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Abstract

This paper introduces a structured analytical framework for examining the application of gamification in manufacturing
environments, understood as the deliberate use of game-design elements to influence operators’ motivation. The frame-
work is based on a set of key dimensions that capture the functional and experiential aspects of gamified systems. Such
dimensions are grouped into 5 macro-categories: context relevance, gamification design, implementation features, outcome
assessment and societal impact. The framework is tested using a curated selection of selected peer-reviewed empirical
studies, which allows for the identification of recurring design patterns, critical gaps, and underutilised opportunities. To
further structure these insights, the paper reinterprets the MDA (Mechanics-Dynamics-Aesthetics) framework reference
in the context of manufacturing, proposing design guidelines tailored to industrial applications. The analysis reveals a
dominant emphasis on performance-driven mechanics, such as point systems, feedback loops, and progression, while
dynamic user experiences and aesthetic engagement are less developed. In addition to the analytical contribution, this
study provides practical advice for designers and practitioners looking to implement gamification in industrial settings.
The framework can also be used as a reference to identify the critical aspects to consider when developing human-centred
gamification strategies for manufacturing.

Keywords Gamification - Manufacturing - Work engagement - MDA framework

Abbreviations 1 Introduction

MDA Mechanics, Dynamics and Aesthetics

CNC  Computerized Numerical Control The manufacturing industry is experiencing a radical trans-
MES  Manufacturing Execution System formation, driven by the integration of digital technologies
VR Virtual Reality and the broader vision of Industry 4.0 [1-4]. While auto-
AR Augmented Reality mation and intelligent systems are progressively reshaping
PCB  Printed Circuit Board production environments, the role of the human operator
DT Digital Twin remains critical, especially in tasks that require adaptability,
HRC  Human-Robot Collaboration problem-solving, and flexibility [5—7]. In this complex and
SDT  Self Determination Theory evolving scenario, enhancing human engagement, motiva-

tion, and performance has become an increasingly relevant
challenge [8]. Gamification has emerged as a promising
strategy to address this challenge [9, 10]. Gamification is
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fiorenzo.franceschini@polito.it ..
contexts to enhance user engagement, motivation and behav-
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education [17, 18], gamification has gradually found its way
into industrial contexts, where it is used to support operator
training, improve task execution, reduce errors, and enhance
engagement [19]. However, the application of gamification
in manufacturing is still relatively new and heterogeneous.
Existing studies vary widely in terms of design approaches,
technological tools, implementation goals and evaluation
strategies. Some interventions rely on conventional gami-
fication elements such as points and leaderboards, while
others explore more immersive or narrative-driven experi-
ences [20]. Furthermore, gamification in manufacturing is
often related to the usage of advanced technologies such
as augmented reality, wearable devices or collaborative
robotics, adding further layers of complexity and opportu-
nity [19, 21]. Despite the growing number of publications
and industrial experiments, a comprehensive understand-
ing of how gamification is applied and conceptualised in
manufacturing is still lacking. Building on the established
definitions of gamification as the intentional use of game
design elements in non-game contexts [11, 22], in industrial
environments gamification is defined by more than just the
presence of game-like elements, such as points, progress
indicators, feedback visualisations badges and rewards; it
is also defined by the deliberate use of these elements to
influence the motivation, engagement and experience of
operators beyond the functional execution of production
tasks. From this perspective, it is important to distinguish
between gamified systems and conventional digital produc-
tion management tools such as KPI dashboards, monitor-
ing interfaces and real-time feedback systems. While these
tools may incorporate visual elements similar to those used
in gamification, their primary purpose is informational and
control-oriented. By contrast, gamified manufacturing sys-
tems introduce an explicit motivational or experiential layer
in which feedback, goals and progression mechanisms are
designed to influence users’ engagement, behaviour and per-
ception of work activities. This paper introduces a concep-
tual framework designed to analyse the use of gamification
in manufacturing contexts. In this regard, the authors define
gamification in manufacturing as the intentional integration
of game-design elements such as explicit goals, rules, feed-
back, points, challenges, progress tracking, storytelling and
rewards into work-related systems to shape manufacturing
operators’ motivation and behaviour. Accordingly, systems
that only display performance indicators or support moni-
toring and control, without such motivational game-like
features, should not be considered gamified. The proposed
framework is based on a set of analytical dimensions that
capture important aspects of gamification implementation.
The paper demonstrates how this structure can support a
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deeper understanding of gamified interventions, highlights
design trade-offs, and guides the more informed develop-
ment and evaluation of future implementations. Specifi-
cally, this paper aims at answering the following research
question: What are the key dimensions that can guide pro-
cess designers into the practical development of effective
gamification strategies in manufacturing environments?
The paper is organised as follows: Sect. 2 summarises the
literature review analysis while Sect. 3 highlights the meth-
odology implemented to define the analytical framework,
while related results are shown in Sect. 4. Finally, Sect. 5
discusses main practical implications and summarises the
main conclusions.

2 Literature review

To investigate how gamification has been applied in manu-
facturing contexts, a literature search was conducted using
the Scopus database.

2.1 Data collection

The search was designed to collect a broad yet relevant
body of literature by including multiple terms related to
gamification and manufacturing. The following query was
used: “TITLE-ABS-KEY ((“gamification” OR “game-
based learning” OR “serious games” OR “playful design”
OR “game mechanics” OR “gameful design” OR “game”
OR “game design”) AND (“manufacturing” OR “produc-
tion”)) AND PUBYEAR>2014 AND PUBYEAR<2026
AND (LIMIT-TO (SUBJAREA, “ENGI")) AND (LIMIT-TO
(LANGUAGE, “English”)). This query returned a total of
3,558 documents published between 2015 and 2025. The
inclusion of broad terms such as “game” and “production”
in the search string resulted in a high number of unrelated
results. In order to refine the corpus, a first stage of screen-
ing based on titles and abstracts was carried out. At this
stage, all studies that were clearly unrelated to the applica-
tion of game-like logic in industrial or production environ-
ments were excluded. This filtering step reduced the sample
to 67 potentially relevant studies, grouped into three broad
application areas: manufacturing (76%), supply chain &
logistics (13%) and education (11%):

° The manufacturing category includes studies where
game elements are applied directly within production
environments, e.g., assembly lines, quality control,
maintenance operations, etc [21].
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Table 1 Summary of the inclusion criteria adopted

Criterion Inclusion
Language English
Publication year 2015-2025
Subject area Engineering

Include gamification or game elements
in manufacturing or production

Focus on gamification (not game theory)

Application within real or simulated
industrial/production environments

Content relevance

Conceptual focus
Application domain

e  The education category refers to work that focuses on
the use of games to teach manufacturing-related topics,
typically within an academic environment [23, 24].

e  The supply chain and logistics category includes arti-
cles related to warehouse operations, transportation and
supply network management [25, 26].

A second screening was then carried out to assess whether
the selected papers described the use of gamification prin-
ciples to support activities in manufacturing or production
environments. At this stage, studies that merely used the
word “game” but referred to game theory rather than gami-
fication were excluded. It is important to clarify that game
theory refers to mathematical models of strategic interaction

Scopus query

Y

Paper No
excluded

Content
relevance?

Paper Conceptual
excluded focus?

Paper Application
excluded domain?

Fig. 1 Flowchart of the literature review procedure

between rational agents, whereas gamification refers to the
experiential and motivational aspects of user engagement
through game-like dynamics [27-32]. The exclusion of
game theory papers resulted in a refined pool of 36 articles
that explicitly addressed gamification in industrial contexts.
A third exclusion step was applied to filter out contributions
from the field of supply chain and logistics and from the
field of engineering education. This process resulted in a
set of 29 core articles. To supplement the initial search and
to avoid missing key contributions, a snowballing strategy
was applied, involving both backward and forward citation
tracking of the 29 selected papers. This iterative process
led to the identification and inclusion of 3 additional rel-
evant studies that were not identified in the original data-
base search. The final pool consisted of 32 peer-reviewed
articles, which formed the basis of the subsequent analysis.
Table 1 shows respectively the exclusion/inclusion criteria
adopted while Fig. 1 shows the procedure implemented.

2.2 Overview of gamification in manufacturing

The final set (32 papers) analysed in this review consists of
17 journal articles, 13 conference papers and 1 book pub-
lished between 2015 and 2025. All included papers explic-
itly address the application of gamification in industrial or

Set of 29
significant papers

Snowballing
analysis

Final set of 32
papers

Yes
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production-related contexts. They cover different industrial
domains (e.g. discrete assembly, maintenance, quality con-
trol, logistics), gamification strategies (e.g. conventional
vs. narrative) and technological implementations (e.g. aug-
mented reality, mobile platforms, collaborative robotics).
In addition, the studies vary in their experimental designs,
evaluation metrics, and intended outcomes. A complete list
of the 32 articles reviewed, along with key data and clas-
sification variables, is provided in Table 2. Journals range
from manufacturing and industrial engineering to human-
computer interaction and behavioural sciences, reflecting
the cross-disciplinary nature of the topic. A few conference
proceedings also contribute, suggesting that some of the
research is still exploratory and often presented in early-
stage academic forums.

In manufacturing, gamification is still in its infancy, and
it has been applied exploratively in few fields. The selected
studies were organized according to their primary applica-
tion domains within manufacturing. Specifically, in this sec-
tion the literature was classified into four categories:

e the assembly process, comprising studies in which
gamification is embedded directly within assembly
operations.

e operator training, including contributions aimed at
improving the learning and training experiences of
operators.

e industrial human-robot collaboration, where gamifica-
tion is employed to facilitate interaction between human
workers and robotic systems.

e other manufacturing applications, covering heteroge-
neous applications that do not clearly fall within the pre-
vious domains.

2.2.1 Assembly process

Regarding the assembly field, Dolly et al. [34] presented a
novel empirical study demonstrating that gamification can
be a powerful tool for improving both operational efficiency
and human factors in manufacturing assembly. The con-
tribution of this work lies in bridging traditional manufac-
turing performance metrics with cognitive considerations:
it systematically evaluates a gamified assembly task and
measures not only production outcomes (e.g. productivity),
but also psychological workload and worker engagement.
Agati et al. [35] presented GRAAL, an innovative system
that combines augmented reality (AR) with gamification to
assist operators in manual PCB (i.e., printed circuit boards)
assembly. The system provides step-by-step AR visual guid-
ance to reduce cognitive load and incorporates gamified
elements to combat task repetition and demotivation. This
study makes a significant contribution to the literature by
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demonstrating the feasibility and effectiveness of human-
centred gamified AR systems in manufacturing. Ulmer et
al. [38] presented a novel manufacturing assistance system
that dynamically adapts to individual worker capabilities by
combining hardware modularity with gamification. The core
contribution of this work is a human factors-aware frame-
work for manual assembly: the system can adapt assistance
hardware modules and tailor content to a worker’s cogni-
tive and physical needs. Ohlig et al. [39, 53] conducted an
extensive empirical study to evaluate how gamified perfor-
mance metrics affect worker performance and motivation in
a manual assembly context. In this human-centred approach
to performance management, a conventional Manufactur-
ing Execution System (MES) was augmented with standard
gamification strategies. The contribution of this study is
the empirical evidence it provides: the gamified KPI dash-
board significantly improved operator motivation and even
operational performance compared to non-gamified condi-
tions. Seo et al. [20] explored the conditions under which
gamification effectively motivates manufacturing workers,
focusing on the role of narrative elements in encouraging
self-directed behaviour change. The contribution lies in
highlighting that, beyond simply adding points or badges,
embedding a compelling storyline or thematic context can
enhance intrinsic motivation and encourage workers to
voluntarily adopt positive practices. Ulmer et al. [52] pro-
posed a human-centred gamification framework tailored for
manufacturing, designed to engage and upskill workers per-
forming manual tasks. Korn et al. [60] examines the poten-
tial integration of gamification into automotive production
workflows, with a particular focus on how such approaches
are perceived and accepted by industry practitioners. Lee et
al. [61] applied a structured design framework to gamify a
repetitive bolt-tightening task on an automotive assembly
line. This study shows how a well-designed gamification
framework can transform routine manufacturing tasks into
more playful and motivating experiences for employees.
In a different work, Roh et al. [62] also investigated how
the introduction of game-like goals and feedback into a
bolt-tightening task can increase the intrinsic motivation of
assembly line workers. The results suggest that the gamified
condition improved workers’ flow states and positive emo-
tions during the task, validating gamification to mitigate the
demotivating effects of repetitive industrial work.

2.2.2 Operator training

Another common benefit of applying gamification in indus-
trial tasks is within operator’s training session. Santos et
al. [45] proposed a unified framework for industrial train-
ing that combines virtual reality (VR), augmented reality
(AR), and gamification into a single, configurable system.
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Table 2 Final set of papers in scope

Year  Authors Reference Title Document Source title
type
2025  Capponi et al., [33] Gamification in manufacturing: some insights in human—  Article International Journal of
2025 robot collaboration assembly and preliminary results Advanced Manufacturing
Technology
2024  Dolly et al., 2024 [34] The effects of gamification for manufacturing (GfM) on Article Robotics and Computer-
workers and production in industrial assembly Integrated Manufacturing
2024 Agatietal, 2024 [35] GRAAL—modeling, prototyping and assessing a gamified Article International Journal of
responsible augmented assembly line system Advanced Manufacturing
Technology
2024  Konzack, 2024 [36] Gamification and Industry 4.0: Gamified Smart Book Gamification and Indus-
Manufacturing try 4.0: Gamified Smart
Manufacturing
2024 Capponi, Culotta, [37] Enhancing manufacturing quality through gamification: an ~ Confer- International Conference
et al., 2024 exploratory study in collaborative assembly process ence paper on Quality Engineering and
Management
2023  Ulmer et al., [38] A human factors-aware assistance system in manufacturing Article International Journal of
2023 based on gamification and hardware modularisation Production Research
2023  Ohligetal., 2023 [39] Human-centered performance management in manual Article International Journal of
assembly—The impact of gamified KPI provision on perfor- Computer Integrated
mance and motivation Manufacturing
2023  Leiteetal., 2023 [40] How Has Gamification in the Production Sector Been Article Buildings
Developed in the Manufacturing and Construction
Workplaces?
2023  Venasetal., 2024 [41] Exploring human-robot cooperation with gamified user Article Frontiers in Robotics and Al
training: a user study on cooperative lifting
2023  Zhuetal., 2023 [42] Digital Twin-based shop-floor scheduling service Confer- Procedia CIRP
gamification ence paper
2022 Keepers, Nesbit, [21] Current state of research & outlook of gamification for Article Journal of Manufacturing
Romero, et al., manufacturing Systems
2022
2022  Spahrbieretal.,,  [43] Supporting human monitoring activities in highly auto- Article Computers and Industrial
2022 mated manufacturing through gamification Engineering
2022 Ulmer et al., [44] Gamification of virtual reality assembly training: Effects Article International Journal of
2022a of a combined point and level system on motivation and Human Computer Studies
training results
2022  Santos et al., [45] Generic XR game-based approach for industrial training Confer- ICGI 2022 - International
2022 ence paper Conference on Graphics and
Interaction, Proceedings
2022 Ulmer et al., [46] Usage of digital twins for gamification applications in Confer- Procedia CIRP
2022b manufacturing ence paper
2021  Dewald et al., [47] Using gamification on the shop floor for process optimiza-  Article MM Science Journal
2021 tion in machining production
2021 Krathetal, 2021 [48] Revealing the theoretical basis of gamification: A system-  Article Computers in Human
atic review and analysis of theory in research on gamifica- Behavior
tion, serious games and game-based learning
2021  Seoetal., 2021 [20] Goldilocks conditions for workplace gamification: how Article Human-Computer
narrative persuasion helps manufacturing workers create Interaction
self-directed behaviors
2020 Reisetal., 2020 [49] Prospects for using gamification in industry 4.0 Article Production
2020  Warmelink et al.,, [50] Gamification of production and logistics operations: Status ~ Article Journal of Business
2020 quo and future directions Research
2020  Ulmer et al., [51] Gamified Virtual Reality Training Environment for the Confer- Proceedings of the 2020
2020a Manufacturing Industry ence paper 19th International Confer-
ence on Mechatronics -
Mechatronika, ME 2020
2020  Ulmer et al., [52] Human-centered gamification framework for manufactur-  Confer- Procedia CIRP
2020b ing systems ence paper
2020  Ohligetal., 2021 [53] Human-centered performance management in manual Confer- Procedia CIRP
assembly ence paper
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Table 2 (continued)

Year  Authors Reference Title Document  Source title
type
2019  Deif and Stad- [54] A gamification approach application to facilitate lean Article Management and Produc-
nicka, 2019 manufacturing knowledge acquisition tion Engineering Review
2019  Alavesaet al., [55] Context defined aspects of gamification for factory floor Confer- 2019 11th International
2019 ence paper Conference on Virtual
Worlds and Games for
Serious Applications, VS-
Games 2019 - Proceedings
2018 Liuetal., 2018 [56] Gamification’s impact on manufacturing: Enhancing job Article Human Factors and Ergo-
motivation, satisfaction and operational performance with nomics In Manufacturing
smartphone-based gamified job design
2018  Warmelink etal., [57] Gamification of the work floor: A literature review of gami- Confer- Proceedings of the Annual
2018 fying production and logistics operations ence paper Hawaii International Con-
ference on System Sciences
2017  Matsas and [58] Design of a virtual reality training system for human—robot Article International Journal on
Vosniakos, 2017 collaboration in manufacturing tasks Interactive Design and
Manufacturing
2017  Schuldt and Fri-  [59] The challenges of gamification in the age of Industry Confer- IEEE Global Engineering

edemann, 2017
environments

2017 Kornetal., 2017 [60]
2016 Leeetal,2016  [61]
2016 Rohetal, 2016 [62]

4.0: Focusing on man in future machine-driven working

Gamification of production? A study on the acceptance of
gamified work processes in the automotive industry

A case study in an automotive assembly line: Exploring the Confer-
design framework for manufacturing gamification
Goal-based manufacturing gamification: Bolt tightening
work redesign in the automotive assembly line

ence paper Education Conference,
EDUCON
Confer- Advances in Intelligent
ence paper Systems and Computing
Advances in Intelligent
ence paper Systems and Computing
Confer- Advances in Intelligent
ence paper Systems and Computing

The authors contribute a generic training design methodol-
ogy capable of evolving with changing processes and tools,
addressing a key gap in earlier AR/VR training solutions
that were often scenario specific. Ulmer et al. [46] provided
empirical evidence on the impact of gamification within a
virtual reality assembly training context. By comparing a
VR training modality that incorporated standard gamifica-
tion elements (a point-based scoring and level progression
system) with an equivalent non-gamified VR training pro-
gramme, the authors demonstrated that gamification can
significantly improve real-world performance outcomes.
Trainees who experienced the gamified VR training made
fewer errors and required less assistance when performing
the actual assembly, highlighting the value of gamification
in skill transfer. Ulmer et al. [46] also explored how digital
twin technology can enhance gamification in manufactur-
ing environments. The authors provided a comprehensive
overview of digital twin approaches and how they can be
integrated with gamified support and training systems. Deif
and Stadnicka [54] evaluated the use of gamification as a
training method to improve employees’ understanding of
lean manufacturing principles. The proposed gamification
approach combined narrative elements (immersive, hands-
on problem scenarios) with standard game mechanics to
create a realistic learning experience, demonstrating that
gamified learning can significantly boost knowledge acqui-
sition and enhance operators’ motivation.
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2.2.3 Industrial human-robot collaboration

Recently, the application of gamified interfaces has emerged
in assembly processes characterised by human-robot collab-
oration. Capponi et al. [33, 37] investigated the integration
of gamification into a human-robot collaborative assembly
environment to improve operational quality and engage-
ment on the shop floor. Venés et al. [41] applied gamifi-
cation to human-robot collaboration training, underlining
that a game-based approach can accelerate skill acquisi-
tion for a cooperative lifting task. The authors showed that
a wide range of workers quickly achieved proficiency in
the task after a short, gamified training programme. More
sophisticated technologies are implemented by Matsas and
Vosniakos [58] who presented an immersive virtual reality
training system aimed at improving safety and cooperation
in human-robot manufacturing tasks. Designed as a serious
game, the VR system allows trainees to practice cooperative
operations in a risk-free virtual environment, thereby train-
ing users to react appropriately and develop a heightened
awareness of the robot’s movements.

2.2.4 Other manufacturing applications
Finally, the other articles cover more diverse topics in man-

ufacturing, such as machining, scheduling and process auto-
mation. For example, Dewald et al. [47] used gamification
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as an innovative way to engage shop-floor workers in con-
tinuous process improvement in machining production. By
introducing standard gamification principles, this paper sug-
gests that workers can be more actively engaged in identi-
fying and implementing improvements in their daily tasks.
Liu et al. [56] provided strong empirical evidence of the
benefits of gamified job design in a manufacturing environ-
ment, using a smartphone-based platform. By gamifying the
operation of CNC machines, the authors demonstrated sig-
nificant increases in worker motivation, job satisfaction and
productivity. Zhu et al. [42] presented a gamified shop floor
scheduling system that uses a digital twin of the produc-
tion shop floor to improve the efficiency and user experience
of schedulers. The novel contribution lies in the extension
of gamification to manufacturing scheduling activities by
combining game mechanics (points, badges, leaderboards)
and a narrative context. The system’s integration with real-
time digital twin data provides immediate visual feedback
on scheduling outcomes, engaging the user’s sense of sight
through a dynamic interface. Finally, Spahrbier et al. [43]
applied gamification to the monitoring of automated pro-
duction processes, with the aim of improving the operator
experience during a typically monotonous task. The authors
integrated gaming elements into a control room dashboard
and found that operators reported significantly higher lev-
els of enjoyment, better satisfaction of psychological needs
(competence and autonomy), and an improved overall user
experience.

In summary, implementing gamification in the manufac-
turing sector holds great promise for improving productivity
and employee engagement. However, the success of such
initiatives depends heavily on two critical factors: employee
adoption and sustainability of engagement. In traditional
manufacturing environments, employees may perceive
gamified systems as unnecessary or overly complex, lead-
ing to resistance. In addition, to maintain long-term engage-
ment, gamified elements need to be continually updated and
refreshed to prevent disengagement over long time.

3 Methodology

This study provides an analytical framework that was
developed to systematically classify and interpret empirical
research on gamification in manufacturing. This framework
was designed to be used as an analysis tool for characteris-
ing the adoption of gamification principles in manufacturing
contexts. It distinguishes between systems that incorporate
isolated game-like elements and those that leverage gami-
fication intentionally as a motivational design strategy.
This framework was created through a multi-stage process
that combined expert consultation with literature-driven

refinement. In the first stage, informal focus groups were
conducted with academic researchers and experts in indus-
trial engineering, human-centred manufacturing and gamifi-
cation design. The aim of these discussions was to identify
the core conceptual areas that should guide the analysis of
gamified interventions in manufacturing. As a result, five
high-level macro-categories were identified:

e Context relevance: It captures the industrial setting in
which gamification is applied, as well as the practical
importance of the problem it aims to address.

e Gamification design: This refers to the structural and
conceptual features of the gamified system, including
how it is designed to engage users.

e Implementation features: This concerns the technologi-
cal and operational aspects of how the gamification is
delivered and integrated into work processes.

e Outcome assessment: Focuses on how the effectiveness
of the gamification is assessed, and on the results ob-
served or reported.

e Societal impact: Encompasses the study’s consideration
of ethical issues and user well-being. It is a transversal
macro-category and encompasses ethical considerations
that arise during the design, implementation, evaluation
and contextualisation of gamified systems.

These macro-categories reflect the dimensions that are
essential for understanding where and why gamification
is applied, how it can be designed and implemented, how
it can be evaluated, and the extent to which human factors
and social implications are considered. In the second phase,
each macro-category was broken down into specific analyti-
cal dimensions, derived from the literature and iteratively
refined based on recurring features observed across studies
(see Fig. 2).

This two-level framework enables a structured, multi-
dimensional classification of each study, supporting com-
parative insights and the identification of research gaps. The
complete set of macro-categories, their corresponding ana-
lytical dimensions and definitions are illustrated in Table 3.

4 Results

The selected empirical studies were classified using the pro-
posed analytical framework. This structured analysis allows
for a thorough comparison of the single contributions,
revealing trends and areas of under-explored potential. The
following sections present the classification of the analysed
papers. The sample of articles analysed in the following sec-
tions is smaller than that provided in Table 2 as a subset of
these papers can be classified as review or state-of-the-art

@ Springer
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Context relevance

(o

Gamification Design

Application Field Gamification approach

Theoretical Model

Problem Significance referenced

Personalization

Societal impact

I3 1

Fig. 2 Gamification analytical framework

studies. These papers aim to define the boundaries, chal-
lenges and emerging trends of gamification, propose con-
ceptual frameworks or systematise the current state of
research. Although not tied to a specific use case, such
studies provide the theoretical basic that supports applied
research. Examples include systematic literature reviews,
theoretical discussions and conceptual frameworks that
outline how gamification can be implemented into manu-
facturing. A brief overview of the excluded papers is
reported below. For example, Konzack et al. [36] presented
a conceptual investigation of the interplay between gam-
ification and Industry 4.0, highlighting the need to com-
bine motivational psychology, game design and industrial
production knowledge to develop more effective gamified
systems. Leite et al. [40] conducted a systematic literature
review focusing on the adoption of gamification in manu-
facturing and construction workplaces, highlighting critical
gaps such as the lack of ethical discussion and the limited
presence of gamification in the construction sector. Keep-
ers et al. [21] provided an analysis on the current status
and future prospects of gamification for manufacturing,
suggesting strategic directions and highlighting the lack of
large-scale applications beyond academic settings. Krath
et al. [48] reviewed over one hundred studies to uncover
the psychological theories that drive gamification, seri-
ous games and game-based learning. Similarly, Reis et al.
[49] identified eleven practical considerations for using
gamification in industrial contexts and outline five specific
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&

Implementation
features

ad
Outcome assessment

Technology implemented Objective of gamification

Integration into Workflow Empirical methodology

Sense Involved Duration Effect

Usability

Ethical Considerations

use cases, providing concrete guidance for practitioners.
Warmelink et al. [50, 57] synthesised the literature on
gamification of production and logistics operations, report-
ing that most studies are based on design research and use
elements such as points, achievements and metaphorical
representations. Alavesa et al. [55] investigated how con-
text shapes the effectiveness of gamification in factory
environments through a combination of literature analysis
and qualitative interviews, emphasising the need to adapt
solutions to specific operational settings. Finally, Schuldt
and Friedemann [59] reflected on the human dimension of
gamification in Industry 4.0, highlighting the importance
of employee involvement and outlining challenges such as
technological acceptance and behavioural resistance.

4.1 Context relevance

Gamification in manufacturing is being applied in a variety
of fields, but a closer examination of the literature reveals
that certain areas are attracting more attention than others.
In this regard the macro-dimension “context relevance” was
introduced. Such dimension can be further broken down
into application field and problem significance. In detail:

e Application field refers to the specific manufacturing
domain where gamification is applied, and four main
application areas emerge consistently across the studies
reviewed:
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Table 3 Macro-categories and analytical dimensions of the framework
used to assess gamification in manufacturing applications

Macro-Category Analytical Definition
Dimension
Context Relevance ~ Application Field = The operational domain
in which gamification is
applied (e.g., assembly,
training, logistics).
Problem The nature and impor-
Significance tance of the addressed

issue (e.g., productiv-
ity, safety, quality,
motivation).

The style of gamifi-
cation used, such as
conventional (points,
badges) or narrative-
driven approaches.
Whether the design
references established
frameworks (e.g., SDT,
MDA, Octalysis).
The extent to which
the gamified system is
adapted to individual
users or roles.

Gamification Design Gamification
approach

Theoretical model
referenced

Personalization

Implementation
features

Technology
implemented

The technologies sup-
porting the system (e.g.,
tablets, VR, sensors,
wearables).

Integration into
workflow

The degree to which
gamification is embed-
ded in actual production
workflows

The feedback modali-
ties employed (e.g.,
visual, auditory, haptic).
The perceived ease of
use, intuitiveness, and
user-friendliness of the
system.

Sense involved

Usability

Outcome assessment Objective of The aim of the imple-

gamification mentation of gamified
systems (improve
performance, quality,
training, etc.)

Empirical The type of evaluation

Methodology used (experiments,

observational studies).
Whether outcomes

are measured only in
the short term or also
tracked over longer
periods.

Ethical concerns
derived from the inte-
gration of gamification
in manufacturing

Duration effect

Ethical
Considerations

Societal impact

1. Assembly operations are one of the most frequently
gamified areas.

2. A second area where gamification is gaining attention
is in human-robot collaboration. In collaborative work-
spaces humans and robots work together sharing spaces
and goals and gamified systems can enhance communi-
cation and interaction [6, 63, 64].

3. Operator training is another key application area. Here,
gamification is not used to support real-time production,
but as part of structured learning environments, espe-
cially during onboarding or upskilling programmes.

4. Machining and process optimisation represents a
smaller but significant field of application of gamifica-
tion in manufacturing.

e Problem significance captures the nature and impor-
tance of the challenge that gamification is designed to
address. It distinguishes between:

1. Interventions that target core industrial priorities, such
as improving productivity, ensuring product quality or
enhancing workplace safety.

2. Interventions that support human factors, including
skill development, managing and sustaining motivation.

This classification enables to assess not only where gamifi-
cation is applied, but also why it is considered valuable in
that context.

Table 4 presents the selected articles analysed through
the lens of context relevance analytical dimensions.

Most studies focus on production-floor tasks that are cen-
tral to manufacturing operations. Assembly operations are
the context that is addressed most frequently, reflecting the
repetitive and labour-intensive nature of assembly work and
its susceptibility to operator disengagement. Many interven-
tions aim to improve performance or quality in assembly
tasks, indicating their high practical significance for produc-
tivity. A significant proportion of papers deals with operator
training, including onboarding and upskilling in simulated
or controlled settings, which highlights the importance of
preparing workers for increasingly complex manufactur-
ing roles. A few studies address human-robot collaboration
(HRC) scenarios, which are an increasingly important con-
text in modern factories due to the significant safety and
trust issues involved, especially when worker safety is at
stake. There are also instances of gamification being applied
to planning and monitoring tasks, such as scheduling and
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Table 4 Articles in scope analysed through context relevance dimen-
sions

Authors

Application
field

Capponi et al., 2025 HRC

Problem significance

Improve HRC assembly
productivity and quality

Dolly et al., 2024 Assembly Improves assembly task
productivity
Agati et al., 2024 Assembly Targets performance in

assembly

Capponi et al., 2024 HRC assembly Improves HRC process
quality and engagement

Ulmer et al., 2023 Assembly Focuses on productivity in
manual assembly
Ohlig et al., 2023 Assembly Addresses efficiency in

assembly operations

Develops skills for human—
robot teamwork

Venas et al., 2024 HRC

Zhu et al., 2023 Scheduling Optimizes scheduling
efficiency

Spahrbier et al., Automation Enhances operator engage-

2022 ment in monitoring

Ulmer et al., 2022a  Assembly/ Trains assembly operators

training

Santos et al., 2022 Training Upskills workers

Ulmer et al., 2022b  Training Provides workforce training

Dewald et al., 2021 Machining Engages workers in process
optimization

Seo et al. 2021 Assembly Improves assembly work
motivation and performance

Ulmer et al., 2020a  Training Prepares operators via
training

Ulmer et al., 2020b  Assembly Supports assembly tasks

Ohlig et al., 2021 Assembly Aims at productivity in
assembly

Stadnicka & Deif, Training Provides training in produc-

2019 tion concepts

Liu et al., 2018 Machining Increases CNC operation
performance

Matsas & Vosnia-  HRC Promotes workplace safety

kos, 2017 in HRC

Korn et al., 2017 Assembly Improves assembly work
processes

Lee et al., 2016 Assembly Enhances assembly task
engagement/performance

Rohetal., 2016 Assembly Boosts motivation in

assembly line work

monitoring automated processes. The importance of these
issues addressed generally aligns with the context: interven-
tions aimed at core production activities or safety-critical
training are generally considered to be of great importance.
Overall, the literature indicates that gamification is being
applied where there is clear relevance to operational effi-
ciency, workforce development or safety.

@ Springer

4.2 Gamification design

Gamification design focuses on the conceptual structure of
the gamified system. This includes the type of gamification
approach used, such as standard or narrative, whether there
is a theoretical foundation, the level of personalisation of
the gamified experience. In detail they are:

e  Gamification approach: in literature two primary para-
digms can be identified: standard gamification and nar-
rative gamification [20]:

1. The term standard or conventional gamification
often relates to images of points, levels, badges,
leaderboards, etc. These mechanics are used to
stimulate behaviour, reinforce actions and visualise
performance and its motivational power is typically
extrinsic, relying on competition, rewards and rein-
forcement loops.

2. The narrative gamification builds engagement
through the principles of storytelling and role-play-
ing such as: character-driven missions and quests,
immersive settings or metaphors, avatars and per-
sonalised roles. This form of gamification prioritises
intrinsic motivation, emotional involvement and a
sense of purpose.

° Theoretical model referenced captures whether the
design of the gamified intervention is explicitly based
on established theoretical models or motivational frame-
works. These may include:

1. The Octalysis Framework that identifies eight core
human motivators in gamified experiences [13];

2. The Mechanics-Dynamics-Aesthetics (MDA)
framework that is a formal model for analysing the
structure and player experience of game systems
[14];

3. Keepers’ classification which identifies a set of
gaming elements that can be applied to manufactur-
ing [65];

4. “5W2H + M” framework that introduced 7 dimen-
sions that must be addressed to guide the gamification
design process in order to enhance motivation [66];
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5. Mixed that includes all those article whose gami-
fication design is inspired by several gamification
theories.

) Personalization assesses how the gamified system
adapts to individual users. This may involve features
such as performance-based adaptation, user-specific
feedback, role-based game paths or customisable ele-
ments. In the classification, systems will be noted as
follows:

1. Uniform experience that refers to a gamified system
presenting the same content, mechanics and feedback
to all users without differentiating or tailoring it based
on characteristics, performance or preferences.

2. Static tiered progression where all users advance
through a predefined sequence of levels or stages of
increasing difficulty or complexity. Although this intro-
duces variation over time, the progression path remains
fixed and identical for all users.

3. Adaptive personalisation where the game’s elements,
difficulty and content are dynamically adjusted based
on the individual user’s behaviour, performance or pro-
file, offering a tailored and responsive experience.

Table 5 presents the selected articles analysed through the
lens of gamification design analytical dimensions.

The predominant design paradigm across the studies is
“standard” gamification, i.e. the use of points, badges, lead-
erboards, immediate feedback and other game mechanics,
without an overarching story or fantasy context. As shown in
Table 5, only a few studies incorporate significant narrative
elements, and even these typically combine narrative with
standard mechanics (a hybrid approach) rather than using
narrative alone. In practical terms, many manufacturing
gamification applications opt for straightforward extrinsic
motivators (scores, levels, competitions) to drive behav-
iour, likely due to their simplicity and ease of integration
into workflow. For example, Capponi et al. [37] explicitly
avoided any storyline in their human-robot assembly game,
relying purely on real-time performance feedback. In a fol-
lowing study, the same authors also tried to include narra-
tive elements into HRC assembly processes [33]. Similarly,
the few hybrid designs introduce thematic contexts or role-
play alongside points and challenges [42, 54]. Notably, few
studies refer explicitly to a specific, well-defined gamifica-
tion design framework. In most cases, the design approach

appears to be mixed, combining elements from multiple
models without clearly basing the implementation on a sin-
gle theoretical reference. Finally, it is evident from Table
5 that adaptive personalisation is extremely rare across the
reviewed studies, with only two attempts identified to move
towards real-time tailoring of the gamified experience.
This highlights a clear gap in the literature. Many imple-
mentations still rely on uniform designs or static tiered pro-
gression, whereby all users are exposed to the same game
elements or pre-defined level structures, regardless of their
individual characteristics or performance.

To deeper analyse the application of gamification in
manufacturing, the articles in scope were analysed using
the Mechanics-Dynamics-Aesthetics (MDA) framework
introduced by Hunicke, LeBlanc and Zubek [14]. The MDA
framework, which is widely recognised in game design
and research [67, 68], supports the systematic decomposi-
tion of game systems into three interrelated dimensions: (i)
Mechanics, which are the underlying rules and features; (ii)
Dynamics, which represent the behaviour that results from
user interaction with these mechanics; and (iii) Aesthetics,
which describe the emotional experiences triggered during
gameplay [14, 69-71]. Using the MDA framework allows
for a comparative analysis of which aspects of gamification
are most emphasised in this domain and how they contribute
to practical outcomes such as productivity, engagement or
learning. Each dimension of the MDA model can be broken
down into the following elements [69, 70].

For the mechanics dimension, which refers to the com-
ponents and rules implemented by the system, the main ele-
ments are:

e Points/scoring systems refer to numerical metrics used
to measure performance and incentivize behaviour.

e [ evels/Progression/Award refer to hierarchical struc-
tures that organise user progression and provide increas-
ing levels of challenge.

e Feedback systems refer to real-time responses from the
system that signal success, failure, or required actions,
often through audiovisual or textual cues.

e Time constraints/resource scarcity refer to limitations
in available time, energy, or other resources that create
strategic tension and encourage efficient behaviour.

For the dynamics dimension, which include the emergent
patterns of behaviour that result from user interaction with
the mechanics, the main elements include:

e (Challenge refers to the level of difficulty presented by

the system that requires users to exert effort and skill to
succeed.

@ Springer
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Table 5 Articles in scope analysed through gamification design ana-
lytical dimensions

Authors  Gamification approach  Theoretical Personal-
model ization
referenced

Capponi  Standard/Narrative OctalysissMDA  Static
etal., framework tiered pro-

2025 gression

Dolly et Standard Keepers’ Static

al., 2024 classification tiered pro-

gression

Agatiet  Standard/Narrative SW2H+M Adaptive

al., 2024 framework personali-

sation
Capponi  Standard Octalysis Static
etal., framework tiered pro-

2024 gression

Ulmer et  Standard Mixed Static

al., 2023 tiered pro-
gression

Ohliget  Standard Mixed Uniform

al., 2023 experience

Venas et Standard Mixed Uniform

al., 2024 experience

Zhu et al., Standard/Narrative Mixed Static
2023 tiered pro-
gression
Spahrbier Standard/Narrative Mixed Static
etal., tiered pro-
2022 gression
Ulmer et  Standard/Narrative Mixed Static
al., 2022a tiered pro-
gression
Santos et Standard/Narrative Mixed Uniform
al., 2022 experience
Ulmer et  Standard/Narrative Mixed Adaptive
al., 2022b personali-
sation
Dewald et Standard Mixed Uniform
al., 2021 experience
Seo etal. Standard/Narrative Mixed Uniform
2021 experience
Ulmer et  Standard Mixed Uniform
al., 2020a experience
Ulmer et  Standard Mixed Uniform
al., 2020b experience
Ohliget  Standard Mixed Uniform
al., 2021 experience

Stadnicka Standard/Narrative Mixed Uniform

& Deif, experience

2019

Liuetal., Standard Mixed Uniform

2018 experience

Matsas & Standard Mixed Uniform
Vosnia- experience
kos, 2017

Kornet  Standard Mixed Uniform
al., 2017 experience
Lee etal., Standard Mixed Uniform
2016 experience
Roh et Standard Mixed Uniform
al., 2016 experience

@ Springer

e Strategy refers to the process by which users plan, pri-
oritise and make decisions in response to system condi-
tions and constraints.

e Social Interaction refers to collaborative or competitive
exchanges between users, often facilitated by the gami-
fied environment.

e Feedback loops refer to cyclical processes in which user
actions influence future system states, either reinforcing
or balancing outcomes over time.

And finally, regarding the aesthetics dimension, defined as
the affective and experiential responses generated in the
user by the gaming system, the main elements are:

e Immersion refers to the sensory pleasure derived from
interacting with multi-sensorial elements.

e Fantasy/Narrative refers to the imaginative context or
storytelling that allows users to engage in experiences
outside of their everyday reality. Thanks to this narrative
dimension, users perceive progression of story elements
within the gamified experience.

e Achievements/sense of progression refer to the emo-
tional satisfaction derived from mastering tasks or over-
coming obstacles. This element is a direct effect of the
challenge element inherent in gamified experiences.

e Fellowship refers to the sense of connection and social
belonging achieved through shared play or cooperative
engagement.

Table 6 shows how the articles in scope cover the main ele-
ments of the MDA.

Across the 23 studies, gamified manufacturing applica-
tions track performance through points or scores and pro-
vide immediate feedback to the user. This is consistent with
best practices that emphasise points, levels and leaderboards
as core game mechanics in non-gaming contexts [48, 49].
Time constraints appear in some contexts but is not univer-
sally applied. Levels/progression and rewards are also often
integrated. In contrast, fantasy themes or narrative storylines
are largely absent given that most systems keep the context
realistic. The use of social interaction elements is mixed:
several studies incorporate competition via leaderboards or
team-based goals, and these have been reported to increase
engagement and motivation in group settings. However,
cooperative “community” elements are rare since gamifica-
tion is more often used to promote friendly competition or
self-competition rather than collaboration. Overall, the most
commonly used MDA elements in manufacturing gamifica-
tion are the “mechanics” of points, feedback and progres-
sion, and the “dynamics” of challenge and self-competition
that lead to sense of achievement and progression, which
have been shown to have positive effects on motivation and
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performance. Under-represented are the “aesthetics” of fantasy
and community given that few manufacturing studies make use
of storytelling or cooperative multiplayer game designs.

4.3 Implementation aspects

Implementation aspects refer to the practical and techno-
logical aspects of integrating gamification into the manu-
facturing environment. It includes the following analytical
dimensions:

e Technology implemented: This identifies the technolog-
ical tools and infrastructures used to support the gami-
fied system. These may include video and audio-based
devices, augmented (AR) and virtual reality (VR) sys-
tems, digital twin applications.

e Integration into workflow: This dimension evaluates the
extent to which the gamified system is integrated into
the everyday operational processes of the manufacturing
environment. It distinguishes between:

1. Pilot/experimental setup: the gamified system is tested
in a laboratory or exploratory context, rather than in
the actual production environment. It is usually evalu-
ated through prototypes, rather than being embedded
directly into operational workflows.

2. Partial integration: The gamified intervention is imple-
mented in a real working context involving real employ-
ees and real tasks. However, it remains in a test phase
and is not yet fully embedded in routine operations.

3. Training context: Gamification is applied to train-
ing activities rather than production tasks. The system
aims to support the acquisition of skills, the transfer of
knowledge, and onboarding, without altering day-to-
day operational workflows.

e Senses involved: gamification systems, regardless of
their domain, always rely on sensory channels to pro-
vide feedback, convey information and generate en-
gagement. To better understand how gamification inter-
acts with human perception in industrial settings, it is
useful to consider the five classic senses: sight, hearing,
touch, smell and taste.

e Usability evaluates whether the system’s design consid-
ers ease of use, learnability and user acceptance. This
includes explicit usability testing, user feedback on in-
terface design and general considerations on adoption
barriers. Table 7 will show some comments on the us-
ability of the proposed solution.

Table 7 presents the selected articles analysed through the
lens of implementation aspects analytical dimensions.

When it comes to the implementation of gamification in
manufacturing settings, several common patterns emerge.
Firstly, integration into real workflows is often limited. Many
studies have been conducted as pilot/experimental setup or
for training activities rather than deployments on the factory
floor in everyday activities. Only a few cases approached
integration into routine activities. This suggests that, although
the feasibility of gamification has been demonstrated, its full
integration into routine manufacturing operations remains
rare. In terms of technology, most implementations rely on
screen-based interfaces and visual feedback. Common plat-
forms include desktop monitors, tablets, and large displays
showing real-time performance dashboards, progress bars,
scores, and other graphical cues. Visual stimuli (stimulat-
ing the sense of sight) are by far the dominant channel in all
studies. Some systems add simple audio feedback (e.g. alerts
or sound effects) to complement the visuals, but audio plays
a secondary role. A few studies explore more advanced or
immersive technologies. For example, virtual reality (VR) has
been used for training simulations providing multi-sensory
engagement through visual, auditory and haptic feedback via
controllers [44, 45, 58]. These immersive setups demonstrate
the potential for highly engaging training tools, though they
are confined to offline training scenarios rather than online
production support. Finally, digital twin technology was used
in one study [42] in which the gamification interface was
linked to a real-time simulation of the shop floor.

In terms of usability, studies generally report positive
reception of gamified systems by users. Many authors
have noted improved engagement and identified no serious
usability issues [43, 56]. These results suggest that well-
designed gamified interfaces can enhance the user’s experi-
ence of work systems without causing confusion. However,
the importance of simplicity is often implied, as factory
workers may not tolerate interfaces that are overly complex
or game-like and which distract from work.

4.4 Outcome assessment

The Outcome assessment category focuses on how gami-
fication interventions are assessed and the tangible results
reported. This macro-category evaluates the methodologi-
cal robustness of the studies and the extent to which they
measure meaningful performance or learning outcomes. It
includes the following analytical dimensions:

° Objective of gamification: across the various studies
reviewed, gamification in manufacturing is consistently
used as a strategy to increase work motivation and user
engagement. Whether through points, missions, story-
telling or immersive feedback, the main goals are:

@ Springer
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Table 7 Articles in scope ana-
lysed through implementation
aspects analytical dimensions

@ Springer

Authors Integration into Technology Sense involved Usability
workflow implemented

Capponiet  Pilot/ Video/audio Sight/hearing No major usability

al., 2025 experimental setup issues

Dolly etal.,  Pilot/ Video Sight Reported high

2024 experimental setup engagement; inter-
face judged intuitive
in study

Agatietal., Partial integration =~ AR/VR Sight Simple interface

2024

Capponiet  Pilot/ Video Sight Acceptability noted

al., 2024 experimental setup as good; straight-
forward feedback
interface

Ulmer et al., Pilot/ Video Sight Usability not explic-

2023 experimental setup itly discussed

Ohlig etal., Pilot/ Video Sight Not reported

2023 experimental setup

Venas et al., Training context Video Sight Generally positive

2024 feedback; no integra-
tion issues since
off-line training

Zhu et al., Pilot/ Video-DT Sight Interface improved

2023 experimental setup user experience

Spahrbier et  Pilot/ Video Sight High user

al., 2022 experimental setup satisfaction

Ulmer et al., Training context AR/VR Sight/hearing/ Generally

2022a touch well-received

Santos et al., Training context AR/VR Sight/hearing/ Good engagement

2022 touch in VR; usability
acceptable

Ulmer et al., Training context Video-DT Sight No usability prob-

2022b lems reported

Dewald et Pilot/ Video Sight Simple interface for

al., 2021 experimental setup operators

Seo et al. Partial integration ~ Video Sight Not reported in detail

2021

Ulmer et al., Training context Video-AR/VR-audio Sight/hearing/ Usability not explic-

2020a touch itly discussed

Ulmer et al., Pilot/ Video Sight Users found system

2020b experimental setup engaging

Ohlig et al.,,  Pilot/ Video Sight Not reported

2021 experimental setup

Stadnicka &  Training context Video Sight Easy to use in train-

Deif, 2019 ing sessions

Liuetal., Partial integration ~ Video-Smartphone Sight Good usability

2018 reported, high accep-
tance and satisfaction

Matsas & Training context AR/VR Sight/hearing/ Some VR usability

Vosniakos, touch challenges

2017

Kornetal.,  Partial integration  Video Sight Good usability

2017 reported

Lee et al., Partial integration ~ Video Sight/hearing Generally well-toler-

2016 ated by workers

Roh et al., Partial integration ~ Audio-Video Sight/hearing Reported as

2016 user-friendly
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1. to make work more engaging by increasing atten-
tion, emotional involvement or the perceived mean-
ingfulness of the task [9, 16].

2. to increase efficiency, reduce errors and optimise
task execution.

3. to enhance training phase of the operators, both
for the induction and for the upskilling of workers.
This approach is particularly suited to complex pro-
cedures, safety-critical operations or environments
where traditional training may be less effective or
engaging.

4. to strengthen compliance with safety protocols and
promote a proactive safety culture.

Empirical methodology: this dimension captures the
type of empirical strategy employed to evaluate gami-
fication interventions in manufacturing. The classifica-
tion distinguishes between two main categories, which
are based on the degree of experimental control and the
structure of the study:

Controlled experiments that are designed to isolate the
effects of gamification through experimental protocols
that may take place in laboratory settings, simulated
production tasks or real-world environments.
Exploratory study that includes pilot implementations,
observational and qualitative case studies. They often
aim to explore feasibility, gather initial feedback or
understand user interaction in early-stage or realistic
deployment scenarios.

Duration effect distinguishes between studies that evalu-
ate only immediate outcomes (e.g. motivation during a
task) and those that measure or reflect on short and long-
term impact (e.g. sustained engagement, knowledge re-
tention and ongoing productivity). This dimension is
classified as follows:

1. Isolated exposure: The gamified system is tested in
a one-off session without repetition. The evaluation
focuses on immediate outcomes and does not con-
sider duration or sustained use.

2. Short-term exposure: Gamification is applied and
assessed over a short time span ranging from a few
repetitions within a session to a full work shift. The

design allows for limited exposure, but not across
multiple days.

3. Long-term exposure: The system is used and evalu-
ated over an extended period, typically several
days or weeks, allowing for the observation of
sustained effects, behavioural change or long-term
engagement.

Table 8 presents the selected articles analysed through the
lens of outcome assessment analytical dimensions.

Most performance-oriented studies looked at metrics
such as productivity (cycle time and throughput), quality
(error rates and accuracy) and process efficiency. These stud-
ies often report positive performance impacts. For example,
several studies have shown that adding game mechanics can
lead to faster task completion and higher quality output [33,
34, 56] which supports the idea that engagement can lead
to increased efficiency. Training-oriented studies uniformly
found that gamification improves learning outcomes indi-
cating gamification’s efficacy in educational contexts. The
safety-focused study [58] showed improved hazard recog-
nition and appropriate responses in a virtual environment,
suggesting the potential to reduce accidents, although the
real-world safety impact would require longer-term valida-
tion. While immediate outcomes were typically positive,
it’s important to note that the magnitude of impact varied
and was not always reflected in core performance metrics.
A revealing example is that of Spahrbier et al. [43], who
found no significant improvement in task performance itself
despite the presence of a sophisticated gamified interface
for an automated process. However, they find that opera-
tors enjoyed the task more and felt more competent and
autonomous. This indicates that gamification’s value may
sometimes lie in improving the user experience and intrinsic
motivation rather than directly boosting productivity in the
short term. In the long term, such improvements in moti-
vation and satisfaction could lead to indirect benefits, such
as better retention or more proactive behaviour at work,
although these were beyond the scope of the brief evalua-
tions. However, all the reviewed studies employed empiri-
cal evaluations, predominantly focusing on the short-term
effects. In almost all cases, the impact of gamification was
measured during or immediately after the brief usage, while
long-term effects, such as sustained engagement or perfor-
mance over days, or even months, were not directly assessed,
which is a notable gap acknowledged in the literature.

Finally, in terms of empirical methodology, all the stud-
ies employed a controlled experiment or an observational
study. Many adopted a controlled experimental design,
comparing performance with gamification with a baseline
(or a control group without gamification). Given the novelty
of the topic addressed, other studies were more qualitative

@ Springer
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Table 8 Articles in scope analysed through outcome assessment ana-
lytical dimensions

Authors Objective of Empirical Duration
gamification methodology effect

Capponi et Improve performance Controlled Short-term
al., 2025 experiment exposure
Dolly et al., Improve performance Controlled Short-term
2024 experiment exposure
Agati et al., Improve performance Exploratory Short-term
2024 study exposure
Capponi et  Improve performance Exploratory Short-term
al., 2024 study exposure
Ulmer et Improve performance Exploratory Isolated
al., 2023 study exposure
Ohlig et al., Improve performance Controlled Isolated
2023 experiment exposure
Venés et al., Enhancing training Controlled Short-term
2024 and skill development experiment exposure
Zhuetal, Improve performance Exploratory Isolated
2023 study exposure
Spahrbier et Improve performance Exploratory Isolated
al., 2022 study exposure
Ulmer et Enhancing training Exploratory Short-term
al., 2022a and skill development study exposure
Santos et Enhancing training Exploratory Isolated
al., 2022 and skill development study exposure
Ulmer et Enhancing training Exploratory Isolated
al., 2022b and skill development study exposure
Dewald et  Improve performance Exploratory Isolated
al., 2021 study exposure
Seo et al. Improve performance Controlled Short-term
2021 experiment exposure
Ulmer et Enhancing training Exploratory Isolated
al., 2020a and skill development study exposure
Ulmer et Enhancing training Controlled Isolated
al., 2020b and skill development experiment exposure
Ohlig et al., Improve performance Controlled Isolated
2021 experiment exposure
Stadnicka & Enhancing training Controlled Isolated
Deif, 2019  and skill development experiment exposure
Liuetal, Improve performance Controlled Short-term
2018 experiment exposure
Matsas &  Promoting workplace Exploratory Isolated
Vosniakos,  safety study exposure
2017

Korn et al., Improve performance Exploratory Isolated
2017 study exposure
Leeetal., Improve performance Exploratory Isolated
2016 study exposure
Rohetal, improve performance Controlled Isolated
2016 experiment exposure

in nature, reporting user feedback, observations and feasi-
bility assessments.

4.5 Societal impact

Although societal impact is rarely the primary focus of
the reviewed studies, some general conclusions can be

@ Springer

drawn from the literature, which are common for all the
articles in scope. Most gamified systems are introduced to
enhance motivation, engagement, training effectiveness or
operational performance. However, using gamification as a
behavioural design tool raises questions of autonomy, trans-
parency and fairness, especially when feedback mechanisms,
performance rankings or reward systems are involved. Few
studies explicitly acknowledged these issues, and even
fewer provided mitigation strategies or ethical guidelines.
Overall, the ethical maturity of gamification in manufactur-
ing remains low. While no problematic implementations
were identified, ethical concerns are often underexplored
and treated as secondary. Previous studies have shown that
gamification can lead to risks such as excessive competitive
pressure, stress and social comparison, especially when per-
formance metrics and rankings are emphasised inadequately
[72, 73]. Furthermore, over-reliance on quantified indicators
can lead to metric-driven behaviours and to goal displace-
ment where productivity scores are prioritised over quality,
safety or learning outcomes [74]. In industrial environments,
these risks are further amplified by the close integration of
gamified systems with digital monitoring and data collec-
tion infrastructures, raising concerns relating to surveil-
lance, autonomy, and trust. Finally, transparency regarding
how performance data is collected, interpreted and used for
managerial decision-making is critical to the acceptance of
gamified systems. Addressing these issues is vital to ensure
that gamification supports human-centred production rather
than reinforcing control-oriented practices [10, 72—74]. As
gamification moves from experimental trials to more inte-
grated and operational applications, it will be essential to
ensure responsible and sustainable adoption by considering
ethical design principles, such as respect for user autonomy,
transparency of incentives, clear rules against manipulation
and primarily attention to workers’ well-being.

5 Discussion and conclusions

This paper provides a structured and original contribution to
the study of gamification in manufacturing by introducing
and applying a dedicated analytical framework. Drawing
from a broad selection of empirical studies, the framework
enables a detailed examination of how gamified systems
are designed, implemented, and evaluated in industrial
contexts. Building on this analysis, the paper also offers a
reinterpretation of the Mechanics-Dynamics-Aesthetics
(MDA) model to align it with the specific requirements and
challenges of manufacturing environments. Each subdimen-
sion of the MDA framework is recontextualized to highlight
actionable design principles and strategic opportunities.
Table 9 synthesizes these insights, proposing concrete ways
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Table 9 MDA framework and related proposed application in manu-
facturing

MDA
Dimension

Subdimension Proposed
Application in

Manufacturing

Mechanics Points/Scoring Systems Quantifying pro-
ductivity, quality,
or collaboration
effectiveness
Mapping skill
evolution,
certifying train-
ing, unlocking
advanced tasks
Providing real-
time feedback
through AR,
dashboards, or
wearables

Levels/Progression/Awards

Feedback Systems

Time Constraints/Resource
Scarcity

Introducing
timed tasks to
boost focus and
efficiency
Structuring dif-
ficulty through
tiered goals,
unlocking upper
levels

Dynamics Challenge

Strategy Encourag-

ing action
planning and
decision-making
Facilitating team
challenges, coop-
erative objec-
tives, or peer
competition
Using adap-

tive systems to
reward sustained
improvement or
correct errors

Social Interaction

Feedback Loops

Aesthetics Immersion Enhancing
engagement
with multimodal
feedback (visual,
auditory, haptic)
Embedding tasks
within contex-
tual missions or
role-based career
paths

Providing
gratification for
mastering dif-
ficult tasks, for
achieving goals
and for making
progress

Fantasy/Narrative

Achievements/Sense of
progression

Fellowship Reinforcing
team belonging
through shared
missions or col-

lective goals

in which MDA subdimensions can inform the development
of effective gamified interventions in manufacturing, while
also pointing to promising directions for future research and
practice.

This study employs theoretical models such as MDA and
motivational frameworks primarily as interpretative lenses.
They support the explanation of recurring design patterns
observed in the literature and provide a structured basis to
analyse potential relationships between game elements, user
engagement and task characteristics in manufacturing con-
texts. For example, Mechanics sub-dimensions can be used
to define structured but flexible workflows in training sce-
narios, or to guide operators through modular learning paths
where available actions are progressively unlocked. Scor-
ing systems can support real-time performance tracking,
especially for repetitive or precision-critical tasks, while
progression mechanics can be used to visualise individual
growth over time, offering meaningful recognition through
certifications, ranks or access to advanced tasks. Feedback
systems, already common in dashboards, could be extended
through smart displays or AR overlays to ensure operators
receive continuous, actionable input during live opera-
tions. Time constraints, if thoughtfully designed, could add
engagement and urgency to tasks.

In the Dynamics category, challenge and feedback loops
remain central, but the analysis reveals also potential in strat-
egy and social interaction. Scenario-based planning tasks or
gamified simulations could help workers develop problem-
solving skills, while team challenges or cooperative goals
could reinforce coordination and shared responsibility.

The aesthetic dimension, although less explored in prac-
tice, offers powerful insights. Immersion can be addressed
through multimodal feedback systems (visual, auditory,
haptic), enhancing presence and attentional focus. Narra-
tive and fantasy, when adapted to the context, can transform
training activities into experiences with emotional relevance
and meaning.

In general, the analysis suggests that simple, mechanics-
oriented solutions may be particularly effective for structured,
repetitive tasks, and for operators with limited autonomy. In
such settings, clear goals and immediate feedback align well
with performance-driven work. Conversely, approaches
involving richer dynamics or aesthetic components may be
more suitable for tasks that require learning, adaptation or
collaboration, or for experienced operators. However, such
conditions remain under-explored in the current literature.
The predominance of simple, mechanics-oriented solu-
tions observed in the analysed studies also explains why the
boundary between gamification and conventional produc-
tion interfaces is blurred. When gamification is confined to
the mechanics layer, such as points, scores or performance
indicators, without activating corresponding dynamics or
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aesthetics, systems risk becoming indistinguishable from
standard monitoring or control tools. From this perspective,
the limited experiential differentiation identified through the
MDA lens is an empirical characteristic of current industrial
gamification practices. Such insights suggest several prom-
ising directions for future research and design:

e Integrating aesthetic dimensions, such as narrative and
fellowship, into training and onboarding applications,
where emotional engagement and identity building can
drive long-term learning.

e Developing adaptive and personalised gamified systems
that respond in real time to operator performance, fa-
tigue or skill level.

e Exploring collaborative game dynamics in team-
based tasks to enhance not only performance but also
trust and social cohesion in increasingly hybrid work
environments.

e Evaluating the longitudinal effects of gamification on
motivation, skill retention and job satisfaction to under-
stand its role in sustainable employee engagement.

Beyond its analytical value, the framework developed in this
study offers an actionable guidance to industrial practitioners
interested in using gamification to engage their workforce.

e Firstly, the framework can help managers identify when
and where gamification could be beneficial. By explic-
itly considering contextual relevance, the framework
helps decision-makers to consider situations in which
gamification can genuinely be effective.

e Secondly, the framework’s emphasis on gamification
design encourages managers and engineers to move be-
yond the simplistic reward systems that currently domi-
nate industrial applications. Integrating MDA principles
highlights that effectiveness depends on adding points
or visual dashboards and on leveraging deeper motiva-
tional factors such as challenge calibration, narrative
coherence, and social belonging. This is particularly
relevant in manufacturing environments, where worker
engagement is often influenced by routine, monotony
and limited autonomy.

e Thirdly, the framework offers guidance on technological
and organisational integration by emphasizing imple-
mentation features. For example, managers can use it to
decide whether to introduce a gamified intervention via
AR overlays, training simulators, wearable feedback de-
vices or existing dashboards. Distinctions are also made
between pilot setups, partial integration, and full work-
flow embedding, helping organisations to plan the adop-
tion of technology realistically and avoid overestimating
their readiness for large-scale deployment.
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e Finally, the framework emphasises the importance of
structured evaluation. Managers often lack the tools to
assess the real impact of gamification beyond anecdotal
evidence. By distinguishing between short-term perfor-
mance effects and longer-term engagement and learning
outcomes, the framework highlights the importance to
discourage the usage of systems that may be unsustain-
able or ineffective in the long term.

However, this study presents some limitations to be
acknowledged. Firstly, although the proposed framework
provides a structured approach to analysing and designing
gamified interventions in manufacturing, it has not yet been
tested in industrial scenarios. Its practical usage, particularly
in complex industrial environments with diverse dynamics,
remains to be assessed empirically. Secondly, the analysis
is cross-sectional; it does not consider how gamified sys-
tems evolve over time or how their long-term effects change
with prolonged exposure. Longitudinal studies are needed
to better understand the sustainability and adaptation of
such interventions in dynamic production contexts, focus-
ing also on sustained effects, how operators adapt over time,
and the potential consequences of gamification. This aspect
also influences the interpretation of the reported empirical
effects. Most of the reviewed studies indeed rely on short-
term evaluations, which are often conducted in pilot or
laboratory settings and may therefore be influenced by nov-
elty effects. Consequently, improvements in engagement or
performance should be interpreted with caution, given that
their persistence over time and transferability to real-world
manufacturing environments remain unverified. Another
aspect to be explored is the game impact, since this paper
identifies recurring design patterns and dominant gamifica-
tion elements in manufacturing contexts without explaining
why specific elements are effective and for which catego-
ries of tasks and operators. Addressing these aspects would
require controlled comparative studies and longitudinal
investigations, which are currently lacking in the literature.
Finally, the study does not explicitly address organisational
factors such as management support, cultural resistance or
workforce diversity, all of which are likely to influence the
success of gamified implementations.

Despite these limitations, this work makes a substantial
and novel contribution to the field. As well as providing a
structured review of existing applications, it introduces an
original analytical framework that synthesises the dimen-
sions of implementing gamification in manufacturing. This
framework also serves as a practical decision-making tool
for process designers and industrial engineers, providing a
vocabulary and structure to support the design and evalu-
ation of gamified solutions. Ultimately, this study opens
the way for future research and development that leverages
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gamification as a context-sensitive tool to support learn-
ing, motivation, and operational performance in industrial
settings.
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