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Abstract

Objectives: Firearms, including pistols and rifles, are complex tools with military, sporting,
and personal applications that require attention to ergonomics to optimize their design and
functionality. The present study aimed to review existing research on the ergonomic features
of firearms, with a particular focus on assault rifles.

Methods: The present work employed a scoping review method to examine the ergonomics
of firearms. Searches were conducted in the PubMed, Web of Science, and Scopus databases
using keywords related to the ergonomic design of firearms. Relevant articles were selected
from the collected studies, and data were extracted and reviewed by two authors, with results
categorized based on common areas.

Results: A total of 3,121 studies were found through searches in databases, and after
removing duplicates and reviewing titles and abstracts, 121 studies were downloaded and
assessed based on inclusion criteria. Ultimately, nine studies were included in the final stage.
The topics examined in the articles that impact the ergonomics of firearms included
anthropometric considerations and human digital modeling, rifle configurations and design
features, postural stability, safety, and training.

Conclusion: The ergonomic design of firearms significantly impacts user performance,
safety, and overall experience. Future design efforts should emphasize human-centered
approaches, taking into account anthropometric data, firearm configuration, user stability,
and safety mechanisms for the production of firearms.
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Extended Abstract
Background and Objective

Firearms, including pistols and rifles, are complex
tools with a wide range of applications in military
operations, law enforcement, competitive sports, and
personal use. Each of these weapons requires specific
ergonomic considerations. Their effectiveness depends
not only on their mechanical accuracy and performance
but also on how they are designed to fit the human body.
Various preliminary studies have been conducted to
investigate the ergonomic status of rifles, but the
synthesis and conclusion of these studies have not yet
been conducted. Therefore, the purpose of the present
scoping review was to review the existing research on
the ergonomic characteristics of rifles, especially assault
rifles. Using a variety of sources, this review aimed to
provide a comprehensive picture of rifle ergonomics and
highlight both significant advances and gaps.

Materials and Methods

The present study was conducted using the domain-
based review method and the five-step framework of
Arksey and O'Malley. The steps of the study included
the following:

Identification of research questions: Three main
questions were raised about the characteristics of
existing studies, ergonomic design indicators, and gaps
and challenges in this field.

Identification of relevant studies: A search was
conducted in the PubMed, Web of Science, and Scopus
databases until February 2024.

Study selection: Duplicate articles were removed
and screened based on specific criteria. Only articles that
examined at least one ergonomic indicator of a weapon
were included in the final analysis.

Data extraction: Key information (e.g., author,
year, study objective, method, and findings) was
recorded independently by two people and reviewed in
group sessions.

Summary of results: Data was categorized, key
areas were identified, and results were presented in
tabular format.

Results

After screening and removing duplicates, nine
studies were selected for the final stage, and the
necessary information was extracted from them. These
studies were conducted in the United States, China, and
the Czech Republic (two studies each) and Austria,
Taiwan, and Finland (one study each). Most of the
participants in these studies were professional soldiers,
and most of the studies were conducted in a laboratory
setting. Key areas of the results of these studies include
the impact of anthropometric dimensions, rifle
configurations, and design features on shooting
accuracy, stability, and user experience.

Anthropometric Considerations and Human Digital
Modeling

Human digital models are useful for evaluating
firearm designs across different populations. These
models allow researchers to assess the suitability of
controls and grips for different anthropometric
dimensions. For instance, studies using human digital
models have analyzed reach distances to controls,

including triggers, slide locks, and magazine catches for
American, European, and Asian populations. Hand
dimensions, wrist position, and reach distances were
also important for weapon design.

Impact of Weapon Configuration and Design on
Performance

The weight and length of a rifle significantly affect
the shooter's stability and accuracy. In general, lighter
rifles improve shooting accuracy, but too light rifles will
negatively affect accuracy. Optimal stock length also
improves aiming stability and shooting performance.
The bullpup configuration, in which the magazine and
trigger are located behind the trigger, can result in
greater biomechanical stability and accuracy compared
to conventional designs. The curved stock shape and
special designs of the handguard and trigger grip can
also improve user comfort and performance.

Postural Stability, Muscle Activity and Aiming

Postural balance and rifle stability are key factors in
shooting accuracy. Studies have indicated that more
experienced shooters exhibit less body and rifle swing,
which leads to better shooting performance. Rifle
parameters, such as stock length, stock axis height, and
foregrip position, affect muscle fatigue. Different
configurations can lead to different levels of muscle
fatigue in the arms and shoulders, affecting aiming
stability.

Safety and Training

The ability to determine the safety status of a weapon
is related to the user's familiarity with the weapon. New
designs can be confusing even to experienced users.
Clear markings and color coding on safety mechanisms
significantly improve the user's ability to determine the
safety status. Simulated shooting exercises are useful for
predicting actual shooting performance and improving
the effectiveness of training.

Discussion

The present work is the first review to examine the
ergonomic characteristics of firearms with a focus on
assault rifles, and as such, it can provide comprehensive
insight to experts and researchers in this field. The
findings indicated that wvarious factors, including
anthropometric dimensions, weapon configuration,
design features, postural balance, as well as training and
safety, can significantly affect shooter performance,
accuracy, stability, and overall user experience. The
limited number of studies included in this review could
be due to security and information issues that prevent
experts in this field from publishing the results of
research work, which could indicate a direction for
further research in this area to researchers. Comparing
new weapons in terms of ergonomic indicators, using
new technologies, such as digital human modeling in the
design of future weapons, using virtual reality
technology for weapon training, and conducting surveys
and qualitative studies of weapon end-users are topics
that need to be addressed in future studies.

Conclusion
The design of rifles significantly impacts user
performance, safety, and overall user experience. Future




design efforts should emphasize human-centered
approaches, considering anthropometric data, weapon
configuration, user stability, and safety mechanisms to
produce effective and safe rifles. Furthermore,

comparing bullpup configurations versus the more
common and traditional rifle shapes requires further
research to understand their impact on shooting
accuracy and user stability in different conditions.
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