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Abstract

Purpose — Several freight operations rely on human cognition and behavior. Tackling these aspects,
gamification transforms activities to resemble game-like experiences. Since the freight transportation sector is
rapidly adopting gamification, the purpose of this study is to provide an overview that synthesizes the state-of-
the-art and plot future directions for research and the practice of gamifying this area.
Design/methodology/approach — A systematic review of the gamification of freight transportation was
conducted. After screening 691 studies, 40 relevant studies were analyzed.

Findings — Most studies found positive psychological and behavioral outcomes from gamification. Literature
mainly focused on tackling the operational-level issues of road and maritime transportation modes by
implementing simulation games.

Research limitations/implications — Besides elaborating how gamification can improve freight
transportation, the authors describe directions still uncovered by the current corpus, such as research
design and temporality and the variety of modes and tasks.

Practical implications — Practical implications emerged from the studies, primarily focusing on
understanding users, tasks and contexts, targeting different audiences and transportation modalities, and
balancing motivational affordances, while considering the demands of the freight transportation domain,
including dynamic, spatially dispersed environments and cooperation between multiple stakeholders.
Social implications — The transportation of goods dominates much of the global economy and ecology.
Therefore, gamifying this domain has a huge societal impact potential, especially related to issues of sharing
economy, safety, environmental sustainability and social media.

Originality/value — Beyond providing an original overview of gamified freight transportation, this study
maps current research gaps and describes practical recommendations.

Keywords Gamification, Serious games, Simulation games, Freight transportation,
Systematic literature review
Paper type Research paper

1. Introduction

Freight transportation using airways, pipelines, railways, roadways and waterways plays a
central role in the global economy (Hesse, 2016). Unsurprisingly, transportation accounts for
a significant part of the supply chain expenses (Zeng and Rossetti, 2003), posing a continuous
pressure to improve its cost-efficiency. Besides efficiency, transportation systems face
challenges related to resilience, safety and sustainability (Kaewunruen ef al., 2016). Several
technological advances have emerged in recent years to address these challenges, including
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[JPDLM automation (Fagnant and Kockelman, 2015) and data-driven solutions (Hazen and Byrd,
517 2012; Pei-Ju et al.,, 2017). Still, many freight transportation processes rely on human factors, as
’ employees are usually responsible for planning and executing them.
One of the approaches for enhancing the human aspect of freight transportation is
gamification, which creates game-like systems to support positive experiences (A40) through
motivational affordances such as points or leaderboards (Huotari and Hamari, 2017). These
686 affordances contribute to psychological responses (e.g. motivation and engagement) that

potentially lead to desired behavioral outcomes (e.g. efficiency and compliance to regulations)
(Koivisto and Hamari, 2019). For instance, Klemke et al. (A14) implemented an intervention based
on points, levels and rewards to motivate safe and energy-efficient driving, whereas Verbraeck
et al. (2016) proposed a game for teaching situational awareness at seaports.

Freight transportation involves a myriad of stakeholders and tasks that could benefit
from gamification, including planning, preparation and carriage (Silevicius, 2011), yet the
corpus of literature consists of dispersed research fragments. Consequently, there is no
comprehensive understanding of how motivational affordances are being applied in this area,
which hinders future research endeavors and practical efforts to enhance freight
transportation through gamification.

Therefore, this article describes the status quo of the gamification in freight transportation
through a systematic literature review. Based on the results, we outline design
recommendations and future research avenues, providing academic and practical
contributions to the area. To understand if and how gamification influences freight
transportation, we organized this article as follows: Section 2 describes related works and our
contribution to the literature. Section 3 details the methodology by introducing research
questions, keywords, search databases, selection and quality criteria, and the classification
scheme employed. Section 4 summarizes the considered aspects of freight transportation,
gamified interventions and outcomes. Section 5 discusses practical recommendations and
research directions based on the literature. The limitations of this review are discussed in
Section 6. Section 7 concludes with final remarks.

2. Related works
Similar systematic reviews exist in this area, but with significant differences regarding their
scope and contribution. Wanick and Bui (2019) analyze and provide future directions on
gamification and management. While their scope is broader, only four of the studies they
include are related to logistics. Even though their results imply that logistics and supply chain
strategies are using simulation games for educational purposes, Wanick and Bui (2019) found
no evidence that gamification would integrate logistics and supply chain management aspects.
Another related study by Warmelink et al. (2020) focuses on gamification in production and
logistics. However, their study adopts a narrower conception of gamification, omitting serious
or simulation games. Given the differences in scope, the Warmelink et al. (2020) search returned
significantly fewer studies (i.e. 103), and only 18 met the selection criteria. The sole empirical
research related to freight transportation included in their analysis also appeared in our search.
Thus, this systematic review is the most comprehensive review undertaken when seeking
to create an understanding of how gamification can improve freight transportation. Unlike
the related works, our contribution covers: (1) a definition of the current state of the art of
gamification within freight transportation and (2) guidance for future developments and
research in this domain.

3. Research methodology
Systematic reviews assist in theoretical advancement by synthesizing areas where a plethora
of research exists and identifying gaps by consolidating the available literature (Webster and
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Watson, 2002). This methodology ensures reproducibility by following a protocol that Gamification
includes: (1) research questions, (2) keywords and search databases, (3) selection criteria and in freight
quality assessment and (4) the classification scheme used to extract data (Petersen et al, transportation
2015). This approach can be regarded as deductive, given that systematic reviews employ an P

initial predetermined classification scheme based on existing theories. Therefore, this scheme

was also iteratively revised during our analysis to include further relevant aspects and to

provide better answers to the research questions posed (Seuring and Gold, 2012). Thus, this 687
systematic review comprehensively details the status quo of gamification in freight
transportation through the protocol described below.

3.1 Research questions
This systematic review aims to understand if and how gamification can influence freight
transportation. This broader goal is divided into four research questions:

RQI. Which aspects of freight transportation employ gamification?

RQ2. What types of gamified interventions and motivational affordances have been
implemented in freight transportation?

RQ3. What practical outcomes do these implementations have, and how are they being
evaluated?

RQ4. How does gamification support better outcomes in freight transportation?

3.2 Keywords and search databases

Potential keywords were identified based on other systematic reviews related to
transportation and logistics (Gligor and Holcomb, 2012; Evangelista ef al, 2018) or
gamification (Baptista and Oliveira, 2019; Koivisto and Hamari, 2019). These included:

(1) Freight transportation: freight, cargo, transport, road, transit, traffic, driving, fleet,
aviation, ship, harbor, port, hauling, maritime, pipeline, distribution, delivery, order,
demand, operation, supply, logistics, container, stowing, warehouse, storage,
inventory, material handling, factory, industry, manufacture.

2) Gamification: gamification, serious game, simulation game, game.

However, some keywords returned studies that were out of our scope (e.g. game, distribution)
or that did not reveal any additional material (e.g. freight, cargo, material handling). After
extensive keyword testing, the chosen string was the one whose results matched (ganuf* OR
“serious gam™*” OR “simulation gam™”) AND (transport* OR road OR driving OR fleet OR
logistics OR warehous™ OR factory) in their title, abstract or keywords. Given that no keyword
patterns are available for both gamification and freight transportation, we preferred to follow
a broader search and filter the results with selection criteria rather than missing relevant
studies with a more specific query. We conducted this investigation solely in Scopus, which
indexes most databases with potentially relevant content, such as the ACM Digital Library,
IEEE Xplore and Springer Link. We used only one search engine to improve rigor, clarity and
replicability (Paré et al., 2015). The search returned 691 studies in December 2019.

3.3 Selection criteria and quality assessment

Two different readers evaluated each study separately according to predetermined selection
criteria. Of these, 103 studies were not conference papers, articles or book chapters; 11 were
not written in English; six were not available; seven reported ongoing research without
empirical results; 487 were not related to freight transportation; and 17 did not propose
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Table 1.
Summary of the
classification scheme

gamified interventions. Most studies were removed as failing to meet the freight
transportation-related criteria, given that our broader search returned a significant amount
of studies describing non-freight transportation processes such as controlling the supply
chain and manufacturing. The inter-rater reliability between the evaluations based on
Cohen’s kappa coefficient was 0.96, which is considered an almost perfect agreement (Landis
and Koch, 1977). The two evaluators discussed the five dissonant studies and decided to
retain them in this literature review.

The 60 studies that met the selection criteria were evaluated through a quality assessment
checklist inspired by CASP (2017). The quality evaluation included ten questions based on a
three-point Likert scale (being answered 0 = “No,” 0.5 = “Cannot tell” and 1 = “Yes”), with a
cutoff score of five out of the eight points (i.e. half of the maximum points plus one). While 40
studies met the minimum score, the main quality issues that arose were not describing ethical
concerns, or not having a rigorous data analysis. The reviewed studies have been labeled in
alphabetical order based on the first author’s surname (from A0l to A40 — a total of 40
records). A list of all the reviewed studies is included in the Appendix.

3.4 Classification scheme

Besides information about the publication type and year, the 40 studies were classified
following the scheme shown in Table 1. This scheme included freight transportation aspects
(RQ1I), gamified interventions and motivational affordances (R§2) and evaluation methods
and outcomes (RQ3), and an in-depth analysis of gamified approaches toward improving
freight transportation (RQ4) further details the intersection of the previous research
questions. These attributes were chosen because of their relevance in providing
comprehensive answers to our research questions and also because similar categorizations
have been used in prior literature on gamification or freight transportation (Stock and
Lambert, 2001; Ghiani et al,, 2013; Rushton, 2017; Koivisto and Hamari, 2019), providing more
rigor for our analysis.

3.4.1 Freight transportation and logistics. Transportation mode. We considered
the primary transportation modes of air, pipeline, rail, road and water (Stock and
Lambert, 2001).

Logistic activities. These are typically divided between supplying raw materials and
distributing final products (i.e. external), and receiving, storing and picking materials from
the warehouse, and packing final products to deliver (i.e. internal) (Ghiani et al.,, 2013).

Attribute Categories
Freight transportation aspects ~ Transportation Air, pipeline, rail, road, water
mode

External, internal
Operational, tactical, strategic

Logistics activities
Decision-making

level
Gamified interventions and Type of Simulation game, serious game, gamification
motivational affordances intervention
Motivational Achievement, immersion, social, non-digital,
affordances miscellaneous

Evaluation methods and
outcomes

Qualitative, quantitative, mixed

Observational, experimental

Interview, focus group, participant observation, pre-
and post-test, questionnaire or survey, interaction log
Psychological, behavioral

Research approach
Research strategy
Data collection
method

Outcomes
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Decision-making level. Levels of planning and control are hierarchically divided based on their  Gamification
time horizons (Rushton, 2017): Operational concerns daily and weekly planning to ensure in freight
short-term efficiency. Tactical refers to using available resources allocated in annual budgets, t tati
having medium-term effects. Strategic encompasses significant investments, leading to long- ransportation
term outcomes.

3.4.2 Gamification. Type of intervention. Besides being an umbrella term for game-based
approaches (Hamari, 2019), gamification more specifically refers to using the motivational 689
affordances commonly present in games as part of a more extensive system (Deterding et al,
2011; Huotari and Hamari, 2017). A further two gamification categories were considered:
simulation games, which are game-like environments that simulate real-life processes
(Ellington et al., 1981), and serious games, describing full-fledged games whose primary goal
is not entertainment (Michael and Chen, 2006).

Motivational affordances. The different game design dimensions can be categorized as
achievement, immersion or social components (Yee, 2006). Achievement components measure
the player’s progress (e.g. challenges, points, performance stats and feedback, increasing
difficulty, levels, badges, leaderboards, timers). Immersion components are related to fantasy
and customization (e.g. role-play, narrative, rewards, virtual worlds, avatars). Finally, social
components enable relationships and teamwork (e.g. cooperation, competition, multiplayer,
social networks). Motivational affordances that do not fit these categories have been
classified by Koivisto and Hamari (2019) as non-digital elements (e.g. physical playboards,
cards and dice) and muscellaneous (e.g. virtual currencies, game rounds, retries, onboarding
and augmented reality — AR).

3.4.3 Evaluation wmethods and outcomes. Research approach. Studies focused on
understanding the meaning an individual or group ascribe to a problem (i.e. qualitative),
testing theories by examining relationships among variables (ie. quantitative) or both
(i.e. mixed-method) (Creswell, 2014).

Research strategy. Studies were also categorized as observational or experimental.
Observational studies had no deliberate human intervention, while experimental ones
involved a planned intervention based on factors suspected to influence the studied
phenomenon (Schlesselman, 1982).

Data collection method. Results were drawn from some of the most common methods,
including interviews, focus groups, participant observations, pre- and post-tests, questionnaires
or surveys and logs analysis (Lethbridge et al., 2005).

Outcomes. Gamification can promote both psychological and behavioral reactions
(Huotari and Hamari, 2017). There are diverse gamification psychological outcomes, such as
game experience, perceived learning, perceived usefulness, perceived reality, motivation, fun,
engagement, satisfaction and attitude, categorized according to the scheme of Koivisto and
Hamari (2019). Meanwhile, the behavioral outcomes are related to efficiency (e.g. time to
complete a task), sustainability (e.g. learning about environmental effects), resilience
(e.g. improving decision-making during disruptions) and safety (e.g. learning to design safer
transportation infrastructures).

4. Results

Gamified freight transportation is an emergent research topic that has received attention over
the past ten years. Most studies were published in conferences (n = 27) and journals (z = 17).
The emphasis on conferences suggests that this topic is still at an early stage, given they
usually have space constraints, preventing the presentation of detailed results and
discussion. Concerning the material origin, 75% of the studies were written by authors
affiliated to European institutions, mainly from The Netherlands (# = 17) and Germany
(n = 7). Furthermore, most studies were published in different venues, except for the

Downl oaded from http://ftp. nowublishers.conijpdl marticle-pdf/51/7/685/1108311/ij pdl m 04- 2020- 0103. pdf by guest on 25 June 2026



[JPDLM Simulation and Gaming journal that had two articles, and the International Conference on

51.7 Games and Learning Alliance and International GamiFIN Conference that had three papers

’ each. The scope of the venues was related to gamification (36%), education (27%), supply
chain (18%), technology and innovation (14%) and sustainability (5%).

4.1 Freight transportation aspects (RQ1)

690 The literature mostly explored road and water modes, which are the most common freight
transportation modes used inside Europe (European Union, 2019), from where the majority of
the authors were affiliated. Most studies (65%) considered a single mode, but some used two
(A09, A19), three (A06, A18, A20) and four (A17, A23) modes simultaneously. Moreover, 13
studies (A02, A04, A13, A15, A16, A29, A30, A31, A32, A33, A34, A35, A38) did not explicitly
specify the investigated transportation mode. The lack of pipeline-related studies is likely due
to its massive automatization, requiring little human intervention (Liu, 2003), and therefore,
demanding less motivational interventions, including gamification (Figure 1).

Most studies focused on external logistics (60%). Together with the eight studies
simultaneously gamifying external and internal logistics, 80% of the studies attempted to
enhance external logistics by improving, for example, their safety, sustainability or resilience.
Studies exploring both external and internal logistics mainly described gamified applications
for strengthening the entire supply or logistics chain (A01, A06, A11, A23, A24, A27, A36,
A38). Eight studies were exclusively about internal logistics (A02, A04, A13, A29, A31, A32,
A34, A35).

The majority of the studies proposed operational-level interventions, including planning
and execution, as detailed in Table 2. Operational planning mainly pursued training users to
handle complex situations such as disruptions at maritime ports (A37) or coordinating
humanitarian logistics (A24). Operational execution focused on enhancing day-to-day
functions such as truck driving (Al12, Al4, A28) and stevedoring (A07), tasks often
considered as monotonous (Tabai et al, 2017) and accident-prone (Loeb and Clarke, 2007;

Figure 1.
Transportation modes
according to the
number of studies
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Shang and Tseng, 2010). Tactical studies aimed to maximize profits by optimizing the  Gamification
available resources (A05) or training for decision-making related to resource acquisition in freight
(A01). Strategic studies focused on long-term investments such as port (A03) or automated transportation
container terminal (A10) construction and highway design (A39, A40). Three studies covered P
short to medium-term horizons (A18, A31) and medium to long terms (A36), while one study
(A33) did not describe the decision-making level. Regarding the target audience, the
interventions mostly focused on students (A02, A03, A04, A05, A07, A09, All, A13, Al5, 691
Al16, A22, A23, A24, A25, A26, A31, A33, A36, A37, A38, A39, A40); transportation
professionals, such as drivers and air traffic managers (A01, A03, A09, A10, A12, Al4, A15,
Al16, A18, A19, A21, A22, A25, A28, A29, A32, A34); and stakeholders such as clients and
citizens (A06, A08, A18, A20, A27, A30, A35).

4.2 Gamified interventions and motwational affordances (RQ2)
Most studies used simulation games, either considering the authors’ definition (z = 23) or the
intervention description (ie. a gaming solution mimicking a real-world environment and
circumstances accurately — Ellington et al,, 1981) (n = 26). Five studies (A08, A09, A12, A13,
A15) defined themselves as “serious games” (i.e. full-fledged games not aiming to mimic real-
world circumstances but use fictional representations) but described solutions that mimic
real-life events (i.e. simulation games). Three studies (A38, A39, A40) defined their solutions
as gamified interventions (i.e. using game elements without providing a full-fledged game —
Deterding et al., 2011), but described full-fledged educational games (i.e. serious games). Still,
Figure 2 shows the interventions to be mostly full-fledged games, which is expected given
that game-like experiences began to emerge from 2014 onward (A14, A30, A32, A33, A34).
Each study presented between 2 and 12 motivational affordances. Most studies focused on
achievement components (41%), followed by immersion (19%) and social (18 %) components,
which is a pattern seen in gamification literature as a whole (Koivisto and Hamari, 2019).
When analyzing each affordance, challenges (14%), points %), role-play (9%) and
cooperation (8%) were the most used, as depicted in Figure 3.

4.3 Evaluation methods and outcomes (RQ3)

Mixed (48%) or qualitative (38 %) approaches were predominant, implying that the studies are
still assessing whether gamification is beneficial rather than measuring its impact.
Meanwhile, quantitative studies measured gamification’s effects regarding knowledge
acquisition (A33, A37, A39, A40) and performance increase (A21, A29, A33).

Studies were mainly observational (78%) due to the few purely quantitative studies
available. Quantitative studies employed experimental settings in which participants were
either using all conditions (i.e. within-subjects, as seen in A37 and A12) or only one (ie.
between-subjects, as seen in A04, A23, A26, A33, A39, A40). The comparison of the results
was expressed in terms of employed motivational affordances (A04, A37), different games
(A39, A40) or user characteristics (A26) and gamified versus non-gamified interventions

Decision-making

level Studies Total
Operational A04, A07, A08, A09, A12, A13, Al4, Al5, Al16, Al17, A18, A19, A20, A22, 25 (58%)

A24, A25, A27, A28, A29, A30, A31, A32, A34, A35, A37 Table 2.
Tactical AO]., A05, A].]., A18, A21, Ag]., A36 7 (16%) Decision_making level
Strategic A02, A03, A06, A10, A23, A26, A36, A38, A39, A40 10 (24%) of the gamified
Not specified A33 12%) interventions
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[ Simulation Game

Semantic definition [ Serious Game
Gamification

Figure 2.
Difference between
semantic and authors’
definitions of the
interventions

Achievement (n = 98 Immersion (n = 44 Social (n = 42

Point
22
Competition
Narrative Reward 12
183tats & feedback Is.eaderboard 12 S
6 - Multiplayer

anreasing difficulty 9

Miscellaneous (n = 33)

}értual currency %ame round
Figure 3.
Composition of the
motivational
affordances reported
by the studies
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(A12, A23, A33). These experimental studies were the only ones to infer relationships
between variables (i.e. inferential statistics) rather than using quantitative methods to
describe the dataset (i.e. descriptive statistics).

Questionnaires or surveys were the most used data collection methods (68%), followed by
participant observation (35%) and interaction logs (25%). Studies employed a total of 66
methods, with a maximum of four different ones featured in a single study (A03, A16, A18).
Three studies (A11, A14, A36) did not specify their data collection methods.

Thirty studies (75%) analyzed psychological outcomes, and eight (20%) behavioral
outcomes. Two studies did not report any psychological or behavioral effects, as they
proposed methods (A10) and processes (A15) for game design. Meanwhile, quantitative
studies defined metrics to verify behavioral outcomes, such as correctness rate (A33, A39,
A40) and task completion time (A37, A04, A09, A24) to measure efficiency. The most common
psychological outcomes include game experience, perceived learning, perceived usefulness and
perceived reality, and the most studied behavioral outcome was efficiency, as detailed in
Table 3. Outcomes were statistically negative/positive (with inferential analysis), negative/
positive (qualitative or without statistically significant differences) or mixed (related neutral
or discordant results).

One study (A28) described outcomes other than psychological and behavioral ones by
identifying positive effects in helping truckers suffering from post-traumatic stress disorder
(i.e. mental health). Regarding motivation in order-picking scenarios, gamification had a
statistically negative impact on competence and relatedness, whereas there were no

Statistically Statistically
negative Negative Mixed Positive positive
Psychological outcome
Game experience 0 0 4 (A06, 5 (A08, A09, All, 1(A23)
m=10) A19, A20, A22, A35)
A3])
Perceived learning 0 0 0 7(A03, A07, A18, 0
m=7) A25, A27, A31,
A35)
Perceived usefulness 0 0 0 7(A09, A14, A22, 0
m=7) A30, A32, A34,
A36)
Perceived reality or 0 1 (A25) 0 6 (A08, A12, A24, 0
immersion (n = 7) A27 A28, A31)
Motivation (n = 6) 1(A04) 0 1(A04) 4 (A09, A19, A25, 0
A27)
Fun or entertainment 0 0 0 5 (A08, A18, A25, 0
m=2>5) A31, A32)
Engagement (n = 4) 0 0 0 4 (A05, A19, A24, 0
A34)
Satisfaction (n = 4) 0 0 1(A23) 3 (A02, A12, A38) 0
Attitude i = 3) 1(A23) 0 0 2 (A19, A30) 0
Behavioral outcome
Efficiency (n = 7) 0 0 0 4 (A06, A16, A18, 4 (A04, A37,
A37) A39, A40)
Resilience (i = 2) 0 0 0 2 (Al16, A18) 0
Safety (n = 2) 0 0 0 0 2 (A39, A40)
Sustainability (7 = 2) 0 0 0 1 (Al16) 1 (A33)
Total of different 2 1 6 26 6
studies

Gamification
in freight
transportation

693

Table 3.
Psychological and
behavioral outcomes

Downl oaded from http://ftp. nowublishers.conijpdl marticle-pdf/51/7/685/1108311/ij pdl m 04- 2020- 0103. pdf by guest on 25 June 2026



[JPDLM differences in autonomy (A04). Gamification significantly improved knowledge acquisition
517 regarding sustainability, while positive results had no statistical difference over knowledge
’ retention (A33). When analyzing efficiency, there were statistical differences over some
metrics (e.g. profit and operational costs), but others (e.g. time to complete tasks), while

positive, had no statistical support (A37).

694 4.4 Gamufied approaches toward improving freight transportation (RQ4)

According to decision-making levels and gamified approaches, interventions targeted
different transportation aspects. For instance, simulation games were employed in all
decision-making levels to address both psychological (i.e. game experience, perceived reality,
perceived learning, fun, engagement, motivation, perceived usefulness, satisfaction and
attitude) and behavioral (i.e. efficiency and resilience) shortcomings. Despite having majorly
positive outcomes within the 12 operational-level interventions, three cases described mixed
game experience results for simulation game interventions (A19, A20, A31). While all three
games had one affordance in common (i.e. points), we cannot state that it was responsible for
the mixed effect, given that other studies (A08, A09, A22, A35) found positive game
experience results employing points.

Meanwhile, A25 reported that their simulation game to support learning using
achievement (i.e. challenge, points) and immersion (ie. narrative, reward) affordances
harmed perceived reality. All of the other employed motivational affordances had positive
effects on the evaluated metrics. Figure 4 illustrates the relationship between affordances and
outcomes, in which the size represents the number of studies, and the color describes the
effect.

Regarding the factical level, two studies described simulation games to schedule and
optimize shipping (All) and maximize the profits (A05) in road transportation, which
positively influenced players’ game experiences and engagement, respectively. Both games
employed challenge, competition and narrative, while A1l also used cooperation and A05
game round and role-play.

Five strategic-level simulation games aimed to teach supply chain and logistics operation
management (A02, A06, A23, A36), or to simulate the development of a new area in a maritime
port (A03). They evaluated their effects on game experience (A06, A23), satisfaction (A02,
A23), attitude (A23), efficiency (A06), perceived learning (A03) and perceived usefulness
(A36). The outcomes were positive overall, except for mixed results on satisfaction (A23) and
game experience (A06), as shown in Figure 5.

Meanwhile, serious games focused on operational and strategic decision-making levels
toward increasing efficiency, game experience, perceived learning, safety, motivation,
perceived reality, resilience, satisfaction and sustainability, as shown in Figure 6.
Operational-level interventions had solely positive effects on efficiency, perceived learning,
resilience, sustainability and motivation by employing achievement (i.e. challenge, points,
increasing difficulty, timer, leaderboard), immersion (i.e. reward, role-play, narrative), social
(i.e. cooperation, competition), miscellaneous (i.e. game rounds, virtual currency) and non-
digital (i.e. board, card) affordances. Strategic-level games had positive results for efficiency,
safety and satisfaction, with mixed results only for the game experience, since the simulation
game described in A06 is also serious. The motivational affordances used included
achievement (i.e. challenge, level, points, stats), immersion (i.e. role-play, narrative, world),
social (i.e. competition, cooperation) and miscellaneous (i.e. retry, virtual currency), but no
non-digital affordances.

Gamified solutions were only applied at the operational level to address perceived
usefulness, engagement, motivation, attitude, efficiency and fun, as presented in Figure 7.
Gamification adopted achievement (i.e. badge, challenge, leaderboard, level, points, stats),
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social (i.e. competition, cooperation, network) and immersion (i.e. reward) affordances, while
not implementing any non-digital and miscellaneous affordances. While having
predominantly positive effects, A04 reported the sole negative and mixed outcomes by
applying badges and leaderboards to warehouse order-picking: leaderboards harmed
competence and relatedness aspects, and badges also harmed relatedness.

Regardless of the decision level and intervention type, game experience was mostly
positively influenced by challenges, points, cooperation, role-play, virtual currency,
competition, game rounds, multiplayer, narrative, boards, cards and increasing difficulty
(A06, A08, A09, A11, A19, A22, A31, A35). Of these, five studies reported mixed results, since
13 government officials had difficulties in mastering game rules (A06), 24 logistics experts
faced interruptions (A19), 12 transport infrastructure managers had mixed perceptions of a
corridor management simulation game (A20) and 35 students had mixed experiences of
simulation games used in a university logistics course (A31).

In regard to successfully improving knowledge, some studies employed challenges, stats,
retries, role-play, competition, cooperation, levels, narrative, points and timers (A06, A16,
A18, A33, A39, A40). Perceived learning also had exclusively positive outcomes by employing
challenges, cooperation, points, rewards, role-play, boards, multiplayer, narrative, timer and
virtual currency (A03, A07, A18, A25, A27, A31, A35). Perceived usefulness results were only
positive using points, challenges, badges, cooperation, game rounds, role-play, virtual
currency, boards, competition, leaderboards, levels and multiplayer (A09, Al4, A22, A30,
A32, A34, A36).

Meanwhile, the perceived reality was mostly positive when applying challenges,
cooperation, rewards, narrative, points, increasing difficulty, onboard, role-play, stats and
virtual currency (A08, Al2, A24, A25, A27, A28, A31). Of these, A25 was the only study
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[JPDLM reporting negative results over perceived reality by analyzing the effects of a simulation
517 game to support situated learning in the workplace with 83 logistics specialists and students
’ who used challenges, narrative and rewards. The participants indicated the game could have

been more realistic, and that the background music was disturbing.
Studies reported positive effects in using challenges, role-play, competition, cooperation,
game rounds, points, stats and virtual currency (A05, A19, A24, A34) toward improving
698 engagement. Some authors also aimed to promote fun through challenges, cooperation,
points, boards, game rounds, multiplayer, role-play and virtual currency (A08, A18, A25, A31,

A32), and achieved exclusively positive outcomes.

Some studies managed to improve motivation by using challenges, cooperation, points,
boards, cards, game rounds, multiplayer, rewards, role-play and virtual currency (A09, A19,
A25, A27). Toward improving safisfaction, studies using narrative, virtual currency,
challenges, cooperation, role-play (A02, A12, A23, A38) had majorly positive results, except
for the mixed results reported by A23 using narrative and virtual currency. Two studies also
analyzed the effects of points and virtual currency (A19, A23, A30) toward improving
attitude. The negative impact of virtual currency reported by A19 led to mixed results, as
participants had difficulties using the game currency correctly.

Overall, using most of the motivational affordances, especially challenges, points and
cooperation, improved psychological outcomes, as shown in Figure 8. However, this evidence
is far from being a silver bullet, given the divergent contexts, sample sizes, implementations,
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data collection and evaluation methods applied. Also, there were no motivational affordances  Gamification
used more than once while investigating behavioral outcomes. in freight

In a broader sense, these positive psychological effects resonate with theoretical literature, transportation
such as self-determination (Ryan et al, 2006), goal-setting (Locke and Latham, 1990), flow P
(Csikszentmihalyi, 1993) and social learning theories (Bandura, 1986). The self-determination
theory explains how achievement affordances (e.g. challenges, points) assist in the sense of
competence. Immersion affordances (e.g. role-play, narrative) endorse autonomy, and social 699
affordances (e.g. cooperation, competition) encourage relatedness, which are all universal and
innate human needs. The goal-setting theory also explains why achievement affordances were
the most used, since they would help in ensuring a focus on relevant targets with the use of
challenges, providing ongoing feedback with stats and adjusting demanded effort with
increasing difficulty. The flow theory describes a mental state where the individual is fully
engaged with an activity, supported by achievable tasks, clear goals and feedback
(i.e. achievement affordances), but also by concentration and a reduced sense of self and
time (ie. immersion affordances). The social learning theory also supports positive
gamification outcomes with social affordances since it assumes learning takes place in a
social context and relies on observation (e.g. multiplayer) or communication with others (e.g.
cooperation, competition). Even though the corpus did not reveal patterns toward behaviors,
the theory also supports positive outcomes featured in Table 3. For instance, the behavioral
decision theory, which is focused on human decision-making and usually applied in the
transportation area (Takemura, 2014), explains how gamification increases the learning level
(e.g. difficulty) and provides information to assist in the decision process (e.g. stats).

However, gamified solutions did not always improve the game experience, motivation,
attitude, satisfaction or perceived reality, which implies that translating theoretical
predictions into the gamification design is not straightforward. While gamification strives
to address human needs through the interplay between motivational affordances and
psychological responses, this interplay is complex due to the synergy that arises in
implementing multiple affordances (Morschheuser et al, 2018). This complexity makes it
difficult to predict user responses, leading to unexpected and even possibly unfavorable
outcomes. For example, implementing points or challenges can create a sense of competence,
but lead to a game design that is more difficult to grasp, thus hindering game experience
(A06). Additionally, users have heterogeneous preferences, and affordances motivating or
improving the game experience for some might be perceived as undesirable by others (A26).
This further complicates the endeavor to design successful gamified solutions.

5. Discussion

The studied literature employed gamification in the leading freight transportation modes,
focusing on external logistics and covering all decision-making levels. Hence, the corpus reflects
the multifaceted nature of freight transportation by exploring gamification effects in its
various human-performed aspects.

Most studies (65 %) employed simulation games for situations requiring efficient decision-
making (e.g. port disruptions (A15), multimodal planning (A20, A22)), enhancing the holistic
understanding of supply chains (e.g. visual interactive learning to provide feedback on the
effects of strategic-level decisions (A2)) and influencing users’ mental models (e.g. predicting
future states of complex logistics systems (A3)). The focus on three main types of
motivational affordances suggests that these solutions aim to provide experiences that tackle
the relatedness aspect of intrinsic motivation, provide performance feedback and allow the
user to feel they are part of a game world. Thus, they offer a meaningful and effective way for
promoting behaviors related to the human aspects of transportation while allowing the user
to form and test hypotheses and reflect upon the simulated environment (Hamari et al., 2016;
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[JPDLM Koivisto and Hamari, 2019; Ryan et al., 2006; Yee, 2006). Moreover, social affordances (e.g.

517 multiplayer, collaboration) allow distributed learning and shared situational awareness

’ among multiple stakeholders, which improves efficiency, resilience and sustainability

in situations where optimization at an individual level leads to poor decision-making due to

conflicting goals (A08, A09, Al5, A22, Boy, 2013). In addition to teaching collaborative

situational awareness and decision-making, simulation games can implement multiplayer

700 and collaboration to analyze human behavior in situations that require collaborative
problem-solving, such as crisis supply chain management (A24).

Serious games focused on achievement affordances (e.g. challenges, goals) to improve
efficiency by allowing users to explore the effects of different resource allocation strategies
(A06, A37) and learn design concepts through simplified representations (A39, A40).
According to the goal-setting theory (Locke and Latham, 1990), setting goals provides a
useful tool for enhancing performance, especially if they provide an adequate challenge,
which explains the focus on achievement affordances. Moreover, goal-setting can support
strategies that lead to better learning outcomes, which is often the underlying goal of serious
gaming interventions and likely explains the positive learning results found (Ames and
Archer, 1988; Michael and Chen, 2006; Seijts ef al, 2004). Additionally, similar to many
simulation games, some serious games implemented social affordances to enhance shared
mental models, distributed situational awareness and collaborative logistics coordination
(A27, A37).

Meanwhile, gamified interventions focused on enhancing usefulness by mainly
implementing points, badges and leaderboards, which are some of the most used
affordances in gamification research (Koivisto and Hamari, 2019). Results indicate that
gamified interventions contribute to the adoption of novel systems in transportation settings
by creating engaging and useful interfaces (A30, A34) while also improving learning (A33)
and tackling monotonous tasks by enhancing staff motivation and enjoyment (A04, A32).
This approach commonly leads to favorable results, but undermining intrinsic motivation is
a risk to be considered (A04). The authors of the sole study reporting negative outcomes on
motivation implemented a leaderboard (A04) and stated that the adverse effects on
relatedness and competence might be explained by its design as a competitive instead of
cooperative approach. However, despite adverse effects, implementing a leaderboard
improved efficiency, which is a finding that resonates with a prior study suggesting that
individual performance does not mirror intrinsic motivation (Mekler et al,, 2017). This implies
that a competitive leaderboard can work similarly to extrinsic incentives when applied to
logistics tasks. Moreover, similar to points and badges, leaderboards can be categorized as
goal metrics that provide performance feedback (Zagal et al, 2005). Despite having some
adverse effects on motivation, the feedback aspect might explain their usefulness because of
its relevance in tracking and enhancing user performance in freight operations and explain
the increase in efficiency, as suggested by the feedback intervention theory (Kluger and
DeNisi, 1996).

Some of the evaluated outcomes (e.g. fun, attitude, and perceived reality) were only
favorable at the operational level, which might be explained by the different characteristics of
different decision-making levels. On the one hand, it is complicated to assess whether
simulation games at the tactical and strategic levels provide realistic representations due to
the long-term consequences of decisions, which are difficult to simulate accurately. On the
other hand, attitude change and fun potentially benefit operational tasks most, as some of
them are monotonous and repetitive (Tabai et al, 2017). Surprisingly, however, resilience and
sustainability were only addressed at the operational level, whereas other behavioral
outcomes, like safety, were tackled solely at the strategic level. Overall, the corpus still
provided limited evidence on the extent to which gamification improves freight
transportation processes and which design choices contribute to favorable outcomes.
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Some limitations include the short-term nature of most studies, the novelty effect, the lackof ~ Gamification
examination of behavioral outcomes outside game settings and the publication bias limiting in freight
the report of adverse effects (Hamari et al, 2014). Therefore, we further propose some :

. X . S SR transportation
recommendations while addressing emerging issues and future research directions.

5.1 Design recommendations

Based on the results, we have formulated design recommendations for gamification. Firstly, 701
non-full-fledged gamified approaches are still modestly growing (Koivisto and Hamari, 2019),
while full-fledged interventions are predominant in freight transportation. This may be
because employing motivational affordances in in-situ practices is more complex than
providing a safe environment (ie. serious and simulation games) to train employees.
However, the use of motivational affordances in real settings promotes psychological and
behavioral engagement toward repetitive tasks while reducing the costs of creating and
maintaining full-fledged games (Chorney, 2012). Thus, our first design recommendation is to
consider transportation aspects to be gamified, including users, tasks and contexts. In other
words, understanding the nature of the task assists in choosing the most suitable approach:
serious and simulation games are an appropriate option for improving learning in an
environment that allows employees to simulate and discern the outcomes of actions without
risks, while applying motivational affordances to real-world processes is ideal if aiming to
improve the efficiency of individual tasks. Still, it is necessary to understand users’
psychological needs and how they perceive each task, since affordances can have varying
effects depending on the psychological or behavioral outcome (A04).

Given that the development of gamified applications is a recent trend, existing
interventions mostly tackle unique challenges, either for specific individuals (e.g. drivers
and order pickers) or domains (e.g. energy and space efficiency issues). However,
gamification could be wielded as an all-encompassing shared system in an organization,
addressing multiple transportation aspects. Some comprehensive interventions began to
appear in recent years by teaching an extensive set of skills (A36, A38, A40), creating an
awareness of the whole supply chain planning and execution complexity (A06) and
promoting the understanding of transportation planning, design and safety (A39). Given
their positive outcomes, gamified interventions could be designed fo tackle broader challenges
of freight transportation by simultaneously targeting different audiences and more complex
issues in multiple domains or modalities. This means designers have to consider how
transportation processes interact with each other and use suitable motivational affordances
to promote further collaboration between users.

Most studies in this review featured achievement affordances, especially undertaking
challenges while achieving favorable results in terms of game experience, perceived learning,
perceived usefulness, perceived reality, engagement and knowledge. However, other
affordances also promote behavioral and psychological benefits, especially considering
that users have heterogeneous preferences (A26). While interacting with gamification, users’
experiences comprise several aspects, such as their perception of the effectiveness, efficiency,
emotional satisfaction and their intention for using the intervention again (Kuniavsky, 2010).
Thus, rather than solely aiming for performance goals, designers might also evoke immersive
and social aspects by balancing the motivational affordances to create a useful, highly cost-
effective, pleasant and meaningful experience to direct users toward the desired goals. Also,
finding the balance between representation accuracy in simulation games, for instance, and
other aspects of the game design that contribute to the overall game experience is an
important issue to consider (A01). Furthermore, as simulation games are based on players
making in-game decisions that lead to varying outcomes that serve as feedback, the initial
step of the simulation game design process should be to identify the most relevant decisions
to be implemented (A10). Additionally, to improve future solutions and avoid excessive
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[JPDLM complexity (which was the major downside of serious and simulation gaming solutions (e.g.
517 A06, A19, A20, A31)), designers should carefully consider the goals of their solutions and the
’ affordances that contribute to achieving these goals. For example, if the goal is shared
situational awareness, using multiplayer and cooperation might be a suitable approach,
whereas achievement-based affordances should be considered if individual efficiency is the
primary goal.
702 Besides excessive complexity, games mimicking transportation systems should avoid
one-sided representations and enhance the holistic understanding of the effects of one’s
behavior, as transportation systems are complex and their parts do not work in isolation
(A02). To include varying perspectives, the design should be conducted or validated by
different stakeholders, such as infrastructure managers, carriers and government
representatives (A03). Future solutions should also consider the dynamism of
transportation systems and enhance the game experience by modifying the simulated
environment and scenarios based on player behavior. Tools, such as intelligent algorithms,
may aid in this endeavor, potentially leading to increased challenge and keeping the user
motivated and engaged (A06).

Additionally, as fluent freight transportation requires collaboration among individuals
with differing roles, one of the significant advantages of using physical solutions, such as
board games, is that they allow for natural communication, which increases the group
experience (A16, A18, A19, A35). However, using such solutions in the freight transportation
domain is problematic — even impossible — as it requires users to gather in a single location
(A15). Mobile solutions, conversely, allow for location independence but physically isolate the
users from one another. To gain the benefits of both approaches, designers should seek
solutions that enable fluent interaction among users while being location-independent, so as to
allow collaborative learning in dispersed transportation environments.

5.2 Future directions

Despite increasing interest over the past decade, the corpus on freight transportation
gamification is yet to mature. We identified shortcomings preventing a comprehensive
understanding of how freight transportation can benefit from gamification and offer some
avenues for further research.

Directing designers by detailing the employed methodology for the gamification
implementation and evaluation: The majority of studies provided a brief description of the
intervention followed by outcomes. The lack of transparency and detail of the design,
implementation and evaluation processes is likely due to most studies’ publication venues (i.e.
conferences), which often impose page limits due to the thematic emphases. We understand
that gamification is a new topic, and researchers are figuring out if it can aid freight
transportation. However, the design process should be as rigorous and detailed as the
evaluation, since designing requires an understanding of the target audience and the context
(Morschheuser et al., 2018). Moreover, the lack of transparency of the evaluation process,
mostly detailing how each metric was captured and analyzed, prevents a proper
interpretation of the results. Thus, future research should comprehensively report the
design and evaluation processes that lead to the achieved benefits. By doing so, studies would
provide a more robust understanding of how gamification may assist freight transportation.
The description of the gamified intervention and its outcomes would enable comparing the
design focuses or possible pitfalls to avoid, according to the desired target audience, tasks,
contexts and results.

Exploving the interplay between gamification and data-driven solutions: Given
transportation systems have become increasingly intelligent (Siegel et al, 2018), the
interplay between gamification and other emerging technologies is a promising trend.
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Advancements in sensor technology and the internet of things enable real-time data  Ggamification
collection from the work-floor, allowing monitoring and assisting users in their activities in freight
(Guerrero-Ibanez et al., 2018). However, only one study described a data-driven solution to transportation
gamify safe and energy-efficient trucking (Al14). Therefore, future research should further P
design more user-friendly and effective gamification interventions by using the emerging
possibilities of intelligent freight transportation. This approach could significantly contribute
to the operational functions since it would allow real-time feedback into everyday operations 703
and potentially increase efficiency and well-being in mundane tasks.

Seeking steady evidence of gamification benefits on freight transportation outside game-
related settings: The current literature mainly investigated gamification psychological effects
(e.g. game experience, perceived learning, usefulness and immersion). Behavioral results such
as efficiency, safety, resilience and sustainability were less evaluated yet entirely positive.
However, the adopted metrics for measuring behavioral outcomes considered only in-game
results rather than broader real-world effects, which is likely due to two reasons. Firstly, most
of the studies evaluating behavioral outcomes proposed a serious game (A06, A16, A39, A40),
so metrics related to knowledge are a reasonable way to assess them. Secondly, operational-
level interventions were the only ones measuring performance inside (A37) and outside the
game (A04), showing that short-term results were indeed expected. However, beyond this
shortcoming in the operationalization of studies and them being unable to infer about the
transfer of gaming and gaming-induced motivations on behavior, we can establish general
reasons why gaming or using gamification might not translate into positive changes in action
in the “real world.” Firstly, novelty is often discussed as a temporal limitation of gamification’s
effect on behaviors, i.e. the motivational benefits from gamification are short-lived when
boredom or perceived staleness of the implementation starts to kick in (Farzan et al., 2008).
Secondly, a commonly recognized caveat is the non-congruence of the gamification design
and the behaviors and contexts to which it is applied so that motivational affordances are not
connected with what gamification aims to promote (Morschheuser et al., 2018). A related
problem is that while the gamification would indeed connect with behaviors in the specific
context, these behaviors do not always align with the ultimate purpose of gamification. For
example, gamification that rewards users for quantitative performance can be detrimental to
quality. Thirdly, and relatedly, using gamification may become self-purposeful in itself, and
this can lead to a further disconnect with the behaviors being promoted. In this sense, the
evidence of gamification’s positive effects is limited in the freight transportation domain.
Future research should, therefore, employ metrics such as cost-efficiency and compliance,
related to real settings, to provide more reliable evidence that gamification improves freight
transportation processes.

Pursuing longer-term gamification outcomes in transportation ovganizations. As
previously mentioned, most studies described short-term empirical evaluations, mainly
focusing on user perceptions and in-game behaviors. Thus, the literature provides little
insight into how gamification interventions can benefit organizations, especially in the long
term. More long-term field studies are required to elaborate on how gamification
interventions should be implemented and whether continuous usage could lead to
individual and organizational transformations. Given that some studies pointed out mixed
outcomes such as improving performance while decreasing subjects’ motivation (A04), the
experimental setting should be rethought. Short-term evaluations and laboratory
experiments are unlikely to extensively uncover such adverse effects. Therefore,
understanding the whole variety of effects that gamification can have on individuals and
group dynamics provides another rationale for long-term field studies in freight
transportation organizations.

Investigating how gamification can advance social and environmental aspects of freight
transportation: The evaluated in-game metrics were solely related to economic factors
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[JPDLM (e.g. profit, operational costs). Moreover, outcomes related to sustainability were examined

517 exclusively on the operational level, and safety on the strategic level. Therefore, the corpus

’ provides little insight on how to enhance these issues through gamification holistically.

However, considering that social and environmental aspects are some of the grand challenges

of transportation systems (Kaewunruen ef al., 2016), we recognize that gamification could

improve them similarly to the economic aspects. While none of the studies covered

704 environmental issues, only one of them (A30) presented a shared-economy proposal, in which

haulage companies could make offers to transport the customers’ commodities. Although

social and environmental aspects often go hand in hand with economic aspects (Garcia-Arca

et al., 2014), sometimes, improving cost-efficiency can juxtapose with safety. Setting strict

productivity goals may lead to a considerable strain on employees, increasing accident rates

(Useche et al,, 2018). Thus, there are plenty of opportunities for future works to explore

gamification benefits concerning social (e.g. social media, shared economy), environmental
and safety aspects.

Addressing long-term system resilience: Outcomes related to resilience were only examined
on the operational level by implementing serious and simulation games tackling disruption
handling in port operations (A16) and information exchange during transport disruptions
(A18). However, globalization and the increasing interconnectedness of supply chains has
made them vulnerable to global-scale disruptive events, such as pandemics, which requires
novel solutions to address resilience on a large scale (Ivanov and Dolgui, 2020). Therefore,
future gamification research should not just address this crucial issue on the level of day-to-
day transportation operations, but seek to implement gameful solutions that tackle resilience
on tactical and strategic levels through transportation system infrastructure, design and
policy.

6. Limitations

Several mitigation actions were taken to suppress the limitations of this review. For instance,
we refined the search by testing several synonyms and broader terms of each keyword to
ensure proper string construction (Ampatzoglou et al., 2019). Two evaluators screened all of
the studies returned from the search to avoid selection bias, culminating in an almost perfect
agreement. These evaluators also discussed and agreed upon each marginal case. After
screening, we ensured the excellence of the studies to avoid quality bias. We also prevented
data extraction and researcher bias by employing a classification scheme and cross-checking
all of the included studies. Regarding repeatability, this systematic review developed a
protocol (detailed in Section 3) and documented all parts of the process. However, limitations
are present in the study, including the lack of a snowballing process to identify missing
studies and publication bias (considering that only one search engine was employed), and
some selection criteria might, therefore, have excluded relevant studies (due to language or
access, for instance).

7. Conclusions

This systematic literature review has described the status quo of gamification in freight
transportation while proposing design guidelines and research agenda. The extant corpus
proposed several gamification interventions aiming to improve aspects of freight
transportation. Studies mainly focused on road and water modes, without considering
intermodality, and aimed to enhance operational-level tasks such as truck driving and
managing disruptions at maritime ports (RQ1I). Most studies reproduced real environments
through simulation games, employing achievement (e.g. challenges, points), immersion
(e.g. role-playing) and social (e.g. cooperation) affordances (RQ2). Overall, behavioral
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(e.g. knowledge and performance) and psychological (e.g. perceived learning and usefulness, Gamification
fun and engagement) outcomes were positive and measured through quantitative and in freight
qualitative methods (RQ.3). Mixed but mostly positive outcomes also appeared in terms of t :

. : - — S : . . ransportation
game experience, perceived reality, motivation, satisfaction and attitude. Whereas simulation
games contributed to better outcomes in freight transportation by teaching decision making
on all levels, serious games focused on efficiency at operational and strategic levels by
allowing users to learn about complex transportation concepts and resource allocation 705
strategies through fictional, simplified representations. Moreover, gamified interventions
focused on the operational level and contributed to adopting novel systems by creating useful
and engaging interfaces while improving learning and tackling monotonous tasks to enhance
staff motivation (RQ4).

We suggest future developments to understand the complexity of the tasks, to propose
suitable gamification interventions, target different audiences and balance motivational
affordances. Future research should also provide further details about design methodology
and use data-driven approaches while searching for longer-term outcomes, especially those
related to social and environmental aspects, outside game settings.
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