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ABSTRACT

Human Factors Integration (HFI) is crucial for the development of complex systems, ensuring both
effectiveness and safety. This research presents a case study on HFl awareness and implementation
in a missile and guided weapons development company, focusing on the application of HFI
principles, the challenges faced, and potential areas for improvement. Semi-structured interviews
were conducted with twelve respondents across various roles in the company, and thematic
analysis was used to analyse interview data. Key themes were identified concerning HFI awareness,
organisational dynamics and practical challenges. The findings revealed significant gaps in formal
HFl training, limited integration of HFI into project specifications and inconsistent end-user
involvement. Organisational and cultural resistance hindered HFI due to cost and timeline
constraints. The study suggests that early integration of HFI into the Systems Engineering process,
alongside enhanced training programmes and a cultural shift towards prioritising HF, are essential
for overcoming these challenges.

ARTICLE HISTORY
Received 20 March 2025
Accepted 16 July 2025

KEYWORDS

Human Factors (HF);
Human Factors
Integration (HFI); systems
engineering; defence
industry; complex
systems

PRACTITIONER SUMMARY: This case study investigates Human Factors Integration (HFI) awareness
and implementation within a missile system development company. Using semi-structured
interviews and thematic analysis, the study identified some challenges of HFI, including
organisational and cultural resistance, lack of formalised processes, insufficient training, limited
end-user involvement, verification issues and integration complexities.

Abbreviations: CONOPS: Concept of Operations; HCD: Human-Centred Design; HF: Human
Factors; HFI: Human Factors Integration; ROI: Return on Investment; SE: Systems Engineering

Introduction advancement (Bridger 2014). It recognises the human
element as integral to the overall system performance.
HFI is a process to ensure that the human elements
are appropriately addressed and integrated into a sys-
tem, particularly during system development. Through
the integration of people, processes, and technology,
HFI aims to optimise system performance, safety, effec-
tiveness, and efficiency across diverse operational envi-

ronments (Cullen 2007; UK Ministry of Defence 2023).

The human element is essential to the success of com-
plex systems, and it is considered at every stage of the
system lifecycle to ensure the system is optimal, safe,
efficient and robust. Human Factors (HF) provides an
understanding of human capacities, limitations, and
variations, and utilises this understanding to optimise
system performance (Shorrock and Williams 2017).
Engineering of a complex system that expands its

application to address HF is known as Human Systems
Integration (HSI) or Human Factor Integration (HFI).
The terms HSI and HFI are used interchangeably, with
HFI being the term adopted in this paper. HFI traces
its roots back to systems theory, emerging as a
response to the growing complexities of industrialised

The adoption of HFI is typically integrated into sys-
tem development and formalised within the Systems
Engineering (SE) process. SE is an interdisciplinary
approach that enables the realisation of successful sys-
tems through the specification, architecture, design,
implementation and operation of the system to its dis-

systems during the age of rapid technical posal. HFI is explicitly recognised in the International
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Council on Systems Engineering (INCOSE) SE Handbook,
Section 3.1.4 (version 5) (INCOSE 2023). Throughout
the system lifecycle, HFl manages activities to identify,
track, and resolve human-related issues. It integrates
human considerations into every stage of the system
life cycle, addressing aspects such as staffing levels,
training, workload, job design, procedures, and the
design of equipment and facilities. HFI extends beyond
HF by incorporating a holistic perspective that bal-
ances technological and human dimensions. It ensures
that all human-related aspects, including the interfaces
between humans and technology (Leveson 2004), are
systematically considered and effectively managed.
The literature shows that HFI investment, especially
in the early system development, has financial benefits.
It saves additional time and cost from modifications
and retrofitting efforts at a later date (Greig et al. 2019;
O’Neil, Shattuck, and Sciarini 2015; Rountree and
Thomas 2021). Best practices have been published in a
variety of case studies highlighting the effectiveness of
HFI during system development (Landsburg et al.,
2008). Among these case studies, the most frequently
cited example is the US Department of Defense (DoD)’s
Comanche helicopter acquisition programme. The pro-
gramme demonstrated the benefits of HFI with its $75
million investment and $3.29 billion of cost avoidance,
or 44:1 ROI (Burgess-Limerick, Cotea, and Pietrzak 2010;
Burgess-Limerick et al. 2011). Similarly, the critical
design improvements project of the Apache Longbow
helicopter resulted in $269 million savings from a $12
million HFI investment (22:1 ROI). Meanwhile, the Fox
M93A1 reconnaissance vehicle development achieved
an estimated 33:1 ROl (Burgess-Limerick et al. 2011).
One successful example of HFI in a missile develop-
ment project is the Javelin antitank guided missile sys-
tem. In this project, HFl contributed to optimising
overall system performance within constrained opera-
tional envelopes by balancing key factors such as por-
tability, gunner survivability, accuracy and usability
(Booher 2003). Although there is no literature that pro-
vides a precise ROI value for missile systems, the US Air
Force’s Human Systems Integration Handbook (US Air
Force 2009) provides a general indication of the poten-
tial value of HFI in defence projects. The handbook
suggests that HFI typically accounts for 2-4.2% of total
system acquisition costs, with an estimated ROI that
can reach up to 40-60 times the initial investment.
That said, these outcomes are enabled by specific
factors within the US DoD, such as the mature HFI
practices, which may not be present in other settings.
Moreover, although HFlI may play a significant role in
improving system usability, maintainability and safety,
its financial return should be seen as part of a broader

engineering effort supported by strong leadership and
a structured organisational process. For example,
driven by the US Air Force’s ‘Reliability, Maintainability
and Sustainability’ programme, HFI was adopted early
in the development of a reliable engine for the F-22
stealth fighter by Pratt & Whitney. Yet, the success of
this development was also supported by strong lead-
ership and organisational accountability in aligning
engine development with the Air Force’s goals (Liu
et al. 2010).

Nevertheless, HFl has demonstrated significant
impact across diverse industries, as summarised in var-
ious reports cited by Burgess-Limerick et al. (2011).
National Aeronautics and Space Administration (NASA)
highlights historical successes, for example, Apollo mis-
sions, and more recent programmes, such as
Constellation’s Crew Exploration Vehicle, Lunar Lander,
and extra-vehicular systems, attributed to HFI efforts.
The oil and gas sector has claimed safety improve-
ments linked to HFI initiatives. A nuclear energy project
has identified critical safety issues through HFI pro-
grammes. Federal Aviation Administration (FAA) safety
inspection processes reported a significant time reduc-
tion due to usability improvements. In addition, HFI
improved safety and efficiency in healthcare, such as
intensive care units, and public transport, such as train
control systems. These examples demonstrate that the
implementation of HFI drives significant benefits in
complex civilian systems (Burgess-Limerick et al. 2011).

On the other hand, when the human element is
neglected, the consequences can range from costly to
disastrous. It can lead to increased costs, system rede-
sign, system failure, injury or loss of life (O'Neil,
Shattuck, and Sciarini 2015; Rountree and Thomas
2021). This highlights the critical importance of HFI. A
recent example of a project that has suffered severe
damage due to multiple systemic factors, including
human factors, is the Boeing 737 MAX, which led to
the loss of 346 lives in two crashes. The accident inves-
tigation revealed that the main cause was the intro-
duction of a new software system, the Manoeuvring
Characteristics Augmentation System (MCAS). The sys-
tem was not supported by a training requirement for
pilots who had been certified for the previous aircraft
model (Rountree and Thomas 2021). Similarly, the
challenges encountered with the ‘BOWMAN' radio sys-
tem development highlight the consequences of
neglecting HFI principles (Walker et al. 2009). Despite
substantial investment and intended technological
advancements, the system faced usability issues,
including complexity, weight, and compatibility limita-
tions with other UK military assets (Walker et al. 2009).
Moreover, the US Army’s Stinger missile system



assumed perfect operator performance and overlooked
the realistic variability of soldier capabilities during the
early design stages (Booher 2003). As a result, the sys-
tem delivered only half of its expected performance,
significantly reduced its operational effectiveness and
compromised mission success. These shortcomings
incurred additional costs and delays, highlighting the
significance of HFI in addressing personnel concerns,
engineering complexity and health hazards.

The capabilities of military systems are certainly cru-
cial in modern defence acquisition. However, their
effectiveness depends on, not only on the cutting-edge
technology they exhibit, but also on how they func-
tion within the dynamic and demanding military envi-
ronments. The shift from a platform-centric to a
capability-centric approach in defence, acknowledges
that effective defence capability encompasses more
than just tangible assets like infrastructure, hardware
and software. Even within seemingly autonomous sys-
tems, it remains vital to recognise that their operation,
maintenance and support, eventually rely on human
involvement. The core of defence capability involves
not only the technological components but also the
individuals who operate them. Therefore, in the
defence industry, HFI is important in addressing human
considerations in complex defence systems, including
weapon systems (Liu, Valerdi, and Rhodes 2009).

Within military system development, HFIl is thor-
oughly designed to enhance the seamless interaction
between human users and sophisticated technological
platforms. However, despite its significance, HFI faces
complicated challenges that impede its effective imple-
mentation and integration into the systems life cycle,
particularly during system development. Although it
has been a component of defence policy for over
25years, HFl has not been seamlessly integrated into
the systems development and acquisition process, and
it remains largely unfamiliar to those outside special-
ised HF practitioner circles (Corbridge et al. 2016). HFI
is frequently considered too late in the programme life-
cycle, resulting in many HFI contributions that require
rework and hindering its effectiveness (Bruseberg 2006).
Furthermore, the research-practice gap presents another
challenge in bridging the divide between theoretical
insights and practical implementation.

Although traditional SE frameworks, such as the
V-model, outline defined stages, deliverables and deci-
sion gates, they lack mechanisms to ensure continuous
human considerations across the lifecycle (Sprehn,
Gretchen, and Hechinger 2022). HF is not systematically
embedded within these stages, partly due to the inher-
ent complexity of modelling human behaviour (Sprehn,
Gretchen, and Hechinger 2022). The requirements
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process, one of the most critical stages in SE for incor-
porating HF, often prioritises technical specifications and
system performance metrics over human-centred con-
cerns. As noted by Muhammad et al. (2024), organisa-
tions, particularly in technology-driven projects such as
autonomous vehicles, often view tasks like the driving
task as focused on computer automation and discon-
nected from humans. As a result, human capabilities
and limitations in the requirements process are fre-
quently treated as external constraints rather than as
integral components of the system. Similarly, require-
ments traceability processes often lack mechanisms to
ensure that human requirements are properly verified
and traced throughout the system lifecycle. Mucha et
al., (2024) suggested that pre-requirements specification
traceability, the process of identifying and documenting
the sources of system requirements, often overlooks HF.
In addition, during the design stage, there is also a lack
of structured methodology for integrating HF. HF is fre-
quently limited to basic physical measurements, neglect-
ing broader cognitive, behavioural and social dimensions
(Puig-Poch, Galdn Serrano, and Felip-Miralles 2025).
These studies indicate a structural gap in SE practices
that limits the effectiveness of HFI and results in a sys-
tem development that overlooks HF.

HFI has also faced resistance, as it was regarded as
a secondary priority, limiting leadership commitment
and resource allocation. Although progress has been
made in narrowing this gap, challenges remain in
translating research findings into actionable practices
(Chung and Williamson 2018). It is hoped that with the
release of the new version of the INCOSE SE Handbook
(INCOSE 2023), it will be recognised as a key compo-
nent of system development.

All these concerns highlight the need for a signifi-
cant transformation in HFI implementation. Therefore,
this research hypothesises that a deeper understand-
ing of the current state of HFl awareness and its inte-
gration during the development stage of complex
system lifecycles is essential for improving outcomes.
This study seeks to test the hypothesis by taking a
case study approach in the missile and guided weap-
ons, specifically a relatively underexplored area. The
objectives of this study are as follows:

1. Assess employee awareness and integration of
HFI principles.

2. Identify key challenges in
considerations.

3. Evaluate current strategies and tools for inte-
grating HF.

4. Propose recommendations to enhance HFI
awareness and implementation.

integrating HF
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This case study provides empirical evidence that crit-
ical HFI challenges exist within the defence industry,
offering new insights and actionable implications for
policymakers, defence contractors and system design-
ers. Its significance lies in its potential to enhance the
implementation of HFI in missile and guided weapon
system development, thereby improving system safety,
usability and performance. Although this study exam-
ines the challenges of HFI within the defence industry
and military procurement environments, the findings
may be applicable to other domains with comparable
industry practices and structures. The insights also con-
tribute to the ongoing discourse on HFI within the aca-
demic community, providing a foundation for further
academic exploration and enriching the body of knowl-
edge on HFI, SE and their intersection.

Literature review: Human Factors integration

Initially concentrating on physical human consider-
ations, ergonomics and HF underwent a significant
shift in the 1980s, by becoming more involved in
design processes, which were previously dominated by
engineering (Boy 2021). While the principles of HF
have been acknowledged since the 1950s, the formal-
isation of management and technical procedures,
exemplified by initiatives like the US Army’s ‘"MANPRINT’
programme, emerged in the mid-1980s with the objec-
tive of systematically integrating HF considerations
into equipment development (Harris 2008). The Army’s
successful implementation of the MANPRINT pro-
gramme marked a significant advancement in govern-
ment efforts to influence the acquisition process,
effectively addressing issues related to cost, perfor-
mance and safety enhancements. Building upon this
success, similar initiatives, modelled after MANPRINT,
have been adopted across various branches of the mil-
itary, including the US Navy with ‘SEAPRINT; the US Air
Force with ‘AIRPRINT’, and the UK MoD HFI.

Military equipment, often bespoke in design, offers
a unique opportunity for purchasers to specify HF
requirements with precision. This approach allows for
early and comprehensive consideration of HF, provid-
ing an advantage to ensure that systems are designed
with human capabilities and limitations in mind. In the
design of complex systems, longevity and safety are
vital considerations. Especially, military systems are
built to last decades, requiring attention to safe
decommissioning and the treatment of human opera-
tors who may face changes such as redundancy or
early retirement (Boy 2021). However, traditional acqui-
sition approaches often stumble in accommodating
cutting-edge technologies, leading to cost escalations

and underperformance. Proper consideration of HF at
the design stage is crucial. Furthermore, the process of
systems design typically unfolds within a contractual
environment between a customer and a solution pro-
vider (Chatzimichailidou, Whitcher, and Suzic 2024).
While both parties share the objective of designing a
successful system, differing interests can lead to con-
flicts. HFI serves as a tool to mitigate these conflicts by
separating the roles of the customer and solution pro-
vider from the outset. This ensures alignment towards
designing systems that integrate people effectively
with technology.

Fundamental to these deliberations, is the INCOSE
assertion emphasising the early initiation and continu-
ous integration of HFIl activities throughout system
development (INCOSE et al. 2024). The necessity for
early HFI gains additional significance in the usability
domain, as symbolised by the 1:10:100 rule-of-thumb.
As per this heuristic, addressing usability issues during
design incurs minimal costs compared to modification
post-development or during operational phases
(Bruseberg 2008). This principle emphasises the expo-
nential increase in costs associated with delayed HF
considerations, reinforcing the convincing argument
for proactive integration of HF principles. Furthermore,
as illustrated by the US Air Force’s efforts discussed in
the ‘Air Superiority 2030 Flight Plan Study; the require-
ment for holistic collaboration and continuous integra-
tion emerges as essential (Novitske (2019).

In the context of UK defence acquisition, HFI is not
only a theoretical concept, but a vigorous manage-
ment process. It aims at mitigating project risks and
enhancing solution quality, ultimately achieving opera-
tional and organisational benefits. The UK MoD opera-
tionalises HFI through a structured model, comprising
five HFlI domains and six high-level process activities,
enabling systematic identification, tracking, and resolu-
tion of human-related considerations throughout pro-
curement and implementation (Corbridge et al. 2016).
These five domains are Personnel, Training, HFE, System
Safety & Health Hazards and Organisational & Social.
These domains represent the key areas of focus across
the six high-level stages of the HFI process. These
stages include User Need Definition, System
Requirements Definition, Assess Tenders, Detailed
System Design, Test and Acceptance and In-Service
Feedback. The stages are tailored to accommodate the
diverse requirements of defence capabilities, systems
and equipment. These HFI activities are coordinated by
three key groups:

«  Capability Sponsor, responsible for defining
user requirements.



«  Capability Acquirer, tasked with specifying sys-
tem requirements.

«  Supplier, or Solution Provider, responsible for
developing the solution.

UK MoD (2023) defines specific goals that support HFI
activities within defence projects. These include identify-
ing and managing people-related risks, specifying Human
Factors Process Requirements (HFPRs), Human Factors
User Requirements (HFURs) and Human Factors System
Requirements (HFSRs). The goals are achieved by adopt-
ing a Human-Centred Design (HCD) approach, leveraging
established principles and best practices, and aligning
HFI programmes with the SE lifecycle. HFI considerations,
encompassing Risks, Assumptions, Issues, Dependencies
and Opportunities (RAIDO), serve as a collective term, as
outlined in the UK Joint Service Publication (JSP) 912 (UK
MoD 2022). The overarching goal of HFI is to unite peo-
ple, processes and technology into an integrated system
capable of operating safely, effectively and efficiently
across a spectrum of anticipated operating conditions.
This holistic view encompasses the entirety of the system
lifecycle, from concept to disposal, ensuring that HF is
considered at every stage.

HFI stands as a critical component within the
broader framework of SE. Central to the argument is
the idea that the integration of HF should not be an
isolated endeavour but rather deeply connected with
the whole system development process (Walker et al.
2006, 2008). This argument underlines the necessity of
acknowledging human elements as integral compo-
nents of any system, particularly within the domain of
defence systems acquisition and development.
Certainly, the fundamental principle emphasises that
without the inclusion of the user, a system remains
incomplete, thus requiring the incorporation of HFI
throughout the system lifecycle. This involves an
approach covering both engineering and support fac-
ets of the solution. Remarkably, HFl prompts the con-
sideration of human elements within projects or
programmes where users might not traditionally be
perceived as part of the system. Examples include
midlife updates, procurement of Off-The-Shelf prod-
ucts, or the management of an in-service organisation.
All require the integration of HFI to ensure holistic sys-
tem development and operation (Narkevicius 2008).

Beyond military domains, HFI concepts have increas-
ingly entered non-defence agencies and international
fields. Significantly, the FAA has directed comprehen-
sive guidelines aimed at integrating HF seamlessly into
the acquisition process. It underscores the growing
recognition of the importance of human-centric design
across diverse sectors. While HFI finds its roots in the
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defence sector, its principles extend across safety-critical
industries, including transportation, energy, architec-
ture, construction and medical device design (Boy
2023; Burgess-Limerick et al. 2011; Hamilton et al.
2013; Rajabalinejad, van Dongen, and Ramtahalsing
2020). lts success lies in its systematic approach to
identifying, tracking and addressing human-related
considerations, ensuring a balanced development of
technological and human aspects. This approach
encapsulates not just technical considerations but also
organisational and training aspects, emphasising the
socio-technical nature of HFI.

Methods

The research was structured as a qualitative explora-
tion, employing a case study centred on a defence
industry company specialising in missile systems. The
selection of this company was purposeful, given the
lack of existing literature on HFI and the absence of
published case studies in missile and guided weapon
system development. The case study approach enabled
a rich, context-specific investigation, with implications
that may extend beyond the individual company to
the wider industry and academic community. It
enabled an in-depth, multi-dimensional exploration of
complex dynamics within the organisation (Yin, 2015).

Semi-structured interviews with defence industry
professionals served as the primary data collection
method. This qualitative method was considered highly
effective for in-depth exploration of complex issues,
offering a detailed view of participants’ attitudes, prac-
tices and challenges with HFI. Semi-structured inter-
views allowed for open-ended questions and follow-up
probes. They facilitated detailed discussions and
enabled participants to share their experiences and
insights on HFI. This method supported the explora-
tion of both expected and emergent themes, provid-
ing an inclusive understanding of the research problem
(Fletcher et al. 2013). Moreover, semi-structured inter-
views were particularly effective for engaging with
diverse participants, each of whom may have different
insights and experiences related to HFI. This approach
facilitated a holistic view of the integration of HF
across different roles and stages of the missile devel-
opment lifecycle (St. John et al. 2014).

The interview questions were developed based on
the insights gained from the literature review on HFI.
Initially, a list of 34 questions was created, addressing
various HFIl aspects covered in the research objectives,
key areas including awareness, integration strategies,
specific practices and encountered challenges. This
preliminary set was then refined to 19 questions to
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improve clarity, focus and relevance. The refinement
process involved evaluating each question’s ability to
elicit meaningful and detailed responses, ensuring that
the final set of questions effectively aligned with the
research objectives.

This study followed a purposive sampling strategy.
Participants were selected from a company where the
researcher had obtained permission to conduct the
study. Selection was based on participants’ roles and
experiences, and their involvement and expertise in HFI
within missile system development projects. The sam-
ple size of 12 participants was determined based on a
combination of practical and methodological consider-
ations. Practically, the number of interviews was limited
by time constraints for data collection. A total of 12
participants was considered a realistic and practical
number within the available timeframe. Methodologically,
the sample aligned well with evidence-based recom-
mendations on achieving data saturation. Data satura-
tion is a data adequacy point at which it is unlikely that
new information would be obtained from participants
in qualitative research. Hennink and Kaiser (2022) found
that saturation is commonly reached with small sample
sizes, often between 9 and 17 interviews. Guest, Bunce,
and Johnson (2006) claimed that saturation often occurs
within the first 12 interviews, with basic elements of
meta-themes emerging as early as six interviews. The
sample of 12 participants aligns with the ranges recom-
mended in these studies and thus guided the sample
size decision for this research.

The interviews were conducted face-to-face, to fos-
ter a personal and engaging interaction. This setup
enabled participants to share their views and experi-
ences in depth. Each invited participant received an
information sheet outlining the purpose and scope of
the research, along with a consent form. The informa-
tion sheet ensured that participants were fully informed
about the study and their role in it, while the consent
form secured their voluntary participation and agree-
ment to the terms of the study. All interviews were
recorded and then transcribed for detailed analysis.
This approach enabled the main researcher to incorpo-
rate direct quotes and data visualisations for effective
presentation of the results.

The data analysis process employed thematic analy-
sis, a qualitative technique that involves identifying,
analysing and reporting patterns and themes within
the collected data. It involved systematically searching
and arranging interview transcripts to enhance the
understanding of the phenomenon under study. The
analysis began with coding, which involves categorising
and organising data into themes. This method reduced
the volume of raw information, identified significant

patterns, and built a logical chain of evidence from the
data (Wong 2008). This method also aided in uncover-
ing key themes related to HFI awareness, integration
challenges and potential improvements. NVivo software
was utilised to support the systematic coding, sorting
and retrieval of data, integrating these functions with
qualitative linking, shaping and modelling. Coding was
a crucial aspect of the qualitative data analysis process.
It involved subdividing large amounts of raw data and
assigning them into categories or themes. These codes
served as tags or labels for identifying significant topics
from the compiled data. The coding process included
several steps: after each interview, insights and obser-
vations were documented. Notes, called memos, were
kept, helping in understanding the reasoning behind
the coding decisions. This process was repeated for all
interviews to identify recurring themes across different
transcripts. Finally, codes were combined to develop
broader themes that capture the essence of the data.
This thematic analysis was conducted by the lead
researcher (first author), who developed the codebook.
The codes and the emergent themes were shared with
the second researcher (second author), who reviewed
them independently and provided feedback through
regular discussions. A third researcher (third author)
participated in these discussions by contributing
broader insights. In addition, to strengthen the analysis,
this study also utilised different theories to analyse and
interpret data.

Ethical considerations influenced this study, from
data collection to analysis and reporting (Creswell and
Poth 2018). The ethical issues addressed included
potential risks to participants, methodological refine-
ments, and adherence to the ethics approval granted
by the university ethics approval system, reference
number CURES/22656/2024.

Interview results

The thematic analysis of the semi-structured interview
data identified four major themes, grouped into twelve
themes, and twenty-two subthemes, using a total of
156 codes. These themes and subthemes are provided
in Figure 1, and the frequency of themes, and their
associated subthemes is illustrated in Figure 2.

Table 1 provides an overview of the participants
professional titles while preserving their anonymity.
Detailed demographic information, such as age, years
of experience, or specific job roles, was not collected,
in accordance with prior arrangements made with the
participating company. Considering the relatively small
and specialised nature of the defence sector in the
region, where data collection was conducted,

7



disclosing these details was considered to potentially
compromised participant anonymity. Although this
limited demographic profiling, the research still col-
lected participants’ professional titles to ensure the
data remained contextually informative.

Awareness and Relevance of HF and HFI

The first major theme, Awareness and Relevance of HF
and HFI, covers a detailed exploration of participants’

Current Tools and Methods

Instruments and

Future Tools and Methods D approaches

Tools and
Methods
Guidelines and

Guidelines and Standard Processes —— standards

Organisational and In

Cultural Factors

D

Organisational Challenges D

Development
and
Cultural
Dynamics

Documentations

Design and
Development
Process

Human-Centred Design (HCD)

Practical Design Considerations

Figure 1. Thematic analysis categorisation.
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perspectives on the understanding and significance of
HFI within the missile development industry. This
theme emerged as the most frequently discussed
theme, with all 12 participants contributing to a total
of 164 mentions.

Lack of HFl awareness emerged as a significant
issue during the interviews. Participant 2 pointed out
that ‘despite mixed awareness, HF is often overlooked,
particularly by younger engineers. Participant 3 esti-
mated that only ‘maybe 50 percent’ of employees are

Awareness of Human Factors

Awareness 5
o Training
e B
Training Challenges and Partial

Integration

Benefits and C General Benefits
Specific Importance

Importance of

Awareness HFI
and
relevance of
N HFI —— Integration Process
HFI
\_ End-User Importance and Benefits

C Practical Involvement

Verification and Demonstration

Human Involvement

Factors

tegration Availability and Need for

Specialists

Specialist Roles
and
Responsibilities

C

Roles and Responsibilities

HFI
Challenges
and

Design and Implementation Challenges
Solutions

HFI
Limitations
and
Solutions

Requirements
and

jons  — Specification

Safety —— Safety Considerations

Frequency of Themes

B Awareness and Relevance of HFI Il HFI Limitations and Solu

Awareness and Relevance of HFI HFI

Benefits and Importance
of HFI (27 mentions)

Awareness and Training (56
mentions)

End-user Involvement (26
mentions)

Specialist Roles and
Responsibilities (21
mentions)

Human Factors Integration (34
mentions)

Figure 2. Frequency of themes and subthemes.

Safety (18 mentions)

tions M Tools and Methods Development and Cultural Dynamics
Limitations and

Solutions

Requirements and
Specifications (32

E]

Tools and Methods

Challenges and Solutions

(25 mentions)
Documenta-

tion and
Standards
(18
mentions)

Instruments and Approaches
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Table 1. Participants matrix.
Participant

Professional title

Chief Systems Engineer

Senior Systems Engineer

Junior Systems Engineer
Integrated Logistics Support Manager
Procurement Associate

Project Manager

Development Engineer

Project Manager

Platform Integration Manager

10 Safety and Airworthiness Engineer
1 Senior Development Engineer

12 Retired Brigadier General

VooNOULDh WN =

familiar with HF, let alone HFI, indicating a clear gap in
fundamental understanding. This lack of awareness
was further highlighted by Participant 4, who observed
that employees might be aware of HF in theory but
fail to implement it effectively. The participant particu-
larly noted that ‘to the extent that they do implement
it, not fully; reflecting a disconnection between under-
standing and practice.

Participants consistently emphasised the need to
raise HF and HFI awareness. Specifically, Participant 7
noted a ‘need for greater awareness and understand-
ing of HF, which Participant 12 reiterated by stating
the need for improved HF awareness. Participant 12
noted that the awareness of incorporating HF require-
ments is still developing, and suppliers are hesitant to
include such requirements in contracts due to poten-
tial complications.

Closely linked to awareness, the need for HF train-
ing also emerged as a significant concern among par-
ticipants. Participant 1 acknowledged a general lack of
‘training on HF among employees. This absence of
structured training programmes and reference materi-
als was a recurring concern among participants.
Participant 4 stated, ‘I have not seen any [HF training
and reference materials]. So, therefore, | do not think
there is such; highlighting a clear gap between theo-
retical awareness and implementation.

Despite a lack of awareness and training, most par-
ticipants recognised the practical benefits of HFI.
Participant 3 emphasised user-friendly design and
safety, while Participant 4 pointed to the effectiveness
of operations and maintenance. Meanwhile, Participant
10 noted reduced errors and enhanced safety. Participant
10 also highlighted other benefits, such as reduced con-
cession requests and fewer mistakes in operation and
maintenance. Drawing from a study in civil aviation,
Participant 10 noted that ‘Only 10% [of incidents] are
due to technical failures. It is either human or opera-
tional reasons, such as bad weather, but a large major-
ity is due to the human; underscoring the benefits of
HFI in reducing errors and enhancing safety.

Participants also discussed the importance of HFI
specifically within the context of missile development
organisations. Participant 1 emphasised that ‘human
considerations are essential for effective [missile] oper-
ation, which was aligned with the argument from
Participant 3, who stated that it is important to con-
sider HF ‘during the whole life cycle of the missile [sys-
tems]. This view was further mirrored by Participant 6,
who stressed that HF is integral to the missile and
guided weapon system development process. In addi-
tion to that Participant 4 mentioned the importance of
considering HF for the missile and guided weapon sys-
tem’s operational and maintenance. These participants
acknowledged that human elements are critical to
ensure that the missile and guided weapon systems
can be maintained and operated by people during the
system lifecycle.

The integration aspect of HFI was another import-
ant point described by participants. Participant 1
emphasised that HF should be implemented through-
out the SE process rather than treated as separate HF
activities, supporting a holistic view of system devel-
opment. Participant 4 emphasised the importance of
early integration by asserting, ‘When you do your sys-
tem specification, [HF] really need to be included in
your system specification’ However, Participant 7 criti-
cised the current SE processes and mentioned that the
current processes do not adequately consider human
components from the beginning. HF is only integrated
after the design phase. Building on this, Participant 10
underscored the necessity of incorporating HF during
requirements capture.

End-user involvement, another recurring aspect
during the interview, is considered important to ensure
that the systems address real-world operational chal-
lenges. Participant 1 pointed out key interactions
between missile systems and operators, such as the
ground control systems, while Participant 11 provided
another key interaction between the pilot and the nav-
igation system. Participants 11 described how pilots
may need to manually input data if automatic methods
fail, illustrating a direct human interaction with the sys-
tem. The Participant stated, ‘The pilot actually should
physically write down the coordinates or the location
of where he is right now, highlighting the need for
user-friendly design in critical operational contexts.

Furthermore, some participants pointed out the
critical need for HF specialists throughout the missile
development process. There was a recognised lack of
available HF experts within the organisation, with
Participant 2 declaring the insufficient consultation
with HF specialists during the development stages.
Participant 10 mentioned that there is a limited



application of HF expertise, which was primarily
restricted to cockpit integration rather than missile
design. Participant 3 further acknowledged that ‘We
currently, we do not have any [HF specialists]’ and
Participant 4 recognised the potential benefits of these
specialists and highlighted their role in ensuring
understanding of HF requirements during system
development.

HFI limitations and solutions

The second major theme, HFI Limitations and Solutions,
includes 75 mentions from 12 participants, comprising
all the issues and problems faced in implementing HFI
in the context of missile development. This theme
offers a clear picture of the practical realities and con-
cerns that emerge in this multifaceted area.

Several participants suggested that the lack of HF
requirements is the major challenge of HFI. Participant
10 indicated that Human Factors System Requirements
(HFSR) are not usually provided by clients. Participant
12 said, ‘The culture of man-machine interface [HF]
did not exist. It does not exist. Therefore, people do
not put it in the specifications or requirements docu-
ments. Furthermore, Participant 12 highlighted that
suppliers often resist incorporating detailed HF
requirements due to potential complications and
costs. The participant suggested that buyers must
explicitly request these requirements, as suppliers will
generally not introduce them independently.
Participant 1 agreed that high-level HFSR, such as
adequate manpower, training, error reduction and
mental workload, are relevant and important. He/she
believed that these requirements should be incorpo-
rated into the design process to ensure the systems
are user-friendly, safe and efficient. Similarly, Participant
3 found high-level HFSR relevant but stated limited
exposure with them, saying, ‘I have not seen them
from my experience, except for requirements related
to error probability. This indicates that such require-
ments are not commonly included or emphasised in
the company’s projects. It also highlights the need for
clear, measurable requirements to prevent misinter-
pretation and ensure that HF considerations are ade-
quately addressed.

Realising this requires early and detailed discussions
between buyers and suppliers to guarantee that user
needs are effectively represented and incorporated.
However, another emerging challenge is the reluctance
of suppliers to incorporate HF due to potential compli-
cations and increased costs. Participant 6 stressed that
‘Suppliers may resist including HF requirements due to
the potential for complications and increased costs.

ERGONOMICS . 9

Similarly, Participant 12 stated that ‘Suppliers might
avoid adding HF requirements unless explicitly
requested by the buyer, which indicates that proactive
engagement from acquirers is necessary to ensure that
HF are considered and included in the development
process. Closely related, Participant 5 highlighted chal-
lenges in the procurement process, noting that pro-
curement personnel are more concerned with
commercial issues rather than HF issues. This partici-
pant also highlighted resistance from procurement
employees towards early-stage HFI, as they typically
view HF as a technical issue instead of part of their
commercial responsibilities.

The HFI process should emphasise HF requirement
verification and validation to align with user needs
and expectations. However, several challenges were
also identified in verifying and validating HF require-
ments. Participant 9 pointed out that while some
HF-related aspects are addressed, they are not explic-
itly labelled as HF considerations. Furthermore, this
participant acknowledged the difficulty in demonstrat-
ing HF-related requirements, noting that the current
validation focuses more on system capabilities than on
HF aspects, which highlights a gap in validating human
aspects and user interaction aspects during system
demonstrations.

Participant 10 observed that challenges in integrat-
ing HF are also evident from the disconnection of
designers and maintenance realities. ‘The biggest chal-
lenge is that in the design world, we have to design
something and write the instructions to maintain it,
when some of those guys writing it have never even
changed the spare wheel on their own car’ This dis-
connection leads to impractical instructions and design
flaws, as designers often lack practical maintenance
experience. In addition, Participant 10 noted that HF
considerations often occur too late in the design pro-
cess: ‘It often does not happen, and if it does happen,
it is the later stages where it is often difficult to change
it’ This participant believed that the resistance to inte-
grating HF was mainly because of a perception of
additional workload. He/she believed that some for-
malised HFI guidelines and standards, such as JSP 912
of the UK MoD are only applicable to government pro-
curement and not the industry. This participant empha-
sised a challenge in aligning industry practices with
these standards. In a related point, Participant 12
stressed the need for cultural change and
awareness-building about the importance of HFI. This
challenge highlights the need for educating local sup-
pliers and end-users about international standards and
practices to enhance the development and usability of
missile systems.
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Development and cultural dynamics

The third major theme, Development and Cultural
Dynamics, was mentioned 70 times, with all 12 partic-
ipants contributing. It explores the complex interaction
between the design and development processes and
the broader organisational and cultural factors that
influence them.

Many participants discussed the current processes
and the challenges of implementing HFI during the
design stage. They focused on the lack of adoption of
an HCD approach despite being recognised for its
potential benefits for product quality and acceptance
if integrated early in development. Participant 1 admit-
ted that ‘HCD is not practised. Participant 2 said that
HCD is only applied in limited contexts, primarily
within Integrated Logistic Support (ILS), but not as a
comprehensive design principle. Participant 3 admitted
that the company lacks a mature HCD process, stating,
‘We try to apply it, yes, but.the processes are still not
yet matured. Participant 9 explicitly stated, ‘That is
something that we do not do, unfortunately, and we
need to do it; reinforcing the recognition of this gap.
Participant 9 also emphasised the benefits of involving
client representatives in design reviews so the com-
pany can more effectively capture the real user needs
and ensure the design aligns with those needs.

Due to the limited input to design and develop-
ment from actual users, Participant 3 explained that
the responsibility for creating the Concept of
Operations (CONOPS) often falls only to systems engi-
neers. ‘We were the ones who were coming up with
the CONOPS; Participant 3 noted. Similarly, Participant
9 emphasised the importance of CONOPS in aligning
system functionality with user needs. The iterative pro-
cess of developing CONOPS with client feedback is
needed to ensure the system is tailored to meet
real-world operational demands. Moreover, Participant
9 believed that ‘CONOPS is everything, underscoring
its importance in ensuring systems are usable in
real-world conditions. They described their best
approach for CONOPS development that involved the
end-users: ‘We will write the first draft [of CONOPS],
review it with them [users]; illustrating a collaborative
process aimed at aligning system functionality with
user needs. This proactive measure seeks to address
practical challenges, although it is currently viewed
more as an initiative from the manufacturer rather
than a client-mandated requirement.

While recognising the benefits of involving end-users
in design processes, their engagement is often limited
and inconsistent. Participant 10 acknowledged the lack
of current practice in involving all stakeholders,

especially the end-users, during the design stage.
However, this participant emphasised its value, partic-
ularly in safety assessments. Participant 9 provided an
example of the need to incorporate user feedback into
the design. He/she explained that they currently plan
to acquire an aircraft simulator that communicates
with missile systems to better understand user interac-
tions. However, some other participants recognised the
complexity of end-users’ involvement in the design
process. Participant 4 noted that while end-users
should contribute to design principles, ‘They should
not get involved in the details of the design’ Participant
6 highlighted the complexities of integrating end-user
feedback, mentioning that while it can enhance out-
comes, it can also introduce conflicts if users lack
understanding of the development details. Participant
7 also acknowledged potential conflicts between engi-
neers and end-users due to differing perspectives on
performance requirements. This reflects a balanced
view of user involvement, advocating for their input
on principles rather than detailed design aspects. This
also reflects the need for user involvement to be care-
fully managed and should be documented thoroughly,
with clear descriptions and agreed-upon changes
managed carefully.

Participants also discussed the role of organisational
and cultural factors in shaping HFI practices. Participant
1 mentioned that the company does not receive
detailed Target Audience Documents (TAD) from cli-
ents. As a result, it limits the understanding of user
needs that may result from the company’s failure to
stress and communicate the necessity of these docu-
ments to clients, as well as broader organisational
issues. It also indicates cultural challenges in prioritis-
ing user-centred design. This participant and Participant
4 noted that tools like Human Task Analysis (HTA) and
Failure Mode Effect Analysis (FMEA) were used selec-
tively, often as an afterthought rather than an integral
part of the development process. Furthermore, accord-
ing to Participant 4, ‘Many local suppliers are not
accustomed to integrating HF into their development
processes. Participant 12 elaborated on the cultural
shift required, as the culture of human considerations
does not exist. ‘People do not put it in the specifica-
tions or requirements documents. This reflects a gap
between traditional practices and modern require-
ments, emphasising the need for a cultural and proce-
dural shift towards valuing HFI. As Participant 12
further stated, the culture of HF, ‘I think, needs to
develop much more. How much they value the ergo-
nomics, you know, and how much they see the impor-
tance of ergonomics in their products’



Tools and methods

The fourth major theme identified in the research is
Tools and Methods. With 54 mentions from 11 partici-
pants, this theme encompasses the tools, methodologies,
and standards used to incorporate HF in missile
development.

Within this theme, Participant 1 believed that inte-
gration should be guided by high-level frameworks
and addressed in lower-level procedures, tailored to
specific product needs. This participant believed that
the HFI plan could be part of the Systems Engineering
Management Plan (SEMP) document or the Systems
Engineering Manual. Similarly, Participant 2 suggested
that HFI considerations should be integrated into
SEMPs and design reviews, including user feedback.
The integration of HF into the SE process was a recur-
ring subject during the interview. Most participants
agreed on the need for specialised tools, teams, and
methods tailored to different system types and project
stages. Particularly, Participant 8 stressed the necessity
of this integration by stating, ‘HF processes and tools
should be integrated into SE to ensure consistent
application across projects. This view was supported
by Participant 12, who suggested establishing ‘a spe-
cial division and special tools and processes and pro-
cedures available in the organisation’ to handle the
unique challenges of each project, reflecting an agree-
ment on the need for dedicated resources and
expertise.

Participant 3 advocated for a formal HFI process,
arguing, ‘If we have a process for integrating HF, it will
be very, very beneficial. everyone will get training,
awareness on the benefits’ and accentuating the need
for a standardised process. Participant 4 supported the
formalisation of HF processes, suggesting, ‘If there is
such, it will be very much integrated with the work
that we are doing. This participant expressed support
for future mandates, as ‘A system has a specification.
So therefore, the specification will then have require-
ments for HF included in it as well. This implies a
belief in the potential of formal mandates to overcome
cultural resistance. In addition, Participant 7 saw value
in establishing a formal HFI policy to raise awareness
and emphasise the role of each employee in contrib-
uting to the company’s success. This highlights the
need for recruiting personnel with HF awareness and
providing relevant training. To better integrate HF into
the development cycle, Participant 2 recommended
increasing education and exposure to HFI concepts.
This would make HFI a formal part of the develop-
ment lifecycle and eventually mandate human consid-
eration in all development projects. He/she admitted
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that this approach requires buy-in from all stakehold-
ers to be effective.

Participant 10 acknowledged the role of training
but argued it was not sufficient on its own. They sug-
gested, ‘Training is part of it, but it is also a checklist
of processes to say, have we thought of this?’. He/she
also stressed the need for changing the narrative
around HF: 'You need to change the narrative from
telling them what they should do, to explaining why"
This approach aims to foster understanding and genu-
ine buy-in among employees.

In addition, effective documentation and communi-
cation between buyers and suppliers were highlighted
as fundamental for clearly defining and meeting HF
requirements. Participant 3 articulated this need:
‘Proper documentation and communication are key to
ensuring that HF requirements are understood and
met. On the aspect of documentation and communi-
cation, Participant 12 suggested that user involvement,
along with their communication and discussions,
should also be thoroughly documented. The documen-
tation includes clear descriptions and agreed-upon
changes managed carefully to avoid excessive revi-
sions. This participant underlined the importance of
clarity to prevent misunderstandings, stating, ‘Make
sure that everything is written down as clearly as pos-
sible to avoid any misinterpretation later.

Discussion
Methodological reflections

The interview participants represented a diverse range
of roles within the company, including systems engi-
neers, project managers and safety managers. The
diverse composition offered a holistic view of HFI
across the system lifecycle. This was in alignment with
Taherdoost (2022), who suggests that samples of qual-
itative research should be purposely selected as a
rational cross-section of individuals most likely to pro-
vide relevant and comprehensive insights into the
research objectives. Underpinned by data source trian-
gulation, which involves collecting data from different
types of participants, the study gained a holistic per-
spectives and improved the validity of the data
through cross-validation (Carter et al. 2014). Rather
than aiming to generalise the findings from a single
stakeholder group, focusing on depth and variation
across relevant roles, enabled capturing insights from
different and intersecting viewpoints. The findings
from the case study can act as a reference model
which other companies in the defence sector can
implement. Such applicability of findings can help in
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enhancing HFI practices in the field, which in turn can
lead to improvements in the missile and guided
weapon systems.

The thematic analysis involved multiple researchers
and incorporated a collaborative peer debriefing pro-
cess. As recommended by Nowell et al. (2017), this
process worked as a form of investigator triangulation.
It enabled critical feedback on the emerging codes
and themes, facilitated diverse perspectives during the
analysis, and helped to mitigate individual bias. In
addition, peer debriefing served as an external check
on the research process to improve the validity of
results and the credibility of the research (Nowell
et al. 2017).

Theoretical triangulation contributed to a compre-
hensive interpretation of the findings by allowing the
use of different theories to analyse and interpret data
(Carter et al. 2014). This approach enabled researchers
to support or challenge findings by comparing, con-
trasting or interpreting them through various theoreti-
cal perspectives and improves the validity of research
by incorporating insights from diverse sources (Carter
et al. 2014). Some key theories used in this study
include organisational culture and change theories,
such as those proposed by Kotter (1996) and Schein
(2010); as well as the safety science perspective of
Reason (2016), among others.

Interpreting the findings

The study found that HFI is fundamentally important
in missile development, particularly in ensuring sys-
tems are practical, safe and effective during handling,
assembly, operation and maintenance. Despite this,
this study reveals that HF remains underappreciated.
Awareness of HF and HFI principles among employees
is varied, with a remarkable gap in training. This
implies that the current induction and continuous pro-
fessional development programmes are insufficient in
preparing the employees with the required skills and
knowledge to implement HFI in their work. This find-
ing is concerning given the firm link between thor-
ough HF training and the successful implementation
of HFI principles (Salas et al. 2012).

The application of HCD within the company is
inconsistent. While there are efforts to involve
end-users, this involvement typically occurs later in the
development cycle, primarily during design reviews
and acceptance testing, rather than in the initial design
phases. This delayed involvement inhibits applying dis-
coveries made during these gate points, as the cost of
modifying the system at later stages of development is
significantly higher. Moreover, the company has no

systematic way of doing HCD, which is a weakness in
the design and development process. This observation
contradicts Norman's (2013) and Sherman’s et al. (2024)
user-centred design, which stresses the importance of
incorporating user needs and feedback throughout the
design process for intuitive and efficient systems. The
lack of consistency in the use of HCD within the com-
pany also implies a disconnect between theoretical
best practices and practical implementation. Giacomin
(2014) emphasises the need for systematic approaches
to HCD, suggesting that systematic methodologies are
important to achieve usability and effectiveness. This
view is reinforced by the ISO 9241-210:2019 standard
that outlines systematic and iterative processes for
designing usable and effective interactive systems
(International Organization for Standardization 2019).
The study found that while HF are indirectly
included in the current SE process in the focused com-
pany investigated in this case study, their integration is
not sufficient. The findings highlight the importance of
eliciting user input during the CONOPS process.
Without incorporating feedback from both direct users
(those interacting with the system) and users by com-
mand (those overseeing operations), the resulting
CONOPS may reflect only the developer's perspective,
potentially overlooking the needs of key stakeholders.
Continuous user involvement throughout the develop-
ment cycle and the use of specialised tools and meth-
ods are recommended to improve this integration. This
balance between user feedback and project efficiency
reflects broader concerns within SE, where the need
for human considerations must be balanced against
technical and logistical constraints. Maguire (2001)
emphasised that this approach is difficult to manage
due to competing priorities and the complexity of
integrating diverse stakeholder inputs. This is sup-
ported by Berlin et al. (2021) who highlight the diffi-
culty of balancing diverse stakeholder interests and
priorities. Despite these challenges, specialised HF
tools and methods, when tailored to different system
types and project stages, could promote the integra-
tion of HF processes into the SE process
(Burgess-Limerick et al. 2011; Stanton et al. 2017).
Effective documentation and communication are
important to ensure that HF requirements are effec-
tively incorporated. Participants emphasised the impor-
tance of clear and measurable specifications to prevent
misunderstandings and ensure that HF requirements
are met. This reflects broader industry challenges
where miscommunication and ambiguous documenta-
tion can lead to costly rework, project delays and even
safety risks. This view is further backed by literature on
documentation in engineering. It points out that



documentation must be precise and unambiguous to
ensure that all the stakeholders have a common
understanding of requirements and specifications.
Misinterpretation of requirements is a common issue
in complex projects, often leading to divergence in
implementation and the need for rework, which can
threaten project success (Boehm 2004; Pavate
et al. 2024).

The study suggests that integrating HF into contrac-
tual processes is necessary for aligning design and
procurement practices with HF requirements. Early
specification of HF requirements in contracts is import-
ant to prevent misalignment and potential issues later
in the development process. Moreover, establishing a
formal HFI mandate within the company, supported by
a unified policy or framework within client organisa-
tions like the MoD, would substantially enhance HFI
implementation. The support for high-level frame-
works, specific procedures and formal mandates
demonstrates an awareness that ad hoc strategies are
inadequate for reliably incorporating HF into complex
systems such as missiles or guided weapons. Although
there is scepticism about the effectiveness of mandat-
ing, concerns mainly focus on the risk that mandated
tasks may be completed only superficially. This could
lead to a lack of full intellectual engagement, going
against the intended purpose. Nevertheless, the litera-
ture supports mandating. It highlights that formalised
processes and frameworks are critical for achieving
consistency and effectiveness in HFI across different
projects and stages (Dul and Neumann 2009). This is
reinforced by military standards like JSP 912 (UK
Ministry of Defence 2022) which provides detailed pol-
icies, guidance and best practice to ensure the consis-
tent and systematic HF integration throughout the
system lifecycle.

Several challenges hinder effective HFl in missile
development. One set of challenges relates to directly
to the project itself, particularly the technical aspects,
such as requirements, design and verification. Another
set of challenges is more contextual. These are rooted
in organisational and societal cultures that influence
how projects are managed and what priorities are pur-
sued. There was a clear bias towards technical and
logistical expertise, reflecting an organisational culture
that values engineering over human factors and limits
HF integration. This finding aligns with Vicente (2013)
and Muhammad et al. (2024), who discusses the chal-
lenges of integrating HF into engineering domains
where technical priorities tend to overshadow HF.
Vicente (2013) highlights how engineering cultures fre-
quently emphasise reliability, efficiency, and function-
ality, sometimes at the expense of usability and human
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well-being. This illustrates a systemic cultural challenge
across similar organisations. Meanwhile, Muhammad
et al. (2024) emphasises that technology-driven organ-
isations, particularly those relying on computer auto-
mation, often prioritise data-driven methods and
overlook the critical role of human capabilities and
limitations. This cultural orientation leads to a reactive
instead of a proactive approach to HFI. HF activities
are often delayed until the later stages of develop-
ment, primarily used to solve emerging problems
rather than to inform early design decisions. A key fac-
tor contributing to these observations is that the engi-
neering culture, and the culture of acquisition are
heavily influenced by emphasis on the objective
achievement of specified outcomes. These cultures
often do not accommodate attributes of systems that
are not quantitatively described, or visibly verifiable.
Consequently, HF are often treated as an afterthought
rather than a fundamental component of the design
process.

The selective use of tools like HTA and the inconsis-
tent integration of HF in the SE process align with
Reason’s (2016) concept of ‘latent conditions’ where
organisational practices and norms create an environ-
ment where HF are not fully integrated into the design
process. These latent conditions sustain a cultural
acceptance of ‘good enough’ technical solutions, often
overlooking the systemic risks introduced by the
neglect of HF. These patterns resonate with organisa-
tional culture theory (Schein 2010), which suggests
that deeply ingrained cultural assumptions influence
how organisations approach change and innovation.
These finding aligns with the broader literature on
organisational change, which suggests that resistance
to new practices is common, especially in industries
where traditional methods are deeply established
(Kotter 1996).

Furthermore, suppliers are often reluctant to incor-
porate HFI due to unclear specifications and ineffective
verification processes. This hesitation is especially com-
mon among local suppliers with limited HFI experi-
ence, who see it as an added cost and complexity.
Their unwillingness to adopt HFI unless explicitly man-
dated by the client highlights a broader gap in the
supply chain’s commitment to HFI. This pattern reflects
an industry culture that focuses more on contractual
compliance and technical deliverables than HF integra-
tion. It also reflects wider societal cultural factors
towards change and innovation, where HFI is seen as
disruptive to established norms and is therefore met
with passive or active resistance. These findings aligns
with the broader literature on change management,
which suggests that resistance to new practices is
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common, especially in industries where traditional
methods are deeply established (Kotter 1996).

The idea of culture as a barrier to change is well
supported in the literature, and the results of this study
support that without the right culture in place, the
implementation of HFI will remain a challenge (Schein
2010). The call for cultural change to embrace HF aligns
with Schneider, Brief, and Guzzo (1996) those who
stress the importance of fostering an organisational cul-
ture that supports HFI. Kotter's (1996) eight-step model
outlines a structured change process including urgency
creation, coalition-building, vision development, clear
communication, empowerment, short-term wins, and
anchoring new behaviours in organisational culture to
ensure lasting impact (Appelbaum et al. 2012; Kotter
1996). In the context of the missile and guided weapon
system development company under this case study,
such a transformation would entail a change in the cur-
rent processes, training and development, and culture
that supports HCD and the use of HF tools and stan-
dards. This involves incorporating HF principles not only
in formal procedures but also in everyday practices,
ensuring that all employees are valued HFI and moti-
vated to apply HFI, supported by leadership that mod-
els and reinforces these behaviours. This is also in
agreement with Dul et al. (2012) those who assert that
HF should be incorporated into strategic business pro-
cesses to improve organisational performance, thereby
fostering a culture where HF considerations become
integral to decision-making and project success.

Strategies for strengthening HFI practice

This section translates the study’s key findings into
actionable strategies aimed at improving HFI imple-
mentation in missile and guided weapon system
development. These strategies are structured into two
categories: (1) organisational and cultural strategies
and (2) process, tool and technical mechanisms.
Together, these actionable strategies provide a practi-
cal roadmap for integrating HF more

Organisational and cultural strategies

Enhance training programmes. The study shows that
while some employees are aware of HFI principles,
there is a major gap in training. To address this, the
company should develop structured training
programmes that emphasise the importance of HFI
and provide practical guidance on its implementation.
These programmes should target all levels of the
organisation, from engineers to management, ensuring
that HFI principles are understood and integrated
across the development lifecycle.

The traditional training in HFI might go a long way in
alleviating the problem of cultural resistance, but it
would usually remain within the general idea of teaching
topics and tools for HF. A new avenue could include the
concept of ‘mental models’ and how they shape the pre-
conditioning and barriers to learning (Sterman 2006).
Cultural norms are shaped by our current perception and
interpretation of reality, which in turn may be misaligned
from one shaped by reasoned evidence of that reality.
Bringing this awareness to trainees would be a first step
in targeting some defensive routines, unscientific reason-
ing, judgmental biases and so on (Sterman 2006).

Consult HF specialists. To improve HFI implementation,
it is important to recruit or involve HF specialists in
the development process. The expertise can provide
informed guidance and support the thorough
integration of HFI principles.

Integrating HFI into the SE process. The study reveals
that HFI considerations are often limited to later stages
of development. To enhance implementation, HFI
needs to be integrated into the SE process from the
outset. This includes involving end-users earlier in the
design phase, using HF methods and tools, conducting
HF analyses, and ensuring that HF requirements are
captured and addressed in system specifications and
user requirements.

Foster a HF-oriented culture. To enhance awareness
and implementation, the company needs to foster a
culture that values HFI as a critical component of the
development process. This can be achieved through
leadership commitment, continuous communication
on the importance of HFI and the alignment of
organisational goals with HFI objectives.

Encouraging consistent end-user involvement. To
manage the inconsistencies in user involvement
identified in the study, the company should establish
a formalised approach to HCD. This approach could
guarantee that end-users are consistently involved not
just in design reviews and later stages but throughout
the entire development process.

Facilitate practical exposure for engineers. To reduce
the gap between design and practical application, the
company could implement a programme where
engineers, especially early career engineers, are
temporarily placed in practical environments, such as
assembly and manufacturing plants. This experience
allows engineers to gain firsthand insights into the
challenges faced by technicians and maintainers,
leading to designs that are more user-friendly,
manufacturable and operable.



Establishing a dedicated HFI division. To achieve a
focused and effective implementation of HFI, the
company could consider establishing a dedicated HFI
division within the SE department. This division should
have its own tools, methods, and specialists who can
lead HFI initiatives, ensuring that HF are consistently
integrated and tailored into all projects.

Recruiting  retired operators. ~ Another  strategy
recommended by a couple of participants of the study
is to enhance HFI by recruiting retired operators, such
as former military personnel, to work within the
defence industry. These individuals can bring valuable
operational experience that can inform the design
process, ensuring that systems are developed with
real-world usability and practicality in mind.

Establishing an HFl mandate. To further reinforce the
importance of HFIl, the company could invest in
establishing a formal HFI mandate. This mandate would
enforce the integration of HFI principles in all phases of
missile development, making it a standard practice
rather than an optional consideration. However, the
effectiveness of this mandate could be significantly
enhanced if a unified HFI policy or framework existed
within the clients or acquirers of missile systems. The
absence of such a policy in certain key client organisations
could hinder HFI implementation among missile supplier
companies, potentially limiting the emphasis and priority
given to HFI across the supply chain.

Process, tools, and technical mechanisms

Develop a shared HF requirements database. Inspired
by the UK MoD’s practice (UK Ministry of Defence
2022), an inclusive set of HF requirements such as
HFURs, HFPRs and HFSRs, can be integrated into a
shared database accessible by both the clients and the
supplier companies. This approach aims to define the
human role in system capabilities in generic yet
applicable terms. It also aims to enhance HFI in
requirements documents and improve guidance on
acceptance criteria. This ensures HF are consistently
addressed throughout system development, enabling
both acquirers and suppliers to integrate them
effectively across all capabilities and systems.

Model role-specific tasks. Defence suppliers could
adopt an approach to modelling role-specific tasks for
both supplier and client perspectives. Grounded in
user-centred systems design (Boy 2021), this approach
recognises that users encompass various roles beyond
end-users and operators. It promotes a holistic
understanding of human-system interaction, enabling
HFI strategies to be tailored to the unique requirements
of each user group, ensuring that all operational,
maintenance and support needs, are addressed in the
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system design. By systematically analysing these roles
and tasks, they can enhance training, improve system
usability, and ensure that HFI considerations are fully
integrated throughout the missile development
lifecycle. Table 2 proposes the key roles and tasks
relevant to missile development, highlighting the
importance of addressing the specific needs of each
user group individually

Facilitate HFI through MBSE and Human-in-the-Loop
(HITL) modelling. The integration of HF into SE is often
facilitated through Model-Based Systems Engineering
(MBSE), which helps ensure coherence between HF
methods and existing SE practices by embedding HF
considerations into system models. For example, Airbus
Defence and Space recognised deficiencies in
addressing HF within their existing architectures and
proposed changes. This recognition prompted a
comprehensive investigation that led to the
incorporation of HFI into various aspects of their MBSE
process (Sharples 2015, 2016). Facilitate HFI through
MBSE by explicitly representing users within system
models, assisting the identification of human tasks,
interactions, interfaces and information flows and
enabling the precise definition of requirements related
to equipment, personnel, manpower and training.
Furthermore, Human-In-The-Loop Simulations (HITLS)
empower designers to consider not only specified
tasks but also actual users (Boy 2020). This approach
represents a shift from simply accommodating users
through interfaces to actively integrating their needs
and behaviours into the design process. It aligns
closely with Human-Computer Interaction (HCI)
principles, which emphasise observing human activity
and understanding user experiences (Boy 2021).
Coupling HF with HITL simulations enables real-time
simulation and validation of user-centred requirements.

Implement an HFI Plan. For every project, a formal HFI
plan (Bridger 2014) should be created and integrated
into the project documentation, outlining specific HF
activities to be conducted at every stage, from initial
concept through to operation. This can help to
systematically integrate HF considerations throughout
the project lifecycle, resulting in more effective and
efficient outcomes. Since the HFI process is both goal-
based and risk-based, the plan can be tailored to the
specific circumstances and risks of each project,
ensuring that HF activities are appropriately scaled to
achieve the desired goals while managing potential
risks effectively.

Appoint an HFI integrator in SE teams. A dedicated
HFIl integrator within the SE team (INCOSE et al.
2024), who would be responsible for coordinating HFI
activities, could be considered to ensure that HF
considerations are systematically integrated across all
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Table 2. Missile development user roles and tasks.

User role Tasks

Perspective

Missile Loaders and

Maintainers missile systems.

Perform inspections, loading, unloading, maintenance, code checks and recoding of

Solution Provider (supplier company)/
Customer (system acquirer)

They are trained to handle sensitive components and perform missile disablement.

Missile Operators/Crew Operate missile systems, including pre-launch checks, target acquisition and launch

Customer (system acquirer)

execution. Perform physical inspections and may consult maintainers for complex

issues.
General Military
Personnel
HFI Specialists

Provide operational support, including transportation, securing and positioning of
missile systems. Trained to perform missile disablement when required.
Develop and implement HFI strategies, ensuring that missile systems are

Customer (system acquirer)

Solution Provider (Supplier company)

user-friendly, safe and meet operational requirements.

Engineers and
Technicians
Trainers

standards and customer requirements.

Quality Assurance

Personnel standards and operational readiness.

Design, test and troubleshoot missile systems. Ensure compliance with military

Train military personnel, operators and maintainers on the use, inspection,
maintenance and safety protocols related to missile systems.
Conduct inspections and evaluations to ensure missile systems meet specified

Solution Provider (Supplier company)

Solution Provider (supplier company)/
Customer (system acquirer)
Solution Provider (Supplier company)

programmes and engineering efforts. Key duties
include developing or contributing to HFI plans,
tailoring HFI efforts for the project lifecycle, ensuring
HFI aspects (e.g. ergonomics, HMI, human reliability)
are adequately considered throughout the project,
supporting domain personnel, balancing trade-offs to
optimise performance and cost, coordinating with
other programme elements, and managing HFI-
related risks, issues and opportunities throughout the
project.

Ensure activities are conducted by qualified personnel. It
is recommended that all HFI activities conducted by
defence supplier companies be performed by Suitably
Qualified and  Experienced  Personnel  (SQEP).
Specifically, these activities should be carried out by
professional Ergonomists or Human Factors Engineers
who acquire experience in defence-related HFI. To
meet this standard, all HFI personnel should hold a
registered membership with the Chartered Institute of
Ergonomics and Human Factors (CIEHF), for example.
This recommendation is inspired by the UK MoD’s
practice, as outlined in JSP 912 Part 1 (UK Ministry of
Defence 2022).

Justify HFI using cost-benefit models. A strong financial
justification for HFI can be developed by employing a
cost-benefit model during the project planning phase.
Demonstrating that early application of HFI can lead
to substantial cost savings, as supported by Miles and
Hignett (2018), will educate and encourage clients, to
support and prioritise HFI in their projects. By utilising
financial justification, this approach not only proves
the financial benefits but also strengthens the
leadership’s commitment to HFI, ensuring that it is
incorporated early into the development process and
sustained throughout the project lifecycle. The cost-
benefit analysis needs to be done, including the whole
system lifecycle, including costs paid by the supplier,
which affect the acquisition price and costs incurred
through the operations and maintenance as well as

disposal phases,
organisations.

paid by the acquirer and user

Establish a human-related data repository. It s
recommended that defence supplier companies
collaborate with end-users to establish a shared
database for human-related data (Rantanen et al.
2003). This effort should collect information such as
human performance data, ergonomic standards,
human errors and other relevant HF metrics. By
maintaining this shared database, both suppliers and
end-users can access essential information to make
informed decisions and ensure effective integration of
human considerations throughout the design and
development process.

Adopt structured HF methods and tools. Defence
supplier companies could adopt and implement
structured HF methods and tools to enhance the early
identification and management of HFI issues
throughout the SE process. Given the wide range of
HF methods available, such as those outlined in
Stanton et al. (2017) who categorise 107 HF methods
into 11 categories, can be tailored to address varying
levels of complexity in HF problems. Some issues may
require only basic interventions, while others might
necessitate a combination of methods, planned and
prepared in advance, to achieve optimal outcomes. By
utilising a broad set of methods, including data
collection, task analysis, cognitive task analysis, human
reliability and safety analysis and more, the company
can systematically integrate HF considerations into
system design, ensuring that human related concerns
are addressed at every stage of development.

The use of HF methods in missile system develop-
ment is documented in the literature. For example, user
testing supported with human performance data was
employed in the development of the US Line-of-Sight
Forward-Heavy (LOS-FH) missile system to inform
decision-making during the acquisition process (Booher



2003). In the case of the F/A-18 Hornet and Super
Hornet weapon systems, descriptive and experimental
studies, along with laboratory and flight testing, were
conducted to improve pilot situational awareness and
overall system performance (Heck 2007).
Systems-Theoretic Accident Model and Process (STAMP)
and its hazard analysis method, Systems-Theoretic
Process Analysis (STPA), were applied in a Royal Navy
Hawk missile simulation task (Stanton, Harvey, and
Allison 2019). The methods enabled the mapping of
key stakeholders, identification of potential risks, and
improvements the overall system safety (Stanton,
Harvey, and Allison 2019). Similarly, the application of
STPA to Generic Raytheon Missile Systems (GeRMS)
showed its benefits in developing applicable hazard
mitigations (Chiesi 2016). Furthermore, Fault Tree
Analysis (FTA) was applied to the guided weapon sys-
tem of laser-guided terminal projectiles during live fir-
ing tests (Gao et al. 2019). The method helped to
identify critical failure points and improve system reli-
ability. In addition, simulation and experimentation that
integrate anthropometric modelling with technologies
such as game animation and virtual reality were devel-
oped to support early design decisions for future naval
missiles and weapon systems (Leahy and Vance 2019).

Creating an HFI checklist. Even without a formal HFI
policy, developing a checklist (Al Rashdi 2019) that
covers various aspects of HFl could be beneficial and
adaptable to each project. This tool helps engineers
and project managers ensure that key HF elements are
considered throughout design, development and
evaluation.

Use an HFI generic question set. To facilitate HFI in
missile development, using a generic question set
designed to guide the definition and scaling of HFI
activities can help ensure an appropriate integration of
HF considerations throughout the missile system’s
lifecycle. The question set helps elicit evidence at each
stage, ensuring that the process aligns with the key
HFI goals of feasibility, usability and reliability, as
adapted from Hamilton et al. (2013). Table 3 proposes
some essential HFI goals and key questions that could
guide HFI. By systematically addressing these elements,
defence suppliers can guarantee that missile systems
are designed with a clear understanding of user roles,
operational requirements and potential risks.

Conclusion, limitations and future work
Conclusion

The study concludes that although HFI is essential in
missile development, it remains underappreciated in the
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case study company, with a significant gap in employee
awareness and training. HCD is applied inconsistently,
end-user involvement typically occurs too late in the
design cycle, and integration of HF into SE is inade-
quate. These findings confirm the hypothesis introduced
in the Introduction that within the missile development
company investigated, a deeper understanding of the
current state of HFl awareness and its integration during
the development stages of complex system lifecycles is
needed to improve outcomes. Through a case study
approach, the research reveals a significant lack of
awareness of HF and inconsistent implementation of HFI
principles.

These findings also contribute to advancing HFI
practice by offering a practical roadmap and action-
able strategies aimed at improving HFl implementa-
tion across the system lifecycle. These strategies, which
can be tailored to defence-sector applications, consist
of organisational and cultural strategies, as well as pro-
cess, tool and technical mechanisms.

From a theoretical perspective, this study contrib-
utes by linking organisational and cultural barriers,
where technical expertise is valued over HF, and wider
industry and societal resistance, where suppliers view
HFI as costly and complex, to established change man-
agement theories such as Schein and Kotter. This adds
new insight into how the dynamics within organisa-
tions, wider industry and society can enable or hinder
HFI adoption. This, therefore, bridges the gaps between
HFI and organisational transformation literature.

The study also highlights the necessity of formally
integrating HF into procurement contracts and sup-
porting this with unified HFI frameworks. Although
there are concerns about superficial compliance with
mandated processes, the literature supports that for-
malisation is important for achieving consistency and
effectiveness.

Limitations and further studies

This study not only reinforces the need for policy-level
reform but also lays the foundation for future research
aimed at bridging the persistent gap between the rec-
ognised importance of human considerations and their
practical integration into real-world defence system
development.

This study acknowledges several methodological
limitations. One significant limitation is the selection of
a single missile and guided weapons developer and
manufacturer as a case study. While this company pro-
vides valuable insights into the awareness and imple-
mentation of HFIl in missile development, it may not be
sufficient to generalise the findings across the entire
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Table 3. Generic HFI key questions.

HFI goal

Key questions

Example missile development evidence

To define a feasible role
for people

To specify usable
interfaces to
workspaces,
equipment and
technology

To assure the reliability
of human
performance

Is there a concept of operations for the role
to be performed by operators and
maintenance personnel?

Has the target workforce been defined?

How many people are needed?
What will be their jobs?

What are the knowledge and skill
requirements?
Is there a training plan?

How will competence be assured?
Are reference anthropometric data available?

What are the requirements for facilities and
workspaces?

Are the requirements for physical interfaces
defined?

Is the operator population defined?

Are the requirements for HMI defined?

Is there a plan for testing and acceptance
by operators?
Is there a risk control plan for hazards?

Have all safety-critical tasks been identified?

Have the opportunities for human error in
critical tasks been identified?

Has the risk from human error been
controlled?

Have the requirements for a safety culture
been defined?

Have occupational hazards been identified?

A description of the CONOPS for missile systems, outlining how roles interact
with system design and operation.

Ensure that the capabilities, characteristics, and numbers of the target users
(operators, maintainers) are considered in system design.

Demonstrate that the missile development process includes an analysis of
staffing requirements to ensure effective operation and maintenance.

Document the specific roles and responsibilities needed for different phases,
such as development, testing and deployment.

Ensure all personnel involved in missile development are SQEP to carry out
their roles.

Develop and implement a comprehensive training program that covers the
necessary skills and knowledge for each role.

Establish a system for ongoing training and certification to maintain and
update the skills of personnel involved in missile development.

Use anthropometric data to design control panels, workspaces and interfaces
that accommodate the target user population.

Apply ergonomic principles in the design of missile development workspaces
and facilities to ensure comfort and efficiency.

Create a style guide or similar documentation that outlines design principles,
standards and conventions for interfaces.

Consider the capabilities, characteristics, and numbers of the target users
during the specification and design of interfaces.

Develop guidelines for the design of HMI and ensure allocation-of-function
analysis supports the design.

Implement a process for design validation and verification, including operator
testing and feedback.

Develop a safety case that identifies failure modes and demonstrates that
hazard control and residual risks are As Low As Reasonably Practicable
(ALARP).

Conduct HTA or a similar process to identify and define all safety-important
tasks and potential human errors.

Use task analysis and operational experience data to identify and mitigate
human error opportunities in critical tasks.

Ensure that the design process includes measures to control risks associated
with human error, covering both normal and abnormal operations.

Develop and communicate a clear safety policy, emphasising a commitment to
a safety culture within the missile development process.

Identify and address potential occupational hazards for personnel involved in
missile development, including during testing and deployment phases.

industry or other geographical regions. Another limita-
tion relates to the sample of employees interviewed.
Although data triangulation was applied by carefully
selecting participants from diverse roles to provide a
cross-section of the company’s workforce, the sample
may still introduce bias and may not capture the full
diversity of opinions within the organisation.

A further limitation is the lack of demographic infor-
mation collected from the interview participants.
Although professional titles were reported, details such
as age, years of experience, and other demographic fac-
tors were not recorded, as agreed with the company, to
protect participant anonymity, given the small and spe-
cialised defence sector in the region where the study
was conducted. This omission restricted the ability to
perform a demographic analysis, which could have pro-
vided additional insights into how these factors might
influence perspectives on HFI. Moreover, only one retired
military officer was interviewed in this study. Because of
access constraints, it was not feasible to recruit
active-duty military personnel at the time of data collec-
tion. However, this individual was purposefully selected

due to his/her high-level expertise and broad opera-
tional experience and was able to provide a high-level
overview of military operational challenges in relation to
HFI. More granular operational insights from a broader
range of military roles could have enriched the findings,
offering a more thorough view of HFl implementation
from a military perspective.

The reliance on qualitative data introduces inter-
pretive biases. Despite efforts to maintain objectivity,
including researcher triangulation through collabora-
tive analysis and peer debriefing, and theory triangu-
lation by applying multiple theoretical lenses to
interpret the data (Nowell et al. 2017), qualitative
data analysis may vary among researchers, potentially
affecting the consistency of the findings (Bryman
2012). The subjective nature of coding and theme
identification means that different researchers might
interpret the same data differently, leading to varia-
tions in the results. In addition, the context-specific
nature of the case study may also limit the general-
isability of the findings. While the detailed explora-
tion of this particular company provides in-depth



insights, it may not fully encompass all the challenges
or solutions applicable to other missile development
projects or companies operating in different environ-
ments (Flyvbjerg 2006).

Several avenues for future research could be explored
to enhance further understanding and implementation of
HFl in missile development. Future research could
broaden the scope by including multiple companies
within the missile development sector. This would allow
for comparative analysis across different cultural, organi-
sational and regulatory contexts, providing a complete
understanding of HFI practices in diverse environments.
Moreover, as technology advances rapidly, future research
could explore how emerging technologies, such as Al
and simulation tools, can be utilised to enhance HFI prac-
tices. This could include investigating how these technol-
ogies can be integrated into the early stages of the
design process to better address HF. In addition, research
could also focus on developing more effective tools and
methods for integrating HFI into existing missile develop-
ment processes. This could involve creating new frame-
works or adapting existing ones to ensure that HFI is
considered at every stage of the development lifecycle.
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