PUC-Rio- CertificagaoDigital N° 1820989/CA

PONTIFI/CIA UNIVERSIDADE CAT()UCA
DO RIO DE JANEIRO

Clauvin Erlan José da Costa Curty de Almeida

Gamiification guidelines to prevent negative
effects in digital education/learning systems

Dissertacao de Mestrado

Dissertation presented to the Programa de Pés-graduacdo em
Informatica of PUC-Rio in partial fulfillment of the requirements
for the degree of Mestre em Informética.

Advisor Prof. Bruno Feijé
Co-advisor: Prof. Marcos Kalinowski

Rio de Janeiro
May 2021


DBD
PUC-Rio - Certificação Digital Nº 1820989/CA


PUC-Rio- CertificagaoDigital N° 1820989/CA

PONTIFI/C]A UNIVERSIDADE CATéLlCA
DO RIO DE JANEIRO

Clauvin Erlan José da Costa Curty de Almeida

Gamification guidelines to prevent negative
effects in digital education/learning systems

Dissertation presented to the Programa de Pdés-graduacdo em
Informatica of PUC-Rio in partial fulfillment of the requirements
for the degree of Mestre em Informatica. Approved by the
Examination Committee.

Prof. Bruno Feijo
Advisor
Departamento de Informatica — PUC-Rio

Prof. Marcos Kalinowski
Co-advisor
Departamento de Informética — PUC-Rio

Prof. Alberto Barbosa Raposo
Departamento de Informatica — PUC-Rio

Prof. Augusto Cesar Espindola Baffa
Departamento de Informéatica — PUC-Rio

Rio de Janeiro, May 27th, 2021


DBD
PUC-Rio - Certificação Digital Nº 1820989/CA


PUC-Rio- CertificagaoDigital N° 1820989/CA

All rights reserved.

Clauvin Erlan José da Costa Curty de Almeida

Graduated in Computer Science by the Federal University of
Rio de Janeiro (UFRJ).

Bibliographic data

Almeida, Clauvin Erlan José da C. C. de

Gamification guidelines to prevent negative effects in
digital education/learning systems / Clauvin Erlan José da
Costa Curty de Almeida; Co-advisor: Bruno Feij6; Co-advisor:
Marcos Kalinowski. — Rio de janeiro: PUC-Rio, Departamento
de Informatica, 2021.

v., 104 f: il. color. ; 30 cm

Dissertacdo (mestrado) - Pontificia Universidade Catdlica
do Rio de Janeiro, Departamento de Informatica.

Inclui bibliografia

1. Informéatica — Teses. 2. Gamificacdo;. 3. Educacdo;. 4.
Aprendizagem;. 5. Mapeamento Sistematico;. 6. Guidelines;.
7. Efeitos Negativos;. |. Feijé, Bruno. Il. Kalinowski, Marcos.
[11. Pontificia Universidade Catélica do Rio de Janeiro. Depar-
tamento de Informatica. IV. Titulo.

CDD: 004


DBD
PUC-Rio - Certificação Digital Nº 1820989/CA


PUC-Rio- CertificagaoDigital N° 1820989/CA

To my family, for all the support and encouragement.

To everyone who, in the middle of a pandemic, when having to choose
between the easy and the right route, chose the right one.

That those who chose the easy route and harmed others through it have
justice fall upon them.


DBD
PUC-Rio - Certificação Digital Nº 1820989/CA


PUC-Rio- CertificagaoDigital N° 1820989/CA

Acknowledgments

To those who, as a hobby, look to games and modify them towards non-
explored spaces of fun: you brought joy and laughter when both were needed

the most.

To the creators of Publish & Perish, Rayyan and Overleaf, three tools that

were of great help while making this research.

Thanks to Emilio Serrano, José Carlos Paiva, Todd P Chang, Fernando
Albuquerque Costa, Svetla Boytcheva, Alba Garcia Viola and Ke-Wei Huang,

for helping during the article gathering process.

To everyone who gave feedback, and with it helped this work to raise in quality.

To my advisors Bruno Feijéo and Marcos Kalinowski for all the support given

through the journey to do this dissertation.

To my advisors, plus members of the jury Alberto Raposo and Augusto Baffa,

for the feedback and evaluation of this work.

To Alexandra and Ricardo, who saw the defense of this work and helped with
feedback.

To CNPq, CAPES and PUC-Rio for the aids granted, without which this work

wouldn’t be accomplished.

This study was financed in part by the Coordenacao de Aperfeicoamento de
Pessoal de Nivel Superior — Brasil (CAPES) — Finance Code 001.

This study was financed in part by the National Council for Scientific and
Technological Development (CNPq - Conselho Nacional de Desenvolvimento

Cientifico e Tecnoldgico), Brazil.


DBD
PUC-Rio - Certificação Digital Nº 1820989/CA


PUC-Rio- CertificagaoDigital N° 1820989/CA

Abstract

Almeida, Clauvin Erlan José da C. C. de; Feijé, Bruno (Advisor); Kali-
nowski, Marcos (Co-Advisor). Gamification guidelines to prevent
negative effects in digital education/learning systems. Rio de
Janeiro, 2021. 104p. Dissertacao de Mestrado — Departamento de In-
formatica, Pontificia Universidade Catolica do Rio de Janeiro.

While most research shows positive effects of gamification, the focus on
its adverse effects is considerably smaller. Having this in mind, we conducted
a systematic mapping study of the negative effects of game design elements
on education/learning systems. The study revealed 77 papers reporting un-
desired effects of game design elements. We found that badges, competitions,
leaderboards, and points are the game design elements most often reported as
causing negative effects. The most cited negative effects were lack of effect, lack
of understanding, irrelevance, motivational issues, and worsened performance.
The ethical issue of cheating was also often reported. Then we used the data
gathered to create 7 guidelines about some of the negative effects found and
how to deal with those. This dissertation can help gamification designers make
more informed decisions when selecting game design elements to be included

in education/learning systems, raising awareness on potential negative effects.

Keywords
Gamification; Education; Learning; Systematic Mapping; Guide-

lines; Negative Effects;
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Resumo

Almeida, Clauvin Erlan José da C. C. de; Feijo, Bruno; Kalinowski, Mar-
cos. Guidelines de gamificacao para prevenir efeitos negativos
em sistemas digitais de educagado/aprendizagem. Rio de Janeiro,
2021. 104p. Dissertacao de Mestrado — Departamento de Informatica,
Pontificia Universidade Catolica do Rio de Janeiro.

Enquanto a maioria da pesquisa relata efeitos positivos de gamificacao, o
foco em seus efeitos adversos é consideravelmente menor. Tendo isso em mente,
conduzimos um mapeamento sistematico dos efeitos negativos de elementos de
game design em sistemas de aprendizado/educagao. O estudo revelou 77 pa-
pers reportando efeitos nao desejados de game design. Descobrimos que badges,
competicao, leaderboards e pontos sao os elementos de game design mais en-
contrados sendo declarados como causadores de efeitos adversos. Os efeitos
mais citados foram falta de efeito, falta de entendimento, irrelevancia, proble-
mas motivacionais e performance piorada. Entao usamos os dados recolhidos
para criar 7 diretrizes sobre alguns dos efeitos negativos encontrados e como
lidar com eles. A dissertacao pode ajudar designers de gamificacao a tomarem
decisoes mais bem informadas quando selecionando elementos de game design
a serem encontrados em sistemas de educagao/aprendizado, criando percepgao

de efeitos adversos.

Palavras-chave
Gamificagdo; Educacao; Aprendizagem; Mapeamento Sistematico;

Guidelines;  Efeitos Negativos;
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Remind yourself that overconfidence is a
slow, and insidious killer.

Narrator, Darkest Dungeon.
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1
Introduction

1.1
Context and Motivation

There are plenty of digital platforms for education with a massive number
of users, as Duolingo (https://en.duolingo.com/) (figure 1.1), a language
teaching service used by 300 million people worldwide. It boasts that it gives

opportunities for people to learn new languages, no matter their financial
standing (Duolingo, 2020).

= 25 @200

Gems

You have 200 gems to buy
items in the shop!

GO TO SHOP
\—m Lm
Phrases Animals
G L
Food Family

0,

Figure 1.1: Duolingo app’s main screen, giving focus to the gems the user has.

Another example is Khan Academy (https://www.khanacademy.org/)

(figure 1.2), which advertises its mission as being providing free, world-class
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education for anyone, anywhere. It represents a massive online learning system,

with more than 10 million unique users per month (Murphy, 2014).

@

O

BADGE TYPES

Sun

®

=

Meteorite Moon Earth Black Challenge
badges badges are badges badges are Hole Patches
are LUNCOmmon are rare. epic. badges are special
common and They Earning are awards for
and easy represent require a them is a legendary  completing
to eam an significant true and topic
when just  investment amount challenge, unknown.  challenges.
getting in learning. of and they They are
started. learning. require the rarest
impressive Khan
dedication.  Academy
awards.

Figure 1.2: Khan Academy’s badge types available to the users.

As a last example of a non-exhaustive list, Habitica (http://www.
habitica.com) (figure 1.3) is a video game to improve people’s real-life habits
by turning their tasks into little monsters to conquer. If players slip up in life,
their characters start backsliding in the game (Habitica, 2020). Habitica may

also be used for more complex tasks, as demonstrated by (Barik et al, 2016).
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al 9:35 AM 7% @)
Dailies +
48 /50 Health
156 / 330 Experience
[ 99/103 Mana
e Leslie L. 21 @155 @23
Level 14 Mage

Q Search

15 minutes of cleaning

Eat a healthy breakfast

Plan out your tasks for today
Be sure to schedule the most important first!
n 11am Daily Meeting

Floss

Be a dental hygiene hero!

Figure 1.3: Habitica user’s main screen.

All these three services have in common the use of gamification -
applying game-playing elements to non-game contexts (Deterding, 2011) that
are typically tedious, discouraging, or inefficient - as a strategy to make their
objectives more achievable. It’s a strategy with a strong presence in education
and also in other domains (Rapp, 2019), representing a market predicted to
grow over 30% through 2019-2025, with an expected value of more than 32
billion in 2025 (Research, 2019).

This context means that a big demand of digital gamified systems exists,
which call for software engineers and their teams to create them.

Software development is not a trivial task, and it is more complicated
in the case of gamified software solutions. These cases require specialized
expertise, going beyond what is expected by an average software engineer
(Piras, 2017), for instance:

— Effective gamification require knowledge of human psychology, similar
to how serious games require knowledge regarding the subject they deal
with (Almeida, 2016). This necessity arises because gamified software
aims to change human behavior (see Volkswagen’s Fun Theory videos
((Volkswagen, 2009),(Volkswagen, 2009a),(Volkswagen, 2009b));

— Software engineers need a good understanding of the game design me-
chanics used as tools and how they contribute to functional and non-

functional requirements;
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— Software engineers face the fact that gamified software has a more
limited design space and different objectives to focus on than a game
(Morschheuser, 2017).

Hence, selecting the correct gamification elements when designing gami-
fied systems is strongly related to requirements engineering and can affect the
overall project success (Fernandez et al, 2017). Moreover, defects in require-
ment are the most expensive to fix when found in production (Boehm, 2001)
(Menzies, 2016a). Indeed, given that gamification deals with changing human
behavior, when gamified software is ill-specified, the system may not hit the
intended target or even be counterproductive, which can have serious conse-
quences when applied to education.

Education software is the main target of the present work, for an
important reason: approximately 617 million children and adolescents of
primary and lower secondary school age have not reached minimum reading
and mathematics proficiency in 2015 (Nation, n. d.). The reasons for this global
learning crisis are manifold, such as inequality and poverty, but the poor
quality of education is one of the critical causes. In this context, applying
gamification to education and learning systems represents a promising means
to allow educators to make learning fun, contextualize learning quickly, speak
the language of young people, and directly deal with soft skills, improving
education quality.

For that, of course, adverse results of gamification efforts - typical
harmful effects that are unknown by the designers of gamified software -
should be avoided. These unexpected effects can happen because current
gamification research lacks a critical lens capable of exploring unintended

design consequences (Rapp, 2019).

1.2
Objective

To shed new light on unexpected adverse effects and help designers of
gamified systems avoid them, this paper presents the following contributions:
(a) a systematic mapping on negative effects of digital game design elements
(from here onwards called GDE) applied in education and learning that
presents valuable information for software engineers and designers of gamified
education/learning systems, such as the game design elements that have most
often been reported to cause adverse effects; the most common negative effects
on students; the adverse consequences affecting teachers, etc; (b) a set of 7
guidelines to avoid negative effects, such as cheating and a sense of fatigue

due to extra tasks related to gamification, compiled based on the results of
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the systematic mapping; (¢) an article accepted by the Technical Track @ 47th
EUROMICRO SEAA Conference in Palermo / Italy; (d) all the extracted data,
available for future research in https://zenodo.org/record/4702399.

1.3
Organization

The remainder of this dissertation is organized as follows. Section 2
defines what is gamification and related concepts. Section 3 presents our
systematic mapping. Section 4 presents the 7 guidelines compiled based on the

systematic mapping results. Finally, section 5 contains the concluding remarks.


https://zenodo.org/record/4702399
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2

Gamification and Games

2.1

Gamification Definition

Gamification can be found in history before it was named as such: in the

past, the Union of Soviet Socialist Republics (USSR) used Lenin’s theory of

“socialist competition” and later “socialist emulation”. Both involved factories

and workers would compete for points against each other to inspire greater

production, even in creative endeavours, through winning medals and other
stimulus (Nelson, 2012).

Such medals were varied, and could also be gained in other fields.

Examples are:

Hero of the Soviet Union, the highest honorary title that could be given

to Soviet civilans and soldiers for a heroic act;

Mother-Heroine, for mothers bearing and raising 10 or more children!;
Honoured Blood Donor of the USSR, for blood donors;

People’s Architect of the USSR, for those who reached stunning results

in urban planning or the design of important buildings;

Order of Friendship of Peoples, for persons, military units, as well
as administrative subdivisions of the USSR for "accomplishments in
strengthening of inter-race and international friendship and cooperation,
for economical, political, scientific, military and cultural development of

the Soviet Union";

Order of the Red Banner of Labour, for exceptional working achieve-
ments. (Wikipedia, 2020a) (Figure 2.1)

!This medal is similar to the Order of Maternal Glory medal, that had 1st, 2nd and 3rd

classes, for respectively bearing and raising 10, 9 and 8 children.


DBD
PUC-Rio - Certificação Digital Nº 1820989/CA


PUC-Rio- CertificagaoDigital N° 1820989/CA

Chapter 2. Gamification and Games 18

Figure 2.1: Soviet medals. From left to right, Hero of the Soviet Union, Mother-
Heroine, Honoured Blood Donor of the USSR, People’s Architect of the USSR,
Order of Friendship of Peoples and Order of the Red Banner of Labour.
(Collect, n.d.) (Wikipedia, 2020a)

Another similar initiative appeared in the 1990s-2000s at North America.
It tried to add “fun to work”, reimagining the workplace as a fun and playful
locale rather than one of work and drudgery, using many game-like elements.
(Nelson, 2012)

The term gamification started to be used in 2002 by Nick Pelling with
his “one-man consultancy” (Pelling, 2011). After 2002, the field had many
terms to define itself, such as productivity games, surveillance entertainment,
funware, playful design, behavioral games, game layer and applied gaming.
Yet, gamification is the one that stuck, seeing widespread adoption after the
first half of 2010 (Deterding, 2011).

Yu-Kai Chou (Chou, 2015) defines gamification as the craft of deriving
fun and engaging elements found typically in games and thoughtfully applying
them to real-world or productive activities. He calls this process Human-
Focused Design, where it optimizes what it intends to do and the humans’
feelings, motivations and engagement in the experience.

His definition of gamification is similar to the one in Gamification,
Inc.: “The gamification matches the use of game mechanisms oriented to the
objective of solving practical problems or unleashing engagements between
a specific public.” (Vianna, 2014) Yet another definition can be found by
Deterding (Deterding, 2011): “the use of game design elements in non-game
contexts”.

Unfortunately, since “(...)the term remains mired in diverse meanings
and contradictory uses, while the concept faces division on its academic
worth, underdeveloped theoretical foundations, and a dearth of standardized
guidelines for application.(...)” (Seaborn, 2015), we, aware of many different
definitions, discrepancies, distinctions and discretionary delimitations, will pick
the following definition for it in this work:

Gamification is the act of using game design elements in non-game

contexts with the objective of solving a problem.
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To allow a more precise understanding of this definition, we will provide

a basic definition of game design elements.

2.1.1
Game Design Elements

Going backwards, to define game design elements, we need to define first
what a game is, and skipping most of the mandatory “games also have a
fuzzy, evolving definition through time and space” (see (Molleindustria, n.d.)
for proper examples of it), we will use a variant of the definition from
Jane McGonigall (McGonigal, 2011): games have an objective, rules, a space
and time defined for them, answers to the player’s actions and voluntary

participation, besides a focus on the ludic.

game /gam/ n. (pl. -games) a self-contained form of
expression confined by procedures.

| disagree Tweet

& randomly generated definition brought to vou by molleindustria. Grammar file here. Any suggestion to improve it? Contact us.

Figure 2.2: http://www.gamedefinitions.com. Clicking on the "I disagree"
button generates another definition. The site description is "What is a game?
An inclusive, algorithmic, ever-changing definition for an inclusive, algorithmic,
ever-changing form." (Molleindustria, n.d.)

Now, we can define game design, using Brathwaite’s definition, “Game
design is the process of creating the content and rules of a game. Good game
design is the process of creating goals that a player feels motivated to reach and
rules that a player must follow as he makes meaningful decisions in pursuit of
those goals” (Brathwaite, 2009)

If the definition of what is a game is fuzzy and evolving, this means

that the definition of game design elements is also fuzzy and evolving, and


http://www.gamedefinitions.com
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unfortunately even using as a basis our game definition above, we can’t escape
completely from the fuzziness.

Still, we will try through Deterding’s (Deterding, 2011) definition, which
embraces it:

“(...) elements that are characteristic to games — (... ) that are found in
most (but not necessarily all) games, readily associated with games, and found
to play a significant role in gameplay..”

Following that description, game design elements can be diverse as dices,
points, cards, leaderboards, quick time events 2 and a system that tweaks the
difficulty of the game as the player plays, keeping up with his perceived skill
to always give him a challenge if he’s getting better, and make things easier if
he is getting stuck. 3

Finally, to make our game design element definition clearer, we need to
define what gameplay is. According to Fabricatore, gameplay is "the set of
activities that can be performed by the player during the ludic experience, and
by other entities belonging to the virtual world, as a response to player’s actions
and/or as autonomous courses of action that contribute to the liveliness of the
virtual world." (Fabricatore, 2007)

2.2
Positive Effects Of Gamification

Ian Bogost stated that gamification is a marketing strategy used to
conceal or impress and facilitate sales (Bogost, 2011) and (Seaborn, 2015)
points that perhaps what drives users of gamified systems is not the gamified
part, and that gamification gets the least important part of gaming and puts
at the core of the experiences offered.

Despite these criticisms, research through the years found that gamifica-
tion does bring benefits when properly used. Through an action research made
with gamified workshops for students, Putz et al. (Putz, 2020) found that gam-
ification has “a positive effect on students’ knowledge retention, independent of
age and gender”. Positive effects on gamification enhancing interaction with the
learning materials, performance on the studies and use of other gamification
elements were also found by Klock et al. (Klock, 2018).

2As explained by Wikipedia, it’s a "method of context-sensitive gameplay in which the
player performs actions on the control device shortly after the appearance of an on-screen
instruction/prompt. It allows for limited control of the game character during cut scenes or
cinematic sequences in the game." (Wikipedia, 2020b)

3This system can be found both in digital games as Crash Bandicoot 1 and Resident Evil
4, and also in physical games, as Go, where weaker players receive extra pieces when playing
against a stronger player.
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The use of game design elements such as badges, points, trophies, leader-
boards, avatars, and virtual gifts not only promotes students’ extrinsic moti-
vation but also increases their intrinsic value for learning (Zaimudin, 2020).
(Johnson, 2016) conducted a systematic literature review of empirical stud-
ies on gamification for health and well-being. From the papers identified, the
impact of their gamified interventions was found to be positive by 59% of the
articles reviewed, with effects including empowerment, motivation, health mon-
itoring, and more healthy habits taken. However, 41% - a significant portion
of the studies - reported mixed or neutral effects.

(Hamari, 2013) corroborate the point about mixed effects: “most of
the quantitative studies concluded positive effects to exist only in part of
the considered relationships between the gamification elements and studied
outcomes.” Also, they observed (through qualitative analysis) that gamification
is more manifold than previous studies often assumed. (Koivisto, 2018) reaches
the same conclusion, having found articles pointing to a mixed effect of
gamification and a small amount of purely negative results, which they

attributed to a possible confirmation bias.

2.3
Negative Effects Of Gamification

Games and gamification manipulate human psychology through game
design elements, and such manipulation can have negative effects. Those effects
can be bothersome, as in the Akoha case, a gamified task system where the
users could buy or receive from others cards with missions of goodwill, as
“Surprising a friend with a mystery gift”, “Giving flowers to a stranger” or

“Buying someone a compact florescent light bulb” (Akoha, 2010) (Figure 2.3)
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Figure 2.3: Akoha cards. (Beekmans, 2009)

That task system created to spread goodwill ended sabotaging a friend-
ship, as one of the users had a card mission to “take coffee with a friend” to
gain points and levels, and after the friend had the explanation about Akoha
and the mission itself, he answered furiously with “Have you any idea how
degrading that is, being invited not because you care about me, but because

you want to progress in some game?” (Deterding, 2010) (Figure 2.4)

Figure 2.4: More Akoha cards. (Flickrive, 2009)
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Worse negative contributions can be found in California, at the Disney-
land Resort Hotel. The hotel decided to use leaderboards updated in real-time
to stimulate its workers to clean sheets and towels more efficiently. The initia-
tive backfired hard, as being constantly reminded if the worker’s cleaning quota
per time was acceptable or not, and the constant framing of the workplace as
a competition degenerated the quality of the environment, caused extra stress
and increased the amount of injuries on the job. (Gabrielle, 2018)

One game design element causing negative effects is not something unex-
pected or even ignored on the academic research of gamification in Collabora-
tive Information Systems (Algashami, 2019). There, its author catalogs various
negative effects which he calls “risks”, dividing those in five categories: perfor-
mance, societal & personal, goal, task and gamification design. Examples of
those “risks” include, but do not cover all mentioned: free riding, lowering self-
esteem, anchoring bias, lack of group coherence, lack of engagement, quality
reduction and joy killing.

Not mentioned so far above were cases of unsolicited tracking and
perceived exploitation, as it happened with Go365, a gamified app given to
teachers in West Virginia, USA, that used points, milestones and rewards, given
through objectives completed involving wearables that counted how many steps
the user did each day.

Failure to reach milestones and not being healthy enough resulted in
extra fees varying from monthly 25 dollars to even annually 1000 dollars, and
teachers weren’t able legally to not use the app, having to give sensitive medical
data and having their positions tracked daily. All that resulted in a strike
that ended the state contract with Humana, the business creator of Go365.
(Gabrielle, 2018) (Education, 2018)

In two cases, the consequence was the death of the users of the gamified
systems. The first happened involving Strava, a smartphone app that can be
used to track runs and bike rides, using GPS to map the route. It also could be
used for competitions with other users through time comparison on particular
routes and high scores. (Hill, 2012) (Figure 2.5)
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Figure 2.5: Strava’s app screen. (Mapbox, 2021)

William “Kim” Flint decided to retake his place as first in a steep route in
Berkley, California, reaching 64 km/h, having to break suddenly, flipping over a
car and dying. The family’s lawyer said that Flint was obsessed with his scores,
and after the incident, Strava got updated with the ability of flagging routes
as dangerous and forbidding the Berkeley road to be used as competitive.
(Hill, 2012)

Finally, there’s the case of Robinhood, a gamified stock trading app
available since 2015. It uses positive reinforcement through confetti falling
with successful trading, and a lack of explanation of some features plus pushing

customers to the riskiest trading options (Popper, 2020).
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This combination resulted in Alexandre Karns killing himself when he
saw his Robinhood account with a total value of negative 730 thousand dollars,

which were temporary. (Banker, 2020) (Figure 2.6)

Overview

Money Investing: $5,000

PraT

Figure 2.6: Robinhood’s app screen. (Potoska, 2021)
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3
Systematic Mapping

3.1
Definition of Systematic Mapping

As (Kitchenham, 2007) defines, a systematic mapping is “a broad review
of primary studies in a specific topic area that aims to identify what evidence
is available on the topic.” The resulting maps created by systematic mappings

are useful for many reasons (Bates, 2007):

— being searchable databases for stakeholders;
— serving as transparent evidence bases for practicioners and policy issuers;
— working as question raisers;

— being gap identifiers.

3.2
The Motivation

The academic gamification research does not ignore game design elements
causing negative effects. As mentioned before, Algashami (Algashami, 2019)
cataloged various negative effects, which the author called “gamification risks.”
However, his research is not focused on gamification elements and neither
on gamification applied to education but on risk factors’ identification and
management strategies in large-scale businesses using gamification in their
workplaces. Besides, the proposed taxonomy requires further improvement.

Hyrynsalmi et al. (Hyrynsalmi, 2017) pointed a lack of secondary studies
about the negative effects of gamification. They categorized adverse gamifica-
tion implications into limiting and harmful issues: the first category discusses
gamification limiting the full capabilities of an artifact, and the second con-
cerns the harmful consequences of gamification. We also found examples of
both in (Diefenbach, 2019)).

Trying to find more information about our topic, we searched for related
secondary studies (e.g. systematic mapping or review studies), but noticed
variations concerning our purpose. We found significant differences for at least
one of the following: subject, data analysis, date range, or a lack of focus on
the negative effects of game design elements in gamification.

(Majuri, 2018) present a review of 128 empirical research papers on

gamification of education and learning and point out an excessive focus on
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quantifiable performance metrics and positive aspects. However, their work
is not focused on negative effects and only covers the literature until 2015.
Also, Klock et al. (Klock, 2018) did also not focus on negative effects, besides
having a data range that goes from 2013 to 2016. Alhammad and Moreno’s
secondary study (Alhammad, 2018) had its scope limited to gamification in
software engineering education.

Finally, the secondary study by Toda et al. (Toda, 2018) is the work
closest to ours, as they also focus on negative effects. However, as we noticed a
significant amount of work in recent years, and their study reports on only 17
papers within the date range from 2012 to the first half of 2016, we identified
the need for an update (Mendes, 2020).

Nevertheless, we decided to run a new and more complete mapping study
to address our specific purpose more precisely, e.g., focusing directly on game
design elements and identifying the type of empirical studies that revealed the

negative effects.

3.3
The Planning

A systematic mapping demands a thorough planning, since as a sec-
ondary study which draws from an unknown (until they are properly found
and filtered) number of primary studies to answer the mapping’s questions,
many things can go wrong: missing important articles from the literature about
the subject, not having well defined inclusion and exclusion parameters, prob-
lems with the programs used to organize the mapping, and so on. To avoid
such problems, we use the methodology from (Kitchenham, 2007) regarding
systematic mapping, with improvements from (Peixoto, 2017) and a hybrid
search strategy (Mourao, 2020), combining database search with one iteration

of backward and forward snowballing.

3.3.1
The Research Questions

Our goal was to organize evidence regarding negative effects of game de-
sign elements in the context of gamified education/learning systems. Therefore,
we derived the following research questions:

RQ1 - What game design elements cause which negative effects in the
field of digital education/learning?

RQ2 — In what fields of digital education/learning were the negative effects

of game design elements found?
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RQ3 — Which types of empirical studies were conducted to assess the
negative effects?

To properly answer RQ1, we divided it into three more focused questions,
organizing information on the game design elements causing negative effects
(RQL.A) and also on which negative effects affect which kind of user (RQ1.B
and RQ1.C):

RQ1.A — What game design elements caused negative effects in the field
of digital education/learning?

RQ1.B - What negative effects of game design elements were found
affecting those using the digital system or being in the role of a student?

RQ1.C — What negative effects of game design elements were found
affecting those keeping the digital system or being in the role of a teacher?

Finally, we answered RQ1 by mapping the GDEs against their reported
negative effects, once we had the information of RQ1.A, B and C.

3.3.2
Search Strategy

We decided to use a hybrid search strategy, combining a database search
with forward and backward snowballing (Mourao, 2020). Hybrid strategies
were found to be capable of achieving an appropriate balance of precision
and recall when looking for primary studies (Mourao, 2020).

To design the search string for the database search on Scopus, we
used the PICO (Population, Intervention, Comparison, Outcome) criteria
(Roever, 2018) as follows:

— Population: gamification in the context of education/learning.
— Intervention: game design elements
— Comparison: none.

— Qutcomes: negative effects.

After that, we extracted the terms from the PICO criteria (gamification,
education/learning, negative effects) and added synonyms and related terms.
We decided to not include the intervention in the terms, as our database search
was conducted based on title, keywords and abstract, where details on game
design elements could have been omitted.

Once the terms were defined, we added the following synonyms and

related terms:

— Gamification: gamify, gamified, gamifying.
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— Education/learning: information, teaching, curriculum, pedagogy, didat-

ics, training, instruction.

— Negative: damaging, prejudicious, detrimental, prejudicial, counterpro-

ductive, inappropriate, harmful, perilous, limiting.

Finally, we applied logic AND and OR operators to connect the terms
and their synonyms, resulting in the following search string:

(gamification OR gamify OR gamified OR gamifying) AND (education
OR learning OR information OR teaching OR curriculum OR pedagogy OR
didatics OR training OR instruction) AND (negative OR damaging OR preju-
dicious OR detrimental OR prejudicial OR counterproductive OR inappropri-
ate OR harmful OR perilous OR limiting)

As tool support for snowballing, we used Publish or Perish (Figure 3.1),
a software program that allows retrieving academic citations using information

from Scopus and Google Scholar (Harzing, 2016).
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Figure 3.1: Publish or Perish. (Harzing, 2016b)

3.33
Inclusion and Exclusion Criteria

The inclusion and exclusion criteria can be found in Tables 3.1 and
3.2. The exclusion criteria also provide details on our three-phase filtering

procedure.
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To organize and filter the documents throughout the systematic mapping,
we used Rayyan, which is a free web application to support systematic review
authors. (Analytics, 2020) (Figure 3.2)

5 2020-07-28: Gamification guidelines to prevent problems related to game design elements in the
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Figure 3.2: Rayyan. (Rayyan, 2020)

Table 3.1: Inclusion Criteria

Inclusion Criteria Reasoning
IC1 - Papers which include
negative effects of GDE!

applied in the field Research subject

of education/learning

in the context of gamification

IC2 - Papers which passed To ensure a minimum,
through peer review level of quality
Quality verifiable

by other researchers

IC3 - Papers in English

!Game design elements.
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Table 3.2: Exclusion Criteria of the Three Filter Phases.

Exclusion Criteria

Filter Phase

Reasoning

ECO — Papers not in English

First Filter
Phase

Quality not verifiable

by other researchers

EC1 - Paper which
were not
about effects of GDE

First Filter

Not about

o Phase the research subject

applied in the field of

education/learning

EC2 - Duplicated First Filt

uplicate irst Filter Duplicated
papers Phase
EC3 - Papers that did not Second Filter Not

report negative effects Phase about our research subject

EC4 - The paper has a more
up to date version

(e.g., journal extension)

Second Filter
Phase

Between two peer-reviewed
versions reporting
the same results,
the most recent is

to be used

EC5 - The paper is

grey literature

Second Filter
Phase

Typically not

peer reviewed

EC6 - The paper
represents a secondary

or tertiary study

Third Filter
Phase

Our study is

a secondary study

ECT - The paper is mainly
about the non-digital use
of GDE

Third Filter
Phase

Focus of
this paper is on

digital artifacts

ECS8 - The paper is a
short paper
(less than 4 pages)

Third Filter
Phase

Typically does
not represent complete

research results

EC9 - The paper was
inaccessible to

the authors

Third Filter
Phase

No means to access the paper

EC10 - Books and

chapters are off

Third Filter
Phase

Problems with
verifying the
quality
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3.4
Applying the Search Strategy

The search string was applied on Scopus on July 28th, 2020, searching
within the title, abstract, and keywords. It returned 180 documents, based on
title, abstract, and keywords, which were filtered as described in Table 3.3.
After this initial filtering a set of 64 papers remained.

Finally, we used Google Sheets (https://workspace.google.com/intl/pt-
BR/products/sheets) to organize the extracted data (Sheets, 2021).

Table 3.3: Filtering after Scopus database search based on title, abstract, and

keywords.
Scopus database search 180
Removed because of Amount
ECO 3
EC1 88
EC3 6
EC5 5
EC6 9
EC7 1
ECS8 1
EC10 3
Remnants of the Initial Search 64
Phase and the Filter Phases

3.4.1
Applying Filters

After the initial filtering, we conducted backward and forward snow-
balling on the 64 included articles, both on August 18th, 2020. The forward
and backward snowballing using Scopus citation information were merged with
the seed set, resulting in a total of 2338 unique entries.

Additionally, as Mourao et al. (Mourao, 2020) suggest using Google
Scholar for forward snowballing, besides doing it using Scopus citation infor-
mation, we also conducted forward snowballing using citation information from
Google Scholar (on September 4th, 2020). The forward snowballing through
Google Scholar found 738 additional entries. Hence, we ended up with 3076
unique entries (including the seed set of 64 entries).

We applied our inclusion and exclusion criteria to the title, abstract, and

keywords of the remaining 3012 papers, as shown in Table 3.4.
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Table 3.4: Filtering of 3076 unique entries retrieved from snowballing

Removed because of Amount
ECO 113
EC1 2192
EC2 83
EC3 28
EC4 1
EC5 27
EC6 177
EC7 1
ECS8 )
EC9 20
EC10 288
Articles to read (including the seed set of 64 articles) 140

After the title, abstract, and keyword filtering, we conducted full-text-
based filtering for the remaining 140 papers. The result of this full-text-based
filtering is shown in Table 3.5, resulting in a set of 68 included papers. Out of
those, 32 were found by the initial Scopus search, 18 by forward snowballing, 15
by backward snowballing, and 3 were retrieved by both forward and backward
snowballing. These numbers also help to illustrate how snowballing can be

complementary to database searches.

Table 3.5: Full-text-based filtering of 140 papers

Articles to read 140
Removed because of Amount
No access p
(even after requesting authors)
EC1 45
EC3 13
EC6 5
EC6
EC8
EC10 2
Articles included 68

It is noteworthy that we conducted the full-text-based assessment only

after snowballing on purpose, as we thought that applying snowballing on some
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additional closely related papers would not be detrimental. Nevertheless, this
decision surely increased our snowballing effort.

Finally, to complement our search strategy, we compared our set of
included papers against the 17 papers included by (Toda, 2018).

While our set of 68 papers to be included comprised 29 papers ranging
from 2012 to 2016, only seven of them were also included by (Toda, 2018). L.e.,
their search strategy did not retrieve 22 papers reporting negative effects of
gamification in education/learning systems that were retrieved by our search
strategy. On the other hand, our search strategy missed nine papers included
in their mapping (the remaining one was retrieved but eliminated from our
mapping for not being related to “digital” GDEs — EC7). As a result of this
comparison, to present a mapping including all papers that we were aware of,
we decided to manually include the papers found by Toda et al. that were
missed by our search strategy, ending up with a final set of 77 included papers.

The differences could be explained by using a different and independently
elaborated search strategy. It is also noteworthy that we applied only one
iteration of forward and backward snowballing. We are confident that most of
the missed papers would also have been retrieved by subsequent snowballing
iterations. For instance, we verified that five out of the nine missed ones would
have been retrieved as part of the second iteration (i.e., they cited or were
cited by papers retrieved through our first snowballing iteration).

Nevertheless, considering the effort (3192 papers were analyzed as part
of our search strategy) and added value (we extend the previously mapped
evidence from 17 to 77 papers), we decided to make these results available to
the community, as they already allow providing an unbiased and meaningful
overview on the adverse effects of game design elements in gamified education

systems.

3.5
Data Extraction

We extracted data from the 77 included papers focusing on answering
our research questions. We used Google Sheets to organize the extracted data.
The spreadsheet with all the extracted data is available in an online Zenodo
open science repository (www.doi.org/10.5281/zenodo.4702399).

We answered RQ1 by extracting data for RQ1.A, RQ1.B, and RQ1.C and
connecting the game design elements with their respective negative effects.

For RQ1.A, we extracted the game design elements that were related
to negative effects. For RQ1.B, and C, we respectively extracted the negative

effects caused to main users (in this case, students) and those keeping the


www.doi.org/10.5281/zenodo.4702399
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system working or in the position of teachers. We followed the open coding
guidelines proposed in (Saldana, 2021) to assign the text of the papers to design
elements and negative effects. During this process, different terms perceived as
related to the same element or effect were associated with a single code. In case
of doubt concerning coding, discussions were held among the three involved
researchers.

To answer RQ2, we extracted the fields of education/learning where
the gamified systems were used (e.g., computer science, medicine). Finally,
to answer RQ3 we extracted the types of empirical studies conducted within

each paper reporting the negative effects.
3.6
Results

Figure 3.3 shows the distribution of the 77 included papers throughout
the publication years (search strategy applied during the second semester of
2020). Results for each of our research questions based on the extracted data

follow.
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Figure 3.3: Publication years of the included papers


DBD
PUC-Rio - Certificação Digital Nº 1820989/CA


PUC-Rio- CertificagaoDigital N° 1820989/CA

Chapter 3. Systematic Mapping 36

3.6.1
RQ1 - What game design elements cause which negative effects in the
field of digital education/learning?

Overall, the papers reported 88 different GDEs, 64 different negative
effects caused to the user, and 10 different negative effects caused to the
person maintaining the system or in the role of a teacher. Considering this huge
amount of GDEs and effects, we decided to conservatively ground the answer to
this question on observations reported by more than one paper, strengthening
our confidence in the results. The complete extracted data, allowing different
kinds of analyses, can be found in our open science repository.

We must mention about RQ1 and the derived questions (RQ1.A, .B
and .C) that, as we extracted data from the articles to answer it, we found
that most of the articles found weren’t analyzing one GDE alone, but a
group of them. This meant that we couldn’t define a direct relation between
one GDE by itself and a negative effect caused by it, preferring to show
the relation between both by how many times we found each pair in the
articles. For a detailed table informing which GDEs were used grouped or
not that resulted in which negative effects, check our database at Zenodo.
(https://zenodo.org/record /4702399).

3.6.1.1
RQ1.A — What game design elements caused negative effects in the field
of digital education/learning?

Table 3.6 lists the GDEs mentioned the number of papers that referred
to each of them as causing negative effects, by themselves or combined with
other effects.

The list of papers referring to each element can be identified in the online
repository. It is possible to observe that most of the reported negative effects
were associated with the use of badges, leaderboards, competitions, and points.
This makes sense given that these are GDEs commonly used in gamification,
which may be related to creating competitive environments.

It is also noteworthy that there were fifty nine other GDEs, which had
only one paper each indicating negative effects. Further analysis is required to
answer whether this can be explained by the lack of negative effects caused by

these elements or the lack of investigations involving them.
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Table 3.6: RQ1.A - Game design elements and the amount of times they were
reported being involved in negative effects.

Game design elements | Amount

Badges 27
Competitions 22
Leaderboards 21
Points 17
Challenges 11
Achievements 10
Quizzes 10
XP 10

Levels

Feedback
Scoreboards
Reward
Goals
Avatars

Immediate feedback

Teams

Virtual Currency

Collaboration

Enjoyment
Luck
Progression
Quests
Rankings

Rewards

Score

Simulations
Skill trees

Tutorials

| [ | O[O | ||V W| W W[ W NG DYDY

Virtual goods
Others

O
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3.6.1.2
RQ1.B - What negative effects of game design elements were found
affecting the users in the field of digital education/learning?

Table 3.7 shows the negative effects caused to the user mentioned by at
least two papers and the number of times that papers referenced those negative
effects.

It is possible to observe that the most cited negative effects concern
the lack of effect, lack of understanding, irrelevance, motivational issues, and
worsened performance. The ethical issue of cheating was another recurrent
effect, usually motivated by creating competitive reward environments and/or
systems with failures that enable users to easily score by cheating. Again,

forty-four other negative effects caused to the user were mentioned only once.
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Table 3.7: RQ1.B - Negative effects caused to the user.

Negative effects caused to the user | Amount
Lack of effect 16

Lack of understanding

Irrelevance

Lack of motivation

Demotivation

Loss of performance

Cheating

Gaming the system

||| 0| ©

Reduction of intrinsic motivation

Alienation or confusion for

Co

non-gamers
Anxiety 3
Dislike of

gamification

Lack of improvement 3

Time constraints 3
Dislike of

competition

Discouragement
Lack of flow

Lack of granularity on grading

Unintentional sabotage of weaker students

Novelty effect?
Perception of high workload?
Others 51

2
2
2
Sabotaged cooperation 2
2
2
2

Hence, the most common negative effect was that using the gamified
system resulted in no difference when compared to not using the gamified
system.

Someone can argue that the negative effects characterized as being the
“lack of” something aren’t really negative, given that nothing bad effectively

happened, the gamified system just didn’t work.

2Also a negative effect, in the sense that if the source of positive effects of a gamified
system it’s just it, then they are temporary: as soon as the interest of the user in the new
thing (in this case, the system) goes away, the positive effects won’t apply anymore.

3The workload wasn’t high but perceiving it as high stressed the users.
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However, for each of such neutral results to happen, gamification elements
were designed and implemented, requiring human effort, time, and money.
As we mentioned on the introduction, gamification can help education where
it needs to improve the most. It not working leaves learners without the
improvement they, their communities, their countries and the world need.

It can also be argued that just because a literary study didn’t found an
effect, it doesn’t mean that does not exist. We accept this argument, but prefer
to err from excess than from fault removing that effect.

Another one that requires explanation is the “Novelty effect”, which is a
negative effect, in the sense that potential positive effects may be temporary.
L.e., as soon as the user’s interest goes away, the positive effects won’t apply
anymore, and if they weren’t present using the system for enough time, the

system may not be enough in terms of cost/benefit.

3.6.1.3

RQ1.C — What negative effects were caused to those keeping the
digital system or being in the position of a teacher, in the field of
education/learning?

Table 3.8 shows the negative effects caused to those keeping the system
or being in the position of a teacher that were mentioned more than once and
the number of times those negative effects were mentioned within the analyzed
papers. It is possible to observe that the most common negative effects concern
technical challenges and extra required effort or resources.

Technical challenges are a part of software engineering in general and
may also appear in gamified systems. Extra human effort and resources needed
typically appear as a negative effect when the gamified systems imply having
to create additional content and taking care of additional tasks on top of the
everyday tasks related to education.

Finally, engineering problems typically appeared when learning manage-
ment systems did not cover what the designers wanted them to do, leading to

implementation workarounds and potentially lower quality.
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Table 3.8: RQ1.C — Negative effects caused to the teacher/person keeping the
system

Negative effects caused to the teacher/person
Amount
keeping the system
general technical challenges p
(bugs, difficulties with the software/hardware)
extra general human effort needed 5
(e.g., money, time, people, effort)

engineering problems with the LMS p

(Learning Management System) used
Others 7

To complete the answer to RQ1, we mapped the GDEs against the related
negative effects. The bubble plot in Figure 3.4 shows the GDE and negative
effect combinations that appeared more than once in our systematic mapping.
This mapping can help to raise the awareness of gamification designers on
potential undesired negative effects of GDEs on education/learning systems.

The most common mentioned combinations can be seen in the bubble
plot shown in Figure. This figure subsidizes the argumentation for the guide-
lines. In the table 3.9, we also show which references mentioned the combina-
tions and the whole dataset.

It is noteworthy that the primary studies included in our mapping vary
in context and empirical strategy. Digging deeper into the strength of the
empirical evidence and the specific contexts in which the negative effects of
the GDEs were observed would require analyzing the primary studies beyond

the typical scope of mapping studies.
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Figure 3.4: RQ1 — What game design elements cause which negative effects
in the field of education/learning? Most common correlations of individual
elements (being alone or mixed with other elements)
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3.6.2
RQ2 — In what fields of digital education/learning were the negative
effects of game design elements found?

The fields where negative effects of GDEs were reported more than
once are shown in 3.10. Besides the listed ones, there were 25 other fields
reported that were cited only once. It can be observed that the negative effects
were reported in several different areas. Given the closeness between games,
gamification, and digital technology, computer science being the most covered

subject was expected.

Table 3.10: RQ2 - Fields of education/learning where negative effects of game
design elements were found.

Fields Amount
Computer Science 27
Medicine ]
Business 4
Education (e.g. Pedagogy) 3
Mathematics 3
University courses 3
Game development 3
Communication 2
Multimedia content p

and production

Seventh grade (middle school) 2
Undefined* 2
University students 2
Others 25

3.6.3
RQ3 — Which types of empirical studies were conducted to assess the
negative effects?

To answer this question, we used the Wohlin taxonomy (Wohlin, 2012),
which divides research methods between case studies, surveys and post-mortem
analyses. As can be seen in Table 3.11, most of the research was reported as
concerning case studies or controlled experiments, complemented by surveys.

The positive aspect is that all papers reported applying at least one empirical

4those three articles had information about gamified systems but not in which specific
field of education/learning they were used.
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strategy. This may be explained by our planned mapping outcome: to observe
negative effects. It’s not impossible, or even hard, to do an experiment or study
and find those in our chosen field: what’s needed is a protocol, a question, a
system, people to test it and time. If we had chosen a theoretical field, finding

similar experiments would be impossible.

Table 3.11: Empirical Studies Conducted To Assess The Negative Effects
(Counting Multi-Types As Different Entries)

Types of empirical studies | Amount

Case Study & Survey 31
Controlled Experiment & Survey 28
Controlled Experiment 9
Survey 5

Case Study 4

Finally, we added on the appendix A tables for all the data retrieved

from the articles mapped.
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Guidelines

After answering the research questions, we realized that some of the
articles found managed to find negative effects through their research and
knew (through previous study or applied methods that worked) about ways to
deal with those effects.

Considering our knowledge about negative effects and why we should
avoid them, we compiled the information on how to deal with these effects in
the form of guidelines for those who design digital gamification systems for
education/learning. When that compilation was not possible, we detailed the

problem found with other references.

4.1
Definition Of Guidelines

Guidelines are principles put forward to set standards or determine a
course of action (TheFreeDictionary, 2014b). They are composed of generally
statements of expected practice and benchmarks or standards (Kredo, 2016),
and are made for a range of purposes: to improve cost-effectiveness, general
effectiveness and quality; to serve as educational tools (Kish, 2001) and to

prevent mistakes and adverse effects. (Kredo, 2016)

4.2
Guideline Justification

We searched for guidelines regarding negative effects of game design
elements on gamification focused on education/learning, and we found very
little about the subject.

Peixoto and Silva’s review (Peixoto, 2017) built a gamification require-
ments catalog - connecting game design elements to Bartle’s Personality Types
- but it was a positive catalog - it did not have mention to negative effects on
it.

Algashami (Algashami, 2019) catalogued various negative effects which
the author called “gamification risks”. However his research is not focused
on gamification elements, and neither on gamification applied to education
but on risk factors’ identification and management strategies in large-scale
businesses, using gamification in their workplaces. Besides, the proposed

taxonomy requires further improvement.
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We also found one paper about guidelines for badges in gamification for
education (Hickey, 2017). Unfortunately, their work only focused on badges
and not any other game design element.

In software engineering, usually, there is a gap of 15 to 20 years between
research and a practice’s widespread popularization. (Heuer, 2014) This fact
means that all the research about negative effects that we found would become
gradually popularized between 2027 and 2040, and until that happens (if it
happens...), the risks and effects uncovered would still occur, and the quality
of gamified systems would still face risks. Given the importance of education
to humans and their societies, plus the lack of material available, we decided

to help the popularization process, creating these guidelines.

4.3
Guideline Protocols

Here we specify the protocols used to create the guidelines. Doing
it encourages transparency, prevents research waste, and provides critical
protocol review through established publication or registration processes.
(Johnston, 2016) The works by (Heuer, 2014) and (Kish, 2001) are the basis

of our protocols.

4.4
Choosing Our Guideline Topics

Guideline topics should be chosen focusing on the impact that they will
have. We chose "negative effects of game design elements applied to digital

gamification systems for education/learning", because:

— As shown by our systematic mapping, this topic is still an important
research issue with a lot to be uncovered yet, including adverse effects

and elements mentioned only once through the mapped articles;

— Negative effects in education have long term detrimental impacts for the
individual, as poor initial education and lack of opportunities to improve-

ment generate a vicious cycle where both feed each other (Unesco, 2020);

— Knowing about negative effects and how to mitigate them will, in the
worst-case scenario, improve the awareness of the effects and motivate
future work in the field; and, in the best-case scenario, the knowledge in
our guidelines will mitigate risk, improve quality and as a result, help

people’s education.
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There’s also the need of enough evidence being available. While most
of the research uncovered is still in its starting stages, there are effects and
elements that have enough information to justify the creation of guidelines.

Finally, the scope of the topic should be narrow enough to be thoroughly
explored with the time and resources available. While the pandemic and other
issues were a challenge in the development of this work as a whole, we believe

that we managed to do a proper exploration of the field using the systematic

mapping.

4.5
Choosing Participants

Participants of the guidelines’ development process should form a range of
experts broad enough to explore the topic. This serve the enhance the validity
and credibility of the guidelines.

In a certain point of the development process, we realized that too much
focus was given to the academic side of the chosen topic (since all participants
were academics) and not enough towards the professionals who work with it.

We plan to solve this in our future works.

4.6
Choosing Our Audience

It’s important to define who will use the guidelines created, as different
audiences result in a different focus for the guidelines. In software engineering
three groups are identified as the audience. Given the narrow scope of our

work, we tweaked the groups towards definitions more useful to us:

— Decision makers, who decide whether the proposed technology should
be introduced in a company/school/community or not. Thus, relevant
information for decision makers includes, e.g., benefits, risks, challenges,

required effort, etc.

— Managers, responsible for preparing the terrain for the use of a novel
technology after a positive decision has been made by the decision
makers. Relevant information for the coordinators includes, e.g., the

required technical infrastructure, organizational context, etc.

— Designers are those employees who have to apply a new technology in the
company /school/etc. Relevant information includes, e.g., required input

artifacts, steps to be conducted, etc.
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Our audience is composed of mainly managers and designers: our topic
is not about something that must be introduced in a company, but problems
that are already in it and need to be dealt with.

That said, some negative effects found involve the scope of decision
makers, as the decision of which technologies to choose when creating a

gamified software, or how to make it integrate with the systems around it.

4.7
Protocols For Individual Guidelines

So far we wrote about guidelines as a whole. There are also protocols to

consider for individual guidelines, that we list and comment about below.

4.7.1
Desired Outcome

It’s important to consider the desired outcome from the guideline: what

is expected to happen if the guideline is followed?

4.7.2
Size

Texts of extraordinary size will not encourage reading, and the guideline
should not be a review or meta-analysis of the topic. Depending of size, it
should begin with an executive summary that states concisely the major
recommendations. Then, as revisions and updates are made, the guidelines

can become proven standards of the field.

4.7.3
Evidence Review

The method used to collect and identify the scientific evidence should be
specified. If scientifically rigorous material is not available, expert opinion can

be used as long as is attributed and indicated.

4.7.4
Performance and Qutcome Measures

Each guideline should suggest at least 1 or 2 performance measures to
help guideline users measure the extent of implementation and the effect of
implementation of the guideline within their practice or organization. The

measures can be process or outcome indicators, or both.
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4.7.5
Areas For Future Research

Each guideline should comment on what’s missing from existing evidence

and suggest future areas for research.

4.7.6
Deadline for Update

As research and industry move forward, new knowledge comes that can
make a guideline obsolete. This protocol deals with that, specifying when and
how often the guideline should be reviewed for changes. The average time
suggested by (Kish, 2001) is of two years and we will push it further or sooner

depending of our evaluation.

4.8
Warning Toward Future Users Of These Guidelines

The guidelines presented are the result of research regarding negative
effects of game design elements applied on gamification systems geared toward
education/learning, focusing on the academic discoveries made. As we point
at least once through our protocols, the guidelines don’t cover all the possible
solutions to the problems presented, just ones that we found with our best
effort.

This means that there may be other solutions that we didn’t found out

and can be as or more useful than ours.
4.9
The Guidelines

We propose seven guidelines, summarized in Table 4.1. This table makes

explicit the target audiences from section 4.6.
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In this section, we present each guideline following the protocols discussed

in section 4.7.

4.9.1
Regarding System Implementation

Group For Who This Guideline Is Intended: Decision Makers.

Desired Outcome: Systems with fewer problems caused by difficulties
from the system as a whole or clashes with adjacent systems, be they techno-
logical or bureaucratic.

Evidence Review: information came from the systematical mapping
that had exclusion criteria to cut articles that weren’t about negative effects
for game design elements — most of it from articles involving empirical research
about the topic. Also, one source is an article referenced through backwards

snowballing from the mapping.

Executive Summary:

— Don’t ignore systems adjacent to your gamified system. Those include
those that it will have to interact with in an organizational level (school
management, laws and rules, previous structures in place) and in a
technological sense (the codebase or Learning Management Systems used
to build the gamified system). Doing it so will add extra obstacles to the

development as a whole and reduce the system’s quality.

— Stay in contact with stakeholders and test as soon as possible to find

unforeseen problems in your design.

— If constant testing is not an option, have a plan, just in case your

gamification system ends up being detrimental.

— These guidelines have a dataset in Zenodo with sets of game design
elements and negative effects found that can help towards avoiding
already known problems. The same can be done looking for published

academic research.

The creation of a gamified system does not start just with its design, but
with what and how it will interact with the other systems around it. Let’s say
that a gamified system uses badges instead of grades to measure how well its
students know the content taught: how do you contest a badge not given? How
do you allow a student to take an extra task to get a badge, if to get the badge
it is necessary to do more tasks than the score of a recovery test would allow
to?
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And more important, as those and other questions are made, how the
managers of the school will make — or accept - the changes that the gamified
system tries to bring to the rest of the school itself? As (Bajko, 2016) points:

' A major challenge when designing gamification for education is the limits
imposed by the structure and rules implemented by the program department.
Sometimes what professors want to do and what they are allowed to do are
mismatched, which can result in a restriction on innovation and academic
freedom and/or a disregard for departmental /institutional norms, depending
on the point of view."

The same applies to cases where instead of creating a new system, an
option is to get a digital system and gamify it: the code of it will easily allow
the changes you want to do? If not, how much extra work and time will be
needed and do you have that time? Not considering these questions toward this
other adjacent system that you will have to deal with — the chosen codebase to
modify - can also reduce the quality of your gamified system as a whole, and a
lower quality will harm the value and credibility of the system. That results in
less stakeholder investment, which concludes with less general awareness and
use of the system (Pitt, 2019).

Still on the topic of the administration, you may need to convince those
who will interact with the system that it is useful for them — if they don’t see
the value of a gamification system, they will just not use it.

As examples found,

— (Bajko, 2015) and (Bajko, 2016) dealt with gamification in two courses
using a mix of analog and digital, with the digital part being an adap-
tation of a Learning Management System (LMS) to deliver quests and
accept the submission of completed quests, what resulted in challenges to
delivery as the Blackboard LMS was not optimized for the gamification
intended. Also, they tried to use experience points in one of the courses,
instead of the usual percent per assignment measures employed, and to
avoid a influx of student final grade challenges from those taking the
course, ended up using two concurrent measures of student success, with
XP being used but having no correlation with the percent per assignment

measure.

— (Dominguez, 2013) also tried to use a Blackboard plugin and faced net-
work overloading slowing down screenshot uploading (with that up-
loading being necessary thanks to a lack of automatic checking if a
student made a task, that the developers weren’t able to implement),
that couldn’t be fixed since Blackboard has proprietary code and a

workaround wasn’t found. The screenshot uploading was also seen as
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a waste of time that was a part of many students not completing gam-
ified exercises — in other words, the motivational effect of the gamified

system was diminished by technical issues and limitations.

— In an apparent ignorance about the needs of the students, The National
Manufacturing Institute created a Computer Integrated Manufacturing
(CIM) badge for students who completed a standardized curriculum and
attained a passing score on the end of a course assessment. The badge
was ignored by the students as it was completely redundant with the

grading structure of the course. (Hickey, 2017)

— To be able to implement digital gamified badges in a science center in
the Northwest United States, the responsible for the gamification system
had to spend a whole year in discussions with staff and administrators
until they agreed to spend time and resources toward the system.
(Hickey, 2017)

Given problems involving adjacent and adopted systems, the solutions
found through the systematic mapping were testing the software as soon
as possible and being in contact with the stakeholders. Having a test and
improvement strategy to find and deal with areas needing polish is essential
as, given that gamification is an area of research that is still maturing, much is
not known, and this means that unforeseen problems may show up even after
your best efforts.

That said, depending of your environment, testing can be hard to do:
school years are very busy periods for all parts involved, even more if the ones
spearheading the gamification initiative are the teachers themselves.

One of the best solutions that we found in that regard is brought from
(Nicholson, 2013) — there, gamification was used in classroom for 6 weeks. After
that the students could decide on group if it would be used for the remainder
of the course, or if the gamification layer would be wiped and the course would
start from a blank slate. Once it was clear that a leaderboard had accidentally
sabotaged half of the students, a new gamified system was discussed with them
and put in place, allowing those students to catch up with the rest. !

Also, our Zenodo dataset has the game design elements and combinations
paired both with the negative effects found and the name of the source articles,
which can help designers to have a head start in the problems that are more

probable to be found, depending of the game design elements used.

IThis type of testing has some parallels with game development, as Early Access (where
users pay to buy a game that’s unfinished to help its development, finding bugs and problems
for the developers to solve) and games-as-a-service (where as long as the game is maintained
as a service, bugs will be found and fixed).
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Performance and Outcome Measures: Good measures for perfor-
mance are grades, student and teacher satisfaction and qualitative feedback
about the experience as a whole. Don’t forget to talk with all the stakeholders
to check their apprehensions regarding the gamified system — a good example
of many issues found through this attitude can be found in (Davis, 2015).

Areas For Future Research: How is the process of adding digital
gamification system in schools? How effective is the strategy of adapting digital
systems vs. making systems from zero? Are there more failures of gamification
on education because of a lack of understanding the stakeholders’ desires and
adjacent systems? How gamification deals with big data? Is there a similarity
between failed gamification projects and game projects? Successes can be
replicated? If they can’t, why not?

Deadline for Update: The field covered with this guideline is important
as it allows to avoid problems in development right in the most early parts of
development, but the amount of data available for an update probably will
take some time to grow as failures aren’t studied as much as successes. So, we

define a deadline of 30 months to update this guideline.

4.9.2
About The Human Types
Group For Who This Guideline Is Intended: Managers and De-
signers
Desired Outcome: A system that works better with its users.
Evidence Review: information came from the systematical mapping
that had exclusion criteria to cut articles that weren’t about negative effects
for game design elements — most of it from articles involving empirical research

about the topic.

Executive Summary:

— Know your users and their personalities, as those influence which game
design elements will work well or not: there are human profile models
as Marczewski’s Player and User Types Hexad, Brain Hex, the Big Five
Model and others that can help towards profiling them.

— Be careful with your user’s data, as such profiling can be a target for

ill-intentioned hackers.

Let’s say that a friend makes an 100 dollars bet with you that you can’t
throw a dice and predict which number it will be on its upward face (humor

me here, I want to make a point). You could try to guess with 1/6 chance of
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success. You could also study the dice to see if it’s irregular in some way, that
would give you a bigger chance of guessing.

Or you could just “throw the dice” vertically, of a very small height. The
dice wouldn’t tumble, it would fall as you wish, and you would win the bet.
Congratulations!

Now, let’s say that the same friend makes another 100 dollars bet, but the
objective is to predict what someone would ask if it had one genie’s wish (no
monkey paw here, the wish works as intended). A cold guess would be harder:
maybe you have a bigger chance of guessing correctly if you said “money for
life” or “world peace”, but the possible wishes are very varied. You could also
choose someone that you know, or try to know the person that would do the
wish, to guess correctly.

Or you could just choose yourself and wish a thing. You won again!

Now, the same crazy friend makes an 100 thousand dollars bet that you
would not be able to create a digital gamified system for education, that would
help 100 students to learn better with it than without it. “How this is related
to the other two questions?”, you probably ask? (I'm not sure, I know I'm not
always a good guesser)

Simple: if you are going to use digital gamification for education, there

are three main possible scenarios.

— The system will be applied to an elementary/middle school. In this case,

you have classes of students that you know nothing about.

— The system will be applied to a university course or a business. In this
case, you may be able to guess with a bigger chance of success who the

students are, but variance is a thing.

— The system is crafted toward a certain niche of people that you want
to help towards learning something more specific. You are crafting a
call toward a constructed ideal student, but contradicting my examples

above, this does not mean only they will come.

The three cases are important because gamification is not a “one size
fits all” solution. Many thought that adding points and leaderboards would
result in a more engaging system, to realize that that works well... with
competitive people. Or tried to give points for acts of charity, friendship and
good faith... and found out that that seriously offended friends of the users
when the users hung out with them for points. Or thought they done a good
job with gamification... and found out later that the girls using the system

were negatively affected by it.
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Given that if you are creating a gamified system for education, the
chances are high that you won’t be able to choose the perfect users for it,
it’s important to consider the human drives and motivations, and pick game
design elements and motivations that help all types of humans (or at the very
least, those you expect to reach through your work), or else some will be left
hanging.

For this, there are many human profile models — including for people who

play games and use gamification systems - four of which we talk about below:

— Marczewski’s Player and User Types Hexad (expansion of it on Figure
4.1) categorizes users in twelve types divided in three groups that a
person may be part of one or more, in different levels: those from
intrinsic motivations (Philantropists, Achievers, Socialisers and Free
Spirits), extrinsic motivations (Self-Seekers, Consumers, Networkers and
Ezploiters) and those from a desire to disrupt the system as it is
(Griefers, Destroyers, Influencers and Improvers); (Marczewski, 2015)
(Tondello, 2019)

Purpose

-

/

Relatedness

Figure 4.1: The Dodecad of User Types by Marczewski. (Marczewski, 2015)

— (Barata, 2017) measured the performance of students in gamified classes
through three years and mainly grouped them in four groups: Achievers,

Late Awakeners, Disheartened and Underachievers.

— (Odonovan, 2013) used the BrainHex player satisfaction model to deter-

mine gamer personality types from their students. It depicts game player
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behaviour through seven classes (Seeker, Survivor, Daredevil, Master-
mind, Conqueror, Socialiser and Achiever), seven exceptions (that are
the opposite of the seven classes) and allow for subclasses (that are the

union of two classes).

— (Ghaban, 2019) used the Big Five Model (Figure 4.2) to evaluate the
learners’ personalities. The model divides personalities in five traits:
conscientiousness, extroversion, agreeableness, neuroticism and openness

to experience.

Openness

Conscien-
tiousness

Personality

Agreeableness Extraversion

Figure 4.2: The Big Five Model. (Wikipedia, 2021b)

Marczewski’s model can be used to measure students through’s
(Tondello, 2019) questionnaire, and the experience of (Barata, 2017) can be
used to better detect groups of students that need help.

Performance and Outcome Measures: performance measures can
be done with a before/after analysis of grades and activities done. Qualitative
feedback can’t be dismissed either, to catch what a quantitative data gathering
may miss.

Areas For Future Research: How adequate user models are for users
of gamified systems? How to properly do the profiling of an user and keep
the profile safe from data leaks that can expose the gathered information for
others?
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Also, this section will be bigger than usual, because of a huge gap in
research that needs to be addressed, the intersection between big data and
gamification in education. It can be tempting to get data from the users of a
gamified system for research and to help them improve, but the same data can
be used for nefarious intentions, and if the data exists, it can be leaked.

Through our research, we found only one reference to any sort of comment
even tangentially related to data security (in (Davis, 2015)) about one student
wanting control of who could and could not see his academic achievements —
and given the many threats that big data can bring, we will add the following
questions below, in the context of gamification:

How to add “privacy by design” to gamified systems? How to avoid
user profile and gathering of data to leak and reach malicious actors? How
to protect information privacy and anonymity? How to use big data without
the threat of a state of surveillance? How to protect the user’s autonomy,
avoiding the use of the data by others to make decisions in his behalf? How to
avoid discrimination of users where the data gathered is used to reduce their
opportunities of learning” And how to give to the users the ownership of their
data?

Deadline for Update: 24 months.

4.9.3
Be Aware That Users Can Be Ignorant About Parts of Your System

Group For Who This Guideline Is Intended: Managers and De-
signers

Desired Outcome: A system that considers that its users will not be
people who understand how it works at once, or at start.

Evidence Review: information came from the systematical mapping
that had exclusion criteria to cut articles that weren’t about the subject. Most
of the information came from articles involving empirical research about the

topic.

Executive Summary:

— Users can be ignorant about parts of your system, and that may lead
to misconceptions that can harm users, and partial avoidance of use.
Tutorials are a game design element that can be used to fix this, placing

everyone in the same knowledge level.

Games have been with mankind as early as at least 3100 BC, accordingly

to archeological evidence from Egypt (Solly, 2020) (Figure 4.3), and from that
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point onwards, many ludic experiences came and went, and with them many
game design elements were created and combined in novel ways. Now games

are played by billions, thanks to digital innovations and the Internet. ..

Figure 4.3: Senet, Egyptian game from 3100 BC. (Solly, 2020)

... but this does NOT mean that the users of your gamified system will
know how the elements used work, and even if they do, this ALSO does not
mean that they will interact with all the elements added, thanks to apathy
and lack of time, which is a problem if behind these elements is the only way
to learn or engage or gain part of the grades/points needed to be approved.

This happened in (Nicholson, 2013) that had, instead of a common grade
system based on means of grades achieved through tests, a point system
where the more points you have, the better your grade are... but as it was
structured, students were not eligible for a D until they had earned about 60%
of the available points. Such points were spread out through the semester, so
the students did not know how to measure their progress or how well they
were going, until the realization that yes, they were going badly and at that
moment many opportunities to improve their grade were already gone. The
same happened with (Barata, 2013), with an experience points system.

Against this problem, we follow (Sepehr, 2015)’s suggestion, when faced
with a similar problem regarding previous knowledge needed to use their
system:

“[...] when designers plan to implement a gamification approach, it is
necessary to define the pedagogical objectives of the system clearly and make
sure the requirements can either be met by all the students, or provide proper
training and education needed for completing the tasks. Otherwise, as our

analyses show, students’ perception of their prior knowledge in that context
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would effect how they evaluate their skills in the activity, and they would
perhaps have less positive learning experiences than their peers”.

It’s worth reminding that tutorials are a game design element that can
help toward teaching users of the system about elements of it that are unknown
for them, and the best tutorials are those that have the user act to make him
practice the skills he will need in the future — in our case, how to deal with
the GDE and understand it.

Finally, we do not recommend using questionnaires to measure the users’
self-evaluation of their knowledge about a game design element or how a
gamified system works thanks to the Dunning-Kruger effect — their ability
to measure their own knowledge may be low, and that will leave their answers
biased and wrong as a measure.

Performance and Outcome Measures: It’s useful to ask about the
users’ previous experience with each GDE in your design, to try to predict
which elements have to be better explained.

A performance measure of “mistakes made thanks to not knowing how
things work” can be useful too in the long run.

Areas For Future Research: how Dunning-Kruger affects gamification
use for gamers and non-gamers? How tutorials can be most effective when used
as GDEs for education? Can tutorials be detrimental to the use of a gamified
system for education? If yes, which alternatives can be used, how and why?
How to properly determine game literacy from someone?

Deadline for Update: given that this guideline is about a very specific

problem, when compared with the others so far, 12 months.

4.9.4
Functionalization Makes Everyone Have Their Own Point Of View

Group For Who This Guideline Is Intended: Decision Makers,
Managers and Designers

Desired Outcome: a design that can create more positive interactions
for the users.

Evidence Review: information came from the systematical mapping
that had exclusion criteria to cut articles that weren’t about the subject. Most
of the information came from articles involving empirical research about the

topic.

Executive Summary:

— Gamification users can have different interpretations of why a game

design element exists in your system, and that changes if and how they
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will interact with it, with possible negative effects.

— There isn’t a perfect solution for this, but you can tweak your GDEs to
make certain functionalizations easier to happen, per example, badges
as collectibles and milestones being realized when the system provides a

visual overview of unlocked and locked badges.

Intertwined with gamification is the debate about rewards being able
to positively motivate people, or if they can have negative effects. While the
debate around intrinsic and extrinsic motivation is important, we will touch
something deeper.

So far, all our considerations about gamification were pointing towards
flawed designs, made with a lack of information about the problems surround-
ing them that were ignored or the users’ preferences and drives that weren’t
considered, and if that was solved, everything would work as intended.

Unfortunately, it seems that there is no silver bullet, at least in terms
of badges: (Roy, 2019) found out that people’s functionalization of those can
ignore the intended objective of the design — in other words, you may add
badges to have them act as something interesting for social-inclined people
to show to their friends, and challenge-inclined people to have something to
strive for, but the user functionalizes them as part of a pavlovian? strategy to
make people come back to the system, and understanding them as being that,
becomes less motivated to use the system as a whole.

While we do not know a way to solve the functionalization problem (and
even if we had, there are ethical questions about if it should be), there are
ways to mitigate it: while a design can’t force everyone to see something as
you want them to, you can tweak it to improve the chances of it been seen in
the intended positive light through design details: (Roy, 2019) points to badges
as rewards requiring a sweet spot of required effort and need to be perceived as
having some meaningful value; badges as contingent rewards being fostered by
a balanced challenge relative to user skill; badges as collectables and milestones
were realized when the platform provided a visual overview of unlocked and
locked badges; badges as impression management or competition require that
other people can see one’s badges (and vice versa).

This design lens can also be extended toward points, being more specific,
experience points: (Gehringer, 2013) used them instead of the usual grading
system in schools, but it failed as a measure of learning as the feedback it
should bring was not automatic, with students taking more than three months

2From pavlovian conditioning, also called classic conditioning, where a previously neutral

stimulus comes to evoke a specific response by being repeatedly paired with another stimulus
that evokes the response. (TheFreeDictionary, 2010)
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to be able to know their own standing in class® , which made some students
see it as useless (with good reason).

Performance and Outcome Measures: any measure of functionaliza-
tion can be gathered asking to the users how they see the GDEs in the design
itself.

Areas For Future Research: Functionalization holds regarding other
game design elements? How can other GDEs be tweaked towards positive
interactions? What else interferes in people’s functionalization (knowledge,
culture, personality)?

Deadline for Update: given the amount of GDEs that exist, more time
than the norm should be given to proper testing and analysis. For this reason,
36 months.

4.9.5
Destructive Consequences of GDE - Cheating

Group For Who This Guideline Is Intended: Decision Makers,
Managers and Designers.

Desired Outcome: Gamified systems that won’t have destructive con-
sequences when used.

Evidence Review: information came from the systematical mapping
that had exclusion criteria to cut articles that weren’t about the subject —
most of it from articles involving empirical research about the topic.

Executive Summary:

— Cheating reduces the trust in the system, and if left without conse-
quences, sabotages learning as it can lead to negative behavior involving

seeing the non-cheating way as useless.

— Avoid creating rewards and incentives to cheat (as physical rewards), and

be ready to fix design flaws that do that when they appear.

— Have clear rules and fair arbiters for fuzzy cheat cases (when if cheating
really happened and how to deal with it is harder than a yes/no decision)
and be ready that human arbiters will have to allocate extra time and

energy to do the function well.

We will now deal with negative effects that can severely reduce learning
and even destroy the possibility of achieving it in a satisfactory level. And the
two grand culprits found are cheating and competition.

Regarding games, the problem with cheating is that games have a magic

circle, an imaginary space usually maintained by the agreement regarding rules

3 Assuming that classes started in August, as the feedback only appeared in November.
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kept by all — there isn’t anything in the laws of physics that say that someone
can’t use their hands to catch a ball in the middle of a field and throw it in
a goal, but try to do that in a football game and you can expect the other
players to be angry with you, your goal to be invalidated and a penalty applied
(unless you have a Hand of God...?).

Games involve bounds and constrains to keep the experience interesting
(be those held by common accord by those who play, or through digital rules
enforced through coding) (Liebe, 2008) so when cheating happens, usually the
magic is broken. And that gets worse in gamification because while games
are spaces of play, where — unless you are a professional — you play because
you want to, not because you must. But gamification is about applying game
design elements in non-gaming spaces, which means that the stakes for those
involved are higher — and obligations exist.

Education is about teaching something for someone else, and grading is
a way to give feedback and measure the amount learned by someone. So, if

someone can cheat to get a bigger grade, without having learned anything. ..

— The teacher is unaware of the discrepancy between what the grade says

and the student knows, having bad data to work with;

— The student haven’t learned what he should, and that creates a gap that
will cause problems somewhere in the future to learn knowledge that

depends of what shouldn’t be a gap;

Users can cheat for fun, to destroy the system being used or to get an
unfair advantage (we will touch the latter one later). Their cheating can also
spread damage beyond themselves — back to the game analogy, if someone does
a goal in football with his hands and that action is not punished somehow,
then others may start to use their hands too, and then the game is not football
anymore and those following the rules are basically playing with a handicap,
and the motivation to play correctly gets sabotaged and any reasons for the
game to exist beyond fun have a good chance of being mutated.

Back to gamification in education, this means that other students may
simply start cheating if someone is and that person is not caught, and that
sabotages their learning. Because of this, cheating should not be incentivized

— as:

— Physical rewards if an user stays on top of a leaderboard were an incentive

for students to cooperate sharing answers to puzzles and quizzes in

4Name given to Maradona’s use of his hand to make a goal without the arbiters realizing
that the hand was used, in the middle of the 1986 FIFA World Cup.
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(Odonovan, 2013), or the capacity of trying quizzes that were worth
grades multiple times allowing students to figure out answers outside the
time allotted for them and coming back with the answers to complete

those;

— (Dominguez, 2013), where the students found out that screenshots sent
to the system to validate achievements were instantaneously accepted
even if they were of a blank screen, what led to teachers having to spend
extra time evaluating all the screenshots sent and invalidate the wrong

ones.

To deal with cheating, it’s important to be cautious in the design to
avoid incentives to it (as in the physical rewards case) and avoid and fix design
flaws that can be exploited to cheat. Also, clear rules are needed to avoid
misunderstandings, and fair arbiters (being them digital or human) to deal
with any fuzzy cheat cases — be aware that if in this case, a human arbiter
will need to be ready to spend time, energy and dealing with possible bias in
judgements.

Performance and Outcome Measures: it’s complicated to try to
measure something regard cheating, for the simple reason that the cheating
that you find may not be representative of the whole — if you don’t find
cheating, it doesn’t mean that it’s not there.

That said, a measure of “how much cheating was caught” in specific
periods of time it’s a better measure than no measure. A better measure would
be “fixed system holes found that would enable cheating ” per periods of time.

Areas For Future Research: How to find and fix gamified systems that
allow cheating? Which game design elements enable it? What can be learned
from the game industry as a whole that can help to deal with the problem?

Deadline for Update: 24 months.

4.9.6
Destructive Consequences of GDE - Rivals

Group For Who This Guideline Is Intended: Decision Makers,
Managers and Designers.

Desired Outcome: gamified systems that, if using competition, use it
in a more virtuous and positive way.

Evidence Review: information came from the systematical mapping
that had exclusion criteria to cut articles that weren’t about the subject —

most of it from articles involving empirical research about the topic.
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Executive Summary:

— Competition can happen in a spectrum with extremes being construc-
tive and destructive. Destructive competition leads to cheating, lack of
cooperation, priorization of wrong objectives, demotivation and toxicity

between gamification system users involved.

— Against negative feelings brought by failure, team based activities make
the impact of losing be shared by the group; multiple winning categories
can reduce the amount of losers; matching people to compete that have
similar skill levels avoids losing by a large margin (as faciling a seemingly

unsurmountable challenge can reduce the motivation to face it).

— To avoid toxicity, competition can be directed toward a virtual opponent
(as a fantasy monstrous enemy or a long quest) that can be antagonized
safely, or against personal goals. To avoid users being blocked by hard
challenges, multiple measures of progress can be created so they have

options to delay, bypass or navigate through those.

— Against embarrassment and tension when going badly in a leaderboard,
anonymous avatars can be used to bring a degree of separation between
the leaderboard and the students.

To reach new heights of ability, we need something to challenge us. The
challenge can be from a record to be surpassed — as a distance ran in 2 minutes
or the amount of time taken to reach a destination — a task to be achieved
— to climb Mt. Fuji, to cross the oceans in a boat — or the challenge is in
fact a challenger, someone striving as you to improve as both your journeys
put you by choice or accident comparing your own capacities and growth. Such
rivalry can nurture respect, appreciation for other people’s skill and the sought
betterment of oneself.

Or your rival may cheat using doping to become faster and strong than
what a human would be normally able to achieve, and leave you behind as 2nd.
That happens. (since cheating is a problem that happens beyond gamification
— or gamification is something that is made - without we knowing about it -
more than we think?)

Or your rival’s husband can hire someone to break your leg since he wants
his wife to be victorious and you were an obstacle. That also happens.

In its best, competition can be used in a constructive manner, as a
vehicle towards a healthy relationship between winners and losers and all learn

within the process — and that serves the purpose of education. But it sits in a


DBD
PUC-Rio - Certificação Digital Nº 1820989/CA


PUC-Rio- CertificagaoDigital N° 1820989/CA

Chapter 4. Guidelines 67

spectrum where the other end of it is destructive — where competitors aren’t
rivals or competitors but enemies to be destroyed by all means necessary to
reach victory. That can be by itself an incentive towards cheating, and on that
point the emotional relationship between cheater and loser is one that involves
malicious joy, guilt, shame, fear and emotional detachment (from the cheater)
and disappointment, sadness, desperation, anger and hopelessness (from the
loser). (Fulop, 2009)

Example cases of destructive effects of competition can be found in:

— A competitive gamified course by (Barata, 2013) partially hindered
people’s ability to cooperate, as an achievement rewarded everyone if
everyone did well — created to incentive the class to help each other
— resulted in students with good lab performance complaining about
groups with lower performance (it’s important to add that the authors

in that case point, too, that their school culture is competitive).

— (Sepehr, 2015) points that competition caused problems as lack of com-

munication between groups that were lagging behind;

— (Diewald et al, 2014) had competition through scoring in a leaderboard
make drivers prioritize scoring better than driving safely in a simulation
— when driving safely was the objective of the simulation, but doing four

laps in the simulation faster was a part of the simulation’s point system.

— (Dominguez, 2013) adds that leaderboard competition had the opposite
effect that was intended: instead of motivate students to improve, it

hindered motivation as some students did not like the competition.

— The students of (EjsingDuun, 2014) were aware of that possibility, as
they noted about a high score approach that “it would be difficult
'to avoid giving people already good at the subject another success
experience and having the poorer students (who are the ones you most

likely will want to motivate) experience yet another defeat.”

— (Roy, 2019b) found out that group competition can hinder group perfor-
mance if the groups are made of strangers that don’t know each other
well enough to be comfortable to criticize each other; that students in-
side the same group wouldn’t help each other so others wouldn’t benefit
from their hard work without doing the same effort to get better grades;
and the leaderboard used on the competition harmed motivation as those
who were performing worse ceased their attempts to rise as they thought

it was worthless.

The good news is that are ways to deal with such problems.
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Against the negative feelings brought by failure, team based activities
help, as the impact of it is shared between the group; multiple winning
categories can reduce the amount of losers; and matching people that have
similar skill levels avoids losing by a large margin (as we pointed more than
once so far, facing an seemingly unsurmountable challenge can reduce the
motivation to face it).

Competition can also be directed toward a virtual opponent, as a fantasy
monstrous enemy or a long quest, that allows antagonistic feelings to be
expressed safely; or against personal goals, not other students.

To avoid users being blocked by hard challenges, multiple measures of
progress can be created so they have options to delay, bypass or navigate
through those.

Against embarrassment and tension when going badly in a leaderboard,
anonymous avatars can be used to bring a degree of separation between the
leaderboard and the students. (Featherstone, 2018a)

It’s also important to stress two things about competition: first, that
failing has value, as it’s a learning experience to apply in the future...
(Fulop, 2009) and that putting effort to sabotage directly or indirectly in the
place that’s intended to learn about something does not makes someone more
skilled, just a bit less mediocre than the others around you (Sirlin, 2008). But
when students share what they learned and help each other to improve, than
everyone can raise their skills to face challenges outside the learning space.

Performance and Outcome Measures: as the stresses caused by
negative competition are many, a mix of paying attention to the quantitative
signs of students lagging behind and qualitative data gained through interviews
with the students should prove a good combination to find out when problems
are happening and how much. Outcome measures can be the grades commonly
used.

Areas For Future Research: how games deals with the problems of
toxic competition and how they solve/mitigate/dodge the problem? How the
methods of dealing with toxic competition in gamification work? Are there
effective ways to measure the toxicity brought by competition in a group/a
community?

Deadline for Update: 24 months.

4.9.7
About Digital Badges

Group For Who This Guideline Is Intended: Decision Makers and

Designers
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Desired Outcome: the use of badges in gamification systems that does
not result in the system as a whole failing to achieve its desired objectives.

Evidence Review: information came from three articles found through
references from articles of the systematic mapping about negative effects of
game design elements used on gamification systems for education/learning,

and an extra article from the mentioned mapping.

Executive Summary:

— The best way to avoid crippling amounts of time and effort needed to
sustain a badge system is to focus in: systems based on a mix of group
projects and social learning; crowdsourced assessment; social and cultural
motivators; research and iteration to improve the badges and focus in

badges given by completion of workshops, courses or projects and roles.

— Automated systems to evaluate if users fulfill the requirements for badges
can reduce the amount of human effort needed to maintain the system

working, which helps it to exist in the long-term.

— Privacy is an issue that must be faced, speaking with the stakeholders
and giving options for the users about how much info they want to let

public.

— Badges’ external endorsement should be gathered as part of the user’s
tasks to reach what need to be done to gain the badges (and no, we
aren’t talking about degrees or certificates) or after the badge is gained,
as people who work with the owner of the badge endorse the knowledge
that he has and what the badge is a symbol of.

Badges are one of the first and most used game design elements for
gamification, and even beyond gamification as it is commonly knew.

Digital badges are a more recent phenomenon... and their popularity does
not exclude them of effects that can hinder the objectives of using gamification
for learning, or in the worse case scenario, stop the system itself from existing.

Examples of failure brought by underestimating the work needed on are:

— The Pathways to Global Competence, LevelUp and Youth Digital Film-
maker badge systems all tried to be based on competence badges: the
three reached at most pilot implementations, and were hindered by
the massive amount of different competences to be assessed from stu-
dent work, plus presenting all the work to experts, keeping track of
all the scores and competences and representing the results in badges.

(Hickey, 2017)
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Eight different badge systems as the Roadtrip Nation, Story Corps U,
Earthworks Rising and others failed to thrive when trying to focus on
inquiry badges - badges focused on the effort of the students regarding
investigation and creation of artifacts that shown knowledge about a
subject - as creating assessment systems and rubrics for assessing arti-
facts demands specific expertise with both assessment and the involved.
(Hickey, 2017)

The work involved around badge evaluation can also hinder efforts
towards external endorsement of those, as involved business can see the
evaluation as bringing a need of formal systems of credits, transcripts
and etc, which can be burdensome. Organizations that refused such
foreseen effort were as Cooper-Hewitt Design Prep (and their art school
admissions officers) and Intel Science Fair and Planet Stewards (and their

college admission officers). (Hickey, 2017)

Privacy was a concern raised by gamification users — those from an
informal science learning program located in a city in the Northwest
United States had issues regarding how much information would be
shared through the badge system to other students, and about a lack of
control about which badges could be shared and to whom (Pitt, 2019);
as said by one of the students when asked if he would post his badges
in social media, “I don’t want anybody to know, because like I want to

keep that separate like one thing from the other.” (Davis, 2015)

Regarding challenges involving evaluation of knowledge, what worked the

most were systems based on a mix of

group projects and social learning;
crowdsourced assessment;
social and cultural motivators;

research and iteration to improve the badges.

Also, a focus in badges given by completion of workshops, courses or

projects and roles on those were more successful. Our examples are:

Design for America had an interdisciplinary network of university stu-
dents and community members that gave badges as social impact projects

were completed correctly;

Mouse Inc. had middle and secondary students receiving badges through
participation and with the use of a tracking system where groups could

track their own progress.
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For knowledge evaluation, automated systems demand less work of
humans, which can help towards the long-term existence of the use of systems
involving badges.

About badges’ external endorsement, it helps if evidence is accessible
through the badges and created through the process of doing what’s required
to gain those, or even later, as people can come and add their endorsements
to that badge as witnesses that the owner of it has the skills covered.
(Hickey, 2017)

Finally, about privacy - running the risk of touching upon parts of
previous guidelines - it’s important to listen to your users and give them options
about how much info they can share to others: the developers of the science
learning program case above made a feature that allowed the creation of custom
badge portfolios, helping the students to make portfolios for scholarships and
applications, allowing them to choose which information would be available.

Performance and Outcome Measures: all points touched in this
guideline involve in some level the effort needed to maintain a system, so a
measure of man-hours needed to give a badge to someone plus qualitative data
gathered from those involved in the process should give enough information.

Areas For Future Research: is there other ways that badges as part of
a gamification system can break or sabotage a project? Are there technological
advancements that make the cases of failure mentioned above manageable?
Which are the problems involving privacy and badges, and how do we deal
with those?

Deadline for Update: 18 months.
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5
Concluding Remarks

5.1
Limitations

Regarding our search strategy, the search string was applied on Scopus at
July 28th 2020, followed by single iteration snowballing searches conducted on
August 18th 2020 (backward and forward using Scopus citation information)
and September 4th 2020 (complementing forward snowballing using Google
Scholar citation information).

Because of that, any papers published in 2020 after those dates were not
retrieved.

The complete list of our 3192 analyzed papers as part of this strategy
can be found in our online repository. After analyzing these papers, based on
our inclusion and exclusion criteria, we initially included 68 papers.

While our search strategy allowed identifying significantly more papers
than the database search strategy employed by Toda et al. (Toda, 2018) (e.g.,
29 published between 2012 and 2016 against 17), the sets had differences.
Therefore, we decided to manually include the papers found by Toda et al.
that were missed by our search strategy, ending up with a final set of 77
papers.

It is noteworthy that we verified that most of the missed papers would
also have been retrieved by subsequent snowballing iterations. Nevertheless,
an extension applying subsequent snowballing iterations and investigating
different hybrid strategies (Mourao, 2020) would require significant additional
effort (beyond the 3192 already filtered papers) and is planned as part of a
journal extension. We are confident that our final set of included papers as
part of this publication already allowed providing an unbiased and meaningful
overview of the adverse effects of GDEs in gamified education systems.

A risk in systematic mappings are false negatives regarding the filtering
process. We started screening all papers considering only titles, abstracts,
and keywords, which may not contain sufficient information to decide upon
inclusion.

To lower this risk, we avoided applying EC1 and EC3 during the
initial screening, only excluding papers that we had high confidence of not
investigating GDE effects (EC1) and reporting negative effects (EC3). In case

of any doubt, the paper was left for full-text-based assessment. Moreover, the
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application of the inclusion and exclusion criteria made by the first author
was reviewed by the second and third authors in meetings: in case of doubt,
during the initial screening or full-text-based assessment, discussions were held
to reach a consensus.

Furthermore, we chose not to consider grey literature as part of our
inclusion criteria. There is the possibility of relevant grey literature that does
not have equivalent in non-grey academic papers, possibly from professional
support sites like Gamasutra!, repositories of knowledge as GDC Vault?,
Youtube channels as Extra Credits®, podcasts as A Question Of Gamification*
and others more. On the other hand, even though we did not explicitly evaluate
the strength of evidence, the results herein reported are based on peer-reviewed
research and backed by empirical studies.

Another limitation was that most papers found by the systematic review
focused in groups of GDEs instead of one, which made not possible to answer
the RQ1 as intended - instead, we focused in showing the relations between
the GDEs and negative effects, while leaving the filtered data with exactly
with sets caused which effects available for analysis in our Zenodo repository
(reference at Section 1).

Finally, while research that reaches negative results is important because
it shows us what does not work (Teixeira, 2014), there still seems to be a
publication bias towards positive results. Research reporting negative results
tends to have less scientific interest, fewer citations, and be less often published
(Matosin, 2014) Hence, there may be additional negative results that weren’t
published and which, for that reason, couldn’t be included in our mapping

study.

5.2
Contributions

Based on data extracted from 77 identified papers, we provided a
comprehensive overview with valuable information for software engineers and

designers of gamified education/learning systems. For instance, we identified

!Gamasutra’s mission is to inform, empower, and inspire our game developer readership.
They do this through journalism, criticism, and providing game developers a prominent
platform to discuss all matters related to the art and business of making video games.
(Gamasutra, 2015)

24GDC Vault is a trove of in-depth design, technical and inspirational talks and slides
from the influencers of the game development industry, taken from over 20 years of the
worldwide Game Developers Conferences.” (GDC, 2020)

3Extra Credits is an educational YouTube channel made up of entertainment enthusiasts
with backgrounds in game design, television production, literature and academia, creating
video essays for many subjects, game design too. (Credits, 2020)

4A Question of Gamification is a podcast where gamification expert An Coppens talks
about various gamification subjects. (Coppens, 2020)
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the game design elements that have most often been reported to cause adverse
effects, the most common negative effects, and the relation between game
design elements and negative effects. Such information can help gamification
designers to consider potential negative effects when selecting game design
elements. Researchers, on the other hand, can benefit from the overview of
available evidence to identify topics on which more primary studies should be
conducted (e.g., effects of game design elements not considered in the mapped
studies).

We also created seven guidelines that can be useful for those who work
in the field of digital gamification for education/learning, and had an article
accepted by the Euromicro Conference on Software Engineering and Advanced
Applications 2021.

Regarding education and learning, the academic knowledge that exists
about digital gamification and negative effects of it has many fields that need
more research, since while game design elements as badges, leaderboards and
points held researchers’ interest, others as quests, skill trees and tutorials only
have two articles that find negative effects and there are many other game
design elements only mentioned once.

We also conclude with the current research that the use of digital
gamification for education shouldn’t be done without the monitoring of the
system applied and those that use it, to deal with possible unforeseen negative
effects. We also recommend the use of any methodologies that apply regular
tests with the public on its development, to catch such problems as soon as

possible.

53
Future Works

We will update the snowballing in the future, to do as many iterations
as possible until we reach all related papers, given an specific and limited
timeframe (probably 2012-2020).

A realization that we had through the feedback gathered is that, while
we tried our best to cover as much academic knowledge to help solving the
problem through the guidelines, we ended up leaving non-academic knowledge
only to the evaluation of those guidelines.

Those who work on the field day after day have a lot of expertise that’s
not published on articles or journals, and to improve these guidelines, the next
step will be to apply a survey or focus group on the guidelines, polish those with
the feedback received, and then contact professionals to gather information

about the negative effects of game design elements that they know through
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experience, and also to open the project to allow others to give their own
insights and contributions to it.

We also want to do some research about which discoveries exist on grey
literature: while it does not have the same levels of protocols or scientific rigour,
it can give some light towards areas that researchers can investigate.

As pointed in one of our guidelines, humans have different motivations,
but they can’t be neatly organized in groups of one single followed north: people
naturally have multiple motivations with different levels of strength, and that
makes dealing with that variation in a group focused in a main motivation
something worth investigating. It’s also worthy of investigation how to focus
a gamification system to one specific human motivation, how that has been
done before the current gamification wave, and the opposite (groups where all
motivations can be found), as that’s the norm with most public and private
schools.

Another interesting paths to follow for future works are to research how
negative effects of gamification appear in different categories of educational
software (as coursewares, classroom aids and learning management systems),
and to gather more data about the articles present in the systematic map-
ping (as genders, commercial interests of people involved, category of digital
educational systems and others of a list too big to add here).

Finally, as researchers, we helped the opening of a Pandora’s Box: while
the knowledge found here will support those who work in the field to avoid
negative effects of GDE, knowing which they are and how related they are
with certain GDE will help those that want to intentionally sabotage and/or
do harm to others, directly or indirectly.

For this reason, one much needed future work involves how to stop, reduce
the odds and deal with the aftermath of the intentional use of GDEs to damage

others. This future work can also help those who were harmed by GDEs.

5.4
Final Remarks

Gamification is a tool that can help mankind to learn better and in a
more desirable way, but can also sabotage, hinder and make systems worse.
To avoid designers accientally creating systems that sabotage their users, we
created these guidelines, focusing on education.

While flawed, we expect that the guidelines created can be an important
tool (for sure not the only one) to help digital gamified systems used for

education/learning to be the tools that mankind needs for a better future.
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B

Glossary Of Game Terms

Table B.1: Glossary of Game Terms, part 1

Term

Meaning

Achievement

Meta-goal defined outside a game’s parameters,
with its management usually taking
place outside the confines of the game
environment and architecture. Meeting the
fulfillment conditions, and receiving
recognition of fulfillment by the game,

is referred to as unlocking the achievement. (Wikipedia, 2021)

Avatar

The model, character or picture used

to represent each player in the game. (Cybersmile, 2020)

Badge

"A distinguishing emblem or mark
worn to signify (...) achievement." (TheFreeDictionary, 2014)
What is an achievement in games may vary,

from basic tasks to almost impossible undertakings.

Challenge

A test of one’s abilities or resources in a
demanding but stimulating
undertaking. (TheFreeDictionary, 2016)
Games focused on challenge have to offer higher
and higher tiers of challenge
to keep up with the player’s
intrinsic technique, numeric power

and growing amount of abilities.

Feedback

Reaction to something that the player made.
Usually feedback in games is immediate, not delayed;
Frequent, not intermittent;

Focused on outcomes, not people’s identities;

A mix of positive and negative;

Useful for showing progress towards goals
(think progress bars).

Rarely does it focus on process,
instead of results. (Madigan, 2019)



DBD
PUC-Rio - Certificação Digital Nº 1820989/CA


PUC-Rio- CertificagaoDigital N° 1820989/CA

Appendix B. Glossary Of Game Terms 103

Table B.2: Glossary of Game Terms, part 2

Term Meaning

GDE Game design element.

A board that displays
the leaders in a competition. (TheFreeDictionary, 2020)

Leaderboard

A quest is (...) a special mission that the player engages in,

Quest that requires a specific set of action to be performed,
ues

that has a definite ending point

with some sort of reward. (Karlsen, 2008)

To give the appearance of interaction,

games will occasionally require
Quick time a certain series of button presses

event to make a cool or important onscreen thing happen
(e.g. make a character avoid falling boulders

or stop them from tumbling down a cliff). (Chiang, 2017)

Form of game or mind sport in
. which players attempt to answer questions
Quiz

correctly about a subject

or variety of subjects. (Wikipedia, 2021c)

A large board on which the

score of a game is shown. (Cambridge, 2021)

Scoreboard

Genre of games that
emulate a slice of life, real or fictional. (Matthews, 2018)
Simulation Usually such games focus on operating

businesses, building cities or creating

people with their own lives. (MasterClass, 2020)
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Table B.3: Glossary of Game Terms, part 3

Term

Meaning

Skill tree

A hierarchical visual representation of customizations
a player can make to their character.
Skill trees can either branch out or eventually
fold back to a single point
depending on the game (Wikitionary, 2020)
and the player advance through it picking customizations
one at a time, that usually unlock

further customizations through the tree.

Tutorial

Any tool that teaches players
the rules and controls of the game.
Some tutorials are integrated into the game,
while others are completely

separate and optional. (Wikipedia, 2020c)

XP

Experience Points. The more points you have,
the closer you are to reaching your next level -
another quantitative measure of power

of a player’s character inside a game. (Chiang, 2017)
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