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Abstract

The intensity of environmental heat stress
during a marathon race increases the runner’s metabolic
heat production. Based on series of participatory studies
and interview sessions with 100 respondents among
runners, the contributing factors to this homeostatic
imbalance risk are the excessive amount of body-water
deficit from extensive sweating, and the rapid increase of
cardiovascular and thermal strain while running. In
addition, environmental factors such as humidity, the
increase of air temperature, wind speed and solar radiation
contribute to the marathon runner’s low performance
during running with the paucity of cooling strategy that
results in the increase of core body temperature with
symptoms of exertional heat illness. This paper elucidates
the integration of the statistical and theoretical studies of
exertional heat illness and the human physiological
responses complementing with the product design context.
The integration demonstrates the synchronisation of design
thinking process within the ergonomics ergosystem
framework to develop the appropriate prototype design for
marathon runners. As outcome, this research has
successfully developed a running suit as its design proposal
to minimise exertional heat illness risk and promote the
runner’s safety, wellbeing and performance in the heat.
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1. Introduction
This paper is a study about the risk of exertional heat
illness among marathon runners within the context of
product design research. The main objective of this paper
is to demonstrate the possible extension of the statistical
and theoretical studies complementary with the design
practice that aims to generate further product design
innovation coherency to the user need through the
development of Vapor X suit prototype design.
Furthermore, this study demonstrated de Looze [1]
propagation on (1) comfort is affected by factors of a
various nature (physical, physiological, psychological)
and (2) comfort is a reaction to the environment. The
development of this Vapor X suit was based on the
ergonomics ergosystem framework. This framework was
adopted from the structural ergonomics view of work
system by Bridger [2] (Figure 1) and adapted by Mohd
Najib [3] (Figure 2). The framework consists of sets of
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elements that relate between one another to the
surrounding parameters. The foundation of the framework
consists of the synchronisation of ‘people’ and ‘machine’
interactions to form a function towards designing and
producing some form of output. The auxiliary elements in
the form of matter, design criteria and information, supply
input that varies between the levels of human performance
research as propagated by Bridger [2]. This research
adapted the framework as a template for the optimisation
of the system’s operations to develop the Vapor X suit.
This template can also be applied to other design
disciplinary fields such as industrial design, engineering,
environmental medicine and operations research. This
study is considered as the first report to objectively
understand the runner’s endurance and physical condition
during a marathon race. The study synchronises the
application of ergonomics ergosystem framework with
various factors that are taken into consideration such as
human physics, psychology, anatomy, physiology and
engineering, and utilises the Design Thinking process to
illuminate the improved thermal sensation and thermal
comfort of the Vapor X marathon running suit design. The
explanation provided in relation to the Ergonomics and
Design Thinking relevancies, the demonstration of the
prototype design process aspires to give a larger spectrum
to the body of knowledge that would in turn lead to
further design research exploration based on the
integration of cross-disciplinary studies with Sports
Science relevancy.

Figure 2. The Mohd Najib [3] ergosystem framework redesign based
on Bridger [2] work system

2. Materials and Methods
The Vapor X suit was created to address the needs of
the marathon runner to minimise the risk of exertional
heat illness. A series of participatory studies were
conducted to observe and experience the marathon race at
5 different series of local Malaysian marathon event,
including interview sessions with 100 respondents among
runners: 80 respondents during the day events and 20 at
night event to understand further the runner’s endurance
and physical condition during the marathon race. The
average temperature for the day events was 36° to 37°
degree Celsius and 28° degree Celsius at night.

Figure 3. The marathon runners’ heat-related illness symptoms survey
results based on the runners’ responds at the 5 local marathon events.

2.2. Design Development
Figure 1. The structural ergonomics view of the work systems
(Ergosystem) as propagated by Bridger [2].

The design development process was steered by the
foundation set by Lijuan Wang et. al [4], who investigated
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the effects of operative temperature and total heat losses,
and the relationship between the heat loss and thermal
sensation. Their research, that is also in accord with
previous researchers such as Ouyang [5] on Clothes
Hygiene, Hasebe et. al [6] Usefulness of ReR Interval and
Its Variability in Evaluation of Thermal Comfort,
Huizenga et. al [7] Skin and Core Temperature Response
to Partial- and Whole-Body Heating and Cooling, Zhu [8]
Building Environment, Shi [9] Numerical Simulation of
the Influence of Clothing on Human Thermal Comfort and
Wang and Yu [10] The Temperature-Regulating Function
of Clothing, finds that the thigh, leg and chest experience
much heat loss in low temperatures, while the chest,
abdomen, thigh and head face great heat loss at higher
temperatures. This data is significant for clothing design.
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2.2.1. Phase 1
Gaining an empathetic understanding of the problem.
2.2.2. Phase 2
Generating ideas and outlining the design criteria
(Figure 6) based on understanding of the users and their
needs and having analysed and synthesised the
observations in Phase 1 to produce a human-centred
problem statement. This involved brainstorming session,
sketching, detail drawing on paper and technical 2D
(Figure 7) and 3D CAD modelling.

Figure 6. The Vapor X suit design criteria
Figure 4. The divided parts of human body and the significant points
of each part of the body tested by Lijuan Wang [4] for heat loss factors
and effects

2.2.3. Phase 3
The prototype technical aspects are investigated; flaws
in the design were re-examined and rectified on the basis
of the users’ experiences. At the end of this stage, the
researchers and designers obtain a better idea and clearer
view of the constraints inherent to the running suit,
understand how real users would behave, think and feel
when using the end product (Figure 8).
2.2.4. Phase 4
Testing the completed Vapor X suit using the best
solutions identified during the prototyping phase.
Although this is the final stage of production, in an
iterative process, alterations and refinements are made to
rule out problem solutions and derive as deep an
understanding of the running suit and its users as possible.

Figure 5. Lijuan Wang et. al [4] summary of total heat loss for the body,
used as the foundation in prototyping the Vapor X suit.

Figure 5 establishes the significant guideline for
clothing design. The design development involving the
synchronisation of the ergonomics ergosystem framework
and design thinking process that informs a
comprehensible design direction is as follows:

2.2.5. Phase 5
The final working prototype is established and
confirmed following the serial iteration phases that
involve garment alterations to fit the appropriate comfort
of the user’s psychological and physiological response.
The aspects of aesthetic properties concerning the current
sportswear style or fashion and the technical consideration
emphasising on the garment ventilation system for the
thermal and body movement comfort are the key
properties confirming the finished end product.
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Figure 7.

Detail drawing on paper and technical 2D.

Figure 8. The prototyping processes

2.3. Results and Discussion
The design of the Vapor X suit has established the
possible integration of the statistical and theoretical study
complementing with the product design context. By
implementing the design thinking process and aligned
with the design criteria that comprises of (1) comfort, (2)
vapour and moisture permeability and (3) hydration,
Vapor X provides zonal cooling that incorporates
ventilation system designed at the width of the chest and
both sides of the suit high waist to dissipate heat and
improve the runners’ physiological response and
cardio-respiratory fitness. The two-litre hydration bladder
pocketed at the runner’s dorsal, aggrandised the cooling
and performance enhancement strategies featured in the

design of the running suit. The hydration bladder will be
filled with water and cooled in the freezer prior to the
running event. The bladder coldness will be sustained
during the running and the runners warm body
temperature will slowly melt the frozen water and making
it convenient for the runner to drink from the hydration
bladder tube that attached at the runner’s shoulder. In
terms of runners’ safety on the road, this suit is also sewn
with reflective fabric to ensure the runners’ visibility
during day and night running. The integration of Sports
Science studies and the Product Design research context
extend Vapor X sportswear definition to an
unconventional perspective. The aesthetic design, the
fusion of materials in the garment construction and
prescribed with the ergonomics criterion have
predominantly established this significance. In addition,
the synchronization of the empathic protocol in the Design
Thinking research process demonstrates the importance of
user’s input, given that the users are considered as
significant stakeholder in design practice. In this regard,
the functionality and the usefulness of designed product
are determined by the issue addressed by the user. The
Vapor X suit is a preventive countermeasure to enhance
thermal comfort and a cooling strategy to minimise the
risk of heat illness through the engagement of the product
design research context. The design criteria have
successfully outlined the user’s need for thermal comfort
in the running suit. However, user testing on the suit’s
performance is required to validate the appropriateness of
the suit design to provide thermal comfort for the runner
in a running event.
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the use of knitted microfiber polyester fabric that
promotes greater body dynamic movements and the
transmission of body vapour.
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