research

based on the evidence presented indfssertation

Thethird limitation of thesedissertatiorstudies emerged fro®tudy 3 which used a linatl
number ofcomparative groups within the vignettesevaluate the contributions of exergaming to
mental health reported by university students. In study 3, exengamais compared to no exercise,
traditional exercise, and pet therapy ofilitis extendgprevious research summarized in Study 1 which
typically relies oreither (a)no exercise ofb) traditional exercise grogpocompae well-being
changes with againsikergaming in adults (Douris et al., 201R)ture studies could usgher
approaches to Bemanagement designed to promote mental health for university students which
include massaggherapyor arttherapyfor exampleln addition,little work has beemlonein terns of
costeffectivenesselated to exergaming as a route to promoting mental health for university students

Studies focused on cestfectivenessimto compare two or more interventions regarding their



121

economic consequencg@doyes & Holloway,2004) Costeffectiveness analyssomprisesnformation
about the effectiveness of the interventions (current and potential) in improving health and the costs
required to implement tise intervention$WHO, 20T7). Future research could addressldek of cost
effectiveness data for exergaming by verifying the-to$tenefit ration of exergaming in terms of
promotingmentalhealth foruniversitystudentsagainsithertherapeuti@approaches (e.g., ahterapy
pettherapy massagéherapy etc.).Costeffectivenessanalysis would contribute to prowd) relevant
information topostsecondarynstitutions regarding theiability of exergaming as a resource to
improvemental health of universitstudentswvithin current budgetary constraint models

The fourth limitation of this dissertation is the use of vignettes as the experimental stimulus in
Study 3(see Chapter 5oncerns abouhe use ofignettes iresearch have been forthcoming. For
exampleKirmayer et al. (1997argued thavignettes may be tooypotheticaltherebymagnifyingthe
distancebetweerreallife andthe hypothetical situationdepicted by the vignette$hi s ‘ di st anc e
impactstudyp ar t i c i p a nduesatleast ia papt imterpretagion of the vignetsan different
ways.In addition, @rticipants mayave difficulty becomingmmersed in hypotheticaignettes that
deviate fom theirown life experiencegHughes, 1998; Hughes & Huby, 200Buture research could
address this issue by testing #féicacy of exergaming intervéons directly against other self
management approaches whitlodd include pet therapy because of the results provided in Study 3 of
this dissertation

The fifth limitation of the studies included in this dissertation eons the lack of theory
guidingthis work (e.g., Douris et al., 2012; MacklIntosh, et al., 2016). The lack of theory may limit a
systematic explanation of why exergaming improves mental health of university students. The value of
theories is extolled by sexal academics and researcherg., Fishbein & Yzer, 2003Theories help
to provide wellstructured explanations for phenomeRsslibein & Yzer, 2003)Moreover, theories

permit researchers to condense, accumulate, and summarize knowledge that gaditteiuture
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events or behawurs (Sjgberg et al., 2016). At present, there is no specific theory developed to explain
the link between exergaming and mental health. Future research based in theory could advance the role
of exergaming in changing mentaalth reported by universityuslents. An example of theory that
could be applied in future investigations aiming to investigate why exergaming improves mental health
of university students is Selletermination Theory ([SDT], Deci & Ryan, 1985). WithiDg the
fulfilment of the psychlogical needs for competence, autonomy, and relatedness explain variation in
mental health (Ryan et al., 2008). Competence is satisfied when people experience a sense of optimal
challenge in environments; autonomy is fuffillwhen people have opportuegito engage in activities
by their personal choice; relatedness corresponds to people's feelings of being related (or connected) to
a group interaction or social context that can lead to social bonding (Ryan et al., Z0D&)a$ be
useful for studies iexergaming and mental health of university students because exergames have
competitive levels (psychological need competence), options for choice exist in varied intensities
(psychological need autonomy), and players catigizaite with others in the satocation or
remotely (psychological need of relatedness).

While lack of theory is a limitation of this dissertation, it glilbbe noted thadn extensive
discussiorhas emerged betwesnholars regardinthe use otheories (e.g., Arestis & Chortareas
2008; McEwan et al., 2019; Miller, 200Willer (2007) arguel that atheoretical research is an
alternative hat can be used to offd#ie limitations of theorpased research. Arestis and Chortareas
(2008)note thabnelimitation of theorybased reseah is* b ling rofdthe researchdhat essentially
narrows thefocus of any giverstudyto only the variables or predictions oudthbased on a specific
theory. Explanatios for phenomena theonly getinterpretedwithin the parameters diat specific
theorywhich maydisregard kernativeperspectiveto explain the link between variables (Miller,
2007). Atheoretical resear cesearshhstudig\mstib& i ng a ‘' n

Chortareas, 2008).

€
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Adding to the discussion of theshased vesus atheoretical empirical work, McEwan et al.
(2019) conducted a metmalysis to examine the effectiveness of thdmayged versus atheoretical
physical activity interventiong\nalysis of the effects from interveon research iphysical activity,
McEwan et al. (2019) found no differersd@etweerntheorybased versus atheoretigaierventions for
encouraging physical activityehaviar. Corroboratinghe findings reported bylcEwan et al.,
beneficialeffects of physical activity on mental heatdportal by university students have been
forthcomingin previous atheoretical investigations (e.g., Ghrouz et al., 2019). Likewise, in the few
studies found in the literature investigating the effectivenesgafjaming on mental health of
university studentghis better mental health as a result of exergaming was also notedtheétbretical
investigations (e.g., Naugle et al., 2014).

As suchthe use of atheoretical methods for thissertatiorseens justfied due topotential
benefitsthat might accrue fim this approach to research using exergaramtymental health of
university student®erhaps it is useful to identify suitable thgeneration questions that may advance
this line of research pertairg to exergaming and mental health for universitgetis. Zanna and
Fazio (1982) describéiteegenertion questi on as inquires which ad:c¢
variables) influences another variable (or variables) and any rekequilae:Building upon the
findings reported in this dissertatiomich questions might include but are certainly not limited to, the
following: (a) What {f any) variablesmoderate the effects of exergaming on mental hedlbh¥hat
(if any) variables mediate ¢heffects oexergamingon mental healthg) What is thebestavailable
moderatofmediatorvariableframework to explain the effects ekergamingon mental healthPocus
group research may prove useful to ascedamdidate moderat@nd mediatowvariables for use in
exergaming and mental health research

Implications for practical application



124

Perhaps the mostgnificantcontributionthese dissertatiostudiesrevolve aroundhe practical
applicationof the findings whichreinforce the potential oExergamingas a viable platform to promote
mental health founiversitystudentsUniversitiesoffer variousinitiatives topromote mental healtior
studentsSome activities focus on diagnosis and treatnegt psychologist and psychiatric
appointmentsetc) yet other activitiegim to prevent majadeclinesn mental healtlie.g, nap pods,
pet therapy, et¢cRickwood & Thomas, 20)2Additionally, campusesgsuallycontain recreational
gpaces that may include gyms or exercise facilti@scontributeto promoting mental healfor
universitystudents givemstablished linkbetweermental health and physical activitythis cohort
(e.g, Macket al.,2012) Overall, the combined results of these dissertation studies do nothing to
undermineor dissuade university officials from offerimgergaming aanotherapproach tomprove
mentl healthfor universitystudents.

Includingexergamingpn universitycampusesnight occur in several wayiscluding the
creation of devoted spaces for exergaming.pléyg videogames industry currently offers a varadty
consoks, equipment, artgpes ofexegamegqKlein & Simmers, 2009Siegelet al, 2009) Highly
specialized companigzrovideservices aneéxpertise for environmental design that showcases ways to
inculcateexergaming ito existing buildings ofacilities. Desgnatedroomscouldinclude exergaming
bikes,dance gamestrength andardiovascular stationsotionactivatedwalls, floor gamesand
interactive climbingsee exergamefitness.com for details)

An important variable that should be carefully monitondten exergaming interventions are
implementeds the intensity of the playstudy 2 provides evidence tlexergamingat moderate
intensitylevelsper weekwasthe keypredictorof lower anxiety, lowerstressas well ashigher
flourishing, andhighersubjective vitality(see Chapter 4T hese results are consistent with the
literatureassociatinghe intensity ophysical activityand mental healtfe.g., Ekkekakigt al, 2011)

Previous studiesdicatethathigher levels of perceidestressvere assoctad with vigorous physical



125

activity levels in students (Gerbet al.,2017).Also, selfselectingthe exercise intensity providéor
morebenefcial affectiveresponsethanimposdexercise intensies (Ekkekaks et al, 2011). Overall,
the results oftis dissertation combined with existing literature suggest that an important practical
feature of applied use of exergaming to promote mental health in university students is sufficient
freedom to select andonitoringintensity d exergaming play to optirnoe mental health benefits.

While exergaming is considered enjoyable, players might reduce their use over time which may
decreas@otential mental health benefits from this type of video gamedflelywarz et al., 2018)
Exergaming can be playegingcellphones-a concept known asahbile exergaming- which may
offset reduced use over time of exergaming plageogame companies are adapting to this reality by
increasing thelevelopment anttleag of mobile exergamingptions For ekample, after releasine
game' Just Dancefor PlayStation and Xbox, Ubisoft alshippedexergaming moréeasyto-p | ay ’
releasing the game for smartphenghe playes connect the smartphone to a laptop, compoter
Smart TVandchoose the song they want to dance (Ubj&ffi5).An advantagef mobile
exergamings this platformdoes not requireargeamounts okpace and camsed in almost any
existingroom (see exergamefitness.com for more detdilk)bile exergaming could be a solutitor
universitiesseeking tamplement this type ofideagame withoutlesignategbhysical spacé support
this initiative The postsecondarynstitutions could provide outar exergaming activitiessuch as
multiplayer Just Danceor provice the map of Pokémon G0 assist playens locating nearby
Pokémor acrosgampusThe initiatives from universitieshould be taken mainly when the students
are facing more difficult times such as during final exams.

General conclusions

Exergaming is an alternative way to play videogathasindudes the promotion of physical

activity behaviar. Physical and cognitive benefits@tergamindhave beemeportedn previous

studiesbut effects on mentdiealthhave not been the focus of major research in this.dneaited
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research has foced on tke role of exergaming in relation to mental health as a possible intervention
strategy for use with university studertssummarythe studies comprising this dissertatmnovide
evidene that(a) exergaming magontributeto better mental health faniversity students (but no

more so than other forms of exercisa)d(b) the level ofintensitythat accompaniesxergaming
behaviourmay be an importariictor to consideim desigrand use ointerventions that rely on
exerganmg as the stimulus for chaagn mental health for university studeritental health services
provided by universitieshouldconsidelinclude exergaming as oogtional resourcéor students
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Appendix A: Study 1 — Coding Form
CERT Coding Form

STUDY IDENTIFIERS

Column __ : PUB_YEAR:
(Numeric year article was published)

Column ___: STUDY_TITLE:
(Title only)

Column __ : AUTHORS:

Column : Journal:

Column Journal Impact Factor

Column ___ Population

Column ____Exergaming n=



Column ___ Control n=
(N/A if necessary)

Column Intervention Group mean age reported

(1) Yes
(2) No
NA

If yes, describe

Column __ Control Goup mean age reported

(1) Yes
(2) No
NA

If yes, describe

Column Intervention Group % female reported

(1) Yes
(2) No

If yes, describe

Column ____Control Group % female reported

(1) Yes
(2) No
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If yes, describe

Column ___ Primary or Secondary Outcome
(1) Primary
(2) Secondary

Column ___ : Risk bBias
(1) High
(2) Low
(3) Unclear
(4) N/A

If yes, describe

CERT

Column ___: Item 1 (Materialype of exercise equipment)
(1) Yes
(0) No

Column ___ltem 2 (ProviderQualifications, teaching supervising expertise, and/or training of the
instructor)

(1) Yes

(0) No

Identify provider

Column___: Item 3 (Deliery: Whether exercises are performed individually or in a group)
(1) Yes
(0) No

Column ___: Item 4Delivery: Whether exercises are supervised or unsupervised)
(1) Yes
(0) No

Column ___ : Item 5 (DeliveryMeasurement and reporting of adherence to exercise)
(1) Yes
(0) No

Column . Item 6 (DeliveryDetails of motivational strategies)
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(1) Yes
(0) No

If yes,describe

Column ___ ltem 7 (Delivery:Decision rules for progressing the exercise program)
(1) Yes
(0) No

If yes, describe

Column ___: Item 8 (Deliverjgach exercise is described so that it can be replicatédstrations,
photographs, etc.)

(1) Yes

(0) No

If yes, describe

Column ___ : Item 9 (DeliveryContent of any home program component)
(1) Yes
(0) No

If yes, describe

Column ___ ltem 10 (DeliveryNon-exercise components)
(1) Yes
(0) No

If yes, describe

Column ___ item 11 (DeliveryHow adverseevents that occur dung exercise are documented and
managed)

(1) Yes

(0) No

Column ___: Item 12 (LocatioBetting in which exercises are performed)
(1) Yes
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(0) No

Column __ :Item 13 (DosagPetailed description of the exercisesy, frequency, sets, reps,
duration intensity, scheduli, etc.).

(1) Yes

(0) No

If no, what missing

Column ___: Item 14 (TailoringiVhether exercises are generic or tailored to the individual)
(0.5) Yes, generic
(1) Yes, tailored
(0) No

Column ___ :Item 15 (Tailoringdecision rule thatletermine the starting level for exercise)
(1) Yes
(0) No

Cdumn ___ :ltem 16 (Planned/ActualWVhether the exercise intervention is delivered and performed as
planned)

(1) Yes

(0) No
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Appendix B: Study 2 — Study Questionnaire

PROJECT EQOL
EXERGAMING AND QUALITY OF LIFE

Overview:The following survey is comprised qliestions that ask you about your exergaming

behaviour and quality of life. Exergaming isideogamewith motionsensing technology in which the
player needs to move his/her body to completevitheogamé s s essi ons. Exampl es
include, but & not limited to, Dance Dance Revolution ® and Wii Fit ®.

There are no right or wrong answers tostheuestions so please respond as openly and honestly as
possible to each question. All of your responses will remain anonymous and confidential andtshall
be disclosed to others in any way that identifies you.

Section 1: Demographics

Instructions: Tis section contains questions that ask you to provide information to describe the
participants who take part in this study.

What is your age:  (years)

What is your:

1 Height: ft/inches or cm/m

1 Weight: Ibs or kgs

What is your sex (please check oneh# following options)?

C Male C Female C Transgender Female C Transgender Male

C Gender variant/Not€onforming C Prefer Not to Answe C Not listed— Specify:

How would you describe your ethnic origplease check one of the following options)?
C White C South Asian C Chinese C Black
¢ Filipino C Arab C Korean ¢ Latin American

C WestAsian C Japanese C Aboriginal C Southeast Asian
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g Other- Specify:

What is your current marital status (please check one of the following options)?
C Married or CommoriLaw C Widowed C Single C Separated or Divorced
What is your current employment status (plezseck one of the following options)?
C Full-Time Employed C PartTime Employed C Unemployed
What type of degree are you currently pursuing at Brock University?
C Undergraduate Dege C Graduate Degree
Section 2: Exergaming

(Drawn fromHuang et al., 2018 a k i n a mi et al ., 2015; O’ Loughlin

Instructions: The following questions ask you about your participation in exergaming. The American
Collegeof Sports Medicine defines exergaming as any form of technaloggn physical activity€.g.,
videogameplay, etc.) that requires people to moweg( exercise) in order to play the game
(Witherspoon, 2013). In this section, we will ask you questitmsitayour participation in exergaming
during a typical week, as Weas, which exergames you use on a regular basis.

Part A: Exergaming History

What console do you typically use when exergaming?

0 Nintendo (Wii, Wii U or Switch)

Xbox (360 or One)

PlayStation (3 or 4)

Other: (Please specify)

[
[
[
[

| do notparticipate in exergaming in a typical week

What exergames do you typically use during a weak ,Oance Dance Revolution ®)? Please write
your responses in the spaces provided with:
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Part B: Exergaming Behaviours

Moderateintensity exergaming is defined as any active game play lasting at least 10 minutes in
duration at dime that causes small increases in breathing and heart rate.
1 2 3 4 5 6 7
I n a typical week f o day days days days days days days

How manydays per week do you ple O O O O O O O
exergames at a moderate level of intens
On average, how many minutes do you typic: Mins./session
play exergames at a moderate level of inten

per session’

Vigorous intensity exergaming éefined as any active game play lasting at least 10 minutes in
duration at a tira that causes large increases in breathing and heart rate.
1 2 3 4 5 6 7
I n a typical week f o day days days days days days days

How many days per week do you pl O O O O O O O
exergames at a vigorous level of intensi
On average, how many mites do you typically Mins./session
play exergames at a vigorous level of inten:

per session’

Section 3: Quality of Life

We would like to know more about yoquality of life. The following questions ask about different
experiences you typicallyave in your life as a university student. Please respond to each item on the
scale provided to tell us more about your quality of life.

Instructions: The questions Ibes ask you about your typical feelings and thoughts as a university
student. In eachase, you will be asked to answer each question by indicating how often you felt or
thought a certain way as a university student during the last month.
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Inthelastmo nt h ...

Never
Almost
Never
Sometimes
@ Fairly Often
1 Very Often

=
N

1 how often have you been upsetcause of something that happent 0
unexpectedly?

1 how often have you felt that you were unable to control the 0 1 2 3
important things in your life?

T how often have you felt nerv0

1 how often have you felt confidenibaut your ability to handle your 0
personal problems?

1 how often have you felt that things were going your way? 0 1 2 3 4

1 how often have you founithat you could not cope with all the thin¢ O
that you had to do?

1 how often have you beerbla to control irritations in your life? 0

1 how often have you felt that you were on top of things? 0

1 how often have you been angered because of things that were 0
outside of your control?

1 how often have you felt difficulties wepiling up so highthatyou 0 1 2 3 4
could notovercome them?

N

=
N
w

=
N
w
N

=
N
w
N

=
N
w
N

Instructions: University students can have different experiences as they pursue their degree. We would
like to know a little more about those experiences. Please indicate your agreemeaichiitem listed
below based ogour typical experiences as a university student.

() () o) o 9

50 ¢ 20 5029 >0 o Fo

co O o L0902 =90 QO c 0

8 8 o8 T8 55 5 oo

= .2 L =10 L= =g g s <

na O va €452 » N

| lead a purposeful and meaningful li 1 2 3 4 5 6 7

My social relationships aupportive and rewardin =~ 1 2 3 4 5 6 7

| am engaged and interested in my daily activi 1 2 3 4 5 6 7

| actively contribute to the happiness andntal 1 2 3 4 5 6 7
healthof others

| am competent and capable in the acigtihat are 1 2 3 4 5 6 7
important to me

| am a good person and live agood | 1 2 3 4 5 6 7

| am optimistic about my futurr 1 2 3 4 5 6 7

People respectm 1 2 3 4 5 6 7
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Instructions: A number of statements that university students have udesttie themselves are

given below. Please read each statement and then check the number to the right of each statement to
indicate how you typically feel as a university student. There are no right or wrong answers. Do not
spend too much time thinking @it any one statement but give the answer that seems to describe your
typical feelings as a university student.

— I = =

© c Q O

= = @ =

© O 5 =

5 = o >

Z 8 § )

I f eel >
...c al 1 2 3 4
..t en 1 2 3 4
..ups 1 2 3 4
..rel g 1 2 3 4
..cont 1 2 3 4
LWorr 1 2 3 4

Instructions:To what extent are the following statements true or not true of YOUR life as a university
student at this moment in time?

g S 3
Z 3 =
| feel alive and vital 1 2 3 4 5 6 7
| don’ yenérgeticl ver 1 2 3 4 5 6 7

Sometimes | feel so alive | just want to burst 1 2

w
N
(6]
o
~

| have energy and spirit 1 2 3 4 5 6 7

| look forward to each new day 1 2 3 4 5 6 7

| feel energised 1 2 3 4 5 6 7

| nearly alway feel alert and awake 1 2 3 4 5 6 7
Thank you

Thank you for taking the time to participate in our research study. If you have any questions pertaining
to the research study please do not hesitate to ask a member of our research team at any time.
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Appendix C: Study 2 — Ethics Clearance

Brock University

BrG'Ck Research Ethics Office

Uniwersity Tel: 905-688-3530 ext. 3033

Email: rebibrocku ca
Certificate of Ethics Clearance for Human Participant Research
DATE: 20472010

PRIMNCIPAL INVESTIGATOR:  WILSON, Philip - Kinesiclogy
FILE: 18-186 - WILSOMN

TYPE: Ph.D. STUDENT: Esther Santos Sampaio
SUFERMVISOR:  Philip Wilson

TITLE: Project EAQ0L-I: Exemgaming and Quality of Life-l

ETHICS CLEARAMCE GRAMNTED
Type of Clearance: NEW Expiry Date: 2172020

and considers the procedures, as described by the applicant, to conform to the University's ethical standards
and the Tr~Council Policy Statement. Clearance granted from 20402019 o 2M/2020.

The Tri-Counci Policy Statement requires that ongoing reseanch be moniiored by, at a minimum, an annual
report. Should your project exdend beyond the expiry date, you are required to submit a Renewal form before
2M72020. Continued clearance is contingent on timely submission of reports.

To comply with the Tr-Council Policy Staternent, you must also submit a final report upon completion of your
project. All report formes can be found on the Research Ethics web page at

In addition, throughout your research, you must report prompity to the REB:
a) Chamges increasing the risk to the participant(s) andfor affeciing significantly the conduct of the study;
b} All adwerse and'or unanticipated experiences or events that may have real or potential unfavourable
implications for participants;
c) Mew information that may adversely affect the safiety of the participants or the conduct of the study;
d} Any changes in your source of funding or new funding to a previously unfunded project.

We wish you success with your research.

'-L-{“IL_fi!-"‘LL {(‘ﬂ_,cd_,l'_rﬂjg.rj_g

Lynn Dempsey, Chair Robert Steinbauer, Chair

]

Brock University is accountable fior the research camied out in its own jurisdiction or under its auspices
and may refuse certain research even though the REB has fiound it ethically acceptable.

If research participants are in the care of a health facility, at a school, or other institution or community
organization, it is the responsibiity of the Principal Investigator fo ensure that the ethical guidelines and
clearance of those faciliies or institutions are obtained and filed with fhe REB prior fo the initiation of
research at that sike.
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Appendix D: Study 3 — Study Questionnaire

PROJECT EQOL-I
EXERGAMING AND QUALITY OF LIFE

Overview: The survey is divided into two parts. There are no right or wrong answvleeséajuestions

so please respond apenly and honestly as possible to each question. All your responses will remain
anonymous and confidential and shall not be disclosed to others in any way that identifies you.

Part A: This section is comprised of quess that ask you about the narratiliat you just read

detailing the week of final exams for a fisgear university student named CHRIS.

Part B: This section is comprised of questions that ask for more information about YOU so we can
describe in broaterms the people who took part indlstudy.
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Part A: Quality of Life Assessments

Instructions: The questions below ask about thoughts and feelings likely experienced by CHRIS during
the final week of his/her first term as a university student agidedadn the narrative. In eadase,

you will be asked to answer each question by indicating how often you think CHRIS felt or thought a
certain way as a university student during the week described in the narrative.

the | ast mont h ..

Never
Almost
Never
ometimes
@! Fairly Often
&1 Very Often

|

how often has CHRIS been upset because of something that happened 0
unexpectedly?

how often has CHRIS felt that he/she was unable to control the important
things in his/her life?

how often has CHRISft nervousand st r essed” ? 0 1 2 3
how often has CHRIS felt confident about his/her ability to handle his/her
personal problems?

how often has CHRIS felt that things were going his/her way? 0 1 2 3 4
how often has CHRIS found that he/sheldmot copewith all the things that
he/she had to do?

how often has CHRIS been able to control irritations in his/her life? 0 1 2 3
how often has CHRIS felt that he/she were on top of things? 0 1 2 3
how often has CHRIS been angeredshese othings that were outside of 0 1 2 3 4
his/her control?

how often has CHRIS felt difficulties were piling up so high that he/sheco 0 1 2 3 4
not overcome them?

(@)
[
N
w
N

o
=
N
w
IN

o
=
N
w
IN

EENES

Instructions: University students can have different experiences as they pursdedhes: We would
like to know a little more about the experiences you think CHRIS was experiencing during the final
week of his/her first term as a university studerdescribed in the narrative. Please indicate your
agreement with each item listed belbased on how you think CHRIS was likely feeling as a
university student.

(]
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Chris leads a purposeful and meaningful 1 2 3 4 5 6 7
My social relationships are supportive a 1 2 3 4 5 6

rewarding
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Chris is engaged and interested in my di 1 2 3 4
activities

Chris actively contributes to the happss 1 2 3 4
and mental health of othe

Chris is competent archpable inthe 1 2 3 4

activities that are important to him/h

Chris is a good person and lives agood 1 2 3 4
Chris is optimistic about his/her futu 1 2 3 4
People respect Chri 1 2 3 4

o1 01 Ot

o OO

~N N~

Instructions: A number aftatements that university students have used to describe themselves are

given below. Please read each statement and then check the number to the right of each statement to
indicate how youhink CHRIS felt as a university student in the narrative you.r€aére are no right
or wrong answers. Do not spend too much time thinking about any one statement but give the answer
that seems to descri be CHRI S’ e8kof heskdr firsttgrsn ata s

university.
CHRI S Not At All Somewhat Moderately Very Much
...c al 1 2 3 4
..ten 1 2 3 4
..ups 1 2 3 4
..rel e 1 2 3 4
..cont 1 2 3 4
worr 1 2 3 4
Instructions: To what extent are the following statementsue or not true of
university studentluring the last week of his/her first term?
| feel alive and vital 1 2 3 4 5 7
I don’t feel very en 1 2 3 4 5 7
Sometimes | feel so ak | just want to burst 1 2 3 4 5 7

a st

CHRI
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| haveenergy and spirit 1 2 3 4 5 6 7
| look forward to each new day 1 2 3 4 5 6 7
| feel energised 1 2 3 4 5 6 7

| nearly always feel alert and awake 1 2 3 4 5 6 7
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Part B: Demographic Questions
This section containguestions that ask you to provide information that will be used to describe the
participants who take part in this study. You are also asked to provide information about the narrative
that you read.

Section 1: 8idy Participants

These questions aabout you-the study participants. They will be used to describe in general term
who participated in this study.

What is your age:  (years)

What is your:

1 Height: ft/inches or cm/m

1 Weight: Ibs or kgs

What is yaurr sex (please check one of the followioptions)?

C Male C Female C Transgender Female C Transgender Male
C Gender variant/Noi€onforming C Prefer Not to AnswerC Not listed— Specify:

How would you describe your ethrocigin (please check one of th@lowing options)?

C White C South Asian G Chinese C Black
C Filipino C Arab C Korean C Latin American
C West Asian C Japanese C Aboriginal C Southeast Asian

C Other- Specify:

What is your current marital status (please check one of the following options)?
C Married or CommorLaw C Widowed C Single C Separated or Divorced
What is your current employment status (please check one of linvifa options)?
C Full-Time Empbyed C PartTime Employed C Unemployed

What type of degree are you currently pursuing at Brock University?

C Undergraduate Degree C Graduate Degree
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Part C: Exergaming Behaviour

Instructions: The following questis ask you about your participatiin exergaming. The American
College of Sports Medicine defines exergaming as any form of techndtoggn physical activity

(e.g., videogame play, etc.) that requires people to move (e.g., exercise) in order to gaayehe
(Witherspoon, 2013). In thisection, we will ask you questions about your participation in exergaming
during a typical week, as well as, which exergames you use on a regular basis.

What console do you typically use when exergaming?

0

OO0 m

Nintendo (Wii,Wii U or Switch)

Xbox (360 or One)

PlayStation (3 or 4)

Other: (Please specify)

| do not participate in exergaming in a typical week

What exergames do you typically use during a week (e.g., Dance Dance Revolution ®)?
Please wte your resposes in the spaces provided below:

Moderate intensity exergaming is defined as any active game play lasting at least 10 minutes in

duration at a time that causes small increases in breathing and heart rate.

Inat ypi cal week f or days day days days days days days days

0 1 2 3 4 5 6 7

How many days per week do you pl O O O O O O O O
exergames at a moderate level
intensity?
On average, how many minutes do y Mins./session

typically play exergames ataoderate

level of intensity per sessior
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Vigorous intensity exergaming is defined as any active game play lasting at least 10 minutes in
duration ata time that causes large increases in breathing and heart rate.
0 1 2 3 4 5 6 7
Inat ypi cal week f or days day days days days days days days

How many days per week do you pl O O O O O O O O
exergames at a vigorous level
intensity?
On averagehow many minutes do yo Mins./session
typically play exergames atvégorous

level of intensity per sessior

Section 2: Manipulation Check Items

Instructions: The following questions pertain to the narrative that you read about CldRiISt year
university student. Based on yaecollection of the information provided in the narrative YOU read,
please rate YOUR level of agreement with all of the items presented below on the scale provided:

(D)

58 < 33
c O frar} CE
o & o =)

Y a) z N

During the last week of his/her first term aiversity...

..CHRI'S was attending pe 1 2 3 4 5 6 7
..CHRI'S was playing 1 2 3 4 5 6 7
..CHRI' S was &exer 1 2 3 4 5 6 7
..CHRI S was not type of ghysijcahdtivity on 1 2 3 4 5 6 7

a regular basi

THANK YOU
Thank you for taking the time to participate in our study. If you have any questions pertaining to the
research study please do not hesitate to ask a member of our research teaimat any
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Appendix E: Study 3 — Experimental Stimulus

The following pages contain the experimental st
existing (i.e., published) study protocols in the fields of exercise/health psychelggw(bouret al.,

2007), sport psychologipeck et al., 2018), and general psychology (Wild et al., 1997). The study

outlined in 15008 WILSON used an experimental stimulus that was identical in structlioeit with

different content-to that shown in Appendix.3

In brief, the experimentatisulus is a narrative that serves as the independent variable for this study.

One of eight narratives will be presented to each study participant in person using a printed sheet of
white 8 x 11 inch paper. There are eiglitedent versions of the narraé that will be randomized

across participants as they enroll in this study based on the protocol outlined by Deck et al. (2018).

Note to Members of the SREB: No headings (i.e., Experimental Condition #1: TRADITIONAL
EXERCISER, etc.) will be placed ondke stimulus materials when used in the study. They are

presented here for clarity only.
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INSTRUCTIONS

This study is investigating the contribution of different activitieéscluding exergaming-to the

quality of life rgported by university students. You will be asked to read a short story about events that
occurred in a university student’'s |I|ife.

Carefu | y read the story to yourself *“TWI CE’. Try
is portrayed in thetery.

After you read the story, you will answer some questions about the content of the story. Even though

t he story i gcostdinaiotof isfamnhtiod, tryetswvividly imagine everything that you

read about the university student and fillill the details of the story as you read them in your own

mind.

Remember, this study is interested in how YOU understand the stonpandOU vividly imagine

the details contained within (and omitted from.

IF YOU HAVE ANY QUESTIONS, PLEAE ASK THE RESEARCHER NOW
IF YOU HAVE NO QUESTIONS, PLEASE DO THE FOLLOWING:

« TURN TO THE NEXT PAGE THEN READ THE STORY TWI

- EACH TI ME YOU READ THI' S STORY PLEASE TRY TO \
DETAILS
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Experimental Condition #1: TRADITIONAL EXERCISER

Chris is 18 years old and a figtar university student in Ontario. Bhterm he is taking courses in
Psychology, French, Calculus, World History, and Chemistry. Chris is of average height and average
weight. He has brown eyes and short dark hainidrspare time, Chris listens to music, reads, watches
TV, and often gets ggether with his friends to go for a drink or to see a movie. Chris is now entering
the final week of the Fall term where he is scheduled to write a final exam in each clagmadtach

exam is cumulative including questions from lectures and readingsedsigeach course over the

entire term. Chris exercises regularly, working out at the gym 4 or 5 days every week. His exercise
program consists of jogging, fithess classes, antkesweight training. Chris enjoys playing pick
basketball and tennis withis friends. Chris is the oldest of three children and his parents are both
schoolteachers. Last summer, Chris worked at a movie theater. Next summer, Chris hopes to tour

Canadadr a few weeks with his friends.

Please hand this paper back the reseasamere you have completed the questionnaire.
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Experimental Condition #2: NON-EXERCISER

Chris is 18 years old and a figear university student in Ontario. This term he isnglcourses in
Psychology, French, Calculus, World History, and Chemistryis@hof average height and average

weight. He has brown eyes and short dark hair. In his spare time, Chris listens to music, reads, watches
TV, and often gets together with Hrgends to go for a drink or to see a movie. Chris is now entering

the finalweek of the Fall term where he is scheduled to write a final exam in each class. Each final
exam is cumulative including questions from lectures and readings assigned in eseloeeuthe

entire term. Chris is not physically active and does not paatieiin exercise such as jogging, fitness
classes, or weight training. Chris does not play any sports such agppiasketball or tennis with his

friends. Chris is the oldest tiree children and his parents are both schoolteachers. Last summer,

Chris waked at a movie theater. Next summer, Chris hopes to tour Canada for a few weeks with his

friends.

Please hand this paper back the researchers once you have completed thenqiresti
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Experimental Condition #3: EXERGAMER

Chris is 18 years old and a figear university student in Ontario. This term he is taking courses in
Psychology, French, Calculus, World History, and Chemistry. Chris is of average height and average
weight. He hadrown eyes and short dark hair. In his spare time, Chris listens to music, reads, watches
TV, and often gets together with his friends to go for a drink or to see a movie. Chris is how entering
the final week of the Fall term where he is scheddo wrie a final exam in each class. Each final

exam is cumulative including questions from lectures and readings assigned in each course over the
entire term. Chris plays exergames regularly on at least 4 or 5 days every week. His exergaming routine
includes agvities that focus on fitness such as Zumba Fitness or Wii Fit using either XBOX 360 or
Nintendo Wii. He also enjoys playing exergames that involve sports like basketgaMBA 2K19)

or tennis €.g, Wii Tennis) with his friends. Chris ieé oldest bthree children and his parents are

both schoolteachers. Last summer, Chris worked at a movie theater. Next summer, Chris hopes to tour
Canada for a few weeks with his friends.

Please hand this paper back the researchers once you have ediiggtiestionnaire.
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Experimental Condition #4: PET THERAPY

Chris is 18 years old and a figear university student in Ontario. This term he is taking courses in
Psychology, French, Calculus, World History, and Chemistry. Chris is of averagedradgherage

weight. He has brown eyes and short dark hair. In his spare time, Chris listens to music, reads, watches
TV, and often gets together with his friends to go for a drink or to see a movie. Chris is how entering

the final week of the Fall term wheehe is scheduled to write a final exam in each class. Each final

exam is cumulative including questions from lectures and readings assigned in each course over the
entire term. Chris is attending drapsessions offered at the university on at leastZdays this

week, so he can pet, groom, and play with therapy dogs. Chris attends these sessions with his friends.
Chris is the oldest of three children and his parents are both schoolteachers. Last summer, Chris worked

at a movie theater. Next summenhr hopes to tour Canada for a few weeks with his friends.

Please hand this paper back the researchers once you have completed the questionnaire.
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Experimental Condition #5: TRADITIONAL EXERCISER

Chris is 18 years old and a figgtar university stuehtin Ontario. This term she is taking courses in
Psychology, French, Calculus, World History, and Chemistry. Chris is of average height and average
weight. She has brown eyes and short dark hair. In her spare time, Chris listens to music, reads,
watchesTV, and often gets together with her friends to go for a drink or to see a movie. Chris is now
entering the final week of the Fall term where she is scheduled to write a final exam in each class. Each
final exam is cumulative including questions from leetand readings assigned in each course over

the entire term. Chris exercises regularly, working out at the gym 4 or 5 days every week. Her exercise
program consists of jogging, fithess classes, and some weight training. Chris enjoys playum pick
baskéebal and tennis with her friends. Chris is the oldest of three children and her parents are both
schoolteachers. Last summer, Chris worked at a movie theater. Next summer, Chris hopes to tour

Canada for a few weeks with her friends.

Please hand this paphack the researchers once you have completed the questionnaire.
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Experimental Condition #6: NON-EXERCISER

Chris is 18 years old and a figtar university student in Ontario. This term she is taking courses in
Psychology, French, Calculus, WoHtistory, and Chemistry. Chris is of average height and average
weight. She has brown eyes and short dark hair. In her spare time, Chris listens to music, reads,
watches TV, and often gets together with her friends to go for a drink or to see a movies 1@iwis

entering the final week of the Fall term where she is scheduled to write a final exam in each class. Each
final exam is cumulative including questions from lectures and readings assigned in each course over
the entire term. Chris is not physicadlgive and does not participate in exercise such as jogging,

fithess classes, or weight training. Chris does not play any sports such-ap pagketball or tennis

with her friends. Chris is the oldest of three children and her parents are both schewsltéast

summer, Chris worked at a movie theater. Next summer, Chris hopes to tour Canada for a few weeks

with her friends.

Please hand this paper back the researchers once you have completed the questionnaire.
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Experimental Condition #7: EXERGAMER

Chris is 18 years old and a firgear university student in Ontario. This term she is taking courses in
Psychology, French, Calculus, World History, and Chemistry. Chris is of average height and average
weight. She has brown eyes and short dark halretspare time, Chris listens to music, reads,

watches TV, and often gets together with her friends to go for a drink or to see a movie. Chris is now
entering the final week of the Fall term where she is scheduled to write a final exam in each class. Each
final exam is cumulative including questions from lectures and readings assigned in each course over
the entire term. Chris plays exergames regularly on at least 4 or 5 days every week. Her exergaming
routine includes activities that focus on fitness sashumba Fitness or Wii Fit using either XBOX

360 or Nintendo Wii. She also enjoys playing exergames that involve sports like baskegh&NBA

2K19) or tennis€.g.,Wii Tennis) with his friends. Chris is the oldest of three children and her parents
are both schoolteachers. Last summer, Chris worked at a movie theater. Next summer, Chris hopes to

tour Canada for a few weeks with her friends.

Please hand this paper back the researchers once you have completed the questionnaire.
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Experimental Condition #8: PET THERAPY

Chris is 18 years old and a figtar university student in Ontario. This term she is taking courses in
Psychology, French, Calculus, World History, and Chemistry. Chris is of average height and average
weight. She has brown eyes amdis dark hair. In her spare time, Chris listens to music, reads,

watches TV, and often gets together with her friends to go for a drink or to see a movie. Chris is now
entering the final week of the Fall term where she is scheduled to write a finalregaoh iclass. Each

final exam is cumulative including questions from lectures and readings assigned in each course over
the entire term. Chris is attending dropsessions offered at the university on at least 4 or 5 days this
week, so she can pet, grocamd play with therapy dogs. Chris attends these sessions with her friends.
Chris is the oldest of three children and her parents are both schoolteachers. Last summer, Chris

worked at a movie theater. Next summer, Chris hopes to tour Canada for a fewwtkdles friends.

Please hand this paper back the researchers once you have completed the questionnaire.



Appendix F: Study 3 — Ethics Clearance

Brock University
Br@'ck Research Ethics Office
(LT Y Tel: 305-688-3550 ext. 3033
Email: rebi@brochku ca

Certificate of Ethics Clearance for Human Participant Research

DATE: 242018
PRINCIPAL INVESTIGATOR:  WILSON, Philip - Kinesiclogy
FILE: 18-186 - WILSOM

T™YPE: Ph.D. STUDENT: Esther Santos Sampaio
SUPERMISOR:  Philip Wilson

TITLE:  Project E-Q0L: Exergaming and Cuality of Life1|

ETHICS CLEARANCE GRANTED
Type of Clearance: NEW Expiry Date: 212020

and considers the procedures, as described by the applicant, to conform o the University's ethical standards
and the Tri-Council Policy Statement. Clearance granted from 204/2019 o 2172020,

The Tri-Counci Policy Staterment requires that ongoing research be monitored by, at a minimum, an annual
report. Should your project esdend beyond the expiry date, you are required to submit a Renewal form befiore
2M/2020. Continued clearance is contingent on timely submission of reports.

To comphy with the Tr-Council Policy Statement, you must also submit a final report wpon completion of your
project. All report forms can be found on the Research Ethics web page at

In addition, throughout your research, you must report prompily to the REB:
a) Changes increasing the risk to the participant(s) andfor affeciing significantly the conduct of the study;
b} Al adverse and'or unanticipated experiences or events that may hawve real or potential unfavourable
implications for parficipants;
c) Mew information that may adversely affect the saffety of the parficipants or the conduct of the sthudy;
d} Any changes in your source of funding or new funding to a previously unfunded project.

We wish you sucoess with your research.

'-L-{"'IL_fi!-'LL ELMA_;_F;JE:_’__;

Lynn Dempsey, Chair Robert Steinbauer, Chair

Brock University is accountable for the research camied out in its own jurisdiction or under its auspices
and may refuse certain research even though the REB has found it ethically acceptable.

If research participants are in fhe care of a health facility, at a school, or other instiution or community
organization, it is the responsibility of the Principal Imeestigator io ensure that the ethical guidelines and
dearance of those facilities or institutions are obtained and filed with the REB prior fo the initiation of
research at that sife.
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