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ABSTRACT

Although traditional workplace settings such as hospitals and clinics are well-studied, non-clinical areas like
home kitchens, which connect clinical healthcare with the care provided in daily living settings, have received
less attention. During the early stages of the global pandemic, there has been an increase in home cooking ac-
tivities due to widespread isolation and restrictions imposed on dining publicly. Ergonomics is at the intersection
between work environments and human task performance, and kitchen ergonomics informs knowledge on
effective, safe, and efficient cooking practices while maintaining the desired kitchen functionality. Numerous
contributions across various disciplines have added knowledge to the kitchen ergonomics area, and this rapid
scoping review aims to synthesize the knowledge from these diverse disciplines and further understanding of user
interactions with home kitchens. Adopting the Systems Engineering Initiative for Patient Safety model, relevant
research publications were synthesized into four major themes: Kitchen layout, arrangement, and environment;
Kitchen tools and technology; Design criterion for users with special needs; Risks & Hazards related to kitchen
activities. These themes summarizes the current state and gaps in kitchen ergonomics. In addition, these themes
help identify future engineering opportunities for supporting health-related cooking activities in the home

environment.

Introduction

Healthcare environments are central to the outcomes of healthcare
processes (Holden et al., 2013). Although there are many settings where
healthcare tasks are performed, traditional healthcare settings often
studied in human factors projects include environments such as hospi-
tals, clinics, pharmacies, and operating rooms (Carayon et al., 2006).
Less studied are the non-clinical settings such as the home and home
kitchen environments. Although not a traditional workplace setting, the
home kitchen also plays an important role in a person’s daily living,
influences patient health, and warrants attention from the human fac-
tors healthcare community.

Kitchens are commonplace among US households and serve a critical
role in daily activities, primarily food preparation. At home, Americans
may spend 60% of their waking time in the kitchen (Severson, 2017). A
longitudinal study (2003-2016) found an increase in the percentage of
adults cooking at home, especially among college-educated men (Taillie,
2018). Such trends were the result of the pursuit of a healthier dietary
pattern (Mills et al., 2017) and the acceptance of cooking as a form of
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pleasure rather than labor, concomitant with the increased popularity of
food-associated media such as TV channels, smartphone applications,
and social media (Holmberg et al., 2016; de Solier, 2005; Hearn et al.,
2014). Moreover, restrictions imposed on US restaurants during the
Coronavirus Disease 19 (COVID-19) global pandemic (Lucas, 2020)
further accelerated the rise in families dining at home (Wilkins, 2020).
With the increased trend of home cooking, the need to understand how
home kitchens can affect users’ health and health-related activities has
become more critical.

Kitchen ergonomics focuses on the intersection between kitchen
environments and cooking-related performance. It provides theories,
concepts, and guidelines that can support successful home cooking ac-
tivities. Examples of kitchen ergonomics practices include optimizing
movement and minimizing repetitive motions during the cooking pro-
cess to prevent injuries caused by cooking tasks and improving the in-
teractions between the users performing cooking tasks in the kitchen
environment (Occupational Health and Safety Agency for Healthcare in
British Columbia, 2003). Ergonomics in the kitchen environment centers
around topics that ensure effective, safe, and efficient cooking practices.
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Contributions across numerous disciplines are relevant to kitchen er-
gonomics, including but not limited to industrial design, which en-
hances the user-friendliness of kitchen by optimizing kitchen space
layout (Overhill, 2014); physical ergonomics, which uses anthropom-
etry principles to evaluate kitchen design for risk mitigation and safety
(Silvana et al., 2015; Ward, 1974); environmental psychology, which
studies how the ambient environment of the kitchen affects users (Tong
et al., 2021); and smart systems, which advance human-kitchen inter-
action through autonomous and smart technologies (Ceccacci et al,
2015). However, very few studies exist that aggregate these diverse
disciplines and synthesize their intersections and remaining gaps. Thus,
there is a need to scope the current state of the literature on kitchen
ergonomics with a specific focus on the cooking process to better un-
derstand user interactions within the home kitchen space while per-
forming cooking tasks.

This rapid scoping review summarizes the relevant disciplines and
topics of kitchen ergonomics that have contributed to domestic kitchen
design. Literature from various disciplines is synthesized to identify in-
tersections and gaps for improving ergonomics in the kitchen.

Method

Relevant research publications were identified using the Google
Scholar, PubMed, and ScienceDirect databases. The literature review
was conducted in three steps. As the first step, a broad search was
conducted using the search term “kitchen + ergonomics” to serve as a
scoping review of relevant literature. The second step was to examine
the reference lists from the articles selected from step one; non-
duplicated articles with relevant information in the title were selected
from the reference lists. The final step was a forward citation search to
obtain non-duplicated literature that cited the previously identified
papers from the first and second steps.

For step one of the literature review, the abstracts of the articles
found were screened and narrowed down using the following inclusion
criteria: 1) studies published in the English language, 2) application area
was home kitchens, 3) contributed to knowledge on the relationship
between the kitchen work environment and the user, and 4) was pub-
lished in peer-reviewed journals, conference proceedings, industrial
standards, or technical reports.

The initial review (Step 1) resulted in 59 publications that met the
inclusion criteria, the second review (Step 2) identified 30 additional
publications, and the third review (Step 3) identified 21 additional
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publications. To reduce the scope of this rapid review and maintain the
relevancy of all articles, the full texts of the 110 identified articles were
further screened on their relevance to the home cooking process and
ergonomic considerations for kitchen users. The 110 articles were
screened, and 78 of them were included in the results of this scoping
review.

The Systems Engineering Initiative for Patient Safety (SEIPS) model
was used to guide the organization of the included paper into constructs
(Holden et al., 2013; Carayon et al., 2006). The SEIPS model evolved
from sociotechnical systems theory, which emphasizes the interaction
between people (social system) and technology (technical system)
within an organization. It was designed to analyze and explain the
healthcare system by focusing on the interactions between the work
system, processes, and healthcare outcomes. According to SEIPS 2.0, the
work system has six interacting components: person(s), tasks, tools and
technologies, organization, internal environment, and external envi-
ronment (Holden et al., 2013). The SEIPS 2.0 model was used to orga-
nize the emerging themes from our review. The findings of our scoping
review were mapped onto this sociotechnical framework as follows
(Fig. 1). Kitchen ergonomics can be classified into the work system (i.e.,
characteristics and needs of potential home kitchen users, the layout and
environment of the kitchen, and kitchen tools and equipment), processes
(i.e., acts directly related to cooking), and outcomes (i.e., user safety,
usability, and performance).

Results

The number of manuscripts primarily associated with the key soci-
otechnical constructs are shown in Table 1 and are synthesized in the
following sections.

Table 1
Articles associated with the various constructs from the sociotechnical model
(Fig. 1).

Constructs Articles identified
Kitchen layout, arrangement, and environment 27
Kitchen tools and technology 21
User characteristics and needs 19
Outcomes 11

<_KITCHEN ERGONOMICS >

WORK SYSTEM

y User Characteristics
£ and Needs

Kitchen Layout
and Environment

Kitchen tools and
Technology

>

PROCESSES OUTCOMES
‘ Cooking Usability
| Process

Performance

Fig. 1. Sociotechnical Framework of Kitchen Ergonomics based on SEIPS 2.0 (Holden et al., 2013).
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Work system

Kitchen layout and environment

In the context of kitchen ergonomics, the kitchen layout and envi-
ronment construct includes kitchen space, positioning of kitchen ele-
ments, and the relationship between those elements. Five concepts were
concluded for Kitchen Layout and Environment as indicated in Fig. 2.

The 1st concept, the work triangle, was developed by kitchen de-
signers and architects to achieve the optimal configuration of the
kitchen space between the stove, fridge, and sink. The work triangle
focused on the placement of the stove, fridge, and sink in a triangle
formation with the intention of positioning all elements at distances that
minimize traffic in the path and avoid excessive movement volume
(Chen et al., 2021; Maguire et al., 2014; NKBA, 2016; Hoag & van Dyke,
1975). Traditional kitchen triangle concepts was found to neglect the
significance of body volume and the accommodation of the “size” of a
moving body (Overhill, 2014). An ideal kitchen triangle with smooth,
uninterrupted work traffic was recommended as a top consideration in
kitchen design for home builders (Hoag & van Dyke, 1975).

Kitchen shape was the 2nd key concept related to the kitchen layout
component in this sociotechnical system. In contrast to the “kitchen
triangle” that described the configuration of the stove, fridge, and sink,
the “kitchen shape” concept described the room shape of the kitchen.
Commonly recognized kitchen shapes (Fig. 3) included One-wall,
Corridor, 1-shaped, U-shaped, Peninsula, and Island (Ayse Yazicioglu,
2014). By placing the appliances on three sides and eliminating traffic
passes through the work triangle, the U-shaped layout was associated
with the shortest movement volume between appliances during cooking
tasks (Chen et al., 2021; Bonenberg, 2013; Kapple, 1964). One-wall type
kitchen was identified as the most prominent option with kitchen space
being small (< 5m?) with the least amount of total activity area (Ayse
Yazicioglu, 2014; Kapple, 1964). As suggested by the Kitchen Planning
Standard, the space available and the proper fitting of cabinets and
appliances should be considered to select the best shape. Applying a
kitchen shape inappropriately could cause limited space and occupancy
of the kitchen and potentially interrupt workflow and traffic (Ayse
Yazicioglu, 2014; Kapple, 1964; Ferdinand et al, 2019).

While the kitchen triangle and kitchen shape concepts were largely
discussed in the design and architecture fields, papers from the
anthropometry field focused on the workstation dimensions (e.g.,
countertops, storage, and shelves) as the 3rd concept. Counter di-
mensions were shown to directly impact a user’s ability to cook safely,
and poorly designed work counter dimensions would lead to non-neutral
postures and, even more so, musculoskeletal injuries (Hoag & van Dyke,
1975; Kishtwaria et al., 2007). Four critical anthropometric measures
were identified for working surface height in the domestic kitchen:
stature, floor-to-elbow height (standing), floor-to-elbow height (seated),
and seat-to-elbow height (Ward & Kirk, 1970). Additionally, literature
emphasized that specific tasks and functions performed on work surfaces
could vary and require varying work heights (e.g., sink for cleaning
tasks, stovetop for cooking tasks, and counter for food preparation tasks)
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(Ward & Kirk, 1970; Yang & Yu, 1990; Ward, 1971; Sandhu et al., 2008;
Patil & Rajhans, 2018). Therefore, adjustability of the counter height, if
possible, was frequently proposed as an important design consideration
in contemporary kitchens (Hoag & van Dyke, 1975; Bonenberg et al.,
2019; Pheasant & Haslegrave, 2006; ). In addition to counter height,
some other relevant workspace dimensions (e.g., counter depth and
area) were also discussed to enhance the user’s performance. (Hoag &
van Dyke, 1975; Mark R & Steven J, 2012; Ceccacci et al, 2015; Chahal,
2021).

The 4th concept synthesized in this scoping review was storage
space, a concept that was often a top priority for designers (Yazicioglu &
Kanoglu, 2016). Cabinet space was critical for food, utensils, and
appliance storage and organization (NKBA, 2016; Kapple, 1964).
Placement of the space can affect user task performance and safety. For
example, studies found that upper and lower storage units that mini-
mized reaching and bending exertions reduced the risk of falls and
biomechanical stresses on users’ arms and shoulders (Bonenberg et al,
2019; Chen et al., 2021; Pheasant & Haslegrave, 2006). Another study
indicated that cabinet height decisions for overhead cabinets also
affected accessibility (if placed too high) or visibility/mobility (i.e.,
overhead cabinets placed too low reduced the interspace between the
worktop and overhead cabinet base) (Silvana et al., 2015).

Finally, the last concept identified in the kitchen environment
construct was the ambient environment. Studies showed that adequate
lighting was critical in the kitchen and enabled users to visualize their
workspace well and avoid injuries such as lacerations (Maguire et al.,
2014). Example guidelines included having at least one
wall-switch-controlled light to provide general illumination of the
kitchen area and well-illuminated work surfaces with multiple light
sources with level adjustability (NKBA, 2016). Illuminance was shown
to affect the performance of kitchen tasks, especially on tasks that rely
heavily on visual ability (Mcguiness et al, 1983). While illumination was
the most common ambient environment topic, other ambient environ-
ment topics with significant effects on users included temperature, air
quality, and acoustic level (Ward, 1974; Tong et al., 2021; Kim et al.,
2015). A study showed positive effects of natural sound masking on the
perception of noise produced by range hood and emotion valence in
home kitchens (Tong et al., 2021). Another study showed a positive
correlation between indoor air pollution caused by poor ventilation in
home kitchens and the risk of lung cancer (Kim et al., 2015).

Kitchen tools and technology

The next construct in the kitchen work system is kitchen tools and
technologies (Fig. 4). Literature summarized in this construct primarily
focused on usability and the kitchen tool design process; the hand-tool
interface was especially emphasized.

The 1st identified concept was the physical properties of kitchen
hand tool design; it encompassed kitchen tools’ shape, size, and mate-
rial. For example, studies found that the spatula handle dimensions and
lift angle on food-frying, food-turning, and food-shoveling tasks signif-
icantly impacted the cooking task performance and perceived exertion

Kitchen layout, arrangement, and environment

!

!

Work Triangle Kitchen Shape

Countertop
Dimensions

Ambient

Storage Space Environment

Fig. 2. Six key concepts within the Kitchen Layout and Environment construct.
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Fig. 4. Three concepts within the Kitchen Tools and Technology construct.

(Hsuetal., 1994; Wu & Hsieh, 2002); a similar study has also studied the
effects of potato peeler shapes on peeling task efficiency (Drejer et al.,
2021). Materials of kitchen tools were also found to have different ef-
fects on kitchen task performance. Improving knife sharpness reduced
upper limb muscular stresses in meat-cutting tasks (Claudon & Marsot,
2006) but did not have any effect on vegetable-cutting tasks (Stone et al.,
2018). In summary, task performance was the key focus of tool design
studies.

The 2nd concept identified from the scoping review was the
anthropometric consideration for kitchen hand tools. Light product
weight, easy grasping mechanism, convenient tool length, slip-resistant
grasp surfaces, edges to be rounded or curved, and avoiding stress
related to tissue compression were common recommendations provided
in the literature (Zubaidi et al., 2019; Wu & Hsieh, 2002; Su, 2016;
Lakshmi & Kumari, 2016; Ritzel & Donelson, 2001). Studies grouped
within this anthropometry concept also included research on anthro-
pometry assessment methods for cooking-related tasks, and several
studies demonstrated a wearable sensors approach (McGorry et al.,
2003; Pereira et al., 2020). Kitchen-related injuries related to improper
kitchen hand tool designs (i.e., Tenosynovitis and Carpal Tunnel Syn-
drome) was commonly reported (Su, 2016; Wu & Hsieh, 2002). Finally,
the physiological cost associated with kitchen tools and tasks was also
frequently addressed in studies related to this anthropometric concept
(Sandhu, 2003; Kelsheimer, 2000; Kumari et al., 2017).

As “smart” homes become increasingly popular, IoT (Internet of
Things) becomes an emerging concept in the kitchen tools/technology
literature. According to a survey conducted to examine preferences for
technology versus human assistance and control in the context of
Quality-of-Life Technology (QoLT), most respondents were inclined to
utilize technology in their environment (Beach et al., 2014). The main
objective of a “smart” kitchen was to increase comfort, efficiency, and
usability by improving the purchase, storage, and preparation of food as
much as possible, making tasks simpler for the user through effective
human-machine-environment interaction (Ceccacci et al, 2015; Ferrero
et al., 2019; van den Eijnde, 2020). Many studies identified the home
automation system as a critical component of the smart kitchen concept
due to its contribution to improved functionality, ergonomic layout, and
environmental safety. Researchers also found reduced physiological
costs incurred during kitchen-based activities with the implementation
of human automation systems (i.e., an automated kitchen cabinet sys-
tem that could directly provide a targeted item in closer reach and alert
the user for retrieval (Ceccacci et al, 2015; Ficocelli & Nejat, 2012; Gulla
et al, 2016; Stander et al., 2012; Zari¢ et al., 2021). Despite the in-
novations suggested in this area, this topic remains more theoretical to
date and has not been widely implemented.

User characteristics and needs
The construct “user characteristics and needs” refers to the needs,
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both physical and psychological, of individuals who perform tasks in the
kitchen environment (Fig. 5). The focus was to understand the ergo-
nomics considerations in domestic kitchens for various users since in-
dividual needs may vary depending on physical and psychological
characteristics.

Many kitchen-related studies identified were focusing on design
considerations for older adults . Several studies described the dimin-
ished sensory and physical abilities in older adults and how these could
adversely affect their ability to perform cooking-related tasks (Maguire
et al., 2014; Pinto et al., 2000; Ibrahim & Davies, 2012; Ozalp, 2020).
For example, the physiological decline in the older adult population
could make common postures in meal preparation (e.g., bending, lifting,
reaching, carrying, stooping) a risk for physical injuries as those pos-
tures and tasks could result in biomechanical stresses and force re-
quirements that exceed the user’s strength capability (Czaja et al, 1993;
Ibrahim & Davies, 2012). Design considerations, including both opera-
tional assistance (e.g., interventions that support physical activities like
chopping, stirring, and carrying aimed at reduced strength and dexter-
ity) and organizational assistance (e.g., coordination of different cook-
ing tasks with smooth transitions between tasks, a monitoring system for
the cooking process to optimize progression of simultaneous cooking
tasks and minimize unnecessary movements) were proposed to help
address these concerns (Kuoppamaki et al., 2021).

The “users” and “kitchen layout” constructs of the kitchen work
system were closely interrelated. The top four concepts from the kitchen
layout section (i.e., Work Triangle, Kitchen Shape, Countertop Di-
mensions, and Storage Space) were often considered in the context of
older adults. Some studies recommended some layout (i.e., U-shaped) to
minimize total movement volume for older adults (Chen et al., 2021;
Ozalp, 2020). It was suggested that such layouts ensured placing the sink
and stove within a close range of the worktop to avoid unnecessary
movement in the kitchen triangle (Hrovatin et al., 2012; Ibrahim &
Davies, 2012). Studies also described needed changes in the workspace
dimensions and storage space placement to enhance users’ ability to
perform cooking tasks and accommodate differences in anthropometric
measurements in the elderly. Work surface height between 700 - 900
mm with some adjustability to avoid excessive bending and stress on the
upper limb region was recommended (Bonenberg et al., 2019; Kirvesoja
et al, 2000; Ozalp, 2020). Lower utilization rates of higher cabinets and
storage units under worktop areas were commonly mentioned to reduce
awkward postures for reaching, bending, and lifting (Camara, 2010;
Chen et al., 2021; Ibrahim & Davies, 2012; Kirvesoja et al, 2000; Fielo &
Warren, 2001). To facilitate reach, wall-mounted cabinet units placed at
the lowest possible level with easy access to the handle were recom-
mended, along with the reduction in cabinet depth. Pull-down shelves or
cupboards with height adjustability were also suggested as solutions to
better accommodate older populations (Chen et al., 2021; Maguire et al.,
2014; Bonenberg, 2013; Bonenberg et al., 2019).

The 2nd concept was accident prevention for older adults. Fall was
the top reported concern for the elderly population in the domestic
environment, along with risks of burns, bumps, and cuts due to impaired
mobility and visibility (Devito et al., 1988; Klos et al., 2014; Lucht,
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1971; Ozalp, 2020). Studies concluded the primary causes of falls to be
poor lighting, slippery floors, and unstable objects, which were common
issues found in kitchens when the environment failed to accommodate
the needs of older adults (Maguire et al., 2014; Hrovatin et al., 2012;
Camara, 2010; Hrovatin et al., 2016). It was recommended to install
extra lighting above the floor space, worktop, and inside storage units;
tools should be placed at places where sufficient lighting could be pro-
vided (Maguire et al., 2014; Bonenberg et al., 2019; Camara, 2010).
Other literature suggested fixing furniture to the floor, adding raised
edges to the stove, placing storage within reach, and maintaining a dry
floor surface to improve safety for older adults in the kitchen (Camara,
2010; Devito et al., 1988; Pinto et al., 2000). In general, preventing
accidents remained a priority in kitchen design for elderly users, along
with ease of meal preparation, adjustability, and access to household
appliances (Maguire et al., 2014; Bonenberg et al., 2019).

The 3rd concept identified from the scoping review on potential
users included users with disabilities and potential considerations for
restricted mobility and reduced physical abilities. Important design
considerations were related to the ease of meal preparation, adjust-
ability of work surfaces and storage, and easy access to appliances
(Bonenberg et al., 2019). Given that some individuals with disabilities
use wheelchairs, it was recommended to prioritize uninterrupted space
between work surfaces and ensure continuity in the cooking process.
One study suggested the term “optimal access points” to allow the user
to perform multiple kitchen activities without the necessity of moving
(Bonenberg, 2015).

The 4th concept referred to operational assistance for users with
reduced physical abilities. The operational assistance required con-
forming to the working principles of existing designs with individuals
with disabilities or older adults’ biomechanics (Stuparu & Barsan,
2012). Adopting sound alerts and brighter finishing colors was sug-
gested for appliances to accommodate users with visual impairments
(Ktos et al., 2014), and kitchenware was designed to be lighter and more
versatile for reducing wrist bending and increasing grip force and pivots
(Wu et al., 2015; Zubaidi et al., 2019; Atreya & Agarwal, 2019). By
promoting home automation and reducing the need for physical
manipulation, smart kitchens were also suggested as adaptable solutions
to support the meal preparation process and improve usability for users
with impairments (Gulla et al, 2016).

The last concept was the personalization and optimization of user-
specific measurements. The demographic difference among users was
identified as an important factor since choosing limited measurements
would not be appropriate for users exceeding anthropometric thresholds
(Chahal, 2021; Pant et al., 2021). Another important issue was gender,
as many studies performed on the relationship between kitchen layout
and anthropometric data used women as the main subject of study
(Hoag & van Dyke, 1975; Ward & Kirk, 1970; Chahal, 2021; Pant et al.,
2021; Singh & Khan, 2021). As a result, adjustability was frequently
emphasized to address personalization to individual anthropometry in
modern kitchen design (Chen et al., 2021; Maguire et al., 2014;
Bonenberg, 2013; Pheasant & Haslegrave, 2006; Bonenberg et al.,
2019).

User characteristics and needs

v v

v

Spatial Design
considerations to
accommodate older
population.

Accident prevention
for older population

v
Spatial Design
considerations to
accommodate
disabled population.

Operational
assistance in tools
and kitchenware
design

Accommodations to
differences across
demographics/genders

Fig. 5. Concepts within user characteristics and needs.
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Outcomes

Safety, usability, & performance

The goal of improving the kitchen work system is ultimately to
improve the safety and usability of the kitchen as a workspace and users’
performance. Common accident factors that cause injuries in kitchens
included burns, slips, falls, lacerations, and punctures. Laceration
resulting from knife use was identified as a predominant domestic injury
type for all users (Smith, 2013; Adeyemi, 2021), while falls and burns
were additional risks more common for older users (Devito et al., 1988;
Pinto et al., 2000; Camara, 2010). Burns also contributed to a large
number of injuries to children in domestic kitchens (Puthumana et al.,
2021; Drago, 2005).

Usability of domestic kitchens and performance during cooking
focused on kitchen layout selection and tool design (i.e., interrupted
workflow, poor wrist postures, or reduced access to storage space)
(Silvana et al., 2015; Kapple, 1964; Wu & Hsieh, 2002). The main
concerns identified by some studies were musculoskeletal disorders
(MSD) and cumulative trauma disorders (CTD) due to misuse and
overuse of muscles and bones, repetition of unnatural postures, and
repetitive and intensive hand-related jobs (Mondal (Ghosh) and Bhat-
tacharjee, 2017; Mondal, 2012). In everyday kitchen activities, users
engaged in walking, bending, kneeling, stooping, and reaching; adopt-
ing awkward postures for extended periods could lead to the develop-
ment of MSDs, thus making the kitchen a potential area for MSDs in
domestic environments (Ibrahim and Davies, 2012; Mondal, 2012;
Zaheer et al.,, 2021). Rapid upper limb assessment surveys were
commonly utilized to evaluate exposure to common risk factors such as
movement, static, force exertion, postures, and working time in kitchen
activities (Mcatamney & Corlett, 1993; Zaheer et al., 2021). Repetitive
usage of kitchen hand tools in cooking tasks (e.g., chopping, stirring)
with poorly designed weight, length, and grip was shown to apply stress
on hands and lead to CTDs (Adeyemi, 2021; Su, 2016; Wu & Hsieh,
2002).

Food hygiene was identified as another important outcome for
cooking-related tasks, as cross-contamination leading to food poisoning
has been shown to take place during the food preparation process
(Azevedo et al., 2014). Touching raw meat during the food preparation
process without properly washing hands afterward was one of the main
sources identified for cross-contamination (Didier et al., 2021). One
study was conducted to examine the correlation between sink placement
and hygienic practices during food handling in five European countries,
demonstrating that cross-contamination events were more likely to
occur when the sink—countertop distance was greater than one meter.
The authors recommended replacing the traditional food triangle
concept with the safety triangle (formed by the apexes of the sink,
countertop, and stove) with a perimeter of less than four meters to
compromise food hygiene and work efficiency in kitchens (Mihalache
et al., 2022). In general, outcomes of cooking processes in domestic
kitchens can be improved by implementing the ergonomic design
criteria for layout, environment, and tools discussed in the work system
section.

Discussion

Home cooking has a close and important connection with healthcare.
For example, the infinicare framework integrates activities across both
clinical and daily living contexts to emphasize the interdependence of
clinical-based care and daily living; it proposes that there should be a
continuum between clinical healthcare and care provided in daily living
settings (Ozkaynak et al., 2018). A kitchen can serve a purpose beyond
just preparing daily meals; home kitchens become the hubs of informal
caregiving, where foods are prepared as primitive remedies for basic
treatments. Moreover, healthcare received in formal care institutions
can influence patients’ current diets (i.e., adequate carbohydrate and
essential amino acids intake to address surgical stress response support
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recovery after Orthopedic Surgery) (Hirsch et al., 2021), and these
changes must be executed in home kitchens. Patients often bear the
responsibility beyond formal care institutions, and their dietary prac-
tices can significantly impact the outcome of formal healthcare.

In preventive care, home kitchens can play a crucial role in primary
prevention, where a broad range of activities is initiated to prevent
disease before it ever occurs (Simeonsson, 1991). Cooking at home is
often associated with better health, and evidence has shown the po-
tential dietary benefits of home-cooked meals (Mills et al., 2017). With
increased attention given to integrating nutrition from food into medi-
cation and providing nutritional support for chronic diseases (Downer
et al., 2020; Gropper, 2023), consuming home-cooked meals can be an
effective way to prevent various chronic diseases, largely due to the
control individuals have over the ingredients. There is a strong associ-
ation between frequent consumption of home-cooked meals and
cardio-metabolic health, including lower adiposity, cholesterol levels,
and diabetes risk (Mills et al., 2017). In both the informal care and
prevention stages, self-care emerges as a critical theme. The home
kitchen serves as a cornerstone of self-care, where individuals can con-
trol their diet, experiment with foods that benefit their unique health
conditions, and establish a connection to formal healthcare practices.

Given that home cooking promotion can be an essential part of
public health initiatives, it is critical to promote an ergonomic home
kitchen environment and include it as an important environment for
healthcare. Four major topics in kitchen ergonomics were summarized
in this review: kitchen layout, kitchen tools and technology, potential
users, and outcome. As presented in the results section, each topic was
interconnected. This intricacy and interdependency of the topics related
to kitchen ergonomics were highlighted and organized with our adapted
sociotechnical model to scope the current state of the literature on
kitchen ergonomics.

Much of the current literature on physical kitchen ergonomics
focused on proposing ergonomic design solutions by relating anthro-
pometry measures to the kitchen layout and appliances or getting sub-
jective preferences/fitting trials with a targeted group of users with
determined demography (Silvana et al., 2015; Kishtwaria et al., 2007;
Ward, 1971). This general approach was effective in proposing the op-
timum dimension in design or identifying the gap or mismatch between
the current kitchen setup and the user group’s needs. However, limita-
tions could also apply to different user groups. Recommendations for
kitchen layout dimensions were rarely proposed as a single value
because the “optimal” dimension differed across the users or the
cooking-related tasks being performed. An ergonomically optimized
kitchen layout can reduce the risk of musculoskeletal problems resulting
from awkward postures and repetitive motions, such as back pain and
repetitive strain injuries. These safety risks adversely impact the phys-
ical health of individual users and may create barriers, both physical and
potentially mental, when it comes to pursuing diet and nutritional as-
pects of healthcare.

While some industry-standard guidelines, such as the National
Kitchen & Bath Association (NKBA) guidelines, can offer valuable in-
sights and measurements for home kitchen design, they primarily serve
the purpose of creating functional and aesthetically pleasing kitchen
spaces within the minimally allowable dimensional and clearance re-
quirements. These guidelines can be general and may not address the
specific needs of every user. They also struggle to keep pace with the
trends in smart kitchens and evolving technology. Finally, sustainability
is not a priority in the design practices outlined by these guidelines
despite its significant role in modern smart home kitchens.

In addition to the physical layout, the ambient environment can also
impact the performance of kitchen tasks (Mcguiness et al., 1983),
physical health (Maguire et al., 2014), and the mental state of users
(Tong et al., 2021). While adequate lighting has been a widely discussed
topic in domestic kitchen ergonomics, fewer published articles have
systematically studied and made recommendations on other environ-
mental factors, such as noise or ventilation. However, these factors still
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play a significant role in human-environment interactions and have a
considerable impact on users’ physical and mental health. All these
characteristics should be included in future research to create a more
ergonomic and health-conscious home kitchen space that prioritizes
both functionality and well-being.

Given the increase in domestic kitchen usage, kitchen-related acci-
dents highlighted by previous literature may further increase during or
immediately after societal events (e.g., pandemic and inflation) that
impact access to eating out. While common home kitchen-related in-
cidents that lead to negative health outcomes and hospital visits have
been identified (e.g., falls, burns, lacerations), very few studies holisti-
cally analyzed the causes and prevention strategies in a domestic envi-
ronment. Additional research is needed to better measure and
understand injuries in the domestic environment and to develop evi-
dence for current design recommendations aimed at preventing negative
health impacts and emergency department visits.

Although kitchen ergonomics has been emphasized in this review as
an area for enhancing health, there can be a negative impact on health if
a macro ergonomics view is not considered. As foodborne infectious
diseases become a major health concern for the home environment
(Taché & Carpentier, 2014; Byrd-Bredbenner et al., 2013; Borrusso &
Quinlan, 2017), effective ergonomic considerations should also
encompass safe food handling practices and conditions. The home
kitchen often becomes a reservoir for various foodborne pathogens due
to unsafe food handling and storing practices (Borrusso & Quinlan,
2017). Both food preparation surfaces and storage units can serve as
sources of cross-contamination and foodborne infections resulting from
improper cleaning, storage temperature, and mishandling of raw and
cooked food (Taché & Carpentier, 2014). The physical layouts and
placement of worktops and storage units can affect users’ accessibility to
them (Silvana et al., 2015; Chen et al., 2021; Bonenberg et al., 2019),
significantly affecting their likelihood and ability to perform proper
cleaning procedures regularly. The placement of the sink in the kitchen
can potentially affect the rate of cross-contamination events (Didier
et al., 2021). Furthermore, smart kitchen technology can elevate safe
food handling practices in the home kitchen environment with de-
velopments in food status monitoring systems and temperature control
for food storage.

Many studies only tackled the issues faced by older adults or in-
dividuals with disabilities in the kitchen environment due to their
reduced physical and mental ability or existing health issues. Further-
more, current studies may be limited in generalizability across genders.
For instance, 9 out of 13 studies using anthropometry data related to
kitchen design exclusively used female dimensions. Limited studies have
been performed with users who do not belong to the above demographic
groups to understand the issues facing this population in the kitchen
environment as well. A study focused on food safety described both men
and adults younger than age 30 years as kitchen users who are most
likely to make food handling errors that lead to certain foodborne ill-
nesses and adverse health outcomes (Byrd-Bredbenner et al., 2013). In
summary, the user populations of focus in current literature may not
reflect all users of the kitchen.

Studies in this review included papers published on populations
around the world. However, cultural differences may affect the themes
and concepts described by the presented sociotechnical model. Cultural
differences may affect the frequency/type of cooking tasks performed
and the dimensions/preferences of kitchen layouts. Studies conducted in
Asia reported kneading and rolling dough as an important task to be
considered in worktop height designing (Kishtwaria et al., 2007; Sandhu
et al., 2007), while a study conducted in the West did not identify this
issue (Ward, 1971). With a diverse population of people with different
cultural backgrounds across the United States, multicultural study is a
gap that warrants further research. Similarly, a comparative study
among the different kitchen designs internationally can potentially
enable researchers and designers to consider different perspectives and
identify solutions to counter common issues.
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Limitations and future work

This paper is a rapid scoping review that was conducted with
selected sources. Although it was able to capture the general themes and
concepts prevailing in the current research space, the scoping review
method prioritized breadth of coverage over depth of analysis. Addi-
tionally, “kitchen + ergonomics” was the only search term, and all the
articles included were either directly from the initial search, the refer-
ence list, or the forward citation search. This abbreviated nature of the
search process could introduce selection bias, which could cause some
applications or domain knowledge to be neglected. The scope of this
paper has been limited to domestic kitchens; thus, many studies on
professional and commercial kitchens were excluded. Finally, only
studies published in English were included in this review and may
exclude studies conducted in some other nations. A more detailed, sys-
tematic review is needed to further examine the full body of work done
for each of the proposed constructs in the kitchen ergonomics frame-
work (Fig. 1); explicitly exploring work done for each of the identified
constructs can yield additional, more domain-specific suggestions to
improve kitchen ergonomics holistically. In terms of connecting kitchen
ergonomics to healthcare, future work should consider the special ac-
commodations needed by patients with chronic diseases in food prepa-
ration. Another benefit is to study how essential services offered by
clinical dietitians also impact people’s dietary choices within house-
holds and communities, leading to revolutionized home cooking habits.

Conclusion

This rapid scoping review synthesized literature published on do-
mestic kitchen performance to develop a framework of kitchen ergo-
nomics with four major constructs: kitchen layout, arrangement, and
environment; kitchen tools and technology; user characteristics and
needs; and outcomes and risks related to kitchen activities. This
framework proposes a novel way to categorize concepts in user in-
teractions within the domestic kitchen and demonstrates the need for
more studies on domestic kitchen ergonomics to fill current research
gaps.

Although not a formal workplace where care is delivered, non-
traditional environments such as the home kitchen influence patient
health and warrant attention from the human factors healthcare com-
munity. While this study focused on home kitchens, there are many
other non-workplace settings where health-related activities are per-
formed. We urge additional healthcare human factors reviews and in-
vestigations of not only kitchens but also other non-traditional
environments where health-related work occurs.
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