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A Systematic Review of Game Technologies

for Pediatric Patients

Abstract

Children in hospital are subjected to multiple negastimuli that may hinder their development and
social interactions. Although game technologiesto@ght to improve children’s experience in haapit
there is a lack of information on how they can bedueffectively. This paper presents a systematic
review of the literature on the existing approadhesis context to identify gaps for future resgarA
total of 1305 studies were identified, of whichwé&re thoroughly analyzed according to our review
protocol. The results show that the most commomagyh is to design mono-user games with traditional
computers or monitor-based video consoles, whickesas a distractor or a motivator for physical
rehabilitation for primary school children undenggifearful procedures such as venipuncture, orethos
suffering chronic, neurological, or traumatic dsestinjures. We conclude that, on the one handegam
technologies seem to present physical and psycitaldgenefits to pediatric patients, but more resea
is needed on this. On the other hand, future desigof games for pediatric hospitalization should
consider: 1. the development for kindergarten p#tiand adolescents, 2. address the psychological
impact caused by long-term hospitalization, 3.a@&boration as an effective game strategy tocedu
patient isolation, 4. have purposes other thamadisbn, such as socialization, coping with ematicor
fostering physical mobility, 5. include parentsagivers and hospital staff in the game activitéas] 6.
exploit new technological artifacts such as rolaotd tangible interactive elements to encouragesitr

motivation.
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1 Introduction

A hospital stay or visit is usually an unwelcomemvin the life of any person, especially if thequa is
still a child. It may hinder a child’s play timehieh is an essential part of childhood developnightor
cause a breach in the child’s usual social intevast(especially in the case of long hospital stays
Further, the child may have to deal with boring egpktitive therapeutic procedures, or even be
submitted to painful medical procedures. One wagealing with these situations is adding an eleroént
play to the hospital visit. With the help of teclogy, games can be created to help in a numbeagw
be it to boost motivation during therapy, distrfiom a painful procedure, provide a window for sbci
interactions, and so on. In this sense, an intredyame can serve several purposes, includingthat

allowing a child’s play time to remain undisrupted.

The emergence of new technologies provides a vadiety of tools to be used as medium for creating

patient-centric games. In some cases, certain téotiies can even serve to offer a companionsh# rol



for hospitalized children (e.g., [2,3]). New teclogies can also offer a higher degree of immersion,
enhancing the effectiveness of the game and helpgegve its purpose. Furthermore, technologylman
used to make the game itself become a measurensntment serving both the patient as well as the
medical staff (e.g., [4,5]).

Several previous authors have provided systematiews to study the relationship between games and
health for children. However, not all of them hdweused on technological approaches (e.g., [6}),tha
ones who have usually targeted adults (e.g., [0/8¢hildren outside hospitals (e.g., [9]). Therefdahere
is a lack of information about how technology canused to design games for pediatric patients in a
hospital setting. In this respect, this work cdnites with a systematic review of the literatunewhich

we present the different age ranges that are ysaddiressed, the circumstances surrounding the
administration of the game (namely, during whichgadures and/or to children with which pathologies)
the technologies (i.e., devices and interactiossputhe type of company considered (i.e., whetteer
games are designed to be mono-user or multiuséapooative or competitive), the general purpose of
the works, as well as their impact on the childigme results indicate that the most common ageerang
considered is 6 to 12 years old; the most poptéatinents, venipuncture procedures and chronic,
neurological, or traumatic diseases/injures; thetrased technologies, traditional computers or tooni
based video consoles; and that the games are yidesilgned with the purpose of serving as distracto
or motivators for physical rehabilitation, and thiay are normally played individually. The resultso
show that such technologies seem to have a positipact on pediatric patients in terms of improving
enjoyment, socialization, and motor functions; @aging emotional expressions; and reducing pain,
anxiety, distress, and stress. However, theretiemough evidence supporting these benefits, amd mo

research would be needed to confirm them.

2 Related Research

Several previous efforts have been made to pravigeneral view of technological games in healthcare
however, to our knowledge, no systematic reviewdpesifically addressed games for children in

hospitals.

Most of the reviews conducted to date on technobigy healthcare have not focused on the effedteof t
technology on the patients. Yao et al.[10], fotamse, explored the use of RFID technology in
healthcare. They identified applications of thishteology (e.qg., tracking, identification and vexétion,
and sensing) in different areas (e.g., equipmemjimistering procedures, and surgery). They also
highlighted the barriers to adopting this techngloghealthcare (e.g., interference, ineffectivenesst,
and privacy), and its benefits (e.g., improvedgrdtsafety and reduced medical errors, real-tinte da
access, and improved medical processes). Similoyso Wamba et al.[11] reviewed the literature to
find applications and RFID issues in healthcareeyTidentified three main areas in which this ted¢bgyp
could present benefits (namely, asset managemaignp management, and staff management).
Nevertheless, these two studies focus mainly dmieal and business-related aspects of the imglanta
of RFID technology, and do not consider the posmti RFID to create game platforms for children
(e.g., [12,13)).



Others have reviewed the literature to study tifecebf serious games in the learning or practice o
healthcare. In this respect, Ricciardi and De B4da#] conducted a review to assess whether gaares ¢
be useful to health training, and whether theygmebenefits with respect to other approaches.|&ini
Lynch et al. [8] explored the MEDLINE database @asible via PubMed) to study how videogames
improve surgeons' performance. Kato [7] reportedereral studies about the impact of video games on
health, focusing on the pathologies treated ontkdical unit in which the game is used. She inaude
both games used to train medical practitionerselsag others aimed at improving the patients'theal
However, her review is not systematic, which prévers from getting a complete picture of the work

conducted in the area.

Other works have focused on patients, but not seci#yg on children, as in the case of Costa et3],[
who conducted a systematic review to identify défe technological games for healthcare and their
benefits, with focus on recent studies (publisfiech 2009 onwards). Their review classified thedsts
by game types (commercial, tailor-made, and adaplgdplatform (console, desktop, and mobile), by
interface (movement sensors, measurement sensotspls, balance platforms, mouse and keyboard,
microphone, and touchscreens), and by health érefasbilitation, self-care, treatment/therapy, ickh
detection, monitoring, and health and wellness)weileer, they left out important databases in

information technology such as the ACM Digital Lalby.

Other authors have focused on children, but natiipally on technology. For instance, Koller and
Goldman [6] conducted a review on distraction téghes to alleviate pain and anxiety in children
undergoing medical procedures. Even though theytioread several technological approaches such as
the use of interactive toys and virtual realitye thain scope of their work is not technological.
Considering technology, LeBlanc et al.[9] reviewvfity-one studies published up to 2012 on the dftdc
Active Video Games on physical activity in childrend teenagers. However, these kinds of games are

not suitable for some hospitalized children whorauired to be bed-bound.

3 Research Questions

With the aim of analyzing previous research focusedeveloping technological games in hospital
settings for children, six different research gisest were defined, revolving around three main attes
patients targeted, the technological game itsat, the study conducted. The ones concerning thenpst

are the following:

* RQ1: What age groups are considered?
« RQ2: In which procedures and/or with children ofisthpathologies are the technological

games applied?
With respect to the technological game approa@hfdahowing research questions were considered:

* RQ3: What specific technologies are used and hewtey related to RQ1 and RQ2?
* RQ4: What is the general purpose of each work?ittitian, what purposes are addressed with

each technology?



* RQ5: Do the proposed games involve more than oeeins collaborative or competitive
activity, or do they focus on individual (mono-usgameplay? In addition, what type of games
(i.e., collaborative, competitive, or individuabeamost used with each procedure/pathology and

with each technology?
Finally, the following research question was dafimégth respect to the study conducted:

* RQ6: Have previous works studied the impact of neébgical games on patients? If so, what

are the objects of study and the outcome of eackvo

4 Methodology

The following describes the procedure followed doduct the systematic review, i.e., where and how
was the literature explored, which studies weresitiared fitting, and how were they analyzed to arsw

the above research questions.

4.1 Data Collection

4.1.1 Databases Searched

For the purpose of identifying studies for thisieswthat are relevant to information technologyaltie

and social sciences, the following online databasse consulted: ACM Digital Library, IEEE Explore,
Science Direct, and Scopus. The latter is in facilastract and citation database which in turnctirto
other online databases including Springer, PubMagllor & Francis, Wiley Online Library, Hindawi,

IOS Press, SAGE Journals, JSTOR, Bentham SciendeTlee BMJ, as well as the previously mentioned

databases.

4.1.2 Search Terms

The search terms that were used were made uparhbication of different keywords that included the
main object under review (i.e., games, gamificatipproaches, etc.), the subjects considered (i.e.,
children visiting the hospital, hospitalized, otthe pediatrics unit), and the approach taken (i.e.
technological). More specific terms were addedfierapproach to include videogames, or digital and

computer-based solutions. The resulting searchgstras the following:
gam* A ((hospital*A children)v pediatric)A (technol*Vv video* v digital v comput*)

The search string was introduced into each databhsee the title, abstract, and keywords fieldsewver
searched. More specifically, in the ACM Digital kitny and IEEE Explore it was entered as provided
(replacingv andA symbols by “OR” and “AND” keywords, respectivelyyhereas the other two

databases required the use of their correspondivanaed search forms, which resulted in the foltamwi

queries:



(TITLE-ABS-KEY (gam*) AND ((TITLE-ABS-KEY (hospitat) AND TITLE-ABS-KEY (children))
OR TITLE-ABS-KEY (pediatric)) AND (TITLE-ABS-KEY (tehnol*) OR TITLE-ABS-KEY (video) OR
TITLE-ABS-KEY (digital) OR TITLE-ABS-KEY (comput*)) [Scopus]

((TITLE-ABSTR-KEY(gam*) AND ((TITLE-ABSTR-KEY (hospial*) AND TITLE-ABSTR-
KEY(children)) OR TITLE-ABSTR-KEY (pediatric)) ANDTITLE-ABSTR-KEY (technol*) OR TITLE-
ABSTR-KEY (video*) OR TITLE-ABSTR-KEY (digital) OR TTLE-ABSTR-KEY (comput*))) [Science
Direct]

4.1.3 Inclusion and Exclusion Criteria
The main inclusion criterion was that the work hadefer to technological games used in a hospital
setting with pediatric patients. The only exclustiterion was that the papers had to be in thdigmg

language.

4.2 Data Analysis

After obtaining an initial pool of papers by usitig search terms described above, an initial sorgeri
these papers was performed manually in which tleeand abstract were read and the previously
mentioned inclusion and exclusion criteria weredu3éhe next step was to remove the repeated papers
that were accessed through Scopus but are publisafiiom one of the other three databases. Firetly,
in-depth analysis of each remaining study was coteduwith three purposes in mind. First, to identif
and remove any work that may have seemed relek@mtthe title and abstract but was in fact not so
(according to the defined inclusion and exclusidteda). Second, to identify and remove duplicate
works that are published as separate papers bsgmrindeed the same technological game, purpode, a
evaluation (or do not contain an evaluation withdrkn). This situation usually consists of havang

work describing the technology and another witleaaluation (in this case, the most complete woe, i
the one with the evaluation, is the one that isképnally, the third purpose is to extract akkth
information relevant to the research questions. artaysis procedure to answer them was also coadiuct

manually as follows.

* RQ1 (ageranges). Each study was analyzed in order to obtain geerange that the authors
recommended for their game. In the cases wherge®\@ere mentioned, this question was
simply ignored.

* RQ2 fprocedures and pathologies). The situation of the patients in each work ved®h into
consideration. This refers to when, where, or tomtihe technological-game interventions
were applied, namely, children with specific patigiés or undergoing certain medical
procedures. In the cases in which more than onatgin was addressed, all were included and
considered.

* RQ3 technologies). All the technologies used in each publicatiomentaken into consideration,
with special emphasis on the hardware used as pgpipheral and the interactions or input

mechanisms supported.



* RQ4 purpose). The purpose of each study was established damffrevement or intervention
that each approach was after. In other words, & @&iablished as the goal that was intended for
a game to accomplish.

* RQ5 fumber of users). Each study was analyzed to establish whetheadbigors’ proposal
takes into consideration any form of collaborativeeompetitive gaming instead of focusing on
individual gameplay.

* RQ6 tudy). If a study was conducted to evaluate the impéatcertain game technology on
the patients, the measures evaluated were extrastegll as the results and conclusions

obtained.

5 Results

After obtaining 1305 papers identified by the shasrm, 108 were selected after the initial scnegiof

title and abstract using the inclusion and exclusiateria. After removing repeated papers, 95istud

were left. Finally, after the in-depth analysiseah of the remaining studies, 20 more papers were
removed, hence obtaining a total of 75 relevardieil The most frequent reason for removing papers
after the in-depth analysis despite their havingspd previous screenings was that the proposed game
was meant to be played outside the hospital setéing, at home). Another reason was discoveriag th

the technological intervention used was in fact@jna measurement tool without any gamification
applied. Out of these removed papers, four werengisdly previous versions of others (i.e., the
description of the same technology for the sangetagroup, with no evaluation of hospitalized ctelu).
Table 1 summarizes the number of papers collected the databases and the ones remaining after each

screening step. Further details of the individtadies can be found in Appendix A.

Table 1. Search results summary.

Database Papers Paper s after Paper s after removing Paper s after in-
found screening repetitions depth analysis

ACM Digital 12 11 11 10

Library

IEEE Explore 321 16 16 10

Science Direct 82 6 6 6

Scopus 890 75 62 49

Total 1305 108 95 75

Figure 1 shows the number of publications sincel2@@ can be seen, the tendency of building

videogames in the context at hand is increasing.cHart shows a leap in the number of publications



since 2010. Up to this year, there are 1.56 (SDB88)Qworks/year on average, whereas from 2010

onwards the amount is 8.71 (SD = 3.15) works/year.
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Figure 1. Number of publications over the yearshentopic of interest.

5.1 Patient-Related Results

5.1.1 Age Ranges

Almost one third (32%) of the studies analyzed dbapecify the age of the children they are ainted a
For the remaining 68%, Figure 2 depicts their thation with respect to the age(s) considered, Wwhie
grouped into four stages of children’s developmeatdlers, preschoolers, school-age children, and
adolescents [16]. The overall sum is greater tfd¥d because one work may target different age group
As can be seen in the chart, most studies targleireh from 6 to 12 (i.e., schoolers, or children i

primary school). Less attention has been paid tdesdents in middle- and high-school (between 27%
and 48% of the papers), and to preschoolers (betdé® and 51%). Even fewer studies (4%)
considered designing game technologies for nineyean-olds or for toddlers (only 1.96%).

80%
70%
60%
50%
40%
30%
20%

10%

0%

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Toddlers Preschoolers Schoolers Adolescents

Figure 2: Percentage of publications consideririglen of each age.



5.1.2 Procedures and Pathologies

The analysis of the literature revealed that gaenbriologies have been applied mainly to children
suffering from different pathologies (69.33% ofdits), followed by 17.33% that use them before,
during, or after administering a certain medicalgadure. 22.67% of the publications do not speaify
procedure or pathology related to the intervenéind only mention that the game is used in hospitals

with children. The treatments considered to appthhological games are the following:

* Venipuncture: Refers to the process of puncturingia for surgical, therapeutic, or blood
collecting purposes, in general. Venipuncture fambdialysis or chemotherapy is also included
in this category.

« Anesthesia: Refers to the process of administermasthesia before a surgical procedure.

e Minor surgery: Refers to the moments before undargany type of surgery that does not
require long periods of hospitalization before fieravards.

* Cold pressor task: Refers to a procedure in whietpatient’s hand is immersed in ice water and
used to measure changes in blood pressure andrateart

* Transplant: Refers to hospitalization after underg@n organ transplant.

Figure 3 depicts the frequency of use of game t@ldgies for each procedure identified. It reveals
that the most common interventions are during wemépure, followed by being administered anesthesia

before surgery.

Transplant; 7,69% .
Minor surgery;

Cold pressor 7,69%

task; 7,69%

Va

Venipuncture;
61,54%

Figure 3. Frequency of use of technological gamesach procedure.
The pathologies addressed have been classifiedévien groups, some of which are composed of

more specific pathologies, as explained below:

» Chronic: Includes diseases lasting three monttmsare.

* General: Refers to any type of chronic illnesshuiitt specifying which one.
e Cancer: Refers to a group of diseases involvingahal cell growth that have the potential to

spread through the body. All types of cancer in jpogsible stage are included.



« Diabetes: A chronic disease in which the body lackslin to control the amount of sugar in the
blood.
« Renal disease: Refers to the chronic kidney disasbich this organ progressively loses its

function.
» Traumatology: Includes treatments of wounds andgfieg.

* General physical disability: Any type of physicéability, temporary or otherwise. This could
be a side effect of another illness, but in thisecia taken into consideration individually.
* Neck: Neck-related issues that require keepingdok straight.

< Burn: Refers to any type of burn injury that regsitreatment, of any degree of severity.
* Neurological: Includes different diseases of thaifyrspine, and the nerves connecting them.

« General: Refers to any neurological disorder, withgpecifying which one.

« Cerebral palsy: A specific neurological disordeattaffects muscle movement and motor skills.
» Behavioral: A psychological disorder, sometime® aéferred to as emotional disorder.
* Pulmonary: Includes any type of pulmonary diseasg (asthma).
» Ophthalmology: Refers to anything related to thetamy, physiology, and diseases of the eye.

» Other severe illnesses: Refers to any type ofcatitdr life-threatening illness in general, with no

further specification.

Figure 4 shows that the most common pathologiesidered (and with similar frequency) are chronic
diseases, neurological, and trauma. The most fretyueonsidered are cancer (21.15%) and cerebral

palsy (17.31%).
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Figure 4. Details of each pathologies considereH thieir frequency.

5.2 Results Related to Game Technologies

5.2.1 Technologies

The works analyzed were classified by the hardwlag use as main output device (i.e., how users
perceive the digital information in the game), dwodv children can interact with it (i.e., input
mechanisms). With respect to the former, the faltlmnalternatives were identified after processimg t
publications:

« Monitor: A medium-large screen that is usually ugéth computers or consoles (in the form of a
TV), and is situated at a distance from the usely @ne work (1.33%) made use of a tabletop

display and was also included in this category.

¢ Head-Mounted Display (HMD): Screen in the form oh@met or goggles worn by the user. In
combination with virtual reality, it provides a senof immersion since the virtual scene occupies
the user’'s whole field of view. However, it canalse used with augmented reality, in which the
user views the real world augmented with digitgeots.

« Handheld: A small screen the users hold in themdlsawhile playing. It includes portable consoles
(e.g., Nintendo Game Boy), phones, smartphonestadnets.

« Robot: Refers to playing with a robot companioreriables mixed-reality experiences, in which the

digital and physical worlds are combined in the sgyame activity. From the analysis, we observed

11



that one work (1.33%) used humanoid robots, and (Bv67%) relied on robots of indeterminate

shape.

« Other: Includes other types of hardware such aggtions on walls and floors, or tiles mounted on

the floor.

Regarding the input mechanisms, the children canaimteract with the previous hardware in order

to play the game, the following were extracted:
» n/a: Refers to when the children can only sensetifyiguts of the system.

» Controller: The output hardware is coupled withpedfic controller, and interactions are based
mainly on pressing buttons and/or pulling handleg.( mouse and keyboard for computers, or
joysticks for consoles).Three studies (4%) made ofdhe Lokomat system, a commercial

controller for physiological gait rehabilitation.
» Touch: The user enters input to the system by tyrémuching the output device.

» Tangible: Input comes in the form of physical olbgethe user can manipulate with a higher degree
of freedom than is available with regular contnadlelt includes both common and tailor-made

objects, and enables mixed reality situations.

» Gesture: Refers to making gestures with hands,,arnthe whole body, which are captured by any
type of motion sensor. It includes those interaxtion which the user holds a controller (e.g.,

Nintendo Wii) but interaction is not based on pmg$uttons or pulling handles.
» Voice: The system reacts to the user’s voice.

» Gaze: By moving their eyes, users point to spegidits of the output device (usually a monitor) to

make a selection.

Figure 5 depicts the tendency of the analyzed wovks time to consider the previous output/input

approaches, using a 2-period moving average.

2 https:/imww.hocoma.com/solutions/lokomat/
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Figure 5. Tendency of works over time (2-period mgwaverage) to rely on each output hardware (@ofput
mechanism (bottom).

Figure 6 shows the proportion of publications tt@isider each output device or rely on each input
mechanism (for further details, see Appendix Ardh be seen that the monitor is by far the most
common output device, and the controller the mogugar input peripheral (followed by gesture
interactions).In turn, Figure 7 depicts, for eaombination of output and input technologies, the
proportion of studies that make use of commerdialustomized approaches. Only combinations with a
frequency greater than 3% are shown in the cHatrast are grouped in the two bars on the rightcah
be seen in the figure, the most frequent combinatianonitor and controller, which corresponds tyost
to commercial consoles or PCs. 14.67% of the wal$s rely on commercial games, whereas 20% opt
for designing their own. Another popular trenddsise gesture-based consoles, as 14.67% of thestud
rely on commercial platforms such as Nintendo WiPtayStation Move, whereas only 4% implement
custom devices and games. The third most frequestig combination of output hardware and input
mechanism is the use of touch-mediated handhelidek\in which customized solutions prevail with a
proportion of 12%. Of these, 77.78% of the workplement games for Android tablets and iPads,
whereas 22.22% take the customization processefuatiid also design their own portable devices.It is
worth mentioning that whenever tangible interactiane considered, regardless of whether the output

device is a monitor, HMD, handheld, or robot, tperaach is always customized, which might be due to

13



a lack of generic tangible input hardware on theketa Going for commercial platforms is usually
affordable, entails little development effort, dadnteresting for studies that only want to asskes
impact of videogames in general. However, the nitgjof the publications apply customization to some

degree, making games tailored for the target ahildrage, pathology, or undergoing a certain proeed
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Figure 6. Proportion of publications that rely @atle output device and input mechanism.
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Figure 7. Proportion of publications that make oseommercial and customized combinations of outfavices and
input mechanisms.

The relationship between the technologies usedé¢h &ork and the patient’s age was also analyzed.
Figure 8 shows the proportion of studies that absrseach output device and input interaction fer th
four age stages identified above. The distribut@rschoolers is similar to the one in Figure 6aese it
is the majority group, i.e. the monitor being thesthcommon output hardware, followed by handhelds
and HMD; and controllers being the most common inpechanisms, followed by gesture and touch
interactions. For adolescents, the distributiosinsilar except for HMD being slightly more usedrha

handhelds, although this difference is due to @mg work. Some differences can be found for othger a

14



groups. The only work targeting toddlers reliegaxtile tablets. For children in kindergarten or
preschoolers, even though the most frequent coribma monitors plus controllers, there is less

difference between these and handhelds and othes tyf interaction, although it is still infrequent

The analysis of the literature also suggests tiatdrget age group does not have a significaradnp
on the choice of specific output/input technologi&ithough the works that create their own games do
consider this factor and adapt the graphical ugerface to children, commercial platforms are ryain
chosen because they are appealing and well knowretsubjects, and customized ones have other
hidden motivations. Only five studies (6.67%) makeexplicit reference to the children’s age intthei
motivation. Krebs, Michmizos, and colleagues [1T di@&sent the pediatric Anklebot, a custom corgroll
specifically adapted to children aged 6-10; Akabetnal. [13] make use of toys for 5-to-10-year-adds
tangible manipulators; and Lu et al. [2] desigruatoam robot companion for children aged 3-7. Finall
Looije et al. [3] opt for using a friendly-lookingpmmercial humanoid robot for bonding with childian

primary school.

Output
35%
30,67%
30%
25%
20,00% 20,00%
20%
14,67%
15% 12,00%
5 ,33%
o 7% 339
5,33%
0, 0,
5% 1,33% 781 33% Po7% o I 1,33%
0% [ | [ [ [
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Figure 8. Proportion of works that consider thec#fjl output (top) and input (bottom) approachasefach stage in
childhood development.
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The technologies were also analyzed in relatiaheadifferent procedures and pathologies. The
proportion of publications considering each outpartdware and input mechanism for each type of
procedure and pathology is shown in Figure 9 agdreéi 10, respectively. Even though only 33.33% of
the works analyzed explicitly report having a sfieceason to use a certain technology becaudeeof t
child’s pathology or procedure undergone, this disien does seem to influence the choice of
input/output technologies more than the patiergs’ @nge. Gaming activities must not interfere with
procedures like administering anesthesia, venipmacbr minor surgery, and thus benefit from a gdud
handheld device [19-21] or from a gesture-basedtif?], since they remove the need for wired
controllers. Similarly, Law et al. [23] report dmetneed for hands-free input mechanisms like vimice

cold press or tasks, since this procedure woulg kiee patient’s hand busy.

With respect to the pathologies that can affectctimce of technology, we identified two different
groups with common requirements. First, patientt wither neurological problems or general physical
disabilities (traumatology) that are subjectedhggical rehabilitation require the ability to phgasily
exercise a specific body part [17,18,24-31], quedorm fine-grained movements [32,33]. For tHigyt
rely on commercial gesture-based consoles suclirderido Wii [26,27,30], which has been proven to
improve movement abilities in people with motor amments [34,35]; the Lokomat system [31], which
has been found successful at neurological movenababilitation [36]; or commercial tactile tablets,
under the promise that direct touch capabilitidsincrease dexterity and muscle tone [33]; but trads
the studies analyzed rely on tailor-made contrs|latich can provide the most customization for the
body part being rehabilitated. The second groupesponds to those patients with no specific patholo
(pulmonary, chronic, burn-related, or other sewimess) but who must remain in hospital for long
periods of time. The most frequently used techrie®@ this case are gesture-based commercial
consoles that enable general physical exercisé, aadNintendo Wii [37,38], PlayStation EyeToy [384,
PlayStation Move [40]; and commercial handhelddtbbr smartphones the children can carry with them
as they move around the hospital [41] and areatd® to provide disease-specific game contentadh e
patient [42].

Output Input
Cold
pressor 1,33% 1,33%
task
Transplant 1,33% 1,33%
Minor 1,33% 1,33%
surgery
Anesth- 2,67% 133% 1,33%
esla
Ve:;ﬁznc' 5,33% 4,00% 2,67% 6,67% 1,33% 2,67% 1,33%
Monitor HMD Handheld Robot  Other Controller Touch Tangible Gesture Voice — Gaze n/a

Figure 9. Proportion of works that consider théedént output (left) and input (right) approachesdach type of
procedure.
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Other
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Figure 10. Proportion of works that consider théedent output (left) and input (right) approacheseach type of
pathology.

5.2.2 Purpose
The purpose, or intention, of each identified wads also analyzed. After the in-depth analysisache

study, the following ones were identified:

» Distraction: Refers to the purpose of providing ayvef entertaining the child while in hospital or

while undergoing a specific procedure, with the afmeducing the stress they might experience.
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» Motivation: Includes the works that use the gama awtivator for the children to perform any kind
of rehabilitation activity (e.g., physical, mentaBt the same time, the game serves therapists to
keep track of the patients’ progress.

» Socialization: Considers works that provide a sgace&eommunication or socialization with either
other patients, the hospital staff, or the outsideld.

» Education: Refers to when the purpose is eitheiffer information about hospital procedures or the
patient’s illness, or to offer educational coureest way of connecting with the patient’s classroom

in order to avoid falling behind in their studies.

« Emotion coping: Refers to when the work aims tovjate a way for the patients to face and regulate

the negative emotions they feel during their stalgaspital.

Figure 11 depicts the proportion of publicationsttpropose games for each purpose identified,
showing that the two most common trends are tayasee technologies as motivators in rehabilitation
activities and to distract the patients from thieation they are in. In turn, Figure 12 shows,dach
purpose, the proportion of works that have consideach output device and input mechanism. The
relation between technologies and purposes doaewedl any major differences from the general €ase
monitors and controllers lead the technologies ush is mostly due to their availability, because
although the custom solutions that implement tbein games do so with a purpose in mind, the
hardware and interaction modalities used seldone hawotivation underneath. As counterexamples,
gesture interactions are used 8% more than regatarollers in motivation games. This has to ddwit
these games being used mostly for physical reltatiln, in which the game helps the patients pearfor
certain body movements. In addition, HMDs are usedistract the children from painful medical
procedures in 77.78% of the cases (the rest beied as motivators). The reason behind this is the
immersive experience these devices provide, whigimitively abstracts the children from their sitaat
as well as preventing them from physically seelgprocedure they are undergoing. For the treatofent
burn injuries, in particular [43—-45], it represeataon-pharmacological approach that has been stmwn

reduce pain and anxiety [46].
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Figure 11. Proportion of works pursuing each idexdipurpose.
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Figure 12. Proportion of works that consider thec#iied output (top) and input (bottom) approactoesach
purpose identified.

5.2.3 Number of Users

With respect to the number of users supporteddififierent technological games explored were claessif

into four categories:

» Individual: Refers to when a proposed game canldnged individually by a single player, or is not

meant to be played in company at all.

» Collaborative (online): Refers to when the propogatheplay includes collaborative activities that

can be performed by players without requiring therhe in the same location at a given time.

e Collaborative (co-located): Refers to when the pemal gameplay by a study includes collaborative

activities that a patient may perform with othetigrats, family members, or even hospital staff.
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» Competitive (co-located): Refers to when gameplay e competitive, where patients may play
against other patients or family members or frieimi®rder to provide further incentive or create a

environment in which the patient may feel more ixed.

Figure 13 depicts the proportion of works thatsidar each user combination described above. It can
be seen that individual games are used signifigantire than multiplayer games. This can be reladed
the two main purposes pursued: using the gamdmatesdistractors, or as motivators for different
therapeutic tasks. With respect to the formergdame intervention is meant to be applied during a
specific medical procedure, which is usually applie each patient in private. As for the latteffedent
patients require different therapeutic routinesiciwtwould complicate any form of collaborative or

competitive gameplay, especially if only one gamilegice is available.

90%

77,33%

80%
70%
60%
50%
40%
30%
20% 13,33% 14,67%
10% . . 1,33%

0%

Individual Collaborative Collaborative Competitive

(online) (co-located)  (co-located)

Figure 13. Proportion of works that consider eacug of users during game play.

Since the vast majority of studies target onlyrals user, the distribution of pathologies/procedur
as well as of input/output technologies for indixédlgames is similar to those shown in Figure §ufé
4, and Figure 6. Figure 14 provides more detailvbith procedures or pathologies have been consldere
for each type of multiplayer games, i.e., collatigea(online), collaborative (co-located), and
competitive (co-located). As can be seen in thetctigere is no predominant procedure or patholagy
which multiplayer games are applied. In fact, instnmases none is specified. The only pathology that
seems to stand out is cancer, as this is the megalent in any multiplayer modality. This may besdo
pediatric oncologic patients being especially prampsychosocial issues [47] and the fact thatasoci
support can help these patients cope with thesstethe disease [48]. Competitive play is seldom
explored, which can be explained by these typemofes having a potential effect on aggression (49,5

which might not be desirable to foster in a hos$gtevironment.
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n/a 2,67% 8,00%

Procedure (venipuncture) 1,33%
Procedure (transplant) 1,33%
Visit to the Emergency Room 1,33%
Pathologies: Other severe 1,33%
ilinesses
Pathologies: Behavioral 1,33%
Pathologies: Neurological 1,33%
(general)
Pathologies: Chronic (renal 1,33%
disease)
Pathologies: Chronic (cancer) 2,67% 4,00% 1,33%
Pathologies: Chronic (general) 2,67%

Pathologies: Traumatology

2,67%
(general physical disability)

) . Collaborative Competitive
Collaborative (online) (co-located) (co-located)

Figure 14. Proportion of each type of multiplayange for each procedure or pathology considered.

The relationship between the different multiplagame types and output and input technologies can
be seen in Figure 15. As for the technologies ugediendency for individual games is the same élsd
general case discussed above. For online collabergames, the combination of output hardware and
input mechanism that stands out the most is aletr@ter-based monitors, i.e., computers and cassol
since the only requirement is to have a networkeotion. For co-located (collaborative and
competitive) games, the most common interactiaghrisugh gestures. This is achieved by means of
motion sensor consoles such as Nintendo Wii or Ximect, which enable multi-user interactions and
having a shared workspace, which enhances awarenksyg factor in this type of activity [51,52]. In
addition, the fact that children can see each att@ring around may provide a more fun experience,
ensuring user acceptance. In contrast, handheddsettom used, even though they have been idehtifie
as potentially interesting for co-located actidtibrough what has been called Multi-Display

Environments, i.e., joining several devices togefs8].

22



Tangible 2,67%

Gesture 1,33% 8,00% 1,33%
Touch 2,67% 4,00%
Controller 9,33% 1,33%
Monitor 10,67% 9,33% 1,33%
Robot 1,33%
Handheld 2,67% 1,33%
Other output
. P 2,67%
device
Collaborative Competitive

Collaborative (online) (co-located) (co-located)

Figure 15. Proportion of each type of multiplayant for each technology used (output hardwarergnd i
interaction mechanism).

5.3 Study-Related Results

26.67% of the publications selected only describgsiem design or implementation, or discuss game
requirements for pediatric settings. 6.67% of ttaltnumber of works analyzed study the feasibdity
the approach in hospitals with children, 2.67% wrehow a specific game technology can help
therapists create new activities and assess thgans, and only one work (1.33%) focuses on wteng
parents’ anxiety. The remaining 64% of the publwag selected present a study in which a game
technology was evaluated with children in hospitalsrder to measure one or many patient-related
variables. Of this 64% of the studies, Figure Megithe proportion that considers each one of these
variables. The most recurrent objects of studyeajeyment (39.58%), which consists mostly of infafm
assessments of users’ acceptance and impressguadlywcollected through observations or interviews
pain reduction (31.25%); improvement in motor fuoies (20.83%); and, to a lesser extent, reductfon o
anxiety, distress, or stress (14.58%), improveriresbcialization (12.50%), and increased emotional
expressions (8.33%). The rest, which can be catsuit Appendix A, were studied in less than 5%hef t

works.
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Visual improvements mEl 2,08%
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Figure 16. Proportion of works that evaluate eaatiept-related variable.

In turn, Figure 17depicts the success rate of gadhble. Extreme values should be taken with
caution due to the small sample of studies in wiiely were evaluated (see Figure 16). However, for
those variables with more than 5 evaluations (wkiolild represent 6.67% of the publications analyzed
it can be seen that game technologies for childrdmspitals provide enjoyment, socialization, and
increased emotional expressions in more than 90#ieofases; are able to improve motor functions in
80% of the studies; and reduce pain as well aandistress, or stress with a success rate gribae
70%.

Visual improvements I 100,00%
Socialization I 100,00%
Self-confidence I 100,00%
Reduced pain I 73,33%
Reduced loneliness N 100,00%
Reduced depressive symptoms I 100,00%
Reduced anxiety, distress, or stress I 71, 43%
No more energy expenditure I 100,00%
Knowledge gains I 100,00%
Increased emotional expressions I 1 00,00%
Increased amount of ORT consumed = 0,00%
Improved psychological functions I 100,00%

Improved motor functions I 30,00%
Improved mood | 0,00%
Enjoyment I 94,74 %

0% 20% 40% 60% 80% 100%

Figure 17. Success rate of the studies that consai#h patient-related variable.



6 Discussion

6.1 Target Users

From the analysis of the literature, we found thatmost common target group is primary school
children. This is probably due not only to theiimgemore likely to accept a given game, but alsthiir
capacity for understanding it. Younger children Intigncounter difficulties in understanding both the
dynamics and interactions of videogames. This caratgs their design, which, in turn, can discourage
researchers from creating games for these pati@ntthe other hand, adolescents may be more easily
bored with a game that is not in their usual stglel more mature approaches may simply work better,
which would explain the fewer monotonic studiestfis group of patients. In our opinion, these gou
of users should not be disregarded, as they exyerie@ huge number of hospitalizations per year. For
example, in 2015, each country in the European taiperienced, on average, 11,120 and 7,688
hospitalizations of children aged 1-4 and adolescaged 15-19, respectively, for each 100k inhatsta
[54].

We found that nearly 70% and nearly 20% of theistidonsider using game technologies with
children suffering from a specific pathology or engoing a given medical procedure, respectivelfthWi
respect to the latter, the usual approach is tddgmtentially fearful treatments such as venipure As
for the former, the most common is cancer, a clordigease that affects approximately 300,000 new
children (less than 19 years old) each year, somestiwith fatal consequences [55]. General neurcdbgi
and physical disabilities are also relatively comnpathologies to be addressed, along with burmiggu
and cerebral palsy. Most of these pathologies arg physical, observable pathologies. On the other
hand, psychological disabilities, such as behalismrders, which include multiple diseases, dtero
neglected in this regard. This could be due ta thaider-to-treat nature and the fact that theyoétem
treated in specialized hospitals instead of germras, but it presents an interesting topic thatccbe
tackled though game technologies, as several studid adults have pointed out. For example, aengvi
by Horne-Moyer et al. [56] concludes that techn@abgames often present the same benefits in
psychotherapy as traditional methods, but theyreseme cases more accepted, enjoyable, and elggagin
Fernandez-Aranda et al. [57] argue that some ctaisiics of videogames such as the capacity for
immersion, low resistance to their use, and themanstrated effects on brain activity make theny ver

suitable for treating mental disorders.

Even though this review focuses on game technadgiepediatric patients, and therefore the
publications analyzed focus on children, some eftttj33,58] reveal that they can also be useful for
therapists, as they can serve as measuremengtublselp to create therapeutic activities. Also, as
Fernandes et al. [21] observe, games can helprmytlre patients but also their parents. This is
particularly interesting as a hospitalized childs@s high loads of stress to their parents. In §ache

researchers propose the need to include paremealrcthese situations [59,60].
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6.2 Technologies

We observed that videogame consoles and traditmmaputers are the most commonly used technology.
Input via controllers was practically the only mantsm considered up to 2008, and from this yedtson
use and the use of monitors present strong growtis. could be due to the wide variety of gaming
consoles on the market, as well as their geneaiitydable prices. Using a gaming console or prelana
games also simplifies the work by removing any enpéntation aspect. Further, the variety of consoles
also means a variety of gaming styles, which emsatileer interaction mechanisms such as gestures. Fo
example, some come with motion sensor accessikesthke PlayStation EyeToy, Xbox Kinect, or
Nintendo Wii, which offer a more active play stytegstly for physical rehabilitation purposes, bisba

for co-located games, which enable socializatisrchildren can see each other moving around.
Nevertheless, as previous studies have pointefb8181], these kinds of technologies are fixed to a
specific location, which would make them unsuitaolebed-bound patients. Neither would they be
suitable for very young users, for whom they arevim to present tracking problems. The use of
handhelds seems to be more suitable in theseisitadiecause they are very easy to set up and adapt
better to the user’s posture. Their use is gainiegnentum since 2010 along with touch interactions,
which would correspond to the increasing populaioraof smartphones and tablets, commonly used in
other areas such as education [61,62]. The interauwiith these devices via direct touch is intugtand
well accepted and usable by children [63,64]. Adoagy to Shneiderman et al. [65], it enables natural
interactions for three reasons: a) the visibilitybjects and actions of interest; b) the replageré

typed commands by pointing actions on the objetisterest; and c) the rapid, reversible, and
incremental actions which help children to keepagyegl and give them control over the technology,
avoiding complex instructions that complicate thigiaction. In spite of this, the potential of thuc
interactions with handheld devices has not yet lsagored deeply in hospital settings. This woutd b
interesting not only because good technology aecegtis key for the success of the game interventio
but because handhelds can be carried around wtpatients, and are less obtrusive in certain phoes
and situations as they are wireless. By joiningesahof these devices together one could devise co-

located games to foster socialization [53,66], Whias been mostly unexplored in children in hospita

HMD, on the other hand, have been around for maaysy but not until very recently have they
become popular and made available commerciallyid@swsuch as HTC Vive, PlayStation VR, or
Oculus Rift enable immersive virtual reality envirents that, as explained above, cognitively abistra
the children from their situation, making them esphy interesting as pain distractors. Howeveeyth
should be used with caution, as they are knownddyce symptoms similar to motion sickness [673 an
even though this can be reduced by playing seattddd of standing [68], they present too big $la

to expose hospitalized children to them.

Other emerging technologies such as robots, tamgiér interfaces, and voice interactions are still
little used. Furthermore, tangible interactionsnsée decrease year after year since 2011. This is
surprising, as recent research tends to praiseehefits of tangible user interfaces over traddion
devices or even tactile handhelds. These include#@sing children’s interest, engagement, and

understanding of the activity [69], and having aipiee effect on socialization [70]. In addition,
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incorporating interactions with the physical spacea technological game is perceived as easienwré
fun than screen-based activities [66]. Tangibleslmrepresented as toys, which are already farilia
children (e.g., plush toys [71]). These, alongsmmots, will enable new experiences in the nearréut
with the recent advances in Artificial Intelligenaad robotics. Robots are very interesting techyiek
to be used with children because, as argued byadli 2], they capture their imagination. Theycho
special promise in situations in which parentsrarealways present [73], as in the case of hospital
Robots could accompany the child physically dugage play as a companion, and be interacted via
natural user interfaces such as voice and tanglijkcts. Breazeal et al. [74] proved that younddcén
accept robots as interlocutors and informants,ahdrs like Leite et al. [75] reveal that they gaavide

social support to a similar extent as other chiidre

6.3 Purpose

It was observed that most works focused on ganfetdagies as motivators for rehabilitation actisti

or as distractors. One can assume that these tyors are the most popular in game technologgudesi
for children in hospital because they are simplettevise and implement. With respect to the lather,
topics of the game do not really matter, sinceathlg goal is to abstract the child from his sitoati As

for the former, it is easier to build on therapeaatttivities that already exist and simply provéktra aid
instead of creating completely new activities fargses that are not usually tackled in a hospitais

in turn leads to a lack of studies that have oiteresting purposes as their main objective, sisch

fostering socialization, working on the childreeisotional wellbeing, or promoting physical mobility

Children who spend long stays in hospital or makgudent visits to it due to chronic diseases suffer
large amounts of stress that can result in manialsaind emotional issues [76—79]. These are cansed
only by their physical symptoms but also by feedimd loneliness or isolation [80] that arise frogiry
separated from their parents and friends. In fagtors like Ceribelli et al. [81] underline thegartance
of communication with the child in these environtsemBuilding socializing experiences could benefit
children’s emotional intelligence [82], which couldturn help them regulate the negative emotitiey t
feel, for emotional intelligence is mainly of sdamature [83]. Collaborative gameplay can encourage
sense of camaraderie between patients and addittitial circle. Online collaborative games in
particular open the window for socialization ouésttie hospital, and can provide some sort of atigira
since the workspace is in a virtual world. On thigeo hand, collaborative co-located games can enabl
bonding between the patients and others in hospitdd whom they will have to spend a lot of time,
namely caregivers, hospital staff, and fellow page This bonding is sometimes essential, as in the

patient-nurse relationship, for the delivery of kifyacare [84].

Physical mobility is usually considered for patgirt rehabilitation, but often neglected in game
interventions for other children. Leaving asidesthehat are physically unable to move, physicaicse
could be an interesting addition to game-basedtiies, as it presents a plethora of health benbfith
physical and mental [85]. On the one hand, it hpheyent several chronic diseases like cardiovascul
disease, diabetes, cancer, hypertension, obesdypsteoporosis [86]. On the other, it can alleviEdime

depressive symptoms than can emerge during hdgptiah, improve self-image, social skills, and
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cognitive functioning, as well as reduce the symm®f anxiety [87,88]. Exercise has also been fdond
reduce fatigue, somatic complaints, obsessive-ctsivautraits, fear, interpersonal sensitivity, gfbic
anxiety in cancer patients [89]. With respect tddrkn in particular, the effects are similar: retion of
low density lipoproteins while increasing high dignpoprotein; improvement of glucose metaboligm
patients with type Il diabetes; improved streng#if-esteem, and body image; reduction in the
occurrence of back injuries; and stress reductidrich may also improve the immune system [90].
However, it is worth mentioning that some reseaesteals that to achieve substantial health benéfiés
exercise should be at least of moderate inten8ity; jvhich some patients might not be able to perfo
In any case, additional studies should be conduct@doperly assess the impact of exercise-enabler

games for pediatric hospitalization.

7 Limitations

As is the case with systematic reviews in genéhnéd,review does not claim to be comprehensive or
include every single existing relevant study. Wmsharize only the results we obtained through our
search terms from the databases mentioned. Owrofsguestions also leave out details that cosld al
be extracted from the identified studies and wigty contain information of interest, but we decided
focus on general questions that could shed lighthercurrent state of the literature in this madted on

missing areas of study.

8 Conclusions

We conducted a systematic review with the goatleftifying the current state of works focusing on
technological or video games for children in haagsettings and of finding areas of future studg W
identified 75 relevant studies, which were analywedxtract information about the patients they are
directed at (their ages and whether the gamespailed to children with specific pathologies or
undergoing certain medical procedures), the appemthemselves (the technologies used, their peypos
and the number of users considered in a specifite§jaand the studies conducted to evaluate the

solutions.

The results indicate that this topic is of increggpopularity (with more studies being publishedrye
after year). Also, that the most common trendiis darea are focusing on primary-school childreye¢a
6-12) undergoing venipuncture treatments or suffefiom chronic diseases (mostly cancer),
neurological (especially cerebral palsy), or fronygical injuries (mostly burns or physical disahk).
The purpose of the solutions designed is mainfyrtvide a means of distraction or to serve as a
motivator to help with physical rehabilitation. Thames proposed are usually devised to be played
individually, and the most frequently used techggds are, by far, traditional computers or video
consoles composed of monitors as output hardwatdatton-based controllers as input. Finally, we
observed that game technologies in pediatric halspititings seem to improve enjoyment, socialipatio
and motor functions; increase emotional expressiamd reduce pain, anxiety, distress, and stress.
However, there are not many evaluations availablthese issues, and more should be carried out to

confirm these benefits.
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Several lines of future work can be derived fromitbsults. First, designers could also focus oe-{pr
kindergarten children (under 6) and teenagers (b2grand try to find the most suitable game topicd
technological devices and interactions for themmimehospital, since each age group presents Bntire
different needs. Second, psychological (behavigrathologies have been mostly neglected when
designing games for pediatrics, and, as stateddsgédMoyer et al. [56], more work is needed in orde
know to what extent games can benefit these ilegeskhird, new studies could have purposes otlagr th
motivation or distraction, such as socializatiomogion coping, or fostering physical activity.
Additionally, other stakeholders like parents/caregs or hospital staff could benefit from beingluded
in the games. Finally, recent but well-establistemthnologies such as digital tablets should bdéurt
explored, and their capabilities (e.g., portahildirect touch) further exploited to better accondiaie
these goals. The same could be argued for emetggihgologies such as companion robots, as well as

other interaction mechanisms such as voice or lidagi
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A Publications' Details

Work Year Age Proceduresand  Number of Purpose Output Input Object of study Outcome
ranges pathologies users device mechanism
[92] 2001 n/a Pathologies: Individual Motivation Monitor Controller Increases|f- The activity decreased the demand
Traumatology confidence for individual interventions and
(neck) provided opportunities for
improving self-confidence.
[93] 2002 n/a n/a Collaborative Education,  Monitor Controller System description The use of online collaborative
(online) socialization and discussion games in e-learning in hospital can
about technology  enable socialization, which would
prevent the loss of humanization
that would occur if teachers were
replaced by technological devices.
[94] 2002 8-19 Pathologies: Collaborative  Education,  Monitor Controller Reduced pain and Children reported significantly less
Other severe (online) socialization loneliness, loneliness and were significantly

illness

improved mood,
and increased

enjoyment

more willing to return to the hospital
for treatment. They were also
marginally less worried and
experienced significantly less

withdrawn behavior.

30



[95]

[96]

(19]

[97]

(20]

2003

2005

2006

2006

2007

n/a

5-18

4-12

8-12

3-9

Pathologies:
Chronic (renal
disease).
Procedure:

Venipuncture

Pathologies:
Traumatology
(burn)

Procedure:

Anesthesia

Procedure:

Venipuncture

Procedure:

Anesthesia

Collaborative  Socialization Monitor Controller
(online)

Individual Distraction HMD Controller
Individual Distraction Handheld n/a
Individual Distraction HMD Controller
Individual Distraction Handheld Controller

Feasibility

Reduced pain

Reduced anxiety

Reduced pain

Feastlyil

Resikupport the premise that
computational environments may
offer an opportunity for patients to
participate in virtual communities
that promote coping with chronic

physical ilinesses.

Strong evidence supporting VR-
based games in providing analgesia
with minimal side effects and little
impact on the physical hospital

environment.

Patients demonstrated a decrease in
anxiety in the preoperative area in
the video game group compared to

control group.

Results show a decrease in affective
pain for children in the VR group

compared to children in the control

group.

Most of the children evaluated were

able to tolerate the PediSedate
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(98]

(24]

[99]

(25]

2007

2008

2008

2009

5-18

5-18

7-10

n/a

Pathologies:
Chronic (cancer).
Procedure:

Venipuncture

Pathologies:
Neurological

(general)

Pathologies:

Behavioral

Pathologies:
Neurological

(cerebral palsy)

Individual

Individual

Collaborative

(co-located)

Individual

Distraction

Motivation

Motivation

Motivation

HMD, Controller
handheld

Monitor Gesture
Monitor Gesture
HMD Tangible

Reduced pain and

distress

Increased

enjoyment

Increased

enjoyment

Improved motor

functions

device and achieved an adequate

degree of sedation.

Fear and distress were reduced, but

not pain.

All participating patients accepted

the system and trained in reaching
and grasping tasks at a far higher

rate than in conventional

occupational therapy.

Analysis shows that patients were
strongly motivated and that their
behaviors and verbal expressions

had rich psychodynamic content.

Participants showed improvements
in overall performance on the
functional aspects, in upper
extremity active range of motion,
and in kinematic measures of

reaching movements.
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[100]

(22]

(30]

[43]

2009

2009

2010

2010

11-15

5-18

7-12

3-10

Procedure:

Transplant

Pathologies:
Chronic (cancer).
Procedure:

Venipuncture

Pathologies:
Traumatology
(general physical
disability)

Pathologies:

Traumatology

Collaborative

(online)

Individual

Individual

Individual

Socialization

Distraction

Motivation

Education,

Monitor Controller
Monitor Gesture
Monitor Gesture

Handheld Touch

Improved

socialization

Increased

Results support the idea that
innovative technologies can help
adolescent patients to create a
support network of peers when face-

to-face interactions are impossible.

Results failed to confirm a reduction

enjoyment, reduced of pain or distress but did show that

pain and distress

Improved moto

functions

Reduced pain

non-immersive VR is a positive
experience for children undergoing

a minor procedure.

The specific game being played had
an impact on the quantity and
quality of movements. Quantity of
movement was significantly higher
in experienced players, but there
were no differences in movement
quality between novice and
experienced ones. Also, motivation
did not have an effect on movement

characteristics.

Results show that multi-modal

distraction offers superior pain

33



(23]

[101]

[102]

[103]

2010

2010

2010

2010

6-15

n/a

4-18

(burn) distraction

Procedure: Cold Individual Distraction HMD

pressor task

n/a Collaborative Distraction, Monitor
(co-located) socialization

n/a Individual Emotion Monitor

coping
Pathologies: Individual Motivation Monitor

Traumatology
(general physical
disability),
neurological

(general)

Voice

Tangible

Controller

Controller

reduction when compared to
standard practices or hand held

video games.

Reduced pain Chigd demonstrated significant
improvement in pain tolerance
during distraction relative to

baseline.

System description  Zootopia isRED-based tangible
game to see animals in live
streaming videos through

collaborative play.

System description CPgame ismg to help children
cope with their emotional reactions
to medical treatments as well as to

self-report their emotional status.

Improved otor The VR scenario induces an

functions immediate effect on motor output to
a similar degree as the effect
resulting from verbal instructions by

therapists.
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[104]

[42]

(32]

[105]

(58]

2011

2011

2011

2011

2011

3-5

12

n/a

n/a

n/a

n/a

Pathologies:
Chronic

(general)

Pathologies:
Neurological

(cerebral palsy)

Pathologies:

Individual

Individual

Individual

Collaborative

Chronic (cancer) (online)

n/a

Individual

Education, Handheld Tangible
distraction
Education Handheld Touch
Motivation Monitor Controller
Distraction, Monitor Controller
socialization

Motivation Other Touch

Increased
enjoyment and
emotional

expressions

System desianipt

System dagption

Increased

enjoyment

Help to therapists

Field observation found that

children enjoyed naming and
decorating the device, and they
formed emotional bonds with it.
Post-test interviews revealed that all
the children felt emotionally

attached to the device and expressed
their desire to carry it with them

next time.

C?is a game to provide disease-
specific educational content to each

patient in their own environment.

Description of a game for the
rehabilitation of the pronation and

supination movements.

Results suggest that referring to the
pathology implicitly yields higher
enjoyment than a game that refers to

it explicitly.

Results suggest that the platfo

provides therapists an easy-to-use
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(29]

[106]

[107]

(2]

2011

2011

2011

2011

and flexible way of creating new

activities for different patients.

n/a Pathologies: Individual, Motivation Other Touch System description  Presémadf a virtual reality

Traumatology collaborative

(general physical (co-located)

disability)
7-19 Pathologies: Individual Education Monitor Controller Increased
Chronic (cancer) enjoyment
8-16 Pathologies: Collaborative  Motivation Other Gesture Reduced
Chronic (cancer) (co-located) depressive
symptoms and
anxiety
3-7 n/a Individual Distraction Robot Tabigi System description

game that uses a hybrid human
motion tracking system for gait and
dynamic balance, which is able to
both track the lower limbs of the

user and identify them.

Results suggest that participants

generally enjoyed playing the game.

Results show that children in the
experimental group reported
statistically significant fewer
depressive symptoms than children
in the control group. However, there
were no differences in children's

anxiety scores.

MediRobbi is a robot compani
that aims to transform an
intimidating medical situation into a

joyful adventure game by
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Pathologies: Individual Motivation Monitor Controller
Ophthalmology

n/a Collaborative Distraction, Monitor Tangible

(co-located) socialization

Pathologies: Individual Distraction Handheld Touch
Traumatology

(burn)

Pathologies: Individual Motivation Monitor Gesture
Neurological

(cerebral palsy)

Feasibiit

Increased
enjoyment and
improved

socialization

Reduced i
distress

No more engrg
expenditure,
increased

enjoyment, and

accompanying the patient through

their procedures.

It is possible to develop a game-
based system to measure fields in
children in a noninvasive,

affordable, and entertaining way.

Feasible way of encouraging
children to communicate with others
more while having fun in a hospital

setting.

A combined multi-modal distraction
protocol reduced pain and distress
experiences for young children
during burn care procedures with
respect to standard distraction
protocols. It also reduced treatment

length and pain adverse effects.

Moderate levels of activity achieved
in half the games evaluated. Muscle
activations did not exceed maximum

voluntary exertions. Angular
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[45] 2012 11-17

Traumatology

(burn)

[109] 2012 n/a
Chronic

(general)

[110] 2012 4-10 Procedure:

Venipuncture

Pathologies:

Pathologies:

Individual Distraction HMD
Collaborative  Motivation, Monitor
(online) socialization

Individual Distraction Monitor

Controller

Gesture

Gesture

improved motor

functions

Reduced pain

System description

Reduced pain

velocities and accelerations were
significantly larger in the dominant
arm than in the hemiplegic arm. A
high level of enjoyment was

reported.

Statistically significant reduction in
pain scores during dressing removal,
and significantly less rescue doses

of Entonox given.

The work exddhe idea of
improving communication between
medical practitioners and patients
using avatars in games to guide and
encourage patients to comply with
treatments, provide support, and
elicit information about their

wellbeing.

Active distraction did not reduce
perceived pain more than an EMLA-
cream analgesic during iv

cannulation and venipuncture.
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[40]

(33]

[111]

(5]

[112]

2013

2013

2013

2013

2013

4-12

n/a

1-3

n/a

5-18

Pathologies:

Chronic (cancer)

Pathologies:
Neurological

(cerebral palsy)

n/a

Pathologies:
Neurological

(cerebral palsy)

Pathologies:

Neurological

Individual,
collaborative
(co-located),
competitive

(co-located)

Individual

Motivation

Motivation

Collaborative Education

(co-located)

Individual

Individual

Motivation

Motivation

Monitor Gesture
Handheld Touch
Handheld Touch
Monitor Gesture,
voice
Monitor Controller

System description  Prg¢agon of a game to enhance

patients’ resilience via mechanisms
that stimulate coupling between the
brain reward systems and physical

actions.

Help to theistp The study demonstrates the ability
to eliminate factors like distraction
from the assessment of patients’
motor abilities and progress over

time.

System descriptioA discussion with experts yields
and discussion several design guidelines around
about best practicesfour categories: preparation of the

child, motivation, distraction, and

rewarding.

System description  Presentation of a multimediaggam
that can capture kinematic data from
live gestures of a child and generate

live analytical results.

Improved otor Children with neurological gait

functions disorders were able to modify their
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[113]

[114]

[27]

(37]

[115]

2013

2013

2013

2013

2014

n/a

n/a

n/a

3-18

8-18

(general)

n/a

n/a

Pathologies:
Neurological

(cerebral palsy)

Pathologies:
Other severe

illness

Pathologies:

Individual,
collaborative

(co-located)

Individual

Individual

Individual

Individual

Distraction Monitor
Distraction Monitor
Motivation Monitor
Motivation Monitor
Socialipati Monitor

Gesture

afgible

Gesture

Gesture

Controller

System discussion

Increased

enjoyment

Increased
enjoyment and
improved motor

functions

Feasibility

System description

activity to the demands of the VR-
scenario, but cognitive function and
motor impairment determined to

which extent.

Thekvproposes a set of themes
for games that aim to reframe bodily
perception to a more positive self-

image full of creative potential.

Positive reactions.

Most children preferred the game,
and balance was significantly
improved. However, results did not
carry over to functional tasks, hence

the need for further research.

R/exercise may be safely applied
in a subset of critically ill children,
but several threats to its feasibility

in this population were observed.

Particgpgtdesign of a game to
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[116]

(38]

[117]

[118]

2014

2014

2014

2014

n/a

n/a

9-16

12

Chronic (cancer)

Pathologies: Individual Motivation Monitor
Traumatology

(general physical

disability)

Pathologies: Individual Motivation Monitor

Pulmonary

n/a Collaborative Socialization Monitor
(online)

n/a Collaborative Distraction Monitor

(co-located)

Gesture

Gesture

Controller

Controller

System deption

No more engrg

expenditure

Improved
socialization and
increased
emotional

expressions

Improved
socialization and
increased
emotional

expressions

foster communication.

Presentation of a web-based 3D
game that uses non-invasive
methods to recognize body

movements.

One game resulted in light intensity
activity and another in moderate
intensity activity. No significant
difference was seen between
patients and healthy control group in

the energy cost of playing.

The game was reported to have high
playability values, and high amount
of interactions and positive

emotions were observed during

gameplay.

Analysis shows how multiple
human and non-human bodies
become entangled in gameplace
events and potentially generate

affective atmospheres.
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[31] 2014 5-18 Pathologies: Individual Motivation Monitor Controller System defption  Presentation of a project that

Traumatology connects rehabilitation games to
(general physical various therapy devices for upper
disability), and lower extremities.
neurological
(general)

[119] 2014 8 Pathologies: Collaborative  Education,  Monitor Controller Improved Results support that multi-modal
Chronic (online) socialization socialization digital game-based learning
(general) provides social interactive processes

and learning motivation.

[120] 2014 10-14 Pathologies: Individual Motivation Monitor Controller Improved Results show that 3D Graphical
Chronic (cancer) psychological Imagery Therapy game is effective
functions in recovering from psychological

iliness related to brain tumor.

[41] 2014 8-16 Pathologies: Collaborative  Education Handheld Touch Increased Observations of participants being
Chronic (cancer) (online) enjoyment very receptive, even young ones
who sometimes were not aware of

the complexity of the games'

challenges.
[17] 2015 6-10 Pathologies: Individual Motivation Monitor Controller Improved aotor Results demonstrate a statistically
Neurological functions significant improvement in the
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[121]

(28]

[122]

(39]

2015

2015

2015

2015

n/a

n/a

4-8

5-18

(cerebral palsy)

n/a Individual,
collaborative

(co-located)

Pathologies: Individual
Neurological
(cerebral palsy)
n/a Individual
Pathologies: Individual

Traumatology
(burn)

Motivation,  Robot Gesture

socialization

Motivation Monitor Controller
Education Handheld utlo

Motivation Monitor Gesture

System discussion

Improved otor

functions

System description

Improved moto

functions, reduced

performance metrics assessing

explicit and implicit motor learning.

Discussion abeuigé of spatial
augmented reality techniques on
mobile robots for better enabling

interactions with children.

Increase in forearm
supination/pronation movement
precision and smoothness was
observed, as well as a reduction in

the movement duration.

Presentation of an educatigame
to help children prepare for medical

procedures.

Results show that interactive

videogames are equally effective as

pain, and increased traditional therapy for overall range

enjoyment

of motion gains and result in quicker
recovery of motion with less pain
experienced. No differences were

found in compliance and enjoyment.
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[123] 2015 6-12 Pathologies: Individual Distraction
Chronic (cancer)

[21] 2015 8-12 Procedure: Individual Education
Minor surgery

[124] 2015 4-18 n/a Collaborative Motivation

(online)

Monitor

Handheld

Handheld

Controller

Touch

Touch

Increased
enjoyment and
improved

socialization

Reduced chiitse
and parents’

anxiety

Reduced pain,
increased
enjoyment, and
increased amount
of Oral

The activities, which range from
watching television, to using

computers, games, and toys, to
drawing, to a clown, provide fun,
feelings of joy, distractions, and

interactions with other people.

Children who received the
educational multimedia intervention
reported lower level of worries
about hospitalization, medical
procedures, illness, and negative
consequences than those in the
control (no intervention) and in the
comparison (entertainment video
game intervention) groups. Parents
experienced less anxiety when the
educational and entertainment

interventions were applied.

Results show improvement in pain
control and patient satisfaction, but
no effect on ORT.
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Pathologies:

Pulmonary

Procedure:

Venipuncture

Pathologies:

Traumatology

(burn)

Pathologies:

Neurological

(cerebral palsy)

Rehydration
Therapy (ORT)
consumed

Increased

enjoyment

Users were very immersed in their
environments. Seemed to gravitate
towards goal-oriented experiences.
They were enthralled, and were able
to use the device without feeling

uncomfortable.

System descriptioriJser-centered design of a virtual

System degition

Improved otor
functions

reality game to offer distraction
from pain and anxiety that may arise

during medical procedures.

The DREAM game intends to be an
efficient distraction tool to reduce
pain and anxiety in children

receiving medical treatments.

Feasibility study indicates an

improvement in motor functions.




(4]

[128]

[129]

[130]

(3]

2016

2016

2016

2016

2016

n/a

7-13

4-7

4-13

6-10

Pathologies: Individual
Ophthalmology
Pathologies: Collaborative

Chronic (cancer), (co-located)
traumatology

(general physical

disability),

neurological

(general)

Pathologies: Individual

Ophthalmology

Procedure: Individual

Venipuncture

Pathologies: Individual
Chronic

(diabetes)

Motivation Handheld Touch Feasibility

Distraction, Monitor Touch, Increased

socialization gesture enjoyment

Motivation Monitor Controller Visual

improvements

Distraction Handheld Touch Reduced pain

Socialization Monitor,  Touch, voice Increased
handheld, enjoyment,
robot emotional

@lgame can effectively be used
for automated testing of visual

acuity.

Participants answered they felt
creative, happy, "normal" again and
had fun.

Improvement shown in both control
and study group, but improvement
in best corrected visual acuity, near
visual acuity, and stereoacuity in

study group was significantly better.

No improvement was found
between being distracted by a hand-

held game and by nurses.

Overall positive experience.
Children enjoyed the activities, built

a relationship with the robot, and
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[131]

[132]

[133]

[134]

2016

2016

2016

2016

3-6

3-6

n/a

n/a

Procedure:

Venipuncture

Pathologies:
Traumatology
(burn)

n/a

n/a

Individual

Individual

Individual

Individual

Distraction

Distraction

Education

Distraction

Monitor

Monitor

Monitor

Monitor

Controller

Controller

Qatier

/an

expressions, and

knowledge gains

Reducedip

Reducedip

System description

had a small knowledge gain. Parents
and hospital staff pointed to positive
effects on child's mood and

openness.

Pain intensity in the interventional
group was significantly lower than

in the control group.

Pain intensity in the interventional
group was significantly lower than

in the control group.

Participatory desigrhoée 3D
virtual environments based on

games.

Reduced stress andHigh satisfaction and low stress, but

increased

enjoyment

informative content was not very

clear.
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* Game technologies present physical and psycholdogeeefits to pediatric patients



Sandra Jurdi, MSc (2016, Universitat Politécnica de Valéncia),ngH2015,
Universitat Jaume 1) is a contract researcher agohiper of the Futurelab tea

within the Software Engineering and Information t8yss research group. He
current research interests include Tangible Useerflices, Gameful
Collaborative Problem Solving, and technologicatiglosupport systems fo
pediatric patients.

Jorge Montaner, BEng (2017, Universitat Politecnica de Valéncia)

conducting a master in Software Systems Technolagg Engineering at
Universitat Politécnica de Valéncia and workinghwihe Futurelab team whild
doing his thesis. His current research interestiudte ubiquitous computing

technological social support systems, and gameseiatric patients.

Fernando Garcia-Sanjuan, PhD (2018, Universitat Politecnica de Valéncic *
MSc (2013, UPV), Eng (2012, UPV) is a member of Ehgurelab team
within the Software Engineering and Information t8yss research group. His
current research interests include Mixed Realigngible User Interfaces, 2
Multi-Display Environments, and Computer-Supporte@ollaborative 'S

Learning.

Javier Jaen, PhD (2006, Universitat Politécnica de ValenciSc (1998,
Virginia Tech), DEA (1994, INSA de Lyon) is currntin associate professo
with the Laboratory of Advanced Information Systeatghe Department of

Computing and Information Systems. His current aeste interests include
ubiquitous computing, ambient intelligence andesdp-based computing. Hg
was the recipient of a Fulbright scholarship andaisnember of the Upsilon Pi Epsilon
International Honor Society for Computing and Imh@tion Disciplines. Dr. Jaen was the
winner of the Best PhD Dissertation in ComputereSce Award and the Social Council's
Award at the UPV, and won the eMobility Award inQ20

Vicente Nacher, MSc (2013, Universitat Politécnica de Valencia)s lb@en

granted a fellowship from the Ministry of Educatidga work with the
FutureLab team at the Software Engineering andriméition Systems (ISSI) _
research group. He obtained the Best UndergradS8aident Award in el

Computer Science at the UPV in 2012. His curres¢éaech interests includ



ACCEPTED MANUSCRIPT

multi-touch usability and collaborative systems fiog-school children.



