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Foreword / Vorwort

Foreword

In the ever-evolving landscape of technology and human interaction, the integration of gamification
principles into various domains has emerged as a transformative force. The StartPlay conference
serves as a nexus for the exchange of creative ideas, new research, and innovative applications that

harness the power of gamification to drive creativity, engagement, and problem-solving.

The premise of gamification lies in its ability to leverage game elements and design principles to
captivate, motivate, and inspire individuals. As we delve into the diverse sessions and presentations
within this conference, we aim to unravel the intricate ways in which gamification not only enhances
user experiences but also catalyzes innovative thinking across fields such as education, business,

health, and beyond.

The contributions presented in these proceedings represent the collective efforts of researchers and
practitioners who have dedicated themselves to unraveling the transformative potential of
gamification. From theoretical frameworks to practical implementations, the insights shared in this

volume reflects the multidisciplinary nature of our exploration.

As we navigate the realms of game design, behavioral psychology, and technology, we invite you to
continue the insights that unfold within these pages. The ideas presented here not only underscore
the current state of gamification and innovation but also serve as beacons guiding us towards future

possibilities and advancements.

Vorwort

In der sich sténdig weiterentwickelnden Landschaft von Technologie und menschlicher Interaktion
hat sich die Integration von Gamification in verschiedenen Bereichen als transformative Kraft
erwiesen. Die StartPlay-Konferenz dient als Knotenpunkt fir den Austausch innovativer Ideen,
richtungsweisender Forschung und neuer Anwendungen, um Kreativitdt, Engagement und

Problemlésungen mit Hilfe von Gamification zu férdern.

Die grundlegende Pramisse von Gamification liegt in ihrer Fahigkeit, Spielelemente und
Designprinzipien zu nutzen, um Menschen zu motivieren und zu inspirieren. In den Prasentationen
dieser Konferenz wollen wir die komplexen Wege aufzeigen, auf denen Gamification nicht nur das
Benutzendenerlebnis verbessert, sondern auch innovatives Denken in Bereichen wie Bildung,

Wirtschaft, Gesundheit und dartber hinaus anregt.

Die in diesem Tagungsband vorgestellten Beitrdge reprasentieren die kollektiven Bemihungen von
Forschenden und Praktizierenden, die sich der Untersuchung des transformativen Potenzials von
Gamification gewidmet haben. Vom theoretischen Rahmen bis zur praktischen Umsetzung spiegelt
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die Bandbreite der in diesem Band geteilten Erkenntnisse die multidisziplindre Natur unserer

Forschung wider.

Wahrend wir uns in den Bereichen Spieldesign, Verhaltenspsychologie und Technologie bewegen,
laden wir Sie ein, die hier prasentierten wissenschaftlichen Erkenntnisse weiterzudenken. Die

folgend vorgestellten Ideen unterstreichen nicht nur den aktuellen Stand von Gamification und

Innovation, sondern dienen uns auch als Wegweiser fir zukinftige Méglichkeiten und Fortschritte.
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Gamified feedback elements in assembly environments —
workplace setup and planned user study
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Abstract

Gamification elements are seen as a viable possibility to increase work and learning outputs as well
as to boost engagement. While there exists a broad range of experiences in the educational area,
gamified applications, as well as user studies in manual work contexts, remain rare. Therefore, it is
unclear how gamification elements can impact employees' work execution. This work includes
gamified feedback elements in an assistance system for industrial assembly tasks. A study design
is presented, which will be used to compare the effects of gamified feedback elements during a

routine assembly procedure of a handgrip.

Keywords

Industrial Gamification, Assistance Systems, Feedback Elements

1 Introduction

Gamification, the usage of game elements in non-gaming contexts, is seen as a promising approach
to increase user engagement throughout a variety of tasks [1,2]. While gamified applications are
already very present in educational scenarios, work environments are also getting more and more

equipped with gamified applications [3,4].

A special case of gamified work environments are manual assembly stations. In contrast to pure
computer-based work environments which allow a direct inclusion of gamification elements,
manufacturing environments require digitization efforts before gamification can be applied [5,6].
Thus, viable manufacturing systems for gamification should be equipped with some kind of

assistance system capable of evaluating user interactions and presenting work instructions [7].

Although some gamified applications for manual work exist, it is still unclear how specific gamification
elements impact the operators. In this work, a standard assistance system for assembly tasks is
equipped with different types of gamified feedback elements. Instead of only showing a progress
bar, different animations and sounds are included to provide individual operator feedback. For the
analysis, a user study focusing on work performance, user engagement, and system usability is
designed. By comparing two experimental groups — standard assembly vs. gamified assembly — the

planned study should evaluate if the additional effort of including gamified elements in assistance

1
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systems for routine assembly procedures could benefit its users and the companies in terms of a

more pleasant work design and thus increased engagement.

2 Literature review

Here, combining assistance systems for industrial assembly tasks with gamified feedback elements

is targeted. To this end, existing research on gamification in manufacturing work is reviewed.

1.1 Gamified assistance systems

A huge variety of assistance systems already exist in the industry. They are used to display just-in-
time instructions directly in working areas and are also capable of detecting user interactions for
evaluation purposes. Also, work-integrated learning processes can be aimed at using such systems.
Current trends focus on human factors to adjust the assistance systems to individual user needs.
Gamification elements are seen as one possibility to fulfill these goals [8].

In logistics, operators are often equipped with Augmented Reality (AR) glasses which support and
verify picking procedures [9]. Thus, gamification elements can be displayed directly in the users’ field
of visions. In assembly, in-situ projections can be used to present work instructions without impeding
the operators. Nguyen and Meixner [10] applied a point system in combination with an additional
support feature called “signposting” on an assembly training. In their study with 22 participants, no
significant differences were found between the two testing groups. Korn et al. [11] included a Tetris
game in a traditional assembly task setting. In their Tetris application, the brick movement speed
was derived from previous assembly times. In their study, the production speed increased using

gamification elements, however, error rates also went up.

1.2 Gamified feedback elements

Different game mechanics can be used to achieve the desired game dynamics and, thus, create
player engagement [12]. In this work, visual feedback elements are focused which should highlight
work achievements and promote constant productivity. Also, they should provide a clear goal to the

users to achieve high performance and limit task performance variability [14].

Typical feedback approaches are points, badges, and leaderboards [13]. Hamari [14] analyzed the
effects of badges on user engagement in a peer-to-peer trading service. In his field experiment,
users exposed to the gamified application had a higher activity. However, a careful design and
monitoring is required to prevent negative outcomes. Another feedback approach is to highlight
achievements through visual graphs and animations. Krath et at. [2] recognized, based on the self-
determination theory — a theory explaining human needs and motivations [15] —, and flow theory — a
theory of optimal experience [16] — among others, that immediate feedback can be used as a guide

to achieve the intended behavioral outcomes. In addition to visual feedback, the influence of
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audiovisual feedback was also investigated in detail. Brauer et al. [20] discovered that both

motivation and performance can be positively influenced.

Regarding the relationship of motivation and gamification, a recent study shows that interactions with
achievement- and social-related features were positively associated with all dimensions of intrinsic
need satisfaction. However, the interaction with immersions was associated only with fulfilling the
need for autonomy. Thus, achievement-related features appear to have a greater influence on

intrinsic need satisfaction [17].

In addition to motivational factors, the gamification strategy of the present study makes use of the
concept of flow experience — a common theoretical basis of gamification [2, 18]. Flow describes the
positive state of complete absorption in an activity that is perceived as optimally demanding [16].
Since flow is a pleasant experience and also has positive consequences, for example regarding well-
being and performance [19], it is suggested to foster flow-promoting conditions at work. As
summarized by Peifer and Wolters [19], various flow-promoting factors are already known from prior
research. In addition to the feedback from the task described above, these include clear goals of a
task, task significance, the use of a variety of skills, and a balance between the demands of a task
and the skills required to perform it. Through gamification elements, these flow-promoting factors
can be implemented aiming at a positive experience and increased performance of the participants
when working in the gamified assembly context. In line with Liu et al. [18], we strive for a meaningful
engagement characterized by positive effects of gamification on the level of well-being as well as

performance.

Hypotheses

This work focuses on productivity, usability, and motivational outcomes of the gamification approach,
that is intended to foster performance and flow experience. Based on the theoretical basis of the
implemented gamification elements and the findings from motivation and flow research, we assume
that gamification has different effects in the manufacturing context. The application of the
gamification elements in an experimental context allows us to assume the following hypotheses: For

the analysis, a significance level a=0.05 is chosen.

Hypothesis 1: Participants of the Gamified-Group conduct the assembly routines faster than the Non-

Gamified-Group.

Hypothesis 2: Participants of the Gamified-Group are more engaged in the task than participants of

the Non-Gamified-Group.

Hypothesis 3. Participants of the Gamified-Group find the system more useful than participants of

the Non-Gamified-Group.
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3 Methodology

3.1 Gamified assistance system concept and implementation

This work includes gamified feedback elements in an industry-typical assistance system. It is based
upon previous work regarding gamified assistance systems [5,7,21]. The assistance system displays
situation-dependent work instructions and detects user interactions. The work sequence consists of
20 work steps in which parts must be mounted or clipped to form an industrial handgrip of the
company ltem Industrietechnik GmbH. One tool, a screwdriver, is required for the assembly
execution. First, the side parts of the handgrip are premounted twice and placed in a storage box.
Afterward, these side parts are attached to the main profile, and the covers are placed over the
screws. In order to reduce the assembly complexity and simplify the small parts handling, a
workpiece holder is used. The workpiece holder consists of 3D-printed parts, which limit the
mounting options. The assembly device prevents faulty operations by using the hard Poka-Yoke
principle hindering incorrect insertions of components through molds. In addition, the soft Poka-Yoke
principle is applied. If an incorrect operation is performed, this is indicated to the user by notifications

in the Ul, by error sounds or light signals [21].

User interface

The user interface (Ul) shows instructions on the work desk (Figure 1). The instructions include in-
situ projections which indicate placement positions, 3D models of the complete handgrip, and
additional mounting information. The implemented progress indicator shows the total number of work
steps to be performed and accomplished. This element is considered separately from the gamified
components, since this type of progress bar is usually found in many applications and assistance

systems where the gamification approach is not primarily pursued.

Figure 1: In-situ projections for the handgrip placement (orange) and the 3D-model of the handgrip (blue) and
the workpiece holder (grey). Also, the progress bar and the username are shown.
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Figure 2: Examples of gamified feedback elements a) as feedback to a correct and fast action during the
assembly process and b) when ending the assembly of a handgrip.

3.2 Study design
The user study is implemented as a joint project of the mechatronics engineers of the FH Aachen
University of Applied Sciences and the work psychologists of the University of Libeck. The study

participants are divided randomly into two groups that differ in their Ul designs. The Non-Gamified-















































































































