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Abstract. Gamification has become increasingly popular in business contexts.
This approach suggests long-term sustainable persistent systems as it increases
engagement at all organizational levels. However, a gamified system generates a
series of events, decisions, and interactions from the users that need to be moni-
tored and captured for analysis. Therefore, those systems require an infrastructure
capable of tracking multiple variables over time, identifying the cause-and-effect
relationships between events, and analyzing the captured data to evaluate their
processes engagement. This work presents a data provenance approach for mod-
eling gamification business systems, which allows tracking, managing, and vis-
ualizing provenance data from a gamified event. We evaluated our model in a
real context with our partner company, and the results provide the necessary basis
to be further implemented. Therefore, project managers can visualize provenance
data from a gamified activity, analyze employees' actions, and identify needs that
lead to successful or unsuccessful outcomes.

Keywords: Gamification model, provenance, data provenance model.

1 Introduction

The use of gamification [1] [2] as a strategy in entrepreneur context [3] [4] has advanced
as a solution with three main objectives: to increase engagement levels of key stake-
holders, such as customers and employees [5] [6] [7], to improve organizational per-
formance [8] [9], and to understand if and when gamification has positively affected
users' motivations and behaviors [10].

A gamified application involves a series of activities, which also generates a series
of events, decisions, and interactions from the users that need to be monitored and cap-
tured for analysis. Therefore, it requires a gamification system with an infrastructure
capable of tracking and presenting multiple variables over time. Recent studies focused
on gamification requirements, models, and frameworks [11-13]. However, few ap-
proaches focus on seeking to identify whether current methods coming from other areas
such as games or data analytics also apply to gamification analytics or tools that col-
laborate to improve the analysis process by the leader. [14-17]. Seaborn and Fels [15]
outline most studies did not run statistical analyses (and subsequently could not gener-
ate effect sizes). For these authors, it is essential these studies need to be replicated,
comparative, and have longitudinal designs employed. Data sets are reliable when the



processes used to create them are reproducible and analyzable for defects. Within com-
puter science, the term "provenance™ [19-20] mean the lineage of data, as per data prov-
enance, with research extending the conceptual model of causality and relation to in-
clude processes that act on data and agents that are responsible for those processes
providing historical records of data and its origin.

In business contexts, the provenance of data generated by complex transformations
such as workflows is of considerable value to managers as it allows tracking, managing,
and visualizing provenance data. In this view, we attempt to prospect if it is possible to
use a provenance ontology to model gamification business systems that aim to monitor
and evaluate its accuracy, provide reproducibility, and enable leaders to manage their
processes in detail. In this work we study the use of provenance approach in a gamified
system, specifically to verify if KPI monitoring can be implemented with this approach
and leverage gamification analytics requirements for entrepreneur context.

We developed qualitative research consisted of four main steps: first, we selected a
gamified enterprise application, then we mapped provenance ontology to gamification
elements and mechanics. Later we applied this model to a real entrepreneur scenario
and finally we discuss its application analysis. Our results provide the necessary basis
to help project managers to detect patterns or even historical usability records. There-
fore, project managers can visualize provenance data from a gamified activity, analyze
employees' actions, and identify steps that lead to successful or unsuccessful outcomes.
This scenario is especially representative because multiple influences may lead to suc-
cess or failure in a software project.

This paper presents six sections as follows: Section Il presents related works con-
cerning gamification in the business context and the definition of provenance and ter-
minologies applied in games. Section 11 is where we present our gamification business
system model with a data provenance approach. Section IV exhibits the application of
the proposed model in a real entrepreneur context. Finally, Section V renders discus-
sion, limitations, and future works.

2 Related work

Although on the rise, many companies do not have a vision of incorporating gamification
into their system and turning it into a good communication tool and business
management solution. Several studies have indicated the need for personalizing gamified
systems to users' personalities. A cross-contextual study reveals that motivational
experiences increase these outcomes to different extents and go beyond gamified service
experiences [21]. Also, understanding how such experiences of gamified actions
influence business outcomes is critical.

2.1 Gamification in the workplace

These gamified services have appeared on the market as models, being a promising tool
adapted to the organizational context. The result, in a nutshell, is playful solutions for
converting daily tasks into an activity that aggregates elements of competition, cooper-
ation, and narrative with a range of gamification elements and mechanics willing on
satisfying needs [22]. But, as highlighted by Jorge and Sutton [23], it is impossible to



guarantee that everyone will have the same involvement and dedication. Although on
the rise, it is still common to find challenges to keep people active throughout long-
term sustainable persistent systems [24]. The "temporary" engagement does not occur
when the user only gets involved in a specific moment and cannot relate this knowledge
to other activities, which guarantees its performance in knowledge construction and
management. Actions must be rewarded and balanced according to criteria focused on
performance and quality. In addition, user profiles vary in age and roles, which can
mean differences in task assignments. These factors certainly influence how each one
interacts with the gamified system and the leader must be aware and have the challenge
of understanding how the assignment of tasks must be thought of to offer equal oppor-
tunity to all employees.

Tondello and others [25] suggest different game design elements may support
different user types and developed a Gamification User Types Hexad framework based
on research on human motivation, player types, and practical design experience. For
instance, digital badges are known to support learning and promote engagement through
peer feedback as behavioral and cognitive indicators [26-29]. While many investigations
and frameworks aim to conceptualize a player, [30] states few research categorize
players based on their explicit preferences for game elements and mechanics. Even
though standardized languages for gamification modeling have been proposed [31],
current gamification technologies neither support a common language for its design nor
common interfaces for maintaining it [17].

Therefore, this complex network of data and information must be well constructed
and managed based on the choice of variables in-game elements and mechanics that
could be used for different purposes and domains [30]. For instance, behavior
understanding and analysis [32] [33], classifying users [34], understanding common
behaviors, and retention [35], among others [36]. Heilbrun [17] identified seven
available tools and assessed them for their applicability in gamification projects. The
author states that none of the gamification requirements from the groups of application
KPI monitoring, gamification adaptation, user groups, or simulation can be implemented
with those tools. Based on these results, the author concluded that suitable solutions can
be leveraged with a narrow set of analytical requirements for a small number of
scenarios. However, for most use cases, no practical solutions exist.

2.2 Provenance in games

Provenance is becoming more and more present in the scientific environment, both to
guarantee the origin of the data, evaluate its accuracy, provide reproducibility, and
enable customers to work with their processes in detail, collaboratively, and
participatory. According to Groth and Moreau [37], provenance is information about
entities, activities, and people involved in producing a piece of data or a thing, which
can be used to assess quality, reliability, and trustworthiness.

Glavic and others [20] use the term data item for a structural unit of data, which
targets provenance management and the notion level of detail for a data item's
granularity.

The World Wide Web Consortium standardized PROV to support the interchange of
provenance information on the Web and defines provenance as a "record that describes



the people, institutions, entities, and activities involved in producing, influencing, or
delivering a piece of data or a thing." [36]. The PROV ontology [37] document
expresses the PROV-DM using the W3C OWL2 Web Ontology Language (OWL2). It
provides a set of classes, properties, and constraints that can be used to represent and
interchange provenance information. Since provenance information describes how
various elements were related to or influenced by one another, it can be viewed as a
directed graph in which those elements are nodes, categorized as type (i.e., entities,
activities, agents). Directed edges represent the relations between them (e.g.,
wasGeneratedBy, wasAssociatedBy, wasAttributedTo and used). Such a graph is called
a provenance graph. Given that some provenance graphs can be extensive, the challenge
is to extract useful information and knowledge from complex provenance graphs.

Provenance in games was introduced to detect cause-and-effect relationships,
proposing a conceptual framework that collects information during a game session and
maps it to provenance terms, providing the means for post-game analysis [38-40].
Lately, [41] improved the framework providing the necessary basis to use provenance
information broadening the original approach, implementing concrete frameworks to
track, manage and display provenance data during the game, which allows developers
and analysts to understand the events and the results obtained through interactive graphs
for exploratory analysis. This integration's motivation was based on the fact that neither
of the standard practices of telemetry data used by the games industry considers the
causal relationships during the game sessions. Recently, [42] present a novel approach
for player profiling that leverages recent advances in deep learning over graph
representation at a fine-grain the player behavior in provenance data collected from a
multiplayer battle game and assess the obtained profiles through statistical analysis and
data visualization. Still, there is a need to define gamification features, which one's match
and those that do not with any class of the PROV core structure.

3 Provenance in gamification

Similar to games, we can define gamification systems using data provenance with
different use-cases in mind. Specifically, we need to map each node of a provenance
graph to users, game elements and mechanics, and their relationships. we present our
model as a PROV Core model structure (see Fig.1), detailed in the following subsections.

3.1  Entity and activities

In PROV, "things" we want to describe are called entities and encompass a broad
diversity of notions, including digital objects such as a file, physical things such as a
genuine product, as well as abstract concepts and ideas. Therefore, we map entities to
game elements and mechanics, such as points, badges, collectibles, and leaderboards.
They are graphically represented by an oval yellow form.
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Fig. 1. Gamification business model using data provenance (PROV Core Structures).

PROV says that activity occurs over time and can act upon or with entities. We map
them as actions related to game mechanics, such as collecting, revealing, repairing,
customizing, or generating other entities. Both entities and activities can cover a broad
range of notions. They are associated with each other in three ways: activities utilize
entities, activities produce entities, and activities can also consume entities. The act of
using, producing, or consuming an entity may have a duration and an effect on the entity.

The term "generation" refers to the completion of a new entity's production by an
activity. This entity can vary depending on the context and action used to generate it.
Thus, the entity did not exist before generation and became available for usage after this
step. Likewise, the term "usage" refers to the beginning of utilizing an entity by an
activity. Before usage, the activity had not begun to use this entity and could not have
been affected by the entity. Communication is the exchange of some unknown entity by
two activities, one activity using some entity generated by the other.

In a gamification context, the time of duration of entities and activities can be seen
as shortened cycles, where the end of one cycle can also be the beginning of another
gamified activity. For instance, feedback (entity) should be immediately or with
shortened cycles, generated as points or virtual coins (two different types of entities) to
produce enjoyable gameplay, instead of vague long-term performance reports. Each of
these shortened cycles can be seen as a provenance core structure that can be tracked.
These virtual coins (entity) could be used in a marketplace (another entity), and after the
celebration, through sharing in social media can be communicated (one activity using
the social media entity by the marketplace. Another agent can receive this purchase order



and then deliver the reward. Same idea is applied on the use of digital badges, serving
as peer agile feedback.

3.2 Derivations

Activities utilize entities and produce entities. In some cases, using an entity influences
the creation of another in some way. This notion of "influence" is captured by
derivations, defined as transforming an entity into another, an update of an entity
resulting in a new one, or constructing a new entity based on a pre-existing entity.

According to its definition [37], PROV does not attempt to specify the conditions
under which derivations exist. The focus of derivation is on connecting a generated entity
to a used entity. While the basic idea is simple, the concept of derivation can be pretty
subtle, being implicit the notion that the generated entity was affected in some way by
the used entity. If an artifact was used by an activity that generated a second artifact, it
does not always mean that the second artifact was derived from the first.

An example of derivation in gamification systems is connecting points (generated
entity) to the user's progress bar (a used entity). In this case, utilizing points influences
the update of another. For instance, to increase a user's level of experience. The same
can occur with currency. After a mission or task is accomplished, the user's virtual coins
(generated entity) accumulate on a digital account (a used entity). In this case, it also
enables an entity (digital account) to be consumed by another one (marketplace).
Therefore, the marketplace is the entity used to promote a new activity (trade) that
generates another entity (reward). Also, badges can represent derivation, as the user's
knowledge is perceived by his/her project manager. In this case, badges can contain other
derivations whether the gamified system uses different categories or progress
levelsPROV, "things" we want to describe are called entities and have some fixed
aspects.

3.3 Agents and responsability

Agents can be related to entities, activities, and other agents. Na agent is something that
bears some form of responsibility for an activity taking place, for the existence of an
entity, or another agent's activity. An agent may also be a particular type of entity or
activity. Thus the model can be used to express the provenance of the agents themselves.
For many purposes, a key consideration for deciding whether something is reliable
and/or trustworthy is knowing who or what was responsible for its production.
Therefore, in this case, we have to consider project managers, employees, and the
gamified system. Managers can be the agents responsible for creating gamification
activities, and employees, the agents receiving those activities to execute.

The gamification relation is the assignment of responsibility to the agent (employee)
for executing the activity (gamification task), indicating that he/she has a role in the
activity. This gamification activity corresponds to this gamified system acting as an
agent, associated with other activities inside the system. Delegation is the assignment of
authority and responsibility to an agent (by itself or by another agent) to carry out a
specific activity as a delegate or representative. In contrast, the agent acts on behalf of
retaining some responsibility for the delegated work's outcome. For instance, the
manager is responsible for delegating the gamification activity to the employee.
However, he/she is also responsible for monitoring and evaluating their results and



providing some feedback related to the results accomplished through their dashboard
interface.

4 The gamification business model application

The proposed model was instantiated in the business scenario from our partner company,
which develops solutions that allow leaders to better manage processes. Among the va-
rious attributions that are part of the actions of a leader, developing and putting into
practice strategies aimed at motivating the employee, to achieve individual and collec-
tive goals, is part of the routine. In addition, there are several processes that a leader
needs to follow. For instance, risk management process, which involves planning, or-
ganizing, directing, and controlling an organization's human and material resources, to
minimize or take advantage of the risks and uncertainties about that organization. In our
partner company, we took advantage of having access to complete document history for
all user's problems across this scenario to create a robust definition of the model.

4.1  Defining metrics and targets

We defined metrics and targets related to employee behavioral activity and retrieved
them temporally over a gamification activity in the risk management process. This
process involves three main steps: risk analysis/assessment, risk communication, and
monitoring, and critical risk analysis. Actions and interactions connect project managers
and employees through the system and require quick communication between them. We
highlight that project managers have an essential part in the gamified system because
they are responsible for not only creating the task and defining “players”, but also
monitoring and delivering progress reports, validating (or not) the achievement of the
goals proposed.

Thus, the criteria we adopted for defining employee behavior towards the gamified
action start with: (1) Not completing the activities in time; (2) being inactive for a period
equal or greater to one week of inactivity; (3) complete the task however through a
standard solution; and (4) complete the task but using an unexpected solution (see
Fig.2A). Project managers can observe these metrics on a dashboard and track activity
through a "mission" progress bar, besides delivering rewards and feedback as points,
virtual coins, or badges. Leaders can easily visualize where possible failures along the
process occur more quickly as this model allows tracking the influences that the actions
of employees determine in achieving the proposed objectives.

Detailed information on how certain game elements and mechanics were thought,
designed, and related to each other through the whole system is out of this study scope.

4.2 Gamification business model using data provenance

We used free wireframe software to represent PROV Core Structures applied to our
model (see Fig. 2B). The proposed model was instantiated in the contextual scenario of
risk management from our partner company and connects actions and interactions
between four agents (project managers, employees, a support person, and the system).
The central idea is to track all data for a specific number of gamified actions previously



parameterized by the system. In the sequence, we will briefly present the result of the
application of our approach to modeling our selected scenario.
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Fig 2. Evaluation of the model in a real context: (A) workplace risk management process (B)
gamification business model using data provenance on this context.

Managers are responsible for creating the gamification activity (mission or chal-
lenges), for instance, to propose a solution treatment to risk. They are also responsible
for monitoring and validating solutions based on the information given by employees
and to deliver feedback. The gamification activity is 'generated' to refer to the completion
of a new entity's production by an activity (information of the mission accomplished).
This entity (information) can be only raw information or already a solution and can vary
face the context and decision points as seen in Fig.2A. Note that action was used to
generate it, i.e., it did not exist before generation and became available for usage after
this step.

Employees act as "players” on the task given, having the opportunity to receive
rewards (as points and virtual coins) and feedback (badges) when concluding a task by
the system. So, if the task is completed, the employee level bar is updated, given the
notion of 'influence' captured by derivations. Also, likewise "usage" referred before,
employees can trade currency for real available products on a virtual and personalized
marketplace. Marketplace in this case was not considered an agent as it is not an auto-
mated exchange process and therefore still does not act by itself. It will depend on the
fourth agent, who has been assigned as a support person, which will be the financial
sector that validates and delivers reward directly to the employee (see Fig2B).



4.3 Considerations about the gamification model using data provenance

In this case, we suggest considering employees being all users inside a company, besides
project managers, regardless of their function, gender, age, or time. Employees can
perform different roles and act differently, which demands mapped attributes and paths
to identify employee performance. However, this is also a possible action that a gamified
system implemented with provenance data can provide, correlating gamified activity
data to employee profiles and how their actions influence the results presented.

We highlight gamification features used in this case study are generalizable across
the whole gamification business system for other actions. Still, there are few game
elements and mechanics that are not adequate for enterprise gamification, e.g.,
permadeath or punish. Note that not all activity or entity is necessarily a game element
or mechanic. For instance, assessment and treatment are actions inherent to the process
but are not recognized as game mechanics, and entities such as information (from
different types) and register suspended are not game features themselves. However, the
whole integration of entities, actions, and traditional game elements are known to
provide motivation and engagement (points, badges, and virtual coins) was applied to
this scenario. Also, communication and feedback are highlighted and we considered
them essential on the usage of provenance data analyses, as celebrating and building an
interactive experience are two essential game mechanics that exist in a business context.
In this case, we consider employees can send and share their performance results through
external media as an option for each person to choose whether or not to perform the
action, to avoid forced individual exposure.

Finally, we encourage project managers to engage, even though they are not part of
it as “actors”, but to understand that they have a fundamental role in the entire process,
as responsible for monitoring and qualifying the results. This process involves not only
the strategy of delivering points but monitoring the progress of actions and data analysis
and achieved goals. Gamification becomes a means by which they can understand which
are the key performance indicators that they should monitor and be able to follow the
process to more accurately assess their results and identify any failures throughout the
process.

5 Conclusions, limitations, and future works

The diversity of data representation models and application domains has led to
application or data model-dependent provenance models and prototype
implementations. Some authors address provenance in the context of services and
workflow management, but as far as we know, still, none has discussed its role in the
gamification application domain. It is still a challenge to establish causal relationships
between employees' decisions and actions. Thus, we proposed a model for gamification
business systems using data provenance to highlight the fundamental PROV Core
Structure.

While the core of PROV focuses on essential provenance structures commonly found
in provenance descriptions, extended structures are designed to support more advanced
provenance uses. The purpose of this work is twofold. First, modeling a gamification
business system with data provenance. Second, evaluate the proposed model in an
authentic context.
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Our model suggests that entities and activities are the most visible part of a
gamification system. Representing game elements or mechanics tend to be the primary
focus of most gamification projects as action decision points lead to awarding rewards
or feedback. These actions also discriminate whether or not a particular gamified activity
has been completed. When generated, used, and associated appropriately, entities,
activities, and agents can leverage a natural relational, motivational driver enabling
tracking gamification data use. An essential aspect of any data gathering is that more
than just capturing data to evaluate process engagement, there is a need for practitioners
and designers to be precautious about ethical issues in gamification (i.e., exploitation
and manipulation) [43].

Despite acknowledging the diversity of game elements and mechanics, our proposal
provides the necessary groundwork to explore different ways to summarize provenance
graphs into a set of generic gamification features, even those from other areas of the
enterprise domain, without the knowledge required to interpret domain-specific
information contained therein. We think the analysis and understanding of actions,
mistakes, and fluxes of an authentic gamification event may help understand problems
related to the management process, data mining of specific situations, and even
understanding learning aspects in gamification contexts. Future work will be to conduct
a survey with the audience involved, triangulate methods, and implement this model in
our partner company application to record data provenance automatically.
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