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ABSTRACT 

 

EXPLORING THE POKA-YOKE CONCEPT   
AS AN EXTENDED USABILITY CRITERION FOR  

AGE-FRIENDLY KITCHEN DESIGN 
 

Aydıngün, Gülçin 

MFA, Department of Interior Architecture and Environmental Design 

Advisor: Prof. Dr. Yasemin Afacan 

 

May 2024 

 

This study proposes the Poka-Yoke Concept as a usability criterion for the improvement 

of residential kitchen design for older adults, using aging simulation suit (GERT suit). 

Thesis includes two separate study datasets. In the first data set, 152 older adults from 

the Geriatrics Department of Hacettepe Hospital participated to fill out the 

questionnaire. According to the results, error prevention, low physical effort, adequacy 

of lighting and workstation were the most important kitchen design criteria. In the 

second data set, tasks and scenarios were conducted with architects and interior 

architetcts using the kitchen of Bilkent University Graduate Housing. As a result of the 

heuristic evaluation adapted in the context of Poka-Yoke Concept, it can be used as a 

usability criterion by increasing empathy towards older adults with GERT simulation.  

 

Keywords: Age-friendly residential kitchen, Usability, Poka-Yoke Concept, Heuristic 

evaluation, GERT suit 
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ÖZET 

 

YAŞLI DOSTU MUTFAK TASARIMI İÇİN GENİŞLETİLMİŞ 
KULLANILABİLİRLİK KRİTERİ OLARAK  

POKA-YOKE KONSEPTİNİN İNCELENMESİ 
 

Aydıngün, Gülçin 

Yüksek Lisans, İç Mimarlık ve Çevre Tasarımı bölümü 

Tez Danışmanı: Prof. Dr. Yasemin Afacan 

 

Mayıs 2024 

 

Bu çalışma, yaşlanma simülasyon giysisi (GERT giysisi) kullanarak yaşlı yetişkinler için 

konut mutfak tasarımının iyileştirilmesi için bir kullanılabilirlik kriteri olarak Poka-Yoke 

konseptini önermektedir. Tez iki ayrı çalışma veri setini içermektedir. İlk veri setinde, 

Hacettepe Hastanesi Geriatri Bölümü'nden 152 yaşlı yetişkin anketi doldurmak için 

katılmıştır. Sonuçlara göre, hata önleme, düşük fiziksel efor, aydınlatma ve iş istasyonu 

yeterliliği en önemli mutfak tasarım kriterleri olmuştur. İkinci veri setinde, Bilkent 

Üniversitesi Yüksek Lisans Konutu mutfağı kullanılarak mimarlar ve iç mimarlar ile 

görevler ve senaryo yürütülmüştür. Poka-Yoke Konsepti bağlamında uyarlanan sezgisel 

değerlendirme sonucunda GERT simülasyonu ile yaşlı yetişkinlere yönelik empati 

artırılarak kullanılabilirlik kriteri olarak kullanılabilir.  

 

Anahtar kelimeler: Yaşlı Dostu Konut Mutfağı Tasarımı, Kullanılabilirlik, Poka-Yoke 

Hata Önleme Konsepti, Sezgisel Değerlendirme, GERT yaşlı simülasyon kıyafeti 
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CHAPTER I 

 

INTRODUCTION 

 

 

 

1.1. Problem Statement and Objectives of the Study 

 

Aging means the deterioration of organisms that impact the body's health, vitality, and 

function throughout the years (Shinde et al., 2022). According to the World Health 

Organization’s (WHO, 2022) estimation, by 2030, approximately one-sixth of the 

world’s population will be sixty years or over. In Türkiye, since 1960, the country's 

general population has increased by three, while older adults aged sixty-five and over 

have risen sevenfold (Arun, 2014). Furthermore, according to Turkish Statistical 

Institute (TURKSTAT) 2021 data, in five years, the older population has increased by 

24% (Büker et al., 2023). Currently, in Türkiye, the older population is 9.1% (Akbal et 

al., 2022). With aging older people tend to spend more time in their residential 

environment. Older adults must handle their housework if they do not have mobility 

assistance. The kitchen environment is the area that demands physical movements to do 

specific daily tasks, including preparing food, eating meals, and cleaning (Braileanu, 

2017). Residential kitchen is one of the active environments in residential buildings, it 

involves home-based basic activities of daily living (BADL) and is considered as 
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obligatory activities, such as eating and preparing food. Due to the physical limitations 

of older adults in the kitchen environment, such as seeing, hearing, reaching, bending, 

and stretching in a residential kitchen environment, accidents occur. Thus, accidents 

mainly cause back pain and injuries that unable older adults to perform kitchen tasks 

(Bhatia & Singla, 2019; Hrovatin & Vižintin, 2013; Maguire et al., 2011). Poka-yoke as 

a concept that detects errors by investigating all pieces independently at the assembly 

line through manufacturing (Dudek-Burlikowska & Szewieczek, 2009). It also prevents 

errors in the design process. To make designers understand the older adults' physical 

limitations in kitchen design and assess Poka-Yoke Concept items as usability criterion 

for future kitchen design, the emphatic tool (GERT suit) was used to examine whether 

the Poka-Yoke Concept item might be considered a usability criterion. The study 

utilized an aging simulation suit to extend usability criterion by gaining insights into the 

needs of older adults in residential kitchens. Despite having age-friendly kitchens, there 

can be a misalignment between the design and the specific needs of older adults, so this 

issue leads older individuals to makeshift their solutions to adapt to the kitchen 

environment due to design errors of the residential kitchen environment.  As a result, the 

study has two main objectives: (i) extending usability criterion with the Poka-Yoke 

Concept (Poka-Yoke Concept) in kitchen design and (ii) investigating the effect of aging 

simulation suit to extend the usability criterion by adding Poka-Yoke Concept items (see 

Figure 1).  
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Figure 1. Conceptual framework of the study aim (drawn by the author, 2024). 

 
 
 
 

1.2. Structure of the thesis 

 

To obtain the objectives of the thesis, Chapter 2 presents the literature review on 

Usability, Usability in Residential Kitchen Environments, Poka-Yoke Concept (Poka-

Yoke Concept), and Aging Simulation. In Chapter 3, the methodology of the thesis is 

introduced. Firstly, the research questions and hypotheses are presented in the 

methodology part. Then, settings are explained to give information about the 

environment data, including study data sets I and II. Following this, participants are 
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presented to provide insight into the people who both participated in two study data sets. 

The procedure section explained the two study data sets with sessions. Instrument and 

data collection contained questionnaires, task scenarios, and GERT suit. The data 

analysis section describes the statistical test methods to compare the results. Chapter 4 

reports the results using quantitative analysis methods for Study Data Set I and Study 

Data Set II. Lastly, Chapter 5 is the discussion chapter, where the main aspects of the 

thesis are discussed. Chapter 6 is the conclusion chapter, which summarizes the main 

aspects of the thesis. Lastly, chapter 6 also includes limitations and recommendations for 

future studies. 
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CHAPTER II 

 

LITERATURE REVIEW 

 

 

2.1. Usability 

 

In the past three decades, various discussions have been conducted on the field of 

usability, which relates to its origins in experimental psychology, measurement, and 

statistics. After usability has emerged in the direction of user-centered design and user 

experience, additional discussions about usability have arisen (Lewis, 2014). Defining 

usability is a complicated function because it is not a singular aspect of a person or 

object. There is no genuine "usability" measurement tool. It cannot be evaluated with a 

single attribute. As a substitute, usability depends on cooperation among users, products, 

tasks, and environments (Lewis, 2014). Also, diverse ways exist for defining usability 

and generating varied explanations of the usability concept, as authors have differing 

assumptions on determining usability. Numerous definitions of usability have been 

introduced, including Shackel's model, which highlights product acceptance and 

associates an adjustment between utility, usability, and likability. Another outstanding 

rationale by Nielsen focuses on five attributes: learnability, efficiency, memorability, 

errors, and satisfaction. Additionally, over 15 years, the International Organization for 
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Standardization (ISO) has developed usability standards that assess criteria that include 

effectiveness, efficiency, and satisfaction in accomplishing specified targets within a 

precise context of usability (Folmer & Bosch, 2002). Figure 2 illustrates three 

definitions of Usability by Shackle, Nielsen, and ISO 9241-11 (adapted from Folmer & 

Bosch, 2002). 

  

 

 

Figure 2. Illustration of three definitions of Usability by Shackle, Nielsen, and ISO 

9241-11 (Adapted from Folmer & Bosch, 2002). 
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There are two essential viewpoints on usability to measure defined goals, known as 

summative and formative. Although there are resemblances between the two viewpoints, 

their differences are significant enough to assess specific definitions. Summative 

usability measurement on metrics is related to defining overall task and product purpose. 

Summative evaluations simulate traditional experiments, including minimal interaction 

between observers and participants during task performance and changes in product or 

system during the study (Lewis, 2014). The sample size for summative evaluations is a 

minimum of fifteen people. 

In contrast, formative studies authorized a wide range of methods, which might be 

formal or informal, involving solo or paired participants and current, future, or 

competing products. Regarding sample size, the number of participants in the formative 

studies ranges from five to eight people (Lewis, 2014). Hence, defining attributes and 

viewpoints of the usability components is based on the context of the study. 

 

2.1.1. Usability Attributes 

 

Usability is a particular component compared to the genre that system acceptability's 

generous aspect on whether the system can achieve the goals and requirements of all 

stakeholders, including users, clients, and managers. It encircles diverse aspects beyond 

just usability, dealing with the long-term performance and functionality of the system to 

ensure that it suits the expectations and satisfaction of all relevant associations (Nielsen, 

2010). Good usability is vital for providing a satisfied user experience that might be 

completed with aesthetics and interactivity. Maintaining good usability in a system can 



8 
 

immensely subsidize positive user experience. This system aims to make a product, 

system, or interface easy for users to understand and use. This ease of use is just one of 

the general features affiliated with usability (Nassar, 2012). 

 

According to Nielsen (2010), usability consists of a few elements that identify with five 

usability attributes; learnability, efficiency, memorability, errors, and satisfaction (Abran 

et al., 2003; Nielsen, 1994). Figure 3 illustrates attributes of usability according to 

usability attributes).  

 

 

 

 

 

 

 

 

 

 

Figure 3. Attributes of Usability (Nielsen, 1994). 

 

Social and Practical acceptability are the initial steps for application development. These 

components have links with usefulness that have directly connected criterion (Nielsen, 

2010). Learnability aligns with the easiness of the task when encountering the design for 

the first time. Efficiency is related to performing design features after experiencing a 
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specific job regarding speed. Memorability is essential to gaining knowledge and 

repeating it effortlessly about particular design tasks. Error detection contains the 

number of detects and the problem-solving process. Lastly, satisfaction is related to 

users’ level of contentment about experiencing design (Sibarini, 2021). 

 

According to ISO 9241-11(2018), the latest definition of usability is the extent to which 

specified users can effectively, efficiently, and satisfactorily use a product to achieve 

definite goals within a unique context (Nassar, 2012). The link between the attributes 

involved in the usability process can be visualized in the usability framework proposed 

by ISO 9241-11 (Castro, 2023; Nassar, 2012). Figure 4 indicates the definition of 

usability in terms of ISO standards. Effectiveness in usability is related to the accuracy 

and completeness of users' definite goals, while efficiency refers to the optimal 

application of resources aligned with those goals. On the other hand, satisfaction is 

mainly associated with the comfort and acceptability of the user experience in achieving 

their goals (Folmer & Bosch, 2002). 
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Figure 4. Definition of Usability according to ISO 9241-11 with three attributes 

(adapted from Nassar, 2012). 

 

 

Within the thesis framework, ISO-9241-11 (1998) is the international definition of 

usability criterion used to explore the extension of the Poka-Yoke Concept as a usability 

criterion. Currently, the ISO 9241-11 (2018) definition is used to define usability 

problems within the scope of ISO standards. The requirements for usability regarding 

ISO standards are discussed in a detailed way to understand the three attributes for 

understanding and applying the concept of usability in a system or environment 

according to three features: effectiveness, efficiency, and satisfaction (Adilawati et al., 

2023). 
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Effectiveness, as Folmer & Bosch (2002) mentioned that according to an exact 

definition of ISO 9241-11 (2018), contains completeness of users’ goals and the 

accuracy to achieve the specified purposes. According to Green and Pearson (2006), the 

definition of effectiveness was clarified by indicating that there should be a connection 

between accurate results’ after specified goals and the correctness of these goals. Over 

the years, Dutsinma et al. (2022) mentioned that several research methods might be used 

to measure effectiveness within the scope of usability. Yet, quantitative methods such as 

questionnaires are the primary tool for measuring the effectiveness of a particular system 

or environment.  

 

According to ISO-9241-11 (2018), efficiency is defined as the accuracy of time 

management while using the system or performing a task in the environment. Hence, 

achieving a specified goal is related to the efficiency of resources needed during the 

experience (Jokela et al., 2003). Bevan et al. (2015) extended the definition of efficiency 

by emphasizing the relationship between resources such as human effort, costs, time and 

materials, and the experience of specified goals. Testing efficiency within the scope of 

usability is related to observing the task completion within the given time and purpose. 

Thus, efficiency refers to resources the user can use to accurately complete the task 

during the given timetable (Arthana et al., 2019). 

 

Satisfaction refers to being pleased with the product, system, or task (Bevan et al., 

2015). This affects users' happiness and trust (Pins & Paul, 2022). Harna et al. (2022) 

extend the definition of the ISO-92411-11 (2018) by emphasizing the importance of user 

recommendation after experiencing the task to enhance the meaning of satisfaction. 
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Measuring user satisfaction is similar to testing effectiveness by using a questionnaire 

tool. Hence, the last usability criterion refers to users’ overall contentment according to 

ISO standards to achieve usability goals at the end of the experience with certain 

products or specified tasks in built environments (Syafrizal et al., 2022). 

 

 2.1.2. Usability in Built Environments 

 

Typical issues in interior design directly cover diverse aspects, including items where 

user satisfaction aligns with usability factors (Viyanon & Sasananan, 2018). When 

dealing with the built environment in terms of usability issues, the fundamental focus of 

interest is the practical environment. Conventional approaches to determining built 

environments mainly consider the physical aspects of the domain. However, the 

environment includes additional dimensions that are not limited to the physical 

environment. It is necessary to comprehensively broaden the perspective to understand 

usability in different practical environments. One way to broaden knowledge of the 

environment is by categorizing it into three dimensions; the environment should be 

examined from three perspectives: social, virtual, and physical (Rasila et al., 2010). 

 

The type of environment pursues the application of attributes in built environments. 

Usability may be associated with several characteristics in built environments. Rasila et 

al. (2010) categorized theoretical usability dimensions into 11 categories with the 

gathered definitions of usability throughout the years. The most common usability 

dimensions in built environments are efficiency, flexibility, learnability, memorability, 
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number of errors, accessibility, navigation, functionality, atmosphere, visual design, 

interaction, feedback, and satisfaction. Figure 5 illustrates the iterative workflow of 

usability in the building process regarding human-centered design (Attaianese & Duca, 

2012). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. The iterative workflow of the usability in the building process regarding 

human-centered design (Attaianese & Duca, 2012). 

 

Hong et al. (2014) also supported previous literature that determined usability issues in 

built environments have different contextual evaluation methods for specific usability 

problems to evaluate the built environment. Jimenez et al. (2016) identify new sets of 
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usability heuristics by improving Nielsen’s usability heuristics by defining usability as 

the detection of problems in the user's interaction in the built environment as  

Afacan and Erbuğ (2009) mentioned the evaluation of the built environment regarding 

heuristic evaluation. Although the study aims to enhance existing heuristic evaluation 

methods, there is no improvement in developing existing strategies. Current usability 

methods, especially the heuristic evaluation method, adapt to general Nielsen’s heuristic 

evaluation set. Harte et al. (2017) studied usability to detect and predict falls in older 

adults in built environments using usability evaluation methods such as cognitive 

walkthrough and heuristic evaluation. On the other hand, Mosca and Capolongo (2018, 

2020) focused on the reliability of usability evaluation methods in built environments for 

efficient performance to solve usability problems by guiding designers. The study 

emphasizes that usability is related to the maximization of the comfortable use of spaces 

in a built environment by indicating accessibility has a link with usability. Watchorn et 

al. (2022) clarified that usability in the built environment aims to reduce environmental 

barriers by emphasizing the importance of evaluating built environments to enhance 

usability. Mosca (2023) focused on healthcare-built environments by highlighting the 

need for usability in different environments. Ultimately, usability is improving within 

the context of built environments to evaluate and enhance the usability of built 

environments to reduce errors.  

The kitchen, previously known as the cookhouse, is the center of the house because it's 

an environment that requires accessible and usable design features when performing 

kitchen tasks for older adults independently, such as cleaning floors, preparing meals, 

eating and washing dishes that took time to perform (Sobouti, 2016; Taha, 2010). Due to 

the time spent in this environment, all kitchen design features must be well-designed. 
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Especially with aging, conducting kitchen tasks might be challenging due to physical 

limitations while cooking, such as bending/reaching, stooping, lifting/carrying, opening 

packages, cleaning, mobility, cutting, stirring, and fatigue (Ibrahim & Davies, 2012). 

According to a study conducted by Maguire et al. (2014), the most alerting physical 

limitations in the kitchen among 48 older adults are reaching and bending to the cabinets 

when they want to put some kitchen utensils in the cabinets or want to get some kitchen 

utensils for preparing meals. Then dexterity is also a problem when older adults want to 

use their hands when they cut vegetables (see Figure 6). Considering these problems 

when designing or adapting a kitchen environment for a health-aging process is a 

problem though there are age-friendly kitchen designs (Wang et al., 2023). 

 

 

 

 

 

 

 

 

 

Figure 6. Illustration of older adults’ physical limitations (adapted from Maguire et al., 

2014). 

 

Unfortunately, some of the kitchens are designed only for aesthetic considerations. Thus, 

the usability in the kitchen environment might be ignored to enable older adults to reach 
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deep storage areas or metal surfaces that cause glare which is harmful in old age. 

(Ibrahim & Davies, 2012). Thus, several design solutions might be considered to 

improve the usability of the kitchen environment for older adults. Main design solutions 

might be listed as follows; proper kitchen layout, suitable lighting arrangement to alter 

the limitations due to sight problems, safer material choices for surfaces (worktop and 

floors), designing handle-free cupboards (e.g., pressure-based or sliding door cupboard) 

that enable older adults open them quickly. Lastly, designing round-edged furniture and 

counters is crucial for kitchen design (Hrovatin et al., 2012).  

 

2.1.3. Usability Testing 

 

Measuring usability depends on the context of the usability problem, including the user, 

task, and product. Usability research includes the efforts of individuals in designing 

systems, scenarios, or any related component with the usability problem by testing them, 

creating educational materials, and studying users (Sullivan, 1989). To find the 

appropriate method for usability testing, three techniques are titled with sub-categories 

to find out the proper measurement method for the usability problem as follows: 

Usability Testing, Usability Inquiry, and Usability Inspection (Dubey & Kumar, 2012; 

Gulati & Dubey, 2012). 

 

Regarding Usability testing, distinctive tasks or prototypes are used to test specific 

components with measurement methods. First, the coaching method includes a 

relationship between the expert and the user while trying to solve usability problem or 
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any type of prototype (Cajander et al., 2010). Regarding software evaluation, the 

Performance Measurement method is used without interacting with the user and the 

expert. However, the Question-asking Protocol method contains an interactive protocol 

in that experts ask questions while users perform the given task, product, or scenario 

(Campbell, 2004). Thus, this method helps to understand which part of the component is 

evident to the user. In the Retrospective Testing method, the operator gives users a 

walkthrough experience to test the usability of a given task with the videotaped testing 

session (Bastien, 2010). With the Thinking Aloud Protocol method, experts can 

videotape specific subjects on passed examinations to the evaluators. 

 

Similarly, the Teaching Method is used as an alternative method to the Thinking-Aloud 

Protocol by recording actions (Hori et al., 2011). On the other hand, the Co-discovery 

Learning method includes the observation of two evaluators while working on the same 

given task mutually, including sharing their ideas about the performance. Within the 

scope of usability testing, the last method is remote testing which involves a given task 

being performed distantly. The users and the experts are not in the same place within the 

same time zone. Hence, the Usability testing technique covers eight methods to specify 

usability (Rubin, 1994).  

 

In Usability Inquiry, communication with the users is central to operating the usability 

problems with five methods. The field Observation method involves observing the real 

place to identify which components are necessary for usability. In Interviews / Focus 

Groups, procedures are done to understand the users' thoughts about a specific topic, 

task, or interface (Virzi, 1992). In the Proactive Field, the study defines the initial 
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usability problem at the first stage of the design process. In the Logging Actual Use 

method, a statistical technique represents users' frequency of usage of each component. 

The last usability inquiry technique is questionnaires, which test the response and 

performance of the given task with several related questions within the given context 

(Gulati & Dubey, 2012). 

 

Usability Inspection covers the judgment of each component to improve usability 

principles with eight methods. In Cognitive Walkthrough tests, the expert observes 

users' actions while performing a task (Barnum, 2010). In the Heuristic Evaluation 

method, the performance is evaluated individually with the given study, interface, or 

product by checking the usability criterion in terms of error defection, flexibility, and 

efficiency of use by providing a ranking by the users (Dubey & Kumar, 2012; Gulati & 

Dubey, 2012). The feature inspection method checks long processes with typical tasks 

for usability. The Pluralistic Walkthrough method tests most software components to 

identify usability issues. Standards inspection /guideline checklists are also used to 

ensure the components have an industrial standard. Perspectives-based Inspection 

includes lists to perform required tasks with specified guidelines (Dubey & Kumar, 

2012). The card sorting method includes user combinations of usage items on websites 

where signs are used to improve the interface's usability. Lastly, the Tree Testing 

method is the opposite of the previous method because, in this method, the findability of 

the given task in the interface is tested (Hass, 2019).  
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2.1.4. Scenario-based Usability Testing 

 

A scenario is a planned description encompassing actors, individuals, details, and 

assumptions regarding the environment in which the given description takes place by 

including stories (Carroll, 1999; Go & Carroll, 2004). Scenario-based design is related to 

elements such as the user's level of activity, preferred shortcuts, prioritized needs, 

variability in their actions, and the broader integration of the given designed device or 

the environment (Vincent & Blandford, 2015). Before analyzing the scenario, the 

development of scenario evolution primarily involves establishing foundational concepts 

rooted in real-world actions, and everyday challenges involving tasks are executed. 

Subsequently, articulated concepts apply, crafting detailed scenarios corresponding to 

the identified problems. Figure 7 visually represents the evolution of ideas and scenarios 

(Go & Carroll, 2004).  

 

 

 

 

 

 

 

 

Figure 7. Visual representation of the evolution of concepts and scenarios (Go & 

Carroll, 2004). 
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There is no singular evaluation approach to test scenario-based design methods. The 

assessment of the usability of learning environments should encompass a variety of 

techniques derived from both empirical and analytical sources. (Granic et al., 2019; 

Hussain et al., 2015). Incorporating usability principles into learning environments 

involves extending Nielsen's (1994) original ten heuristics to a set of guidelines that 

include the sociology of knowledge. In summary, various empirical testing methods are 

employed to assess the performance of scenario-based designs (Gonzalez-Holland et al., 

2017; Granic et al., 2019) in terms of analyzing scenario-based design evaluation. The 

stage of scenario evaluation involves collecting user feedback on the design's behavior 

within a given scenario set and making corresponding adjustments to the goal set. The 

whole design is not obligatory before entering the scenario-based design evaluation 

process, and the designer initiates this phase based on the significance of the issues or 

scenarios to be reviewed. Figure 8 illustrates the scenario evaluation phase (Holbrook, 

1990).  

  

 

 

 

 

 

 

 

Figure 8. Scenario evaluation phase (Holbrook, 1990). 
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Scenario-based design, the primary design representation includes how individuals carry 

out tasks containing problems in the given design context (Carroll, 1999). Participants 

for the scenario-based design are based on the given task and the focus of the design 

problem. The participation number is based on the problem. If researchers want to focus 

on e-learning, the participant number exceeds 30 students. According to Lewis (2014), 

formative studies measuring the ability to cover five to eight people in the second data 

collection stage. 

 

 2.1.5. Heuristic evaluation 

 

Heuristic evaluation is a usability testing method (Goldman & Bonedoly, 2003). The 

heuristic analysis evaluates the interface and evaluates its adherence to usability 

principles as part of an iterative design process (Nielsen, 1990; Nielsen 1994). Heuristic 

evaluation is an inspection method originating from Nielsen’s Heuristic Evaluation. 

Heuristic Evaluation enhances in two dimensions: firstly, it introduces additional 

domains of consideration to the existing set of heuristics guiding to usability problems 

within a given system, design, or environment, and it includes users who are experts in 

the relevant work domain (Muller et al., 1998). A few evaluators do heuristic evaluation 

to test the system, device, design, or environment’s usability (Kumar et al., 2020). The 

guideline that prepared by Nielsen (1994) includes testing system usability. Throughout 

the years, heuristic evaluation has been adapted to test different types of systems, 

designs and environments (Kumar et al., 2020).  
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During the heuristic evaluation, inspectors experience the system, design, or 

environment and discover the usability problems. The banking system did the review. 

Each row represents the evaluators while each column represents the usability problem. 

If the column is black, it means that there is a usability problem in that system, design 

and environment among 16 usability problems (Nielsen, 1994). Figure 9 indicates the 

heuristic evaluation banking of the system. 

 

 

 

 

 

 

 

 

 

 

Figure 9. Indication of the heuristic evaluation banking system (Nielsen, 1994). 

 

Afacan and Erbuğ (2009) specifically stated usability testing measurements in an 

architectural design context through heuristic evaluation due to extensive studies on 

usability engineering rather than usability in a built environment. Heuristic evaluation, 

which includes the number of users in usability analysis, was the method to evaluate 

built environments regarding usability (Nielsen & Molich, 1990). Furthermore, the study 
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indicates that universal usability is suitable for application in an architectural design 

context by problem-solving within the interdisciplinary scope of using heuristic 

evaluation usability testing measurement. This approach, which includes the reduction 

of possible errors for usable built environments, highlights further studies to evaluate the 

built environment’s usability regarding different evaluation methods. Attaianese & Duca 

(2010) supported the idea that usability in a built environment is crucial for ergonomics 

with an iterative workflow. The workflow starts with determining the specific goals in a 

built environment to conduct continuous task analysis to identify architectural 

requirements regarding usability, then design solutions and users’ performance, a 

continuing workflow harmonizing architectural requirements. Hence, determining 

requirements for usable built environments has an infinite relationship with design 

solutions and users’ feedback about the design according to their performance in the 

built environment.  

 

2.2. Residential Kitchen Environment 

 

2.2.1. Kitchen Layouts 

 

The kitchen is a workspace of the home (Surmann et al., 2017). It contains both 

aesthetical and usable components in terms of design. Regarding aesthetic components, 

there are several kitchen layouts for different kitchen sizes. Yazıcıoğlu (2010) defined 

kitchen layouts into six categories. These layouts are as follows; Onewall, Corrior-

shaped, U-shaped, Peninsula, and Island (see Figure 10). One wall kitchen layout is 
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compact in that the sink and the cooker are close. In L-shaped kitchens, the work process 

includes cooking, preparing, and storing loops around two walls. In a U-shaped kitchen, 

mainly walls are not used often. In Island kitchen layouts, the space must be plentiful 

(Sundaram & Rukmangadhan, 2016). The main focus of designing a residential kitchen 

after the floor plan includes kitchen layout is user-friendly design solutions. To achieve 

this aim, one main aspect of creating adequate residential environments is the kitchen 

working triangle. 

 

 

 

 

 

 

 

 

 

 

Figure 10. Illustration of Kitchen Layouts with working triangle (Yazıcıoğlu, 2010). 

 

Frederick (1913) clarified that the proper equipment arrangement is vital to support the 

working triangle. The working triangle is not separated from the kitchen layouts because 

designing the kitchen and arrangement of the kitchen appliances is genuinely related to 

the proper work triangle to ease kitchen movements while doing kitchen activities step 

by step to minimize the walking distance between the countertop and appliances 
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(Overhill, 2014). The working triangle should not exceed 6.5 meters. The activities in 

residential kitchens mostly happened between three main appliances: the refrigerator, the 

sink, and the cooker (Özalp, 2020). Kitchen layouts should be designed to create a 

proper working triangle to minimize the movements in the kitchen for and allow the 

appropriate flow of work to reach the three main appliances. Figure 11 illustrates the 

proper and improper working triangles to indicate the movements during kitchen 

activities (Frederick, 1913).  

 

 

 

 

 

 

 

 

 

Figure 11. Illustration of the proper and improper workflow in a kitchen environment 

(Frederick, 1913). 
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Although there is a term difference, Pejić et al. (2019) classified kitchen layouts also 

into six categories to create a proper working triangle as follows; I-shape, II-shape, L-

shape, U-shape, G-shape and with island (see Figure 12). Pejić et al. (2019) also added 

that the kitchen layout is related to aesthetics and functionality. Hence, as well as the 

functionality of kitchen designs, the aesthetics of residential kitchens should not be 

ignored. 

 

Figure 12. Illustration of Kitchen Layouts with working triangle (adapted from Pejić et 

al., 2019). 

 

As Kors (2013) clarified, the kitchen layouts might be changed to make residential 

kitchens more flexible and usable. Ollár et al. (2022) supported kitchen layouts with 

their variations because of the kitchen's capability that supports adaptability. The 
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potential for adaptation of the kitchen layouts is crucial for renovation projects. Hence, 

the layout is not the same for residential kitchen environments. User needs, the kitchen's 

capacity, safety requirements, and any other related residential kitchen requirements 

affect the design of the kitchen layouts (Sydora & Stroulia, 2020). Figure 13 illustrates 

the different kitchen layout types with three various adaptations.  

 

 

 

 

 

 

 

 

 

 

Figure 13. Illustration of Kitchen Layout variations (Ollár et al., 2022). 

 

The kitchen design has several components, such as cabinets, countertops, and 

appliances. Kitchen layouts might change according to the arrangement of kitchen 

components (Tao et al., 2018). According to different terms and approaches to kitchen 

layouts throughout the years, designing kitchen layouts is a crucial step for a residential 

kitchen environment by considering specific kitchen requirements. Both adaptation and 

new design layouts of the residential kitchen are essential in designing according to 

users’ needs within the capacity of the built environment (Walley, 1957). As a result, 
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Zafirovska (2023) added that the kitchen layout depends on several factors, such as the 

kitchen area’s dimensions, the users’ specific needs and the consideration for a 

comfortable domestic kitchen environment.  

 

2.2.2. Kitchen Components 

 

The kitchen is essential for doing fundamental steps that work as a house laboratory 

through preparation, cooking, and cleaning (Charytonowicz et al., 2011; Surmann et al., 

2017). The arrangement of the kitchen components is crucial to consider users’ needs 

with proper workstations. With lifestyle and technology alterations, the kitchen's design 

has changed over the years (Tarboush & Erçin, 2021). According to Moody and 

Vineyard (2007), the kitchen design and its related components have changed regarding 

people’s needs at a certain time, including health/ safety issues, alteration role of the 

women, enhancements in technology, and domestic science issues. Figure 14 illustrates 

these five influential factors in Kitchen Design.  
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Figure 14. Five influential kitchen factors on Kitchen Design (adapted from Moody & 

Vineyard, 2007). 

 

 

Furthermore, Galford & Peek (2021) thought that the role of the kitchen due to the 

design of the semi-open or open kitchen layouts, the meaning of privacy in domestic 

kitchens has changed. The kitchen environment turned out to be a social place for most 

families. Similarly, Can & Söğüt (2022) also indicated that the kitchen could be used as 

a social space and multi-purpose area. Furthermore, due to the size of the apartments in 

Türkiye, the kitchens must be well-organized, which is required, and flexible kitchen 

designs. However, the meaning of the kitchen differs due to the different needs of 
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human beings throughout the centuries. Currently, kitchen components have settled 

(Moslehian et al., 2023). Kitchen components are related to the working triangle areas, 

including preparation, washing, and cooking (Charytonowicz, 2018; DeMaio et al., 

1997; Mihalache et al., 2021). The kitchens' main components are listed within this 

thesis's framework: cabinets, countertops, and appliances. 

 

 

2.2.2.1. Cabinets 

 

Kitchen cabinets are crucial furniture used in a residential kitchen as a storage unit 

(Xiaolei et al., 2014). Historically, the need to store kitchen items has led manufacturers 

to make furniture for the kitchen environment. The design of the kitchen storage units 

began with the term “kitchen pantry.” Beecher (2001) explained that around 1900-1950, 

kitchen pantries had several purposes, such as looking like a closet, including opening 

shelves for food items and helpful kitchen utensils. Also “butler’s pantry” had glass-

fronted cupboards to store dishes, silvers, and linens with customized-sized drawers. 

During the nineteenth century, carpenters made kitchen and butler’s pantries on-site. 

Figure 15 illustrates the nineteenth-century kitchen cabinet type (Beecher, 2001). 
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Figure 15.  Illustration of the nineteenth-century kitchen cabinet type as a “kitchen 

pantry” or “butler’s pantry” (Beecher, 2001). 

 

Furthermore, also Beecher (2001) added that in the 1920s, office desk-type kitchen 

cabinets turned out to be a more current look type of cabinet style. In the mentioned era, 

after on-site construction of the kitchen pantries by manufacturers, architects shared 

their cabinet designs with details including perspective, plan, section, and elevation 

drawing with dimensions. The term “kitchen pantries” and “butler’s pantry” was  

replaced by “kitchen case.” Figure 16 illustrates the nineteenth-century architect’s 

kitchen cabinet drawings. 
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Figure 16. Illustration of nineteenth centuries’ architects’’ cabinet design as a “Kitchen 

Case” (Beecher, 2001). 

 

On the other hand, Wilson (1947) mentioned the storage unit with a “kitchen cabinet” 

term. The study highlights the planning of the kitchen cabinets in terms of proper width, 

depth, and height of cabinets with location and type of use.  

The author highlights several roles of the cabinets for different usage areas: a) cabinets 

at the side of the sink, b) sink cabinets, c) free-standing mixing unit cabinets, d) adjacent 

to another cabinet, mixing unit, e) pastry board, f) cabinets adjacent to cooker, g) serving 

cabinet, h) cabinet adjacent to the refrigerator, and ı) planning desk-cabinet (see Figure 

17). 

 

 

 



33 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17. Illustration of several usage areas of the base cabinets (adapted from Wilson, 

1947). 

 

Wilson (1947) also emphasizes three components of kitchen cabinets: Floor-to-ceiling 

cabinets, wall cabinets, and base cabinets. Currently, floor-to-ceiling cabinets are known 

as wall cabinets. Although, in the past, a “pantry cabinet” was known as a whole storage 

unit in the kitchen, a pantry cabinet is used as a tall cabinet in the current residential 

kitchen environment (Anacker, 2018). Furthermore, base cabinets consist of six 

components: a compartment, tier of drawers, apron, pullout board, facing strip, toe 

space, counter, and overhang to fix on the wall (see Figure 18). 
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Figure 18. Parts of the kitchen base cabinet (adapted from Wilson, 1947). 

 

Cieraad (2002) also emphasizes that, before, kitchen cabinets had to harmonize with the 

furniture style in the living area. Regarding the design standard of the kitchen cabinets, 

even in the mass production process, the efficiency standards of the kitchen cabinet 

(working triangle) have not overturned flexibility yet, and the kitchen cabinet design 

remains as flexible (Frederick, 1913). In general, the ideal storage area, especially the 

size of the wall cabinets, might be between 800 mm and 1100 mm. Although wall 

cabinets are part of the cabinet types in residential kitchen environments, Hrovatin et al. 

(2015) suggested that due to visibility and accessibility problems, it is beneficial to 

avoid wall cabinets for older adults’ usage.  

Although the kitchen cabinets' context and parts did not face radical changes, different 

designs have emerged. With the help of technological enhancements, Balaji et al. (2020) 

proposed an intelligent kitchen cabinet system to track food records through wireless 

technological devices to see the quantity of the product inside the cabinet. This study 
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might benefit prominent families and the food industry, especially in tracking quantity. 

Similarly, Lam et al. (2023) work with augmented reality (AR) to indicate the changes 

in kitchen cabinets for a better design process. Possible users can interact virtually 

through a 3D model to experience the changes in kitchen cabinets to test the usability of 

the wardrobe. As the AR experience allows participants to touch possible kitchen 

cabinet designs through the virtual 3D cabinet, the further design process might be more 

user-friendly due to experiencing likely kitchen cabinets. Besides these technological 

improvements, Rühr et al. (2012) used Socially Assistive Robots to detect usability 

problems and lead robots to experience the kitchen environment by considering easy-to-

use kitchen cabinets. Hence, the technological era allows for the improvement of the 

design of kitchen cabinets in terms of usability for in the future.  

 

2.2.2.2. Countertops 

 

The countertop is a horizontal work surface attached to a based cabinet to do several 

kitchen tasks, such as preparing food and putting the most useful kitchen utensils 

(Anacker, 2018). Due to its purpose, countertops must be durable, easy to clean, 

resistant to heat, and keep out food stains (Salvini et al., 2018). The countertop's 

materials might have several features, pros, and cons. Cheng (2004) analyzed the various 

countertop materials, such as granite, quartz, marble, stainless steel, and concrete. 

However, these materials are not limited because Pourtahmasi et al. (2007) investigated 

glued laminated panels. Although new materials had to be examined to be used daily, 

the enhancement of kitchen countertop studies is improving.  
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Flores et al. (2013) examined different components rather than the material choice for 

the countertops. The hygiene of the countertops is also essential for the users to avoid 

bacteria. Hartje (2005) discussed the Universal Design (UD) side of the countertop. 

According to UD guidelines, continuous countertops are preferable for easier workflow 

between the refrigerator, sink, and stove to carry heavy things. Designers might consider 

several factors when choosing materials for the counter, including users’ choice, needs, 

and appropriate materials features to suit the kitchen design with aesthetical 

considerations (Liu & MacGregor, 2006).  

 

 

2.2.2.3. Appliances 

 

Appliances such as a sink, refrigerator, stove, dishwasher, and microwave are considered 

kitchen components in the residential kitchen environment. Appliances make kitchen 

tasks easier, as well as usage areas for store items (Parrott et al., 2005). In terms of 

appliances in residential kitchen environments, in literature, kitchen appliances were 

considered from different perspectives. In the literature, Tanaka (2001) emphasizes the 

energy-saving feature of kitchen appliances to enhance environmentally friendly 

products in the kitchen. However, Siio et al. (2007) focused on future features of the 

appliances. The main example for that might be indicated by Lee et al. (2006), the study 

improved KitchenSense technology to interact technology with appliances through 

augmented reality (AR) to see the inside of the kitchen appliances, such as seeing foods 
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inside of the refrigerator with open the door of the refrigerator. As for the importance of 

kitchen ventilation, Kosonen et al. (2006) worked on the effects of kitchen appliances on 

thermal comfort. Yu and Sung (2023) conducted a study on intelligent kitchen 

appliances to indicate the functionalities to enhance user experience positively by adding 

functionalities such as monitoring, control, optimization, and autonomy. 

 

 

2.3. The Poka-Yoke Concept 

 

In 1961, the Poka-Yoke Concept was proposed by Shiego Shingo while he was an 

engineer at Toyota Motor Corporation. This approach intends to prevent mistakes and 

distinguishes by implementing measures that act as a shield for the product. Diverse 

attributes of poka-yoke can be found in the literature, although they only differ in terms 

and accuracy. Shingo defines poka-yoke as a concept that detects errors by investigating 

all pieces independently at the assembly line through the manufacturing process (Dudek-

Burlikowska & Szewieczek, 2009). Grout (2007) described poka-yoke as a design 

feature to prevent errors or alleviate the negative impact of the errors. Plonka (1997) 

views poka-yoke as a source that detects, eliminates, and corrects errors before they 

reach the customer. Middleton (2001) designated poka-yoke as the systematic practice 

of eliminating errors by identifying their original cause. Some studies provide examples 

to define the poka-yoke and its concept, either by alternating it with different labels like 

sensors or translations such as mistake-proofing or Poka-Yoke Concept (Saurin et al., 

2012). 
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During the 1950s, Shiego Shingo was the defender of making production with zero 

errors in Japanese companies, but that is not the component that might be not handled 

alone. Thus, Japanese organizations began implementing a Zero Quality Control (ZQC) 

approach, with one of its crucial elements being the Poka-Yoke Concept which aims to 

ensure no one might make mistakes without any safety problems (Kurhade, 2015; Saurin 

et al., 2012). The philosophy behind the Poka-Yoke Concept is respecting human 

perception and rights by eliminating errors to improve their quality of life. By 

incorporating mechanisms that prevent errors in monotonous tasks, poka-yoke can save 

time and free up workers' minds for more creative actions. Ultimately, this approach 

increases their value. At the production line stage, errors are possible in each process 

and operation (Lazarevic et al., 2019). These errors can lead to damaged products and 

complaining customers. In the Poka-Yoke Concept, even detecting the small size of the 

errors are not acceptable because everything must be error-proofed. Thus, for 

companies, accomplishing a production rate of 100% without any errors is not only a 

challenge but an obligation. As a result, regarding this approach to the production 

process, Poka-Yoke Concept offers a simple technique to achieve such high quality 

production before it reaches the customer (Dudek-Burlikowska & Szewieczek, 2009).  

 

There is currently no specific distribution of the Poka-Yoke Concept because the 

concept continues to vary and evolve. As organizations and individuals increasingly 

focus on implementing Poka-Yoke Concept measures, more innovative approaches will 

emerge and develop additional categories (Grout, 2007). However, Zhang (2014) 

mentioned four approaches to the Poka-Yoke Concept as follows: preventing mistakes in 
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the work environment, detecting mistakes through informative analysis, which is 

reflected in Shingo's approach, preventing mistakes through source analysis also reflects 

Shingo's approach and minimizing the impact of mistakes (Fisher, 1999). 

 

As the Poka-Yoke Concept emerged for the manufacturing process that prevents errors 

from the production wheel in Toyota company, the implementation process was as 

follows; understand what is the process or product and its need with analysis, identifying 

mistakes with careful observation, analyze mistakes by evaluation of frequency of the 

errors, apply source analysis that includes preventing errors at the beginning of the 

design process which can be done by checklists, visual clues or special mechanism and 

using specific control methods and evaluate (Lazarevic et al., 2019). However, Estrada 

& Lloveras (2008) described a method for the Poka-Yoke Concept that is applied to 

prevent errors during the assembly in the production process with five stages which are 

as follows; identify the potential errors, make priorities to detect alerting errors, identify 

the main source of the error and use poka-yoke design requirements. Besides Lazarevic 

et al. (2019) and Estrada and Lloveras's (2008) definition of implementations of Poka-

Yoke in the production line, Estrada & Lloveras (2008) also defined the implementation 

stages for future designs to include user, design process, qualitative and quantitative 

statistics of the design, focusing on alerting errors and time confining. Lastly, there are 

different methodologies and stages to concentrate on the Poka-Yoke, which can be listed 

as follows according to the literature review; identifying the main problem, observing 

the area or product that has errors, proposing a Poka-yoke solution to the main error, 

evaluating the solution, choosing the best option for the solution, design Poka-Yoke 
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Concept area or product, implementing, testing, monitoring and maintaining the 

improvement of the solution.  

 

The literature reviewed the basic principles, major categories, and possible methods. 

Regarding two categories, prevention includes protecting the product or system error 

from occurring, while detection is related to errors that occurred (Malega, 2018). Figure 

19 illustrates the diagram of Poka-Yoke Concept categories. 

 

 

Figure 19. Diagram of Poka-Yoke Concept categories (adapted from Malega, 2018). 

 

 

In terms of principles, there are five principles as follows: elimination, replacement, 

facilitation, detection, and mitigation. Malega (2018) emphasizes that elimination is 

related to the possibility of removing errors to redesign the process or product. 
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Replacement is finding a new reliable process or product instead of an old process using 

automation. Facilitation is related to making a process or product easier using color 

coding. Furthermore, detection is associated with the early detection of errors by 

developing more efficient designs. Lastly, mitigation consists of minimizing the effect of 

error by utilizing the system or product. Figure 20 illustrates the diagram of Poka-Yoke 

Concept principles. 
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Figure 20. Diagram of principles of Poka-Yoke Concept (Adapted from Malega, 2018). 
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Saurin et al. (2012) described the Poka-Yoke Concept as designed to prevent or detect 

errors that might negatively influence product quality, employees’ and users’ health, and 

even safety. The Poka-Yoke Concept highlights two major components: prevention and 

detection. Although the Poka-Yoke Concept has emerged to prevent and detect errors in 

products and systems, currently Poka-Yoke Concept is used during the process to detect 

errors in the design phase (Chao, 2004; Chao et al., 2021). However, no implementation 

of poka-yoke is seen in physical environments, especially in residential kitchen 

environments. Thus, the Poka-Yoke Concept can be applied to physical environments 

through error prevention during design. 

 

Within the framework of this thesis, prevention and detection of errors during the design 

process are considered to assess the Poka-Yoke Concept as an extended usability 

criterion in the residential kitchen environment. The principles of the Poka-Yoke 

Concept, which are elimination, replacement, facilitation, detection, and mitigation, 

might be used for error prevention in the design process (Malega, 2018). According to 

Chao (2004), errors in the manufacturing process is occurred because of errors during 

the design process of the system, product, or physical environment. 72% of the errors are 

defects during the design process, while only 10% are manufacture-related. Figure 21 

illustrates the Pie-chart diagram of percentages of quality losses in the manufacturing 

process. 
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Figure 21. Pie-chart diagram of percentages of quality losses in the manufacturing 

process (Adapted from Chao, 2004). 

 

A study by Ohashi et al. (2021) applied the Poka-Yoke Concept within the scope of 

Universal Design (UD) by indicating assistive devices for older adults. The study's 

results demonstrate that applying a risk management framework using error detection 

during the design process enhances the life quality of older adults by using Poka-Yoke 

Concept principles. 

 

2.4. Empathy in Design 

 

Understanding another person's life and accurately interpreting their feelings at the 

moment is the essence of empathy (Kalisch, 1973). The United Nations stated that 

virtually all countries can experience older adults’ physical limitations, such as sensory, 
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motor, and cognitive domains, at a young age (Vieweg & Schaefer, 2020). Age 

simulation suit (ASS) is an emphatic tool that enables people to put themselves in older 

adults' age (Chen et al., 2018). Aging suits includes several components that help to 

replicate the effects of older adults' physical limitations on the wearer, such as mobility 

limitations, muscle weakness, reduced dexterity, and impairments in vision and hearing. 

The torso, wrist, and ankle weights might help to feel mobility limitations, while gloves 

feel reduced dexterity. Glasses and ear protections are used in aging suits to replicate 

reduced vision and hearing (Bowden et al., 2021).  

 

Aging simulation suits develop a better consideration and empathy towards older adults 

to understand their physical limitations by instructing future caregivers, nurses, 

engineers, architects, interior architects, and urban planners. With the growing older 

population worldwide, understanding their needs is getting more critical daily (Łapko, 

2023; Sari et al., 2022a). 

 

Yeşiltepe (2023) examined that how students' growth in the various dimensions of 

empathy, their design process and final products, and their perceptions of their learning 

experience are impacted by an empathic design process. This will help shed light on the 

effects of building empathy and its reflections on interior architecture education. 

 

The types of age simulation suits have differed throughout the years (Figure 18). As 

Vieweg and Schaefer (2020) listed the types of aging simulation suits, the first complete 

set of age simulation suits that contains full body aging simulation suits is AgeExplorer 

which was invented by Blum and GERT (GeronTologic) suit that German company 
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Produkt+ Projekt Wolfgang Mool invented. Then, LM-60 was designed in Japan. The 

AGNES (Age Gain Now Empathy System) suit was invented by MIT (Massachusetts 

Institute of Technology) AgeLab in the USA. Figure 22 illustrates the AgeExplorer, 

GERT, LM-60, and AGNES suit. 

 

 

 Figure 22. Age simulation suits (i) AgeExplorer, Retrieved from 

https://www.blum.com/ca/en/company/quality-innovation/product-quality/requirement-

research/age-explorer/ (ii) GERT suit, Retrieved from https://www.age-simulation-

suit.com/age-simulation-suit.html (iii) LM-60, Retrieved from https://www.helago-

cz.com/eshop-lm60-souprava-pro-simulaci-stari-133770.html (iv) AGNES suit (Sebesi 

et al., 2016). 

 

With developments in medical care, and advancements in both educational and work 

settings, the global population is experiencing aging, so this issue makes researchers 
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excited to understand older adults’ needs due to the future high proportion of older 

individuals (Vieweg and Schaefer, 2020). To improve the healthy aging process, age 

simulation tools are invented to stimulate older adults’ physical limitations to serve or 

design efficient needs for older adults to empathize with their experience.  

 

As older adults have the right to conduct their daily life easily in a public environment, 

in terms of healthcare environments, Sari et al. (2022a) examined that wearing aging 

simulation impact nurses’ perspective towards older adults’ needs. This issue will 

enhance young people’s awareness of older adults’ physical conditions. Similarly, to 

support healthcare-care staff in gaining knowledge and understanding of older adults’ 

physical limitations, Bennett et al. (2022) conducted a study with an aging simulation 

suit. Thus, healthcare providers enhance their communication skills, expand their 

horizons about aging, and be aware of the daily struggles that older adults face. 

Experiencing aging in built environments, Caglayan and Afacan (2021) conducted an 

experiment in airport environments to improve airport service quality in terms of 

architecture for older adults’ needs. Wearing an aging simulation enhances awareness of 

the professions to be aware of older adults’ struggles in the airport environment by 

experiencing their physical limitations by GERT suit. 

 

Moreover, Taşoz and Afacan (2020) emphasized the effect of aging simulation suits in 

senior housing environments through the prioritized persona-based model. Hence, the 

aging simulation suit is an effective emphatic tool to improve professionals’ 

understanding of older adults’ necessities (Lavallière et al., 2017). 
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GERT (GeronTologic) Suit is invented by Gerthe man company Produkt+ Projekt 

Wolfgang Mool (Vieweg et al., 2023). Laurentius et al. (2022) described that the GERT 

aging simulation suit was designed to replicate the physical and sensory limitations of 

older adults, and it contains eight components, including a weighted vest, wrist weights, 

ankle weights, a ruff, bandages, glasses, ear protection, and special shoes. 

Approximately suit weighs 19.8 kg. All these wearable components create an 

understanding for young people. Figure 23 illustrates the GERT suit with its 

components.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23. GERT suit with its components (Laurentius et al., 2022). 
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Timm et al. (2020) discussed that the GERT suit led people to experience older adults’ 

physical limitations with different modules. Bandages and weights are used to 

understand older adults’ joint stiffness and declined strength. Furthermore, specific 

modules are also used to experience mobility restrictions in particular body parts: a 10 

kg weight vest, bandages for elbows and knees, weighted cuffs for ankle and wrist 

joints, a neck brace, overshoes, and gloves. In addition to these, simulation of visual and 

hearing impairments can be experienced through goggles and ear protection. Figure 24 

illustrates the GERT suit with its modules in detail. 

 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 24. GERT suit with its modes in detail (Adapted from Timm et al., 2020). 
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In this study, the Poka-Yoke Concept, which focuses on Poka-Yoke Concept, was 

applied to kitchen design to enhance its usability for older adults. The study applied for 

this extension through an aging simulation suit, which helped designers gain a better 

understanding of older adults’ needs in residential kitchens because, even though age-

friendly kitchens, sometimes the older adults’ needs are not aligned with each other. 

This issue leads older adults to adapt to makeshift solutions like using chairs to reach 

upper cabinets. Unfortunately, this can result in accidents such as falls and injuries. 

Thus, the primary goal is to extend the Poka-Yoke Concept by indicating differences in 

experience with and without wearing an aging simulation suit. Doing so aims to promote 

error-proofed kitchen designs that prioritize safety and functionality.  
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CHAPTER III 

 

METHODOLOGY 

 

 

 

3.1.  Research Questions and Hypotheses: 

 

3.1.1. Study Data Set I Research Questions: 

 

RQ1: What are the most important design requirements for age-friendly residential 

kitchen design for older adults? 

RQ2: Is there any statistically significant correlation between ease of use in the kitchen 

and Poka-Yoke Concept among kitchen environment design requirements? 

RQ3: Is there any statistically significant difference between the importance level of 

ease of use in the kitchen and Poka-Yoke Concept among residential kitchen design 

requirements? 
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3.1.2. Study Data Set II Research Questions: 

 

RQ4: Is there any statistically significant difference in heuristic evaluation between 

designers while performing residential kitchen scenarios with and without GERT Suit? 

RQ5: Does GERT suit enable designers to increase their empathy towards older adults’ 

experience in residential kitchen environments? 

 

3.1.3. Study Data Set I Hypotheses: 

 

H1: The most important design requirements for age-friendly residential kitchen design 

for older adults are related to eliminating errors, lighting, the effectiveness of 

workstations, and less effort in the kitchen. 

H2: There is a significant correlation between the residential kitchen’s ease of use and 

older adults’ level of importance in the Poka-Yoke Concept. 

H3: There is a statistically significant difference between the importance level of ease of 

use in the kitchen and Poka-Yoke Concept in the residential kitchen design 

requirements. 
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3.1.4. Study Data Set II Hypotheses: 

 

H4: There is a statistical significance in heuristic evaluation between designers while 

performing residential kitchen scenarios with and without GERT Suit. 

H5: There is statistical evidence that the GERT suit enables designers to increase their 

empathy towards older adults’ experience in residential kitchen environments. 

Table 1. Independent and dependent variables of two study data sets. 
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Figure 25. Study Data Chart (drawn by the author, 2024). 
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3.2. Settings 

 

To assess the Poka-Yoke Concept as an extended usability criterion in residential 

kitchen design, the data was collected using a questionnaire method and scenario-based 

kitchen tasks in a real residential kitchen. Before exploring the task scenario, in the 

Study Data Set I, the adapted importance level of age-friendly residential kitchen design 

requirements and the Poka-Yoke Concept was measured through a questionnaire in the 

Department of Geriatrics of Hacettepe University Hospital. Figure 26 illustrates where 

the Study Data Set I conducted. The data was collected during the two months between 

October 2023 and November 2023.  

Study Data Set II was conducted in residential kitchens with the participation of 

designers. Task scenarios were performed in Bilkent University Graduate Housing, 

Ankara, Türkiye's residential kitchen during the two weeks between April 2024 and May 

2024. Residential kitchen was selected because it is one of the active environments in 

residential buildings, it involves home-based basic activities of daily living (BADL) and 

considered as obligatory activities, such as eating and preparing food. Bilkent 

University's 34th Graduate Housing's residential kitchen was selected due to the 

hypothetical kitchen environment in terms of the need to perform kitchen task scenarios 

in a real setting. The kitchen environment is six square meters with a dining table (see 

Figure 27). 
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Figure 26. Hacettepe Hospitals Geriatrics Department where Study Data Set I 

conducted (photo taken by the author, 2024). 

 

 

 

 

 

 

 

 

 

 

Figure 27. Bilkent University Graduate Housing’s residential kitchen where Study Data 

Set II conducted (photo taken by the author, 2024). 
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3.3. Participants 

 

A suitable distribution can be achieved with a ratio as modest as five subjects for each 

variable (Afacan, 2017). Regarding participant number, 152 older adults filled out the 

questionnaire in the Study Data Set I. Depp and Jeste (2006) proposed that adults 60 and 

above might be suitable for engaging with older adults. The age ranges of older adults 

from 60 to more than 80. One hundred fifty-two older adults were recruited by random 

sampling method. The inclusion criterion for the first data collection stage are (i) being 

an older adult with a specific age range and (ii) being available and willing to complete 

the questionnaire for the study. The questionnaire was recruited through both an online 

questionnaire platform and a paper-based form. 

According to Lewis (2014), formative studies measuring ability in Study Data Set II 

cover five to eight people in the second data collection stage. Furthermore, Virzi (1992) 

states that 80% of the usability problems might be found in the first few subjects. Thus, 

formative studies that measure usability cover from five to eight people. A non-

probability sampling method with convenience sampling was assessed. Six designers 

were the participants because they were the target group to empathize with older adults' 

needs by wearing aging simulation suit to consider error-proofed items as an extended 

usability criterion. The inclusion criterion for this stage were: (i) being a graduate of 

design-related disciplines (e.g., interior architecture and architecture), (ii) having 

practice experience for three years in a design field, and (iii) not having any physical 

limitations.  
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The Bilkent University Institutional Ethical Review Board approved the study (Ethics 

file no:449, 535). In Study Data Set I, older adults were asked to sign the consent form 

to complete the questionnaire, including the study's aim and the precision of their 

involvement. In the Study Data Set II, designers were asked to sign the consent form for 

performing task scenarios in a real residential kitchen environment, including the study's 

aim, the precision of their involvement, and possible risks. After this process, 

participants performed the given kitchen tasks. All participants were assured of 

participating in this study and were informed that their participation was voluntary and 

that they could withdraw from performing tasks and completing the questionnaire. After 

performing kitchen tasks, designers were asked to complete a questionnaire adapted to 

assess usability problems. 

 

3.4. Procedure 

 

The study consisted of two study data sets. Study Data Set I consisted of the following 

five stages: (Stage I) adapting a usable kitchen factors questionnaire, (Stage II) 

questionnaire with older adults, (Stage III) analyzing questionnaire results, (Stage IV) 

developing factor analysis from the questionnaire answers, (Stage V) constructing tasks 

and a scenario that was based on the factor analysis results.  

Study Data Set II consists of two sessions. In session I, there are three stages as follows: 

(Stage I) introducing the kitchen environment to designers, (Stage II) performing kitchen 

tasks in a residential kitchen environment by designers, and (Stage III) conducting close-
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ended heuristic evaluation after completing the kitchen task scenario. One week later, 

session II was conducted with a GERT suit. Session II consists of four stages as follows: 

(Stage I) introducing the GERT suit to designers, (Stage II) performing kitchen tasks in a 

residential kitchen environment, (Stage III) conducting the close-ended heuristic 

evaluation questionnaire, and (Stage IV) synthesizing results to extend poka-yoke as a 

usability criterion. Figure 28 illustrates the details of the procedure diagram of the 

study.  
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Figure 28. Study Procedure Chart (drawn by the author, 2024). 
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3.5.  Instrument and Data Collection 

 

In Study Data Set I, 13 questions were assessed on the importance level of kitchen 

environment factors for older adults. Bonenberg et al. (2019) adapted the first eleven 

questions to measure the importance of requirements for a kitchen environment. 

Questions from twelve to twenty-three were related to ease of use in the kitchen to 

measure older adults' importance in terms of usability in the kitchen environment, as 

adapted from Demirkan & Olguntürk (2014). Questions from twenty-four and twenty-

six contained principles of the poke-yoke (Poka-Yoke Concept) concept, adapted from 

Lixia and Bo (2010). The last four questions were adapted from Saurin et al. (2012) to 

test the importance of error detection in residential environments during design. The 

scale came on a five-point Likert scale ranging from 1 as less important to 5 as most 

important for the age-friendly residential kitchen design requirements (Appendix B). 

The second part of the questionnaire is translated from Demirkan and Olguntürk’s 

(2014) Turkish translation. However, the author self-translated the first and third parts of 

the questionnaire. 

In Study Data Set II, a kitchen task scenario and Poka-Yoke Concept-based heuristic 

evaluation were used to measure kitchen experience with and without a GERT suit. A 

task-based residential kitchen task scenario has been formed according to the results of 

the questionnaire in Study Data Set I. The questionnaire was related to heuristic 

evaluation (Appendix D). This scale in this study was a five-point Likert scale ranging 

from 1 to 5. Heuristic evaluation generally is associated with Nielsen's (2010) 10 
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principles. However, heuristic evaluation adapted within the study context (Afacan & 

Erbuğ, 2009). Thus, since this thesis explores the Poka-Yoke Concept, heuristic 

evaluation was adapted from Shanklin et al., including error-proofed items with usability 

items (2020).  

 

3.5.1. Residential Kitchen Task Scenario 

The scenario used in Study Data Set II is as follows; 

“You can imagine that you are an older adult living with your older sister, and you're 

tasked with preparing lunch for her. While in the kitchen, you suddenly fall. You 

must stand up, find appropriate lighting, and switch on the fixture. Next, reach for 

the pan in the upper cabinet and place a bowl on the countertop. Get a bowl of 

vegetables from the refrigerator and set it on the countertop. Wash the vegetables in 

the sink, then chop them and add them to the pan. Heat the vegetables in the oven, 

then turn off the oven and set the pan aside. Open the upper cabinet again to get 

plates, then open the base cabinet to grab forks. Serve the heated vegetables on two 

plates. Grab the prepared food from the counter, placing plates and forks on the table 

first, then bring the food to the dining table. 

According to Kuoppamäki et al. (2021), tasks are developed according to Study Data 

Set I factor analysis results. Task scenarios were organized according to scenario-

based design (Vincent & Baldford, 2015). The scenario was based on the falling into 

the kitchen as an older adult living with an older sister. Table 2 illustrates the 
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constructed kitchen tasks regarding age-friendly residential kitchen factors. Figures 

28, 29, 30, 31, and 32 indicate the participants performing kitchen tasks, starting 

with falling.  

Table 2. Constructed kitchen task scenarios regarding age-friendly residential kitchen 

factors.  

 Factors Tasks 

  

 Usage of color and lighting 

PMT1_1: Finding appropriate lighting 
fixture 
PMT1_2: Switching lighting fixture on 

Working Efficiency 

 
 
PMT2_1: Getting pan from the upper 
cabinet and put it on the countertop  

 
PMT2_2: Getting bowl with vegetables 
from the refrigerator 

 PMT2_3: Washing vegetables in the sink  

  
PMT2_4: Cutting and chopping the 
vegetables on the cutting board 

Low Physical Effort 

PMT2_5: Heat chopped vegetables with 
the pan in the oven by using oven buttons 
PMT2_6: Put heated vegetables aside and 
turn off the oven 
  

 

PMT3_1: Opening the upper cabinet again 
by grabbing the door handle to get the 
plates 
PMT3_2: Opening the base cabinet by 
grabbing the door handle to get forks  

Access to the workstations 

 
 
PMT4_1: Put heated vegetables on the 
plate 

 
PMT4_2: Getting prepared food from the 
counter 

 

PMT4_3: First, put plates and forks on the 
dining table 
PMT4_4: Then return to the countertop, 
put prepared food on the dining table  
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3.5.3. GERT Suit 

The tool used in this study is the GERT suit (GERontologic Test) produced by the 

German-based company Produkt+ Projekt Wofganf Moll. It enables us to understand 

older adults' physical experiences at a young age. With this suit, people empathize the 

older adults' needs such as mobility, balance, strength, vision, and audition (Timm et al., 

2020).  

 

Figure 29. Designer I perform falling scenario (photo taken by the author, 2024). 
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Figure 30. Designer II perform falling scenario (photo taken by the author, 2024). 

 

 
Figure 31. Designer I perform kitchen task scenario using the oven (photo taken by the 

author, 2024). 
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Figure 32. Designer I performs a kitchen task scenario by serving the prepared food 

(photo taken by the author, 2024). 

 

3.6. Data Analysis 

The data were analyzed statistically on IBM SPSS (Social Package for Social Sciences) 

Statistics 25. In the findings of Study Data Set I, descriptive statistics were identified to 

determine the number and percentage of the participant's age, gender, marital status, 

education level, age of the residential kitchen, and physical limitations. Factor Analysis 

(Principal Component Analysis) was conducted to identify the most crucial age-friendly 

residential kitchen design requirements that include (i) physical design elements for 

custom integrated residential kitchen, (ii) ease of use in the kitchen, and (iii) Poka-Yoke 

Concept in the residential kitchen environment. Pearson correlation test was 

conducted to identify the relationship between ease of use in the kitchen items and Poka-
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Yoke Concept in the residential kitchen environment items. Lastly, one sample t-

test was performed to indicate the difference between ease of use in the kitchen and 

Poka-Yoke Concept in the residential kitchen environment items. The confidence 

interval for the t-test was defined as 95 percent.  

Study Data Set II continued after Study Data Set I findings. In Study Data Set 

II, descriptive statistics were identified to determine the number and the percentage of 

the participant's age, gender, marital status, education level, age of the residential 

kitchen, profession, smoking habit, and physical limitations. Mean values were 

calculated for each factor with each item under the four factors. One sample t-test was 

conducted to indicate the difference between with and without GERT suit experience. 

Lastly, one sample t-test was also conducted for the IOS (Inclusion of Other in the Self) 

Scale to indicate the perceived closeness of designers to older adults with and without 

GERT suit experience. Table 3 illustrates the data analysis table of the study. 
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Table 3. Data analysis table of the study. 

 

 

 

 

 

 

 

 

 

 

Data set 
Methods and 
Tools 

Major 
Focus Hypotheses Analysis 

Study Data Set I 

Adapted Age- 
Friendly 
Residential 
Kitchen 
Design 
Requirement 
Questionnaire              
5 Point Likert 
Scale      30 
items 

To explore 
the 
importance 
level of the 
residential 
kitchen 
design 
requirements 

H1/H2/H3 

Factor Analysis               
T-test                                     
Pearson 
Correlation                                                

Study Data Set II 

Scenario-
based kitchen 
tasks                    
GERT (aging 
simulation 
suit) 

To explore 
the Poka- 
Yoke 
concept as 
an extended 
usability 
criterion 

    H4/H5  

  

T-test 
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CHAPTER IV 

 

RESULTS 

 

 

 

4.1. STUDY DATA SET I FINDINGS 

 

4.1.1. Descriptive Findings 

 

In total, 152 older adults participated in the questionnaire study, including age-friendly 

residential kitchen design requirements. Regarding age, 40% (n=56) of the participants 

were between 60 and 65. 23% (n= 35) of them were from 65 to 70, while 20% (n=30) of 

the older adults aged between 70-75. While, 11% (n=17) of the participants were aged 

75 to 80, 9% (n=14) were above 80. According to the gender ratio, there is no equal 

distribution. While 73% (n=111) of the participants were female, 27% (n=40) were 

male. Only 7% (n=1) of the participants did not prefer to say. 

 

Among the participants, 64% (n=97) were married, while 20% (n=30) of them were 

widows. 9% (n=14) of the participants were single, while 7% (n=11) divorced. 

Regarding education level, 30% (n=46) of the participants had primary school degrees, 
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while 18% (n=27) had middle school degrees. 14% (n=21) of the older adults had high 

school degrees and 22% (n=33) of them had bachelor’s degrees. Regarding graduate 

studies degrees, while 11% (n=17) of the participants had master's degrees, only 5% 

(n=8) of them had Ph.D. degree.  

 

There is an identical distribution in the age of the residential kitchen data. Among the 

participants' residential kitchen age, 19% (n=28) of them were from 15 to 20, 17% 

(n=25) were from 10 to 15, 14% (n=21) were from 20 to 25, 13.8% (n=21) were from 25 

to 30, 14% (n=21) were from 5 to 10), and 15% (n=22) were above 30 years.  

Among participants, 53% (n=80) had no physical limitation, while 28% (n=43) had 

mobility problems. Lastly, 10% (n=15) of the participants had hearing problems, and 9% 

(n=14) had sight problems. Table 4 illustrates the descriptive statistics of the Study Data 

Set I findings.  
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Table 4. Descriptive table of demographic data. 

Characteristics 

  
Number  

(n) 
Percent 

(%)   
Age (years)     

60-65 56 40   
65-70 35 23   
70-75 30 20   
75-80 17 11   
80+ 14 9   

Gender     
Female 111 73   

Table 4. (continued). 

Male 40 26   
Prefer not to say 1 7   

Marital Status     
Single  14 9   

    Married                                       
 

97 64   
Divorced 11 7   
Widow 30 20   

 
 
Education Level     

Primary school degree 46 30   
Middle school degree 27 18   
 
High school degree 21 14   
Bachelor's degree 33 22   
Master's degree 17 11   
Ph.D. Degree 8 5   

Age of the residential kitchen     
0-5 14 9   
5-10 21 14   
10-15 25 17   
15-20 28 19   
20-25 21 14   
25-30 21 14   
30+ 22 15   

Physical Limitation     
No 80 53   
Sight 14 9   
Hearing 15 10   
Mobility 43 28   

Total 152 100     
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Adapted older Friendly Residential Kitchen Design Requirements questionnaire has 

three items as follows: (i) Physical design elements for custom integrated residential 

kitchen, (ii) Ease of use in the kitchen, and (iii) Poka-Yoke Concept in the residential 

kitchen environment. The first item is the physical design elements for a custom-

integrated residential kitchen. The highest mean value is due to the height of the wall 

cabinet (M= 4.60, SD= 0.663). The lowest mean value is safety such as placement of the 

breakable items on lower shelves (M= 4.10, SD= 0.968). 

Secondly, ease of use in the kitchen is the highest, including easy movement (M= 4.60, 

SD= 0.567). The lowest item is the color contrast between the counter and cabinets 

(M=2.65, SD= 0.944). 

 

The third item includes Poka-Yoke Concept in the residential kitchen environment 

items. The highest mean value is the prevention of errors in the kitchen during the 

design process (M= 4.39, SD= 0.587), the lowest belongs to using visual control items 

such as using sensors and labels to detect errors in the residential kitchen design process 

(M=3.30, SD= 1.072). Table 5 indicates the descriptive frequencies with mean values of 

items that meet age-friendly residential kitchen design requirements items.  
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Table 5. Descriptive frequency table of age-friendly residential kitchen design 

requirements. 

Age-friendly Residential Kitchen Design Requirements Mean Median  SD 
1.Physical design elements for custom integrated 
residential kitchen    

1.1. Functionality of kitchen use (e.g., no need for 
special support) 4.38 5.00 .812 

1.2. Communication (e.g., elimination of door sill) 4.14 4.00 .838 
1.3. Working triangle (e.g., distances of appliances to 

workstations) 4.11 4.00 .842 
1.4. Existence of rest seat/ width of the rest seat 4.20 4.00 .884 
1.5. Height of the wall cabinet 4.60 5.00 .633 
1.6. Safety (e.g., placement of the breakable items on 

lower shelves) 4.10 4.00 .968 
1.7. Storage capacity  4.38 5.00 .779 
1.8. Storage height  4.17 4.00 .867 

1.9. Washing station (e.g., usability of kitchen sink) 4.50 5.00 

 
.661 

  
 

1.10. Cooking station (e.g., usability of oven, 
microwave, and cooker) 4.53 5.00 .586 

1.11. Cooling station (e.g., placement and adequate 
space for refrigerator) 4.40 4.00 .674 
2. Ease of use in the kitchen    

 
2.1. To move the easily in kitchen 4.60 5.00 .567 
2.2. Adequate illumination 4.22 4.00 .670 

 
2.3. To have color contrast between the sink and 

counter 2.67 3.00 .995 
2.4. Main counter to be used easily 4.38 4.00 .562 
2.5. Task lighting on top of the counters 3.49 4.00 1.036 
2.6. To have color contrast between the counter and 

cabinets  2.65 3.00 .944 
2.7. Cabinet handles to be used easily 4.01 4.00 .651 
2.8. Cabinets to have pullout shelves 3.63 4.00 .947 

    2.9. To have illumination inside of kitchen cabinets 3.11 3.00 1.064 
2.10. Floor to be slip-resistant 4.38 4.00 .718 
2.11. To have a short distance between the kitchen 

and the dining table 3.91 4.00 .983 
2.12. To have enough electrical outlets 3.95 4.00 .770 
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Table 5. (continued). 
3. Poka-Yoke Concept in the residential kitchen 
environment 

3.1. Elimination of errors in the kitchen during the 
design process 4.33 4.00 .617 

3.2. Prevention of errors in the kitchen during the 
design process 4.39 4.00 .587 

3.3. Detection of errors in the kitchen during the 
design process 4.34 4.00 .672 

3.4. Problems should be controlled during the 
kitchen design process 4.30 4.00 .587 

3.5. Designing simple to make problems visible in 
residential kitchen 3.59 4.00 .800 

3.6. People have their attention focused on kitchen 
tasks rather than focusing on errors in the kitchen 3.53 4.00 1.104 

3.7. Using visual controls, so no problems are hidden 
(e.g., using sensors and labels to detect errors) 3.30 3.00 1.072 

 

 

This study conducted factor analysis. Using the Kaiser Normalization rotation method, 

the principal component analysis determined the loadings according to Varimax. Before 

running the factor analysis, floor and ceiling effect values were observed, so factor 

analysis was done to estimate these effects by eliminating items with mean values below 

1.50 and 4.50 above. 

In terms of exploratory factor analysis results, four usability factors were identified. 

Factor Analysis was done to test Hypothesis 1 (H1), “The most important age-friendly 

residential kitchen design requirements for older adults are related with four main 

factors: usage of usage of color and lighting, working efficiency, low physical effort, 

and access to the workstations”. 

 

Factor 1 is defined as "usage of usage of color and lighting" and has four components. 

The first two components of Factor 2 are related to the importance of color selection in 
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cabinets, counters, and sinks. The last two components indicate the significance of 

lighting for the kitchen task. Among the components of Factor 1, the item "to have color 

contrast between counter and cabinets" was rated as the most important item. 

 

Factor 2 is "working efficiency" and has the following components: (i) storage capacity, 

(ii) storage height, and (iii) safety (e.g., placement of the breakable items on lower 

shelves). Components i,ii, and iii are highly associated with each other because these 

three items were related to kitchen access to ease kitchen working for the users. Among 

the components of Factor 2, the item "storage capacity" was rated as the most important 

item. 

 

Factor 3, "low physical effort" related to required factors in the residential kitchen 

environment. All components are related to ease of use while working in the kitchen. 

Among the components of Factor 3, the item "cabinets to have pullout shelves" was 

rated as the most important item. 

Factor 4 is "access to the workstations," which had the following three components: (i) 

to have a short distance between the kitchen and the dining table, (ii) a working triangle, 

and (iii) the floor to be slip-resistant. The first and the second components are to 

distance, while the third item is related to safety issues regarding efficient usage of the 

residential kitchen environment. Among the components of Factor 4, the item "To have 

a short distance between the kitchen and the dining table" was rated as the most 

important item. Table 6 illustrates the variance table. 
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Table 6. Variance table of the age-friendly residential kitchen requirement 

questionnaire. 

Factor  Scale Eigenvalue 
Variance 

(%) 
Cumulative 

(%) 

1 Usage of color and lighting 2.953 11.357 35.860 

2 Working Efficiency 1.293 4.973 54.617 

3 Low Physical Effort 1.502 5.777 49.644 

4 Access to the workstations 2.082 8.007 43.867 
 

The color contrast between the counter and cabinets (0.884) and color contrast between 

the sink and counter (0.856) have significant positive loadings in Factor 1. The storage 

capacity (0.769) and storage height (0.763) have significant positive loadings in Factor 

2. Cabinets with pullout shelves (0.679) and enough electrical outlets (0.604) have 

significant positive loadings in Factor 3. To have a short distance between the kitchen 

and the dining table (0.823), have a sizeable positive loading in Factor 4. Table 7 

describes the factor analysis loadings of age-friendly residential kitchen design 

requirements. 
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Variables  Factors 
 1 2 3 4 5 6 7 

To have color contrast between the counter and cabinets  .884      
To have color contrast between the sink and counter  .856      
To have illumination inside of kitchen cabinets  .563      
Task lighting on top of the counters  .528      
Storage capacity   .769     
Storage height   .763  

   
Safety (e.g., placement of the breakable items on lower shelves)   .708     
Cabinets to have pullout shelves    .679    
To have enough electrical outlets    .604    
Cabinet handles to be used easily    .511    
To have a short distance between the kitchen and the dining table      .823  

 
Working triangle (e.g., distances of appliances to workstations)     .636   
Floor to be slip-resistant     .589   
People have their attention focused on kitchen tasks rather than focusing 
on errors in the kitchen      .861 

 

Designing simple to make problems visible in residential kitchen      .509  
Functionality of kitchen use (e.g., no need for special support)       .670 
Communication (e.g., elimination of door sill)             .510 

4.1.2. Factors of Age-friendly Residential Kitchen Design Requirements 

Table 7. Factor analysis loadings of age-friendly residential kitchen design requirements. 
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4.1.3. Correlation Between Ease of Use and Poka-Yoke Concept  

 

Pearson correlation was conducted to indicate the relationship between ease of use in the 

kitchen items and Poka-Yoke Concept in the residential kitchen environment items, in 

which Hypothesis 2 (H2) 'There is a significant correlation between the residential 

kitchen's ease of use and older adults' importance level of Poka-Yoke Concept was 

tested. According to the Pearson correlation test result, there was a statistically 

significant moderate positive correlation (r= 0.553, p<0.001) between ease of use in the 

kitchen items and Poka-Yoke Concept in the residential kitchen environment items, 

showing values of ease of use in kitchen items increase, there is a corresponding 

increase in values of Poka-Yoke Concept in the residential kitchen environment item, 

and vice versa. Table 8 shows the correlation between ease of use in the kitchen and 

Poka-Yoke Concept in the residential kitchen environment items.  
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Table 8. Pearson correlation table for ease of use in the kitchen and Poka-Yoke 

Concept in the residential kitchen environment items. 

 
 

  Ease of use in the 
kitchen 

Poka-Yoke Concept 
in the residential 

kitchen environment  

Ease of use in the 
kitchen 

Pearson 
Correlation 1  .553** 

Sig. (2-
tailed) 

 .000 

N 152 152 
Poka-Yoke 
Concept in the 
residential 
kitchen 
environment  

Pearson 
Correlation .553** 1 

Sig. (2-
tailed) .000  

N 152 152 
**. Correlation is significant at the 0.01 level (2-tailed). 

 
 

4.1.4. Difference Between the Importance Level of Ease of Use in the 

Kitchen and Poka-Yoke Concept 

 

Lastly, one sample t-test was conducted to indicate the difference between the 

importance level of ease of use in the kitchen items and Poka-Yoke Concept in the 

residential kitchen environment items, in which Hypothesis 3 (H3) 'There is a 

statistically significant difference between importance level of ease of use in the kitchen 

and Poka-Yoke Concept in the residential kitchen design requirements.' was tested. 

According to the result of the one-sample t-test, there was a statistically significant 

difference between the importance level of ease of use in the kitchen items and Poka-
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Yoke Concept in the residential kitchen environment items. The mean difference for 

ease of use in the kitchen item is 375.055 with a 95% confidence interval ranging from 

36.725. For Poka-Yoke Concept in the residential kitchen environment items, the mean 

difference is 396.805, with a 95% confidence interval ranging from 38.888. These 

results indicate a statistically significant difference between the two groups' measured 

variables. Table 9 indicates one sample t-test results for ease of use in the kitchen and 

Poka-Yoke Concept in the residential kitchen environment items.  

 

Table 9. One sample t-test table for ease of use in the kitchen and Poka-Yoke Concept 

in the residential kitchen environment items. 

 

 

 

 

 

 

 

 

 

 

 

 

  

Test Value = 0 

t df 

Sig. 
(2-

tailed) 
Mean 

Difference 

95% Confidence 
Interval of the 

Difference 

Lower 
Ease of use in the 
kitchen 94.912 151 0 375.055 36.725 

Poka-Yoke 
Concept in the 
residential kitchen 
environment  

98.9 151 0 396.805 38.888 
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4.2. STUDY DATA SET II FINDINGS 

 

4.2.1. Descriptive Findings 

 

In total, six designers participate in Study Data Set II. Regarding age, 33% (n=2) of the 

participants were the age 30. 17% (n= 1) of the participant was 29, while 16.7% (n=1) of 

the designer was 26. At the same time, 33% (n=2) of the participants were 32. 

According to the gender ratio, there is no equal distribution. While 67% (n=4) of the 

designers were female, 33% (n=2) were male.  

 

Among the participants, 67%(n=4) were single, while 33%(n=2) were married. 

Regarding education level, 33% (n=2) of them had bachelor's degrees. Regarding 

profession, 67% (n=4) of the participants were interior architects, while 33% (n=2) were 

architects. Regarding graduate studies degrees, while 17% (n=1) of the participants had 

master's degrees, 50% (n=3) had a P.h.D. degree. Among the participants' residential 

kitchen age, 33% (n=2) of them were from 5 to 10, 33% (n=2) were from 15 to 20, 33% 

(n=2) were from 20 to 25. 

 

Among participants, %100 (n=6) have no physical limitation. Lastly, %33 (n=2) of the 

participants smoke, %67 (n=14) do not smoke. Table 10 illustrates the descriptive 

statistics of the Study Data Set II findings. 
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Table 10. Descriptive table of designers’ demographic data. 

 

Characteristics   Number  
(n) Percent (%) 

Age   

30 2 33 
29 1 17 
26 1 17 
32 2 33 
Gender   

Female 4 67 
Male 2 33 

Marital Status   
Single  4 67 
Married 2 33 

Profession  
 

Architect 2 33 
Interior Architect 4 67 

Education Level   
Bachelor's degree 2 33 
Master's degree 1 17 
Ph.D. Degree 3 50.0 

Age of the 
residential kitchen   

5-10 2 33 
15-20 2 33 
20-25 2 33 

Physical 
Limitation   

No 6 100    
Smoke Habit   

Yes 2 33 
No 2 33 
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Adapted Heuristic evaluation consisted of four factors as follows: (i) Usage of color and 

lighting, (ii) Working Efficiency, (iii) Low Physical Effort, and (iv) Access to the 

workstations.  

Firstly, regarding without GERT experience, the first factor is usage of color and 

lighting. The highest mean is the color difference between the counter and the accessible 

visual recognition item (M= 4.33, SD= 0.516) and the effortless usage of the lighting 

fixtures item (M= 433, SD= 0.816). The lowest mean values were the choice of color 

(M= 3.00, SD= 1.414) and the efficiency of the lighting fixture items (M= 3.00, SD= 

1.549). The highest mean value that belongs to the GERT suit experience is the 

sufficiency of the storage capacity item (M= 4.00, SD= 1.095). The lowest mean value 

was the color choice of the kitchen elements (e.g., countertops and cabinets), which was 

satisfactory item (M= 2.50, SD= .548).  

The second factor is the working efficiency. Without GERT suit experience, the item 

there is a short distance between the kitchen and the dining table, which has the highest 

mean value (M= 4.83, SD= 0.408), and working from the refrigerator to the 

sink, oven, and dining table did not require extra effort (M= 4.50, SD= 0.837). The 

lowest item under the second factor without great experience is the applied slip-resistant 

floor materials item (M=3.33, SD= 1.049). The highest mean value of the GERT suit 

experience is that there is a short distance between the kitchen and the dining table item 

(M= 4.67, SD= 0.516). The lowest mean value was that no extra effort was required to 

use the oven item (M= 2.17, SD= 1.169).  
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The third factor is the low physical effort. Without GERT suit experience, the highest 

mean value is there were enough upper and base cabinet items (M= 4.33, SD= 0.816), 

and the lowest is the cabinet design was adequate, eliminating the need to consider 

design errors in the upper and base cabinets item (M=3.00, SD= 0.894). The highest 

mean value of the GERT suit experience is if there was a design-related problem with 

the cabinets, the user recognized the error item (M= 4.33, SD= 0.516). The lowest mean 

values were the design of the base and upper cabinets did not affect the tempo of the 

kitchen tasks and accessing upper cabinets was easy (M= 1.83, SD= 0.408) and there 

were enough upper and base cabinets (M= 1.83, SD= 0.408). 

The fourth factor is access to the workstations. The highest mean value is the storage 

capacity was adequate, eliminating the need to consider where to put kitchen items (M= 

4.50, SD= 1.549). The lowest is the storage capacity and the countertop design were 

error-free (M=3.00, SD= 1.549). The highest mean value would belong to the GERT suit 

experience is the storage capacity was adequate, eliminating the need to consider where 

to put kitchen items (M=3.50, SD= 0.837), and the storage capacity and the countertop 

did not affect the tempo of the kitchen tasks item (M=2.17, SD= 0.983). Table 11 

indicates the descriptive frequencies with mean values of with and without GERT suit 

experience result. 
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Table 11. (continued). 

The countertop and storage areas 
fulfilled the needs during kitchen tasks 3.83 4.00 1.472 3.17 3.00 .753 
The storage height was appropriate 3.83 3.50 .983 2.33 2.00 1.033 
The countertop was used without 
errors 4.00 4.50 1.265 2.50 2.00 .837 
If there was a design-related problem 
on the countertop, the user recognized 
the error 3.83 4.00 .753 4.17 4.00 .753 
The storage capacity and the 
countertop did not affect the tempo of 
the kitchen tasks 3.67 4.00 1.366 2.17 2.00 .983 
The storage capacity and the 
countertop design were error-free 3.00 3.00 1.549 2.00 2.00 .632 
 

 

4.2.2. Difference Between with and without GERT Suit 

Experience  

 

To explore the impact of the GERT suit on an error-proofed heuristic evaluation 

method, mean values were first calculated for four factors. Firstly, the mean value for 

color and lighting factor usage for those without GERT suit experience is higher (3.863) 

than those with GERT suit experience (3.181). Secondly, the mean value of the working 

efficiency factor without GERT suit experience is higher (3.909) than the one with 

GERT suit experience (3.015). Thirdly, the mean value of the low physical effort factor 

without GERT suit experience is higher (3.697) than that with GERT suit experience 

(2.621). Fourthly, the mean value of the low physical effort factor without GERT suit 

experience is higher (3.060) than that with GERT suit experience (2.833). Thus, 

the GERT suit enhanced the performance of heuristic evaluation by finding more 
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usability problems for all four factors. Figure 33 illustrates mean values of with and 

without GERT suit experience according to four factors. 

 

Figure 33. Mean values of the differences between with and without Gert suit 

experience according to four age-friendly residential kitchen factors.  

 

Lastly, to explore the impact of GERT suit experience on designers with Poka-Yoke 

Concept items based on the heuristic evaluation method, one sample t-test was 

conducted to indicate the difference between with and without GERT suit experience in 

which Hypothesis 4 (H4) ' There is a statistical significance in terms of heuristic 

evaluation between designers while performing residential kitchen scenarios with and 

without GERT Suit was tested. According to the result of the one-sample t-test, there 
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was a statistically significant difference between the with and without GERT suit 

experience in the selected residential kitchen environment.  

The mean difference for Factor 1 is 3.863 with a 95% confidence interval ranging from 

3.163 to 4.564 without the GERT suit, while the GERT suit experience mean difference 

is 3.181 with a 95% confidence interval ranging from 2.759 to 3.604. The mean 

difference in Factor 1 indicated that performance was slightly reduced when designers 

wore GERT suit.  

The mean difference for Factor 2 is 3.909 with a 95% confidence interval ranging from 

2.895 to 4.922 without the GERT suit, while the GERT suit while the GERT suit 

experience mean difference is 3.015 with a 95% confidence interval ranging from 2.085 

to 3.944. The mean difference in Factor 2 indicated substantial improvement when 

designers wore GERT suit. 

The mean difference for Factor 3 is 3.696 with a 95% confidence interval ranging from 

2.971 to 4.422 without the GERT suit, while the GERT suit while the GERT suit 

experienced a mean difference of 2.621 with a 95% confidence interval ranging from 

2.283 to 2.959. The mean difference in Factor 3 tasks still indicates improvement with 

the GERT suit; the difference is slightly reduced compared to the condition without the 

suit. 

The mean difference for Factor 4 is 3.060 with a 95% confidence interval ranging from 

2.170 to 3.950 without the GERT suit, while the GERT suit and the GERT suit 

experience mean difference is 2.833 with a 95% confidence interval ranging from 2.231 

to 3.435. The mean difference in Factor 4 indicated a slight difference between with and 
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without GERT suit experience. Table 12 indicates the one sample t-test results with and 

without GERT suit experience according to four factors. 

Table 12. One sample t-test table for with and without GERT suit experience according 

to four age-friendly residential kitchen factors. 

Test Value=0 

     

95% 
Confidence 

Interval of the 
Difference 

  t df 
Sig. (2-
tailed) 

Mean 
Difference Lower Upper 

Without GERT Suit       
Factor 1: Usage of color and 
lighting  14.180 5 .000 3.863 3.163 4.564 
Factor 2: Working 
Efficiency 9.917 5 .000 3.909 2.895 4.922 
Factor 3: Low Physical 
Effort 13.095 5 .000 3.696 2.971 4.422 
Factor 4: Access to the 
workstations 8.838 5 .000 3.060 2.170 3.950 
With GERT Suit       
Factor 1: Usage of color and 
lighting  19.365 5 .000 3.181 2.759 3.604 
Factor 2: Working 
Efficiency 8.337 5 .000 3.015 2.085 3.944 
Factor 3: Low Physical 
Effort 19.923 5 .000 2.621 2.283 2.959 
Factor 4: Access to the 
workstations 12.106 5 .000 2.833 2.231 3.435 

 

Lastly, one sample t-test was conducted to indicate the difference between the with and 

without GERT suit experience. The mean difference for those with GERT suit 

experience is 3.63258, with a 95% confidence interval ranging from 2.9450 to 4.320. 

For those without GERT suit experience, the mean difference is 2.91288, with a 95% 

confidence interval ranging from 2.3769 to 3.4488. Thus, results indicated a lower 
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performance improvement than when wearing the suit. Table 13 shows one sample t-test 

for with and without GERT suit experience. 

 

Table 13. One sample t-test table for with and without GERT suit experience. 

 

     

95% Confidence 
Interval of the 

Difference 

  t df 
Sig. (2-
tailed) 

Mean 
Difference Lower Upper 

With 
GERT 
Suit 13.582 5 .000 3.63258 2.9450 4.3201 
Without 
GERT 
Suit 13.971 5 .000 2.91288 2.3769 3.4488 

 

 

 4.2.3. IOS (Inclusion of Others in the Self) Results 
 
 
 

As mentioned in the methodology chapter, perceived closeness was measured by the 

Inclusion of Other in the Self (IOS) Scale. According to the IOS scale results, a mean 

difference existed between the experience with and without a GERT suit. The mean 

value of the with GERT suit experience is higher (6.67) than the without GERT suit 

experience (2.17). It was shown that the experience with the GERT suit indicated higher 

perceived closeness towards older adults. Thus, Hypothesis 5 (H5), ‘There is statistical 

evidence that the GERT suit enables designers to increase their empathy towards older 
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performance improvement compared to when wearing the suit. Therefore, significantly 

different mean differences were seen in performance. As a result, the GERT suits 

decrease the performance of the designers. Table 14 shows One sample t-test with and 

without GERT suit experience according to the IOS scale. 

 
Table 14. One sample t-test table for with and without GERT suit experience according 

to the IOS scale. 

     

95% Confidence 
Interval of the 

Difference 

 t df 
Sig. (2-
tailed) 

Mean 
Difference Lower Upper 

With GERT 
Suit 7.050 5 .001 2.167 1.38 2.96 

Without 
GERT Suit 31.623 5 .000 6.667 6.12 7.21 
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CHAPTER V 

 

DISCUSSION 

 

 

 

This thesis investigated whether the Poka-Yoke Concept was explored as an extended 

criterion in a residential kitchen environment through the aging experience. The first 

research question identifies the most important requirements for age-friendly residential 

kitchen design for older adults (RQ1: What are the most important requirements for age-

friendly residential kitchen design for older adults?). The results indicated that the most 

important requirements for age-friendly residential kitchen design are improving 

lighting, effectiveness of workstations, and reducing the physical effort in the kitchen. 

 

The findings of this research question align with previous research that pointed to the 

significance of lighting (Demirkan & Olguntürk, 2014) and the low physical effort 

(Maguire et al., 2014) in the residential kitchen for older adults. The hypothesis 

proposed that the lighting fixtures' design, the effectiveness of the workstations (e.g., 

easy usage of the countertop), and designing a kitchen to minimize the effort were the 

most important kitchen design factors (H1: The most important age-friendly residential 

kitchen design requirements for older adults are related with to five main factors which 
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are the usage of usage of color and lighting, access to the workstations, less effort and 

working efficiency). Thus, the study's findings are aligned with this hypothesis. 

 

Age-friendly residential kitchen design requirements consisted of three headings as 

follows: (i) physical design elements for custom integrated residential kitchen, (ii) ease 

of use in the kitchen, and (iii) Poka-Yoke Concept in the residential kitchen 

environment. In the second and third research questions, the difference and the 

correlation between the ease of use in the kitchen and Poka-Yoke Concept in the 

residential kitchen environment was examined (RQ2: Is there any statistically 

significant correlation between ease of use in the kitchen and Poka-Yoke Concept 

among kitchen environment design requirements? RQ3: Is there any statistically 

significant difference between the importance level of ease of use in the kitchen and 

Poka-Yoke Concept among residential kitchen design requirements?). Unfortunately, no 

study has examined the ease of use in the residential kitchen and the Poka-Yoke 

Concept. Although there are no previous studies that examine these two aspects, the 

findings of these research questions are aligned with the hypotheses. Consequently, both 

hypotheses (H2: There is a significant correlation between the residential kitchen's ease 

of use and older adults' importance level of the Poka-Yoke Concept, and H3: There is a 

statistically significant difference between the importance level of ease of use in the 

kitchen and Poka-Yoke Concept in the residential kitchen design requirements) was 

accepted.  

 

In terms of aging experience in residential kitchen environments, the study's second data 

set investigated the effectiveness of heuristic evaluation to find out the difference 
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between the experience with and without GERT suit (RQ4: Is there any statistical 

difference in terms of heuristic evaluation between designers while performing 

residential kitchen scenarios with and without GERT Suit?). The hypothesis proposed 

that there is a difference between the two experiences due to the aging experience 

creates a difference because it enables designers to empathize with older adults 

(H4: There is a statistical significance in terms of heuristic evaluation between designers 

while performing residential kitchen scenarios with and without GERT Suit). Therefore, 

H4 is accepted. Previous studies have also found that wearing and not wearing a GERT 

suit while performing the same task creates a difference in the airport environment 

(Caglayan & Afacan, 2021). Moreover, Sari et al. (2022b) stated that wearing an aging 

simulation suit makes nursing students more emphatic. This finding is aligned with 

previous studies. 

 

Since the heuristic evaluation includes the Poka-Yoke Concept's items, finding usability 

problems is easy (RQ5: Does assessing the Poka-Yoke Concept as an extended usability 

criterion assist in finding more usability problems?). An aging simulation suit, known as 

an emphatic tool, helps designers to empathize with older adults (RQ5: Does GERT suit 

enable designers to increase their empathy towards older adults' experience in residential 

kitchen environments?). H6 suggested that the empathic tool increases designers' 

empathy towards older adults (H5: There is statistical evidence that the GERT suit 

enables designers to increase their empathy towards older adults' experience in 

residential kitchen environments. Previous studies by Caglayan & Afacan (2021), 

Laurentius et al. (2022), Bennett et al. (2022), and Sari et al. (2022a) stated that the 



97 
 

GERT suit enables people to improve their empathy toward older adults. Thus, H6 is 

accepted. Table 15 illustrates the tested hypotheses chart of the thesis. 

 

Table 15. Tested hypotheses chart of the thesis. 

Hypotheses Decision Consisted Inconsisted 
H1: The most requirements for 
age-friendly residential kitchen 
design for older adults are related 
to five main factors: eliminating 
errors, using of usage of color and 
lighting, access to the 
workstations, less effort, and 
working efficiency. 

Accepted 
Demirkan & 
Olguntürk (2014), 
Maguire et al. (2014) 

  
H2: There is a significant 
correlation between the residential 
kitchen’s ease of use and older 
adults’ level of importance in the 
Poka-Yoke Concept. 

Accepted 

    
H3: There is a statistically 
significant difference between the 
importance level of ease of use in 
the kitchen and Poka-Yoke 
Concept in the residential kitchen 
design requirements. 

Accepted 

    
H4: There is a statistical 
significance in terms of heuristic 
evaluation between designers 
while performing residential 
kitchen scenarios with and without 
GERT Suit Accepted 

Caglayan & Afacan 
(2021), Sari et al. 
(2022a)   

H5: There is statistical evidence 
that the GERT suit enables 
designers to increase their empathy 
towards older adults’ experience in 
residential kitchen environments Accepted 

Caglayan & Afacan 
(2021), Sari et al. 
(2022b), Laurentius et 
al. (2022), Bennett et 
al. (2022)   
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CHAPTER VI 

 

CONCLUSION 

 

 

 

In conclusion, this thesis aimed to investigate the extension of the latest usability 

criterion by adding a Poka-Yoke Concept to improve older adults' life quality to make 

designers empathize with older adults' needs in a residential kitchen environment to 

design more age-friendly residential kitchens with the aging experience. The thesis used 

two study data sets to explore the Poka-Yoke Concept as an extended usability criterion. 

In Study Data Set I, the importance level of age-friendly residential kitchen design 

requirements was tested to explore the most important kitchen factors that older adults 

give importance to while performing daily kitchen tasks. This data set showed that using 

usage of color and lighting, having access to the workstations, putting less effort into 

working efficiency, and being more efficient were the most critical requirements for age-

friendly residential kitchen design. 

 

Furthermore, in addition to the most important age-friendly residential kitchen 

requirements, there is a relationship between the kitchen’s ease of the kitchen’s Poka-

Yoke Concept in the kitchen. Thus, these results underline the significance of Poka-
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Yoke Concept criterion in residential kitchens for finding more usability problems to 

enhance and design more usable residential kitchens for older adults. 

 

According to Study Data Set I factors, in Study Data Set II, heuristic evaluation was 

used to find usability problems by the six designers by performing kitchen tasks 

according to the scenario that contains age-friendly residential kitchen design factors 

that include results of Study Data Set I. In Study Data Set II, aging simulation findings 

indicated that designers empathize with older adults' needs in the residential 

environments after wearing aging simulation suits. Designers need hard-to-reach upper 

cabinets rather than base cabinets. Although they reached base cabinets, the operation of 

oven buttons and refrigerator opening was complex for designers, and they wore GERT 

suits due to the lower working efficiency, high physical effort, and hard to access to the 

workstations. Thus, the results underline the significance of the emphatic tool in 

exploring the Poka-Yoke Concept as an extended usability criterion with the aging 

experience of the six designers.  

 

In general, this study advances designers and our knowledge of the crucial factors and 

the practical examination of these factors by experiencing aging. It demonstrates the 

significance of understanding older adults with essential factors to design more usable 

residential kitchens for older adults with empathy.  

 

In conclusion, this thesis offers valuable insights into kitchen design and the importance 

of empathizing with older residential kitchen users and understanding the essential age-

friendly residential kitchen factors to improve older adults' physical activities while 



100 
 

performing daily task tasks by adding Poka-Yoke Concept as an extended usability 

criterion. 

 

6.1. Limitations of the Study 

 

This thesis provides an overview of Poka-Yoke Concept as an extended usability 

criterion to improve older adults' physical performance in their residential kitchen 

environment. However, it is crucial to acknowledge certain limitations that may have 

influenced the results. Firstly, half of the sample size in the Study Data Set I simple size 

was limited to the Hacettepe Hospital's Department. Consequently, the non-homogeneity 

of the sampling frame may have been considered as a limitation. To address this, future 

research with a homogenous sampling frame is recommended. Moreover, when 

necessary, the questionnaire was read aloud to older adults who could not fill it out. 

Thus, in the Study Data Set I, these are the study's limitations.  

 

Secondly, in Study Data Set II’s, the experiment area with the GERT suit is the Bilkent 

University 34th Graduate Housing's residential kitchen, which is limited to six square 

meters. Thus, the experiment area was limited to only one residential kitchen area with a 

simple kitchen design. To consider this, future studies may focus on different types of 

residential kitchens with different layouts and designs to compare the effect of the 

different kitchen types on performance with the Gert suit. 
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Moreover, in Study Data Set II, the sampling size is limited to six designers. Although 

the number of participants is adequate to test the designers' physical performance by 

emphasizing older adults, the sampling size may have limitations for a deeper 

understanding of the different physical performances of the professions.  

In Study Data Set II, exploring the Poka-Yoke Concept as an extended usability criterion 

in residential kitchen environments with designers using aging simulation is limited to 

using GERT suit. This one type of aging simulation may have a limitation for 

comparison.  

 

Despite these limitations, this research provides a valuable starting point for extending 

the Poka-Yoke Concept as an extended usability criterion to improve the usability of the 

residential kitchen environment for older adults. By addressing these limitations in 

future studies, researchers and designers can enhance the validity, generalizability, and 

insights of the results, providing more usable solutions for residential kitchen 

environments to help older adults improve their needs by designing and analyzing usable 

kitchen environments. 
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6.2. Further Research 
 
 
 

Several areas of research can be considered to Poka-Yoke Concept as an extended 

criterion in the residential kitchen environment through the aging experience, several 

areas of research can be considered. One potential for further research is comparing 

studies with aging simulation suit. This comparison study may have included different 

kinds of kitchen layouts with different kitchen working triangle distances to find 

usability problems. The comparison may have created different, detailed insights while 

performing kitchen tasks with an aging simulation suit. This would impact how usability 

problems are linked to different kitchen types.  

 

Another direction for future research is a comparative analysis of the aging simulation 

suits. This is an opportunity to try different types of aging simulation suits and make a 

comparison to find out usability problems. By involving different kinds of suits, further 

studies can develop an idea of the effectiveness of aging simulation suits. Although 

involving designers who have experience in the design field is crucial, future studies 

may include design students when they are in undergraduate programs to learn emphatic 

design in a practical way. Wearing an aging simulation suit by design, students may 

improve their empathy by experiencing aging to learn design for different ages by 

understanding their physical needs in specific areas. 

 

Furthermore, bathrooms are as crucial as kitchens, so further studies may focus on the 

tasks with aging simulation suits to give importance to physical limitations in bathroom 
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design. Thus, empathizing with older adults' needs in bathroom designers may have 

changed designers' vision. 

 

Additionally, since Poka-Yoke Concept is not a usual working concept in built 

environments, for further studies, researchers may focus on the assessing of the Poka-

Yoke Concept to detect, minimize, and eliminate the design errors before the practice so 

older users have more usable environments. 

Pursuing further research into these suggested aspects may improve age-friendly designs 

and enhance the quality of life of their residents. This knowledge can inform interior 

architects, architects, researchers, and caregivers to strengthen age-friendly residential 

designs. 
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Importance ratings of age- friendly residential kitchen design requirements and Poka-

Yoke Concept approaches for older adults 

 

We invite you to take part in our questionnaire on assessing importance level of Usable Kitchen 
Factors for older adults. Your valuable input helps us gather information to conduct 
further phase of the study. Thank you for your time and participation in advance.  

 
A. Demographic Information: 
A1. Age 
a) 60-65                  b) 65-70                     c) 70-75                     d) 75-80             e) 80+ 
 
A2. Gender 
a) Female              b) Male                       c) Prefer not to say.      
 
A3. Marital Status 
a) Single                b) Married                   c) Divorced               d) Widow 
 
A4. Education Level 
a) Primary school    b) Middle School        c) High school   d) Bachelor’ degree      e) Master’s 

Degree     f) Ph.D Degree 
 
A5. What is the age of your residential kitchen? 
a) 0-5     b) 5-10         c) 10-15         d) 15-20          e) 20-25         f) 25-30           g) 30+ 
 
A6. Do you have any physical limitation, if you have any physical limitation please tick the 

related box. 
a) No                            b) Sight                          c) Hearing                             d) Mobility  
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APPENDIX C 

 

ADAPTED AGE-FRIENDLY RESIDENTIAL KITCHEN DESIGN REQUIREMENTS 

QUESTIONNAIRE IN STUDY DATA SET I IN TURKISH 
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Kullanılabilir Mutfak Ölçeklerinin ve Hata Önleme Faktörlerinin Yaşlı Bireyler için 

Önem Değerlendirmesi 

 

Sizi kullanılabilir mutfak ölçeklerinin ve hata önleme faktörlerinin yaşlı bireyler için önemini 
test ettiğimiz anketimize katılmaya davet ediyoruz. Anketimizde kullanılabilirlik, 
mutfağın kullanıcılar tarafından etkili, verimli ve hataların önlenmesindeki önem 
derecesini ölçmek istiyoruz. Sizin değerli katkınız, daha sonraki aşamalarda 
yapacağımız çalışma için bilgi toplamamıza yardımcı olacaktır. 

Katılımınız için teşekkür ederiz. 
 
A. Kişisel Bilgiler: 
A1. Yaşınız 
a) 60-65                        b) 65-70                       c) 70-75                d) 75-80          e) 80+ 
 
A2. Cinsiyetiniz 
a) Kadın                        b) Erkek                      c) Belirtmek istemiyorum      
 
A3. Medeni Durum 
a) Bekar                         b) Evli                        c) Boşanmış                   d) Dul 
 
A4. Eğitim Durumunuz 
a) İlkokul       b) Ortaokul      c) Lise        d) Lisans        e) Yüksek Lisans        f) Doktora 
 
A5. Evinizdeki mutfağın yaşı 
a) 0-5      b) 5-10         c) 10-15         d) 15-20          e) 20-25         f) 25-30           g) 30+ 
 
A6. Herhangi bir fiziksel engeliniz var mı? Eğer varsa lütfen uygun şıkkı işaretleyiniz. 
a) Yok                           b) Görme                          c) Duyma                      d) Ortopedik  
 
 
 
Lütfen aşağıdaki listelenmiş olan mutfak tasarımı ve kullanılabilirliği ile ilgili 

değerlendirme ölçütlerinin size göre önem sıralamasını belirtiniz. 
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APPENDIX D 

 

ADAPTED HEURISTIC EVALUATION QUESTIONNAIRE IN STUDY DATA SET II 
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We invite you to participate in our questionnaire assessing the Poka-Yoke Concept as an extended 

usability criterion. Your valuable input helps us gather information to conduct further 

study phases. Thank you in advance for your time and participation.  

A. Demographic Information: 
 
A1. Age: …… 
 
A2. Gender 
a) Female                     b) Male                       c) Prefer not to say   
 
A3. Marital Status 
a) Single                       b) Married                   c) Divorced               d) Widow 
 
A4. Education Level 
a) Bachelor' degree      b) Master's Degree     c) Ph.D. Degree 
 
A5. What is the age of your residential kitchen? 
a) 0-5      b) 5-10          c) 10-15          d) 15-20           e) 20-25          f) 25-30          g) 30+ 
  
A6. Do you have any physical limitations, if you have any physical limitations, please tick the 

related box. 
a) No                           b) Sight                          c) Hearing                             d) Mobility  
 
A7. What is your profession? 
a) Architect                  b) Interior Architect c) Landscape Architect d) Industrial Designer 
 
A8. Do you smoke? 
a) Yes                          b) No 
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APPENDIX E 

 

IOS (INCLUSION OF OTHERS IN THE SELF) SCALE 
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                      According to your performance and answers in residential kitchen task performance, how much do you empathize with 

older users.
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APPENDIX F 

 

PHOTOS OF THE GRADUATE HOUSING  

RESIDENTIAL KITCHEN ENVIRONMENT 
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Figure F.1. Bilkent University Graduate 34th Housing (photo taken by the author, 

2024). 

 

 

 

 

 

 

 

 

 

 

Figure F.2. Bilkent University Graduate Housing’s exterior entrance photo taken by the 

author, 2024). 
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Figure F.3. Bilkent University Graduate Housing’s interior entrance (photo taken by the author, 

2024). 

 

 

 

 

 

 

 

 

 

 

 

Figure F.4. Graduate housing’s kitchen area (photo taken by the author, 2024). 
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Figure F.5. Graduate housing’s kitchen area (photo taken by the author, 2024). 

 

 

 

 
 
 
 
 
 
 
 

 
 
Figure F.6. Graduate housing’s dining table (photo taken by the author, 2024). 
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 Figure F.7. Graduate housing’s kitchen area (photo taken by the author, 2024). 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure F.8. Graduate housing’s kitchen area (photo taken by the author, 2024). 
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Figure F.9. Graduate housing’s kitchen area (photo taken by the author, 2024). 

 

 

 

 

 

 

 

 

 

 

Figure F.10. Participant I while performing kitchen task (photo taken by the author, 2024). 
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Figure F.13. Participant I while performing kitchen task (photo taken by the author, 2024) 

 

 




