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Abstract

Employees are still a key competitive element for many companies, especially small and medium-sized
enterprises. Wherever automation in production is not feasible or not desired, employees carry out the
necessary activities. Most of the time, these activities are linked to requirements or goals the employees have
to meet or achieve. However, the activities are often monotonous and characterised by a high number of
repetitions. For the performer's psyche, this results in reduced activity. The consequences can not only
include fatigue, but also a permanent reduction in performance and job satisfaction. To prevent this,
companies must regularly create new incentives that are adapted to the respective activities. The introduction
of playful aspects into a normally non-playful environment, also called gamification, is an approach that
serves to increase the motivation of employees and to purposefully guide their behaviour. The gamification
approach has been used increasingly in different areas for some time. In industrial work processes, the
approach has so far only been used for individual, specific issues. The aim of this paper is to present the
basic suitability of gamification for use in industrial work processes based on evidence from the existing
literature. To this end, the basics of motivational psychology and gamification are first presented. Building
on this, a link to various target variables of industrial work processes is established. It is indicated that there
are specific relationships between different designs of gamified applications and certain target variables of
industrial work processes. In addition, the requirements for the design of such applications are taken into
account.

Keywords

Gamification; motivation; game design elements; mechanics; dynamics; target variables; industrial work
processes;

1. Introduction

People today are confronted with games of various kinds in almost all areas of life, sometimes without
consciously realising it. The instinct to play is deeply rooted in humans, it helps them to master
developmental and relational issues and to overcome specific challenges. As long as the nature of the game
is adapted to the developmental state of the person, age only plays a subordinate role [1]. Nowadays, this
circumstance is used to motivate people to behave in certain ways through so-called gamification or to
increase their contentment by satisfying their needs [2]. Gamification has been used for a long time in the
areas of marketing, education and health care or in connection with business processes [3]. In marketing,
gamification is often utilised for customer loyalty. For example within the framework of points systems such
as Payback Points or on the basis of collected miles and associated rewards in frequent flyer programmes of
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airlines worldwide. Nike+, a system developed by Nike Inc., also uses the principle of gamification and,
although it was developed with marketing as its motivation, shows how gamification can also be used in the
health sector. Users of Nike+ compete with each other by having the data on their physical activity collected
by the app and put into the context of other users. This creates a competition that has a motivating effect on
the users. It can also foster a feeling of social inclusion among the users [4]. This effect of gamification is
also used in the treatment of diseases. Therapy apps such as "I manage cancer" developed by Serious Games
GmbH help children to cope with their illness through targeted networking with other affected people [5].
Gamification has also been sporadically used in industrial work processes for several years, as it has been
shown that motivational factors play a major role in determining the performance of employees [6].
Performance can be differentiated at the behavioural level addressed by gamification into the productivity
and quality of performance [7]. In addition to productivity, the quality of execution, for example of a process,
is also a possible target variable. Sailer was able to show the influence that gamification can have on these
targets [7]. In addition to performance, there are other targets that are of interest in the connection with
employees [8-11]. Increasing job satisfaction can also create a decisive competitive advantage for companies
[12,13]. It significantly contributes to reduce absenteeism and fluctuation [12]. As previously mentioned,
monotony can have a negative effect on the psyche and thus permanently reduce performance [14,15]. The
effect of gamification depends on the design of the application, its designated users and the context in which
it is applied [7,16]. Klevers examined a number of scientific studies on the use of gamification to increase
motivation and performance as well as behaviour change and concluded that more than 46% of the studies
showed exclusively positive results. Only 3% of the studies could also confirm negative effects. However,
he also notes that the development and implementation of gamification requires a considered approach to
ensure that the motivational and performance-enhancing potential of the application can unfold [7].

In this paper, the basics of employee motivation are first briefly presented. For this purpose, the terms
extrinsic and intrinsic motivation are differentiated from each other and shortly explained in terms of their
origin and impact. Through a classification in theories of psychological need satisfaction, a connection to
components of gamification is then established. The components of gamification are explained in detail for
a better understanding of the concept and its effects. Subsequently, the requirements for the utilisation of
gamification in industrial work processes are outlined. Finally, it is shown in which function and with which
goal gamification can be used in industrial work processes.

2. Extrinsic and intrinsic motivation in incentive design

According to Reeves and Read, playful elements are indispensable motivating factors in companies in order
to maintain committed employees and thus high productivity [17]. Motivation can be broken down into
extrinsic and intrinsic motivation. Extrinsic motivation is triggered by external factors such as pressure,
external incentives including money or other tangible rewards [18]. Intrinsic motivation, on the other hand,
is derived from an inherent interest in an activity because the performer enjoys it or possesses a personal
interest in the activity that goes beyond external rewards. It thus generates greater satisfaction than extrinsic
motivation and its effect can be described as more long-term [19,20]. However, intrinsic motivation can also
arise from an internalisation of extrinsic motivators [21]. Companies can therefore also indirectly influence
the intrinsic motivation and job satisfaction of their employees through work design and thereby motivate
them in the long run. Cerasoli et al. were able to show that intrinsic motivation is a moderate to strong
indicator of performance, regardless of whether external incentives are present [18]. Nevertheless, the joint
influence of incentives and intrinsic motivation is a success factor for the quantity and quality of
performance. In a meta-analysis on the interaction of extrinsic and intrinsic motivators, Deci et al. described
the negative effects of a preponderance of extrinsic motivators [22]. As a result of an imbalance, intrinsic
motivation was overridden by extrinsic motivation. An effect also known as overjustification [23]. For a
balanced incentive design, it is therefore necessary to understand how extrinsic and intrinsic factors interact
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in the respective context and how intrinsic motivation can be achieved among employees. The different
psychological perspectives that describe how intrinsic motivation is triggered in employees provide
information on this and are explained below.

3. Psychological perspectives

In the context of intrinsic and extrinsic motivation and the implementation within gamification approaches,
there are a number of psychological perspectives and theories that can be applied to explain the motivational
effects. In the following, three of these theories, the Self-Determination-Theory, the Cognitive-Perspective
and the Flow-Theory, are presented and their implications for the design of gamification are elaborated.

3.1 Self-Determination-Theory

According to the Self-Determination-Theory (SDT), there are three universal psychological needs that
determine whether intrinsic motivation is generated: competence, autonomy and social relatedness [24]. Also
extrinsic motivation can be achieved through the satisfaction of the described needs [25]. If an activity cannot
fulfil the needs through its inherent processes, there is the possibility of enriching it with playful elements
[26]. According to Sailer, the following statements can be derived for gamified applications according to the
self-determination theory with regard to motivation [27]:

1. Users are motivated by the experience of competence
2. Users are motivated by the experience of autonomy
3. Users are motivated by the feeling of social relatedness

3.2 Cognitive Perspective

Following the Cognitive Perspective, motivation is the result of Means-Ends analyses represented by models
that combine expectancy with subjective value [28,29]. Relevant here are situation-specific goals, the
expected outcome of one's own actions and/or the situation as well as their subjective evaluation [28,29].
Internal processes such as expectations, assessments and evaluations are therefore critical factors. A
distinction is made between performance orientation and mastery orientation. While performance orientation
refers to interpersonal comparability (e.g. among colleagues), mastery orientation focuses on self-imposed
standards, resulting in intrinsic motivation and learning [30]. Based on Sailer, the following statements can
be derived for gamified applications for the cognitive perspective with regard to motivation [27]:

1. The motivation of the users is promoted by clear and achievable goals

2. Highlighting the consequences of achieving a goal has a motivating effect on the users

3. The importance of a certain behaviour in a specific situation increases motivation for the person
concerned

4. The mastery orientation in relation to specific goals promotes the motivation of the users

3.3 Flow-Theory

The flow theory was introduced by Csikszentmihalyi in the context of research on employee engagement
and performance [31]. Flow is a mental state of performing an activity in which the person performing the
activity is fully in a sense of focus, involvement and enjoyment of the activity. In the flow state, the
experience of the activity is so pleasurable that the person performs the activity for its own sake [31].
According to Csikszentmihalyi, there are nine dimensions that contribute to the state of flow. Four of them
are of interest in the context of industrial work processes and are therefore listed below:

1. The activity has clear objectives
2. Immediate feedback is given



3. The difficulty of the activity corresponds with the person's abilities
4. The activity is autotelic, which means that the person performs the activity for its own sake

It is important to note that these four factors are sufficient but not mandatory. They all contribute to the
feeling of flow, but they do not all have to be present, which is why the other five dimensions are not listed
here.

This equally applies to all the derived implications for the design of gamified applications. They are to be
seen as sufficient requirements for an effective design, but do not have to apply in their entirety to the
application. Regarding the SDT, this means that an application that promotes the employees' experience of
competence can be successful even though the experience of autonomy and social integration for the
employee are not strengthened. With respect to the Cognitive Perspective, it would be sufficient to highlight
the consequences of achieving a goal without addressing the other three implications to increase the users’
motivation. The implications are therefore to be seen as guidelines for a successful design. It is a question
of the target to be improved that determines what behaviour should be motivated in the employee.

4. Gamification

Gamification describes a concept in which playful aspects are used in a non-game context to increase
motivation through need satisfaction or to influence behaviour through incentivization [32]. Regarding the
non-game context, gamification must first be differentiated from serious games, in which learning content
from non-game contexts is conveyed within a game developed for this purpose. Figure 1 illustrates this
connection and the difference to gamification.
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Figure 1: Differentiation between gamification and serious games based on [33]

Both serious games and gamification use game elements, but in serious games the actual execution of the
activity from the non-game context is carried out only within the game [3,33]. One example is business
games, in which the user plays in to learn, whereas in gamification the activity from the non-game context
remains in the foreground and is merely enriched by game elements. The game elements that play an essential
role in this context are discussed in detail in section 4.1. Unlike many other incentive systems, the concept
of gamification does not necessarily rely on digital tools and extensive data collection systems. Nevertheless,
these favour their use and open up a larger solution space for the design of such applications. The simple
collection of points and the achievement of higher levels based on progress can also be realised in different
contexts with the simplest of means.

To understand how gamification can be used specifically in a given context, the effect of the game elements
must be explained and put into context with the goals pursued.

4.1 Game elements

The components of gamification are defined differently throughout the literature [16,34,35]. Hunicke et al.
describe the essential game elements for gamification in their MDA framework as mechanics, dynamics and
aesthetics [36]. Werbach and Hunter define the game elements similarly and divide them into components,
mechanics and dynamics, which have a causal relationship to each other. A detailed description of the
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different elements is given in this section. The definition of Werbach and Hunter is particularly suitable for
transfer to industrial work processes, since a direct link can be established between the game elements and
the target variables typical for industrial work processes. The aesthetics described by Hunicke et al. are not
considered in detail in this paper, as these are primarily described as design aspects of the gamified
application in terms of visualisations which are not within the scope of the analysis. Figure 2 illustrates the
connection and displays the direct and indirect sphere of influence of the designer of the gamified application
as well as the degree of abstraction.
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Figure 2: Interrelation of game elements, influenceability by the designer and degree of abstraction within gamified
applications

Game mechanics of a gamified application consist of a set of components, hereafter called game design
elements (GDEs). These elicit a corresponding reaction when used correctly. They allow the designer of the
gamified application to guide the behaviour of the users through different combinations of GDEs and the
use of certain mechanics. The mechanics in turn provoke dynamics that can ultimately affect the target
variables (see 4.1.2). The degree of abstraction increases from the GDEs via the mechanics to the dynamics.
For this reason, only the GDEs and the mechanics can be directly influenced by the designer of the gamified
application. Dynamics are also dependent on acceptance and realisation by the users, which is why only an
indirect influence can be assumed here. In the following, the game elements are presented in sequential
order, each with a few examples, illustrating how the principle of gamified applications works.

411 Game-Design-Elements

As the number of GDEs that can be used for the design of gamified applications is too large to be explained
in full detail within this framework, the emphasis will be on a few central and frequently used GDEs in the
following.

Points are the most widely used GDE because they are easy to apply and can be utilized in many different
contexts. Almost all gamified applications require points, whether they are collected by a person or a group,
or whether they are visible or invisible to the person or the group. For many other GDEs, such as levels,
points are a basic necessity in order to be able to use them. They represent the metric to relate users of
gamified applications to their own or external expectations or to compare them to other users. Points illustrate
the interaction of users with the system and facilitate the information for necessary adjustments [35].
Zichermann und Cunningham distinguish five categories of points, each of which influences the users'
experience of the game:

e Experience Points
e Redeemable Points
e Skill Points

e Karma Points

e Reputation Points



This distinction gives an idea of the variety of options in which points can be used as GDEs. It is also possible
to classify them according to extrinsic and intrinsic motivators in the sense of the incentive design presented
in section 2. While experience points, skill points, merit points and reputation points have no direct counter
value and can therefore be classified as intrinsic motivators, redeemable points have an external incentive
counterpart. Depending on the selection of the corresponding point system, particular incentives can be
implemented.

Level and leaderboards are GDEs that build on the point systems described above. They generally serve
to indicate progress on the basis of accumulated points and classify individual users of gamified applications
in an overall context. Similar to points, the overall context can have different reference values such as time,
activity or other users. Depending on the application, levels can define the difficulty or the central element
of the application. Rankings, on the other hand, are a simple and easy-to-understand tool for drawing direct
comparisons. They can be broken down into two categories [35]:

e No-disincentive leaderboards
e Infinite leaderboards

The main purpose of incentive-free rankings is to not demotivate the user by displaying a position in the
ranking that is perceived as negative. Users are always shown in the middle of the ranking, with other users
above and below them. In the case of an actual position at the bottom of the ranking, another reference value
is used in which the user is not in the last position or is not shown at all to avoid negative incentives. Infinite
rankings are designed on the premise that users will sooner or later be displaced from the ranking by other
users. So they allow representation based on a modified reference such as colleagues or friends or simply a
smaller group of people [35,37,38].

Badges serve as a visual representation of performance, which is achieved within the framework of the
gamified application. They are awarded to users for pre-determined activities, which usually represent the
completion of certain steps towards a goal [39]. Similar to rankings, badges are usually based on accumulated
points and show a user's progress within the system [35]. However, to further motivate users, badges are not
only utilized for achieving goals. They can also be time-related or awarded for the attempt to complete an
activity without fully achieving the given goal [40].

Avatars play a major role, especially in the area of personalisation. They represent a virtual image of the
user, which can be designed by the user according to his own ideas within the framework of the given
possibilities. In contrast to actual virtual games, they are less common in gamification in non-game contexts,
although by definition even a simple profile picture with a user name can be considered an avatar [35].
Especially the option to personalize and the associated possibility of free development (autonomy) of the
users are seen as a valuable tool in the context of gamified applications [35].

Narratives are built around the non-game context in the sense of the gamified application. They are either
completely fictional or refer directly or indirectly to the non-game context. Narratives are seen as a means
of motivating users to pursue the activity with greater concentration and motivation, especially in contexts
that are perceived as boring and unstimulating [41]. Narratives often embed other GDEs to enhance the
experience for the user. For example, activities and characters can be structured within the narrative, which
enhances the perceived meaning for the user [7]. However, this effect can only be achieved if either the
narrative can be actively influenced by the user or the user feels that the path laid out in the narrative is worth
following [42].

The GDEs described above are only a fraction of the GDEs available for the design of gamified applications.
Especially in the area of playable applications for smartphones, a much larger amount of GDEs is used to
guide the user's behaviour, but also in contexts such as industrial work processes, there are many possibilities
to use a vast amount of GDEs. The almost infinite number of possible combinations, combined with the
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other factors influencing the impact of gamified applications, results in a multidimensional decision problem
for the selection of GDEs [43].

41.2 Mechanics

Similar to the game elements, there are a number of different definitions of mechanics in the context of
gamification in relevant literature [16,32,35,44]. In the frame of this paper they are defined as follows:
Mechanics are the predefined rules that define how users interact with the GDEs in a given setting. The
designer of the application has control over which mechanics he integrates into the gamified application (see
Figure 2). This is also the point of differentiation from the dynamics, which the application designer can
influence indirectly but not directly (see Figure 2). The interaction of the user with the gamified application
creates the so-called dynamics. Nevertheless, the boundaries are often fluid and it is not always possible to
draw a clear line. The easiest way to illustrate this is with an example: The awarding of points (GDE) for
completed activities gives users feedback (mechanics) about the execution itself or the degree of goal
achievement.

Feedback is an essential part of almost every gamified application. It is the response of the system as a
consequence of an action performed by the user. The feedback can be transmitted visually, haptically or
auditorily or in mixed forms. This enables employees to assess their own performance and make adjustments
if necessary. Feedback is therefore closely linked to the feeling of self-efficacy, which means that the better
the feedback, the higher the performance adjustment, as it then leads to more confidence in the user's own
abilities [45,46]. Feedback can therefore also be seen as an essential driver of change processes. The effect
of direct feedback has already been proven in the context of gamification in various studies [19,47,48].
Feedback is also one of the four relevant components of the Flow-Theory with regard to industrial work
processes, as explained in section 3.3.

Progress can be represented by GDEs such as badges and the accumulation of points (e.g. experience
points). Levels and leaderboards are also GDEs that are associated with this mechanic and can be considered
as an option for visualisation. In order to encourage users to engage more through quick successes, progress
is often shown to a greater extent at the beginning [40]. In connection with set goals, the visualisation of
progress additionally helps to motivate users to continue pursuing the goal [49]. Motivation is particularly
strong when users know that they are very close to the goal [50]. On the other hand, showing lack of progress
can also have a demotivating effect [50]. Further theories assume that the rate of progress towards the goal
can be more critical than the actual distance from the goal itself. Thus, the decisive factor for motivation is
whether reduction of the discrepancy between the current status and the goal to be achieved is acceptable to
the user [51].

Challenges are associated with the feeling of competence when successfully mastered and are therefore
directly attributable to an increase in motivation following the SDT [52]. For the design of the challenge, the
feasibility by the user plays a decisive role [53]. A challenge that is too difficult can have the opposite effect,
reducing motivation and engagement, and in the worst case, leading to frustration [40]. One advantage of
challenges that only arises in the context of the gamified application is that failure within the application
does not have the same negative impact as failure in the real world. It is rather an opportunity to learn from
mistakes and start again, as gamification breaks down the concept of failure into smaller parts [40].

4.1.3 Dynamics

The effects that emerge from the mechanics generated by the combination of GDEs are called dynamics
[16]. They represent the highest level of abstraction and are directly linked to the objective intended by the
gamified application. Transferred to the example from 4.1.2, a dynamic would be a competition that arises
because users try to collect more points than other users in to strengthen their reputation. This example also
shows that dynamics and mechanics cannot always be clearly distinguished from each other. As shown in
7



Figure 2, the direct influence of the designer of the gamified application ends with the mechanics, but a
competition may well have been the intention of the gamified application. Whether the intended behaviour
actually occurs depends also on the users and not solely on the structure of the application. With regard to
the users, for example, the acceptance of the application and their general attitude towards gamification play
a major role.

Competition is created on the basis of data, which can be compared with each other. By using points as
GDE in the context of gamified applications, users are given the opportunity to compare their number of
points with each other. If additional mechanisms such as levels or rankings are used, this promotes the
emergence of competition. However, whether competition actually arises or is perceived as such ultimately
depends on the users and their attitude towards the gamified application. If users enter the competition, a
higher performance can be achieved in part through the competitive elements than would be possible without
the competition. In addition, the mere comparison of performance can create a sense of satisfaction [54].

Altruism describes a way of thinking and acting that is based on selflessness and consideration for others.
For humans, giving is a strong driver of satisfaction when a community exists in which people want to
maintain their relationships [54]. It is often also associated with a sense of heroism [35]. In gamified
applications, giving or gifting is used as an acquisition and retention mechanism. This can strengthen
relationships, which in turn motivates employees. A GDE that is often used in this mechanic are the karma
points described in section 4.1.1. [35].

Figure 3 serves to illustrate the relationships described in section 4.1 and also shows the link to target
variables of industrial work processes.
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Figure 3: Interrelation of game elements and target variables of industrial work processes

5. Applicability of Gamification in industrial work processes

From the previous explanations it can be concluded that there are certain factors that favour the use of
gamification in industrial work processes. However, there are also requirements that must be considered for
a successful implementation of an incentive system [55]. Besides some general requirements, further
requirements can be derived from the variables that influence the design and implementation. This results in
the following classification of requirements, which is shown in Figure 4.
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Figure 4: Requirements for the design and implementation of gamified applications

General requirements can be described as largely independent of the type of incentive system and the other
influencing variables such as context and user. These include requirements for profitability, fairness and
conflict-free coexistence with other incentive systems [56]. In addition, there are process-related
requirements regarding the context in which gamification is to be used. If certain results of the process are
to be incentivised, it must be possible for the employee to influence the result to a sufficient degree. This
requirement is directly linked to the requirement for measurability of the results. In addition, the granting of
incentives must be transparent to avoid the feeling of injustice [57]. The example in section 4.1.3 also
illustrates how employees and their characteristics are an essential factor in this consideration. These
employee-related requirements include their acceptance as the most important criterion [58]. To fulfil
employee requirements, their individual motives must be understood and integrated into the design of the
application. Application-related requirements relate directly to the design and integration of the gamified
application. In industrial work processes, the focus on the activity is of great importance for reasons of
occupational safety. On the other hand, visualisations (aesthetics - see section 4.1) are an important part of
gamification. For use in industrial work processes, gamified applications must therefore be designed in such
a way that both visualisation and interaction with the application do not pose a safety risk [3]. In addition,
incentives must be weighted in a way to ensure that essential target variables are not worsened by their use.
For example, productivity alone cannot be stimulated if quality standards can no longer be met as a
consequence. Apart from the requirements, there are factors that favour the use of gamification. These should
not be part of this elaboration, but future research on them is considered useful to support the implementation
of gamification.

6. Influence of Gamification as an incentive system on target variables

Study data indicates that productivity and efficiency at work can be increased by up to 4% if overall
satisfaction is improved by just one percentage point [59]. The ability of gamification to influence motivation
and job satisfaction has already been outlined in sections 2 and 3. However, gamification is also suitable for
the improvement of practical targets in industrial work processes by stimulating certain behaviours through
game elements [8-11,33,58,60-62]. The goal that can be achieved (target variable that can be improved)
with the implementation of the gamified application essentially depends on the design of the application, its
effect on the users and the context [7,16]. Warmelink et al. point out that in the context of industrial work
processes on the shopfloor, gamified applications work primarily with points, achievements, rewards, levels,
goals, progress, methaphorical and fictional representations, as well as multimedial feedback to achieve
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different goals [13]. This paper is intended to provide an overview of the exemplary target variables that can
be addressed using gamification due to existing literature. Further research is needed to evaluate how
individual process parameters affect the design of the gamified application and its impact on target variables.
It should be noted that this is only an excerpt of the possibilities and does not claim to be complete. Figure
3 illustrates three of these target variables by example. Henke und Kaczmarek differentiate targets for the
use of gamified applications into higher-level targets and behavioural-level targets [8]. The higher-level
targets are understood as a competitive factor, as they primarily relate to the company, while the targets at
the behavioural level focus on the development of the employees and the immediate impact of their actions.
To further classify which functions gamification can exercise in industrial work processes, a definition by
Becker on functions of incentive systems is used [63]. According to Becker, incentive systems can perform
four different functions, which partly overlap: motivation function, control function, information function
and change function.

The motivation function refers to the activation of employees' personal motives and can therefore also be
referred to as the activation function. Cognitive components are specifically promoted in order to increase
need satisfaction or the willingness to perform. The principles for increased motivation through motive
activation were explained in sections 2 and 3. The increased willingness to perform also leads to an
improvement in the employee's performance output, which can directly influence process-related target
variables [64]. Thus, increased motivation represents the direct goal, while process-related goals are meta-
goals of increased motivation. Accordingly, the motivation function refers primarily to the higher-level
targets shown in Table 1. To serve this function, game elements of gamified applications must be selected
in a way that supports need satisfaction and performance readiness.

If the incentive system fulfils a control function, elements of the incentive system are designed in such a way
that the achievement of operational goals is promoted [63]. This is usually achieved by using rewards for the
intended behaviour. The majority of the behavioural-level targets shown in Table 1 can, among others, be
assigned to this function. The control function is relevant wherever employees can or must make decisions
within the scope of their activities. Such degrees of freedom are very important for the experience of
autonomy and thus for intrinsic motivation (see section 3.1). At the same time, some of the decisions may
have an influence on the target variables. If an employee can influence the processing sequence, his or her
decision to alter the sequence may lead to poorer adherence to delivery deadlines and consequently to
reduced logistics performance. If employees are forced to make decisions that have an impact on the target
variables, the information about the consequences of their decision plays a decisive role. Therefore, when
gamified applications address the employees' degrees of freedom via reward structures, those rewards signal
to the employee which decision has a positive impact on the target variables. Gamification offers the
possibility to fulfil this function through the usability of points, badges and other reward structures.

Within the framework of the information function, elements of the incentive system inform the employee
directly or indirectly, for example, about management policy, strategies, the desired organisational culture
or preferred process execution and behaviour [63]. It enables the employee to draw conclusions about the
behaviour expected of him and the associated rewards or sanctions [63]. This serves to communicate to the
employee the existing goals and their importance in the organisation. The employee can use this information
to align and prioritise his work according to these goals [65]. This shows the close connection with the
control function. The information conveyed to the employee as incentives to guide his behaviour fulfils the
information function. The information function can therefore be seen as a prerequisite for the control
function with similar design requirements and possibilities for gamified applications.

When requirements change due to strategy changes, incentive systems can contribute to making employees
aware of the new demands. The incentive system then fulfils a change function. By adapting incentives, the
implementation of given change strategies can be promoted [63]. In the context of change processes,
gamification could be used, for example, to increase employees' acceptance of innovations, such as new
10



technologies [10,11]. Vice versa, digital technologies in combination with gamification offer the opportunity
to harness the creativity and energy of employees for the benefit of the company [66].

In the explanations, the intersections between the functions mentioned at the beginning become clear. It
essentially depends on the objective which function the gamified application is to perform. It thus represents
an important component of the influencing variables for the design of gamified applications by using
different GDEs and mechanics. Table 1 shows different targets of previous approaches for gamified
applications that are relevant for industrial work processes. According to the classification by Becker, the
targets are divided into higher-level and behavioural-level targets and assigned to the different functions.
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Table 1: Possible functions of gamification in industrial work processes in connection with the addressed target
variables based on [8-11,33,60-62,67]

Multiple assignments are the result of intersections between the functions. It is assumed that the function
being performed also indicates which GDEs and mechanics are to be used in the design. The information,
which function gamification should fulfil in the specific use case, can therefore support the selection of the
appropriate game elements. The classification of the examples of previous approaches shows that
gamification with its motivational elements is primarily used to increase motivation but can also perform a
control-, information- or change function. Future research on design guidelines depending on the target
pursued is necessary.
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7. Summary and future work

This paper focuses on the concept of gamification, its fundamentals, requirements and the relation to target
variables of industrial work processes. First, extrinsic and intrinsic motivation were explained and
differentiated from each other. The construct of motivation was then placed in the context of psychological
perspectives in incentive design. Based on this, the concept of gamification and its components were
presented in detail and existing cause-effect relationships were indicated. Relevant requirements for the
implementation of gamification were discussed. Subsequently, the correlation to target variables was shown
by describing which functions gamification can fulfil in industrial work processes.

Although there are a number of approaches to the use of gamification in industrial work processes in the
literature, they tend to be of an experimental nature. There are also isolated approaches for the selection of
the corresponding GDEs, which, however, do not or only partially take the requirements for the application
in industrial work processes or the characteristics of the employees into account. Therefore, more approaches
with theory-based design that consider all relevant variables are needed. In order to develop a holistic
approach to the design of gamified applications, the special requirements of industrial work processes must
be identified, the interdependencies must be analysed and both placed in the context of design options for
gamified applications. These can then be integrated into a model for implementation that takes into account
the relevant requirements and can be used by companies as a basis for implementation.

12



References

[1] Oerter, R., 2007. Zur Psychologie des Spiels. Psychologie und Gesellschaftskritik, 31 (4), 7-32.

[2] Hamari, J., Koivisto, J., Sarsa, H., 2014. Does Gamification Work? -- A Literature Review of Empirical
Studies on Gamification, in: 47th Hawaii International Conference on System Sciences (HICSS), 2014,

Waikoloa, HI. 1/6/2014 - 1/9/2014. IEEE, Piscataway, NJ, pp. 3025-3034.

[3] Korn, O., Funk, M., Schmidt, A. Design approaches for the gamification of production environments, in: ,
Makedon (Hg.) 2015 — Proceedings of the 8th ACM, pp. 1-7.

[4] MTP e.V. - Magazin, 2018. Spal3, Wettbewerb und Marketing: Gamification | MTP e.VV. - MTP e.V. -
Magazin. https://www.mtp.org/magazin/2018/11/15/gamification/. Accessed 14 April 2021.

[5] Anderie, L., 2018. Gamification, Digitalisierung und Industrie 4.0. Springer Fachmedien Wiesbaden,
Wiesbaden.

[6] Frey, D., Kaminski, S., Streicher, B., Niesta, N., 2007. Leistungsférderung. Handbuch der Arbeits- und
Organisationspsychologie, 633-640.

[7] Sailer, M., 2016. Die Wirkung von Gamification auf Motivation und Leistung: Empirische Studien im
Kontext manueller Arbeitsprozesse. Springer Fachmedien Wiesbaden, Wiesbaden, 297 pp.

[8] Henke, M., Kaczmarek, S. (Eds.), 2017. Gamification in der Logistik: Effektiv und spielend zu mehr Erfolg,
1. Auflage ed. Huss, Miinchen, 209 pp.

[9] Keiser, D., Petzoldt, C., Beinke, T., Freitag, M., 2020. Konzept und Evaluierungsparameter fr
Gamification in der manuellen Monta-ge, in: Freitag, M. (Ed.), Mensch-Technik-Interaktion in der
digitalisierten Arbeitswelt. GITO Verlag, pp. 227-246.

[10] Schuldt, J., Friedemann, S., 2017. The challenges of gamification in the age of Industry 4.0: Focusing
on man in future machine-driven working environments, in: 2017 IEEE Global Engineering Education
Conference (EDUCON). 2017 IEEE Global Engineering Education Conference (EDUCON), Athens,
Greece. 25.04.2017 - 28.04.2017. IEEE, pp. 1622-1630.

[11] Lanza, G., Nyhuis, P., Fisel, J., Jacob, A., Nielsen, L., 2018. Wandlungsfahige, menschzentrierte
Strukturen in Fabriken und Netzwerken der Industrie 4.0 (acatech Studie).

[12] Kauffeld, S., Schermuly, C.C., 2011. Arbeitszufriedenheit und Arbeitsmotivation, in: Kauffeld, S.
(Ed.), Arbeits-, Organisations- und Personalpsychologie. Fiir Bachelor ; mit 34 Tabellen. Springer,

Heidelberg, pp. 179-194.

[13] Warmelink, H., Koivisto, J., Mayer, I., Vesa, M., Hamari, J., 2018. Gamification of production and
logistics operations: Status quo and future directions. Journal of Business Research 106, 331-340.

[14] Bier, L., 2019. Gamification zur VVorbeugung monotoniebedingter Mudigkeit bei der Fahrzeugfiihrung -
im Vergleich zur Fahrer-Beifahrerinteraktion. Universitats- und Landesbibliothek Darmstadt, Darmstadt.

[15] Young, M.S., Brookhuis, K.A., Wickens, C.D., Hancock, P.A., 2015. State of science: mental workload
in ergonomics. Ergonomics (58), 1-17.

[16] Werbach, K., Hunter, D., 2012. For the Win: How Game Thinking Can Revolutionize Your Business.
Wharton Digital Press, Chicago, 149 pp.

[17] Reeves, B., Read, J.L., 2009. Total engagement: Using games and virtual worlds to change the way
people work and businesses compete. Harvard Business Press, Boston, Mass., 1 online resource.

[18] Cerasoli, C.P., Nicklin, J.M., Ford, M.T., 2014. Intrinsic motivation and extrinsic incentives jointly
predict performance: a 40-year meta-analysis. Psychological bulletin 140 (4), 980-1008.

[19] Seaborn, K., Fels, D.1., 2015. Gamification in theory and action: A survey. International Journal of
Human-Computer Studies 74, 14-31.

[20] Deci, E.L., Ryan, R.M., 1985. Intrinsic motivation and self-determination in human behavior, 1st ed.
Springer Science and Business Media LLC, New York, 375 pp.

[21] Gagne, M., Deci, E.L., 2005. Self-determination theory and work motivation. J. Organiz. Behav. 26 (4),
331-362.

[22] Deci, E.L., Koestner, R., Ryan, R.M., 2001. Extrinsic Rewards and Intrinsic Motivation in Education:
Reconsidered Once Again. Review of Educational Research 71 (1), 1-27.

[23] Tang, S.-H., Hall, V.C., 1995. The overjustification effect: A meta-analysis. Appl. Cognit. Psychol. 9
(5), 365-404.

13



[24] Ryan, R.M., Deci, E.L., 2000. Self-determination theory and the facilitation of intrinsic motivation,
social development, and well-being. American Psychologist 55 (1), 68—78.

[25] Deci, E.L., Ryan, R.M., 2000. The "What" and "Why" of Goal Pursuits: Human Needs and the Self-
Determination of Behavior. Psychological Inquiry 11 (4), 227-268.

[26] Sailer, M., Hense, J.U., Mayr, S.K., Mandl, H., 2017. How gamification motivates: An experimental
study of the effects of specific game design elements on psychological need satisfaction. Computers in
Human Behavior 69, 371-380.

[27] Sailer, M., Hensg, J., Mandl, H., Klevers, M.T.M., 2013. Psychological Perspectives on Motivation
through Gamification. Interaction Design and Architecture(s) Journal 2013 (19), 28-37.

[28] Heckhausen, H., 1977. Achievement motivation and its constructs: A cognitive model. Motiv Emot 1
(4), 283-329.

[29] Heckhausen, J., Heckhausen, H., 2018. Motivation and Action, 3rd ed. Springer International
Publishing, Cham.

[30] Robinson, D., Bellotti, V., 2013. A Preliminary Taxonomy of Gamification Elements for Varying
Anticipated Commitment. Proceedings of the CHI 2013.

[31] Csikszentmihalyi, M., 1992. Optimal experience: Psychology studies of flow in consciousness.

[32] Deterding, S., Dixon, D., Khaled, R., Nacke, L., 2011. From game design elements to gamefulness,
in: Proceedings of the 15th International Academic MindTrek Conference Envisioning Future Media
Environments. the 15th International Academic MindTrek Conference, Tampere, Finland. 9/28/2011
- 9/30/2011. ACM, New York, NY, pp. 9-15.

[33] Klevers, M.T.M., 2016. Integration von Gamification in Handhabungsprozesse am Beispiel der
Kommissionierung. Dissertation, Garching.

[34] Kapp, K.M., 2012. The gamification of learning and instruction: Game-based methods and strategies
for training and education. Pfeiffer, San Francisco, Calif., 302 pp.

[35] Zichermann, G., Cunningham, C., 2011. Gamification by design: Implementing game mechanics in
web and mobile apps, 1st ed. ed. O'Reilly Media, Sebastopol, CA, 182 pp.

[36] Hunicke, R., Leblanc, M., Zubek, R., 2004. MDA: A formal approach to game design and game
research.

[37] Sun, E., Jones, B., Traca, S., Bos, M.W., 2015. Leaderboard Position Psychology, in: , Begole, Kim et
al. (Hg.) 2015 — Proceedings of the 33rd Annual, pp. 1217-1222.

[38] Jia, Y., Liu, Y., Yu, X., Voida, S., 2017. Designing Leaderboards for Gamification, in: Mark, F.e.a.
(Ed.), Proceedings of the 2017 CHI, pp. 1949-1960.

[39] Antin, J., Churchill, E., 2011. Badges in Social Media: A Social Psychological Perspective, in:, CHI
2011.

[40] Alsawaier, R.S., 2018. The effect of gamification on motivation and engagement. 1JILT 35 (1), 56-79.

[41] Nicholson, S., 2014. Exploring the Endgame of Gamification. meson press.

[42] Rigby, S., Ryan, R.M., 2011. Glued to games: How video games draw us in and hold us spellbound.
Praeger, Santa Barbara, Calif., 186 pp.

[43] Keiser, D., Petzoldt, C., Beinke, T., Freitag, M., 2020. Einsatz von Gamification zur
Motivationssteigerung in manuellen Montageassistenzsystemen. Bremer Institut fir Produktion und
Logistik GmbH, Bremen. Accessed 30 October 2020.

[44] Hamari, J., Lehdonvirta, V., 2010. Game design as marketing: How game mechanics create demand for
virtual goods. International Journal of Business Science and Applied Management (5), 14-29.

[45] Biloch, A., Lofstedt, A., 2013. Gamification and Performance Management: A Tool for Driving
Competitiveness through Employee Engagement. Master Thesis, Lulea.

[46] Kampker, A., Schuh, G., Ajoke Said, M., lvanescu, S., 2018. Standortspezifische Gestaltung von
Informations- und Anreizsystemen. ZWF 105 (2010) (5), 468-472.

[47] Kingsley, T.L., Grabner-Hagen, M.M., 2015. Gamification: Questing To Integrate Content Knowledge,
Literacy, And 21st-Century Learning. J Adolesc Adult Liter 59 (1), 51-61.

[48] Koivisto, J., Hamari, J., 2014. Demographic differences in perceived benefits from gamification.
Computers in Human Behavior 35, 179-188.

14



[49] Locke, E.A., Cartledge, N., Koeppel, J., 1968. Motivational effects of knowledge of results: A goal-
setting phenomenon? Psychological bulletin 70 (6, Pt.1), 474-485.

[50] Fox, S., Hoffman, M., 2002. Escalation Behavior as a Specific Case of Goal-Directed Activity: A
Persistence Paradigm. Basic and Applied Social Psychology 24 (4), 273-285.

[51] Carver, C.S., Scheier, M.F., 2012. On the Self-Regulation of Behavior. Cambridge University Press.

[52] Baard, P.P., Deci, E.L., Ryan, R.M., 2004. Intrinsic Need Satisfaction: A Motivational Basis of
Performance and Weil-Being in Two Work Settings1. J Appl Social Pyschol 34 (10), 2045-2068.

[53] Nicholson, S., 2015. A RECIPE for Meaningful Gamification, in: Reiners, T., Wood, L.C. (Eds.),
Gamification in Education and Business. Springer International Publishing, Cham, pp. 1-20.

[54] Bunchball, 2010. Gamification 101: An Introduction to the Use of Game Dynamics to Influence
Behavior. http://jndglobal.com/wp-content/uploads/2011/05/gamification1011.pdf. Accessed 30 April 2021.

[55] Grewe, A., 2012. Implementierung neuer Anreizsysteme: Grundlagen, Konzept und
Gestaltungsempfehlungen, 4. aktualisierte Aufl. ; graph. Darst ed. Rainer Hampp Verlag, Mering, 1 Online-
Ressource.

[56] Guthof, P., 1995. Strategische Anreizsysteme: Gestaltungsoptionen im Rahmen der
Unternehmungsentwicklung, Gabler Edition Wissenschaft ed. Deutscher Universitatsverlag,
Wiesbaden, Online-Ressource.

[57] Knigge, J., Schepers, S.W., Nyhuis, P., 2011. Anreizsysteme zur Unterstiitzung der logistischen
Zielerreichung. ZWF 106 (10), 758-763.

[58] Giinthner, A., Mandl, H., Klevers, M., Sailer, M., 2015. GameLog — Gamification in der Intralogistik.
fml Lehrstuhl fur Fordertechnik Materialfluss Logistik, Miinchen.

[59] IW KoélIn, 2014. Wohlbefinden steigert die Produktivitat. Institut der deutschen Wirtschaft.
https://www.iwkoeln.de/studien/iw-kurzberichte/beitrag/lebenszufriedenheit-wohlbefinden-steigert-die-
produktivitaet-186642.html. Accessed 20 May 2021.

[60] Kampker, A., Deutskens, C., Deutschmann, K., Maue, A., Haunreiter, A., 2014. Increasing Ramp-up
Performance By Implementing the Gamification Approach. Procedia CIRP 20, 74-80.

[61] Treiblmaier, H., Putz, L.-M., Lowry, P.B., 2018. Research Commentary: Setting a Definition, Context,
and Theory-Based Research Agenda for the Gamification of Non-Gaming Applications. THCI, 129-163.

[62] Sochor, R., Schenk, J., Fink, K., Berger, J., 2021. Gamification in Industrial Shopfloor - Development
of a Method for Classification and Selection of Suitable Game Elements in Diverse Production and
Logistics Environments. Procedia CIRP 100, 157-162.

[63] Becker, F.G., 2004. Anreizsysteme und Mitarbeiterfuhrung, in: Eyer, E. (Ed.), Entgeltsysteme flr
Dienstleister: Grundvergiitung, Zielvereinbarung, Erfolgsbeteiligung, Diisseldorf, pp. 15-33.

[64] Schlick, C., Bruder, R., Luczak, H., 2018. Arbeitswissenschaft. Springer Vieweg, Berlin, 740 pp.

[65] Merchant, K., van der Stede, W., 2017. Management and Control Systems: Performance Measurement,
Evaluation and Incentives, 4th ed. Upper Saddle River Financial Times, Harlow.

[66] Wildemann, H., 2020. Produktivitat durch Industrie 4.0, 2. Auflage ed. TCW Transfer-Centrum GmbH
et Co. KG, Miinchen, 282 pp.

[67] Koivisto, J., Hamari, J., 2019. The rise of motivational information systems: A review of gamification
research. International Journal of Information Management (45), 191-210.

15



Biography

Julius Gohlke, M.Sc. (*1991) has been a research associate specializing in production
and work design at the Institute of Production Systems and Logistics (IFA) of Leibniz
Universitat Hannover since 2017. Previously, he studied Industrial Engineering (B.Sc.,
M.Sc.) at Leibniz University Hannover and Universidade Federal de Minas Gerais
(Brasil).

Prof. Dr.-Ing. habil. Peter Nyhuis (*1957) studied mechanical engineering at Leibniz
University Hannover and subsequently worked as a research assistant at IFA. After
obtaining his Dr.-Ing. doctorate, he received his habilitation before working as a
manager in the field of supply chain management in the electronics and mechanical
engineering industry. He is heading the IFA since 2003. In 2008 he became managing
partner of the IPH - Institut fiir Integrierte Produktion Hannover gGmbH.

16



	References



