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Introduction 

Accessibility in healthcare is crucial to ensure that medical technologies benefit everyone, and not 

just a select few. While innovations in medicine continue to progress, not all patients benefit equally from 

these advancements due to how they were designed, tested, and delivered to the public. There are several 

examples of this disparity in medical technologies, and one prime example is allergy testing, which is a 

diagnostic test that has evolved in several ways over the years (Mandel, 2019). As this paper will 

demonstrate, accessibility of allergy testing has historically been limited to certain demographics for a 

multitude of reasons, and while significant progress has been made, there is still a long way to go. The 

accessibility of allergy tests is shaped not only by physical technological advancements but also by 

socio-economic, racial, and gendered factors—just to name a few—that can influence who has access to 

these tools. This ongoing issue raises a critical question: How has the evolution of allergy testing 

addressed—or failed to address—issues of accessibility and inclusivity? 

The evolution of allergy testing serves as a perfect lens through which we can examine how 

healthcare technologies are designed, who benefits from them, and the bigger social impacts these 

innovations have over time. Allergy tests have seen several significant shifts in design and function. Over 

the decades, as new testing methods were developed and refined, the availability of these tests has 

expanded to a larger demographic. Yet, despite these advancements, it is unclear whether the design of 

these tests has truly been inclusive or whether engineers and healthcare professionals have given adequate 

thought to the diverse needs of the public. 

This paper begins with a background to explore the trajectory of allergy testing by focusing on 

how the design of these technologies has evolved over time, and how the needs of different populations 

have been, or haven’t been, incorporated into their development. A methodology section follows, 

outlining the key stages in the medical device development process where inequities can emerge. This 

paper will also focus on the concept of responsible research and innovation (RRI), which is a framework 

https://www.zotero.org/google-docs/?amIBdl
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that emphasizes the importance of designing technologies that are socially inclusive and adaptable, to 

suggest its inclusion in the medical device development process (Stilgoe et al., 2013). A literature review 

and discussion examines specific ways RRI and allergy testing can be implemented together to improve 

accessibility. The key research questions guiding this research are: How has allergy testing been 

developed and refined over time? What are some of the challenges surrounding allergy testing 

accessibility? How can the RRI framework be applied to allergy testing technologies to combat 

accessibility issues? 

To answer these questions, this paper will look into the work of biomedical engineers and 

healthcare professionals, both of whom play a critical role in the creation, distribution, and administration 

of allergy testing. Under the RRI framework, this research will argue that engineers are responsible for 

considering critical factors such as social status, race, gender, ease of use, pre existing medical conditions, 

and the potential for setbacks in their designs. By doing so, engineers can ensure that new healthcare 

technologies, like allergy testing, serve the needs of all individuals, not just a select few. This paper aims 

to shed light on the ongoing impact of allergy testing on healthcare accessibility and the moral 

responsibility of engineers in shaping equitable healthcare solutions through the development process. 

Background & Significance 

Allergy testing is an important diagnostic tool used to identify allergic reactions to various 

substances such as food, pollen, and animal fur/dander. There are several types of allergy tests, each 

having their own purpose and process. The primary types include skin tests, patch tests, and blood tests 

(“In Brief,” 2024). In a skin test, there are two main methods of introducing allergen to the skin: a skin 

prick test (SPT), where the surface of the skin is pricked with a small sharp tool that has been dipped in 

allergen oil, or an intradermal test, where a small amount of allergen is injected into the uppermost layers 

of the skin. Skin tests are considered the gold standard due to their speed and ease of administration, 

however, they have about a 50% false positive rate (Wasserman, 2024). In a patch test, an allergen-riddled 

https://www.zotero.org/google-docs/?fzu67G
https://www.zotero.org/google-docs/?ef7ViD
https://www.zotero.org/google-docs/?iOkOYt
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patch is left on the skin for 1-3 days to detect contact allergies (allergies that may take a long time to 

appear) with select materials like silver. Both skin tests and patch tests utilize external methods of allergy 

detection, making them mostly non-invasive and quick. A more invasive method is blood testing, which 

identifies antibodies in a patient’s blood to detect the presence of an allergy, with results being more 

accurate than skin testing but taking about a week to obtain. Despite their widespread use, the results of 

these tests vary greatly due to several factors such as the type of test, the patient and their medical history, 

and the allergens being tested for. Therefore, due to the variability in test results and the limitations of 

each testing method, there is a need for a more standardized and accessible approach to allergy 

diagnostics, ensuring that all individuals can receive accurate and timely diagnosis to prevent serious 

health risks. 

  Allergy testing early in life is important for both early identification of infants at increased risk 

for later development of allergic diseases and for specific allergy treatment, including specific allergen 

avoidance measures, relevant pharmacotherapy, and specific allergy vaccination (Høst et al., 2003). 

Undiagnosed allergies can lead to severe, sometimes life-threatening reactions, such as anaphylaxis. 

Allergy testing is not only important for providing relief to individuals suffering from allergies, but it also 

plays a crucial role in public health. Beyond individual health, broader access to allergy testing could lead 

to a reduction in healthcare costs by providing early intervention and preventing more serious allergic 

reactions that would require emergency treatment. The need for equitable access to these tests is therefore 

a significant public health issue. This growing recognition of allergy testing's importance in both 

individual and public health has driven the evolution of these diagnostic methods over time. 

The evolution of allergy testing began in the early 1900s with the development of skin prick tests 

that introduced an allergen to the surface of the skin via a prick or scratch. Other methods included 

inducing sneezing by placing an allergen oil at the base of the nose. These early tests were rudimentary 

but marked the beginning of a systematic approach to diagnosing allergies (Bahna, 2024). Over the 

decades, advancements were made, including the introduction of more precise blood testing methods in 

https://www.zotero.org/google-docs/?0e5j9r
https://www.zotero.org/google-docs/?f1KxRz
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the 1960s, which offered an alternative to skin testing for patients with severe skin reactions or other 

medical concerns. However, this method also brought new challenges, including affordability for such a 

precise and involved test. Despite these advancements, allergy testing technology has plateaued in certain 

areas. For example, while new allergens are continuously being discovered, tests have struggled to keep 

pace with the growing complexity of allergic reactions, and the expansion of tests to include a wider 

range of allergens has been slow (Challenges in Allergy Diagnostics and Solutions Worth Considering - 

EMJ, n.d.). Additionally, it has been shown that interpreting physical allergic reactions (such as redness, a 

wheal, or a flare) on dark skin patients is challenging and can lead to a misinterpretation of results, but 

there have been very few successful and affordable advancements in this area to combat this challenge 

and make allergy testing more reliable for a wider range of skin tones (Nassir Redjal, 2014). Furthermore, 

allergy tests have remained expensive for many, limiting access to the technology. These gaps in testing 

accuracy and access further underline the disparities in healthcare, where certain populations, especially 

those with darker skin tones and lower socio-economic status, face greater difficulties in receiving proper 

allergy diagnosis and treatment. 

Historically, access to allergy testing has been shaped by socio-economic factors. Those with 

higher incomes, particularly in developed countries, have had greater access to the latest allergy testing 

methods. In contrast, underserved communities, including racial and ethnic minorities, people in rural 

areas, and individuals with lower incomes, have had less access to these tests. This disparity in access has 

resulted in unequal healthcare outcomes, with some populations receiving better diagnosis and treatment 

while others remain undiagnosed or misdiagnosed. This highlights the need for equitable allergy testing, 

which must be prioritized from the very beginning of the medical device development process all the way 

to administration of the test. 

 

 

https://www.zotero.org/google-docs/?RyH7rg
https://www.zotero.org/google-docs/?RyH7rg
https://www.zotero.org/google-docs/?CTt0NE
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Methodology 

 In approaching this research question of how to create and maintain equitable allergy testing, and 

more broadly, equitable healthcare, we must first understand where the gap originates—in other words, 

where is the inequity born? The answer to this question lies within each major step of the medical device 

process: design and production, testing, and integration into the public.  

 In the first step of this process, design and production, engineers must be considerate of the 

several opportunities for inequities to form through the creation of the product. This includes preliminary 

research to understand the needs of those who will be using the device. A diverse population must be 

included in this process to ensure the device meets the needs of the entire relevant population and not just 

a portion of it (Kelsey et al., 2022). For allergy testing, this population would include both nurses who are 

administering the test and patients who are receiving it. In the physical creation of the device, certain 

materials used for the design may be expensive, increasing the final cost of the fully developed product 

and limiting the members of society that can afford access to it.  

 Once a prototype is created, it needs to be tested to understand if it works as intended. This is one 

of the biggest areas for inequities to arise. Clinical research studies must include racially and ethnically 

diverse participants to ensure generalizability of research findings and equitable access to medical 

advances (Anagnostou et al., 2025). The populations included in testing should reflect those that will be 

using the product, but some may be easier to engage than others. Opting for convenience should not be 

more important than their inclusion in the testing process, as their participation is a key way to prevent 

inequities in the product. 

 Finally, attempting to deliver the product to the public can create several inequities. Physical 

location can be a barrier, as many people may not have access and/or means to get to a store that sells the 

product (Report & Swift, 2002). Specifically for allergy testing, which is more commonly conducted in 

hospital settings than at home, people may face limitations in accessing hospitals that offer the latest tests, 

https://www.zotero.org/google-docs/?6t2p18
https://www.zotero.org/google-docs/?QFoNDj
https://www.zotero.org/google-docs/?xunL6y
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and some may still be unable to reach those locations. Besides an in-person method of obtaining the 

product, there may be an online store, but this also creates new challenges. People may not have access to 

a computer or device with which to purchase the product, and there is a possibility that additional 

shipping costs could be a financial barrier for some. Additionally, since allergy testing must be 

administered by a healthcare professional, additional challenges arise to adequately train the team of 

healthcare workers to acknowledge and combat biases towards different demographics. A prime example 

of this is conducting skin prick allergy tests on those with dark skin. Since most professionals are trained 

to read results of fair skinned individuals, results on dark skinned patients can be hard to interpret, and 

studies show that some races are more susceptible to a reaction than others, making this process even 

more difficult (Wegienka et al., 2013). However, this barrier should be challenged through proper 

education and training, which is a vital part of integrating a device into the public. 

 The responsibility of maintaining equity throughout the three major steps of the medical device 

development process falls on engineers and healthcare workers, who play a key role in creating and 

administering allergy tests. Proactively preventing these inequities from ever being created in the 

development, testing, and delivery of a product is the responsibility of engineers—a concept detailed in 

the RRI framework. The RRI framework suggests that designing for social good requires engineers to 

anticipate future issues, be reflexive, practice inclusion, and respond to social realities (Stilgoe et al., 

2013). It aims to create a positive conversation between questions of responsibility and innovation, 

focusing not just on the outcomes of innovation, but also on its purpose. This framework helps scientists 

and decision-makers learn from past experiences, rather than starting from scratch every time a new 

technology emerges. In examining allergy testing through the framework of RRI, the rest of this paper 

will highlight how the integration of responsibility and innovation can lead to more inclusive and 

equitable healthcare solutions by understanding which groups are impacted the most and analyzing cases 

where RRI was proven successful. 

 

https://www.zotero.org/google-docs/?z9yo3L
https://www.zotero.org/google-docs/?eyRST2
https://www.zotero.org/google-docs/?eyRST2
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Literature Review  

 In trying to understand how the RRI framework can be applied to allergy testing, we first must 

examine both of these concepts individually. Allergy testing as a technology has a lot of room for 

improvement, especially regarding accessibility, which includes affordability, cultural accessibility, and 

technological accessibility. The RRI framework has a lot of potential to tackle accessibility issues, and 

although there is some ambiguity around the framework itself, there is concrete evidence where RRI is 

shown to address the needs of the community and foster inclusivity within the design and development 

process, as will be explored in this section. Although there is limited research connecting these two 

concepts to real-world applications, examining them together from a theoretical perspective will allow us 

to draw conclusions about the potential benefits of incorporating RRI into allergy testing technologies. 

The following part of this literature review examines several sources to understand which groups of 

people are impacted by the accessibility of allergy testing and allergies themselves, and what about the 

technology makes it inaccessible.  

One group of people severely impacted by allergies are women. Women with allergies often face 

skepticism, leading to doubts about their condition’s legitimacy (Pitcher, 2003). This causes them to 

downplay symptoms to avoid judgment, which can be emotionally draining and result in their concerns 

being dismissed or viewed as exaggerated. The design of allergy testing can contribute to women’s 

insecurity and hesitation. Medical systems often fail to consider how women uniquely experience and 

present their symptoms, leaving them feeling excluded from the process. A lack of supportive 

environments discourages women from seeking testing without a fear of being judged. This cycle leads to 

their health concerns being dismissed, symptoms downplayed, and access to testing hindered by systemic 

barriers. As a result, women may not receive the care they need, reinforcing the idea that their allergies 

aren’t serious. This hesitation reflects a broader lack of support and understanding in both medical and 

social contexts. 

https://www.zotero.org/google-docs/?XSDsHI
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 While Pitcher’s study makes important strides in highlighting the exclusion of women in allergy 

testing, its participant pool was composed of 95% white women and only 5% women of other racial 

backgrounds, underscoring a significant lack of diversity in the research. A significant portion of studies, 

particularly in areas like clinical trials and medical research, often do not report enrollment data by race or 

ethnicity, or fail to adequately account for racial and ethnic disparities (National Academies of Sciences et 

al., 2022). Gaps in accessibility can be traced back to the product development and testing process, and 

allergy testing technologies are no exception. For example, a study analyzed the racial and ethnic 

distribution of participants in food allergy immunotherapy trials (Suffian et al., 2024) and found that 72% 

of participants were White, with significant underrepresentation of Black and Hispanic individuals. These 

findings highlight critical gaps in clinical trials (the testing part of the product development process) 

particularly for treatments intended for broad populations where significant race- and ethnicity-related 

disparities persist. 

 Another group affected by access to allergy testing are individuals with low socio-economic 

status. These patients often lack the financial means to access affordable healthcare, limiting their ability 

to consult healthcare providers who can guide them in making informed decisions about allergy testing. 

This process, known as shared decision-making (SDM), is highly recommended for allergy testing, as it 

ensures that a patient's values, preferences, and financial concerns are considered alongside a clinician’s 

expertise in selecting the most appropriate test (Conway et al., 2024). However, the rising complexity of 

allergy tests, such as recombinant allergens and allergen challenge tests, further extends the barriers for 

those with lower incomes. Although these tests have promising benefits, including improved safety and 

standardization, they remain resource-intensive and impractical for widespread use, particularly in clinical 

settings with limited resources (In Vivo Diagnosis of Allergic Diseases—Allergen Provocation Tests - 

Agache - 2015 - Allergy - Wiley Online Library, n.d.). As allergy tests become increasingly sophisticated, 

they also become more expensive, leaving individuals with lower socio-economic status unable to access 

https://www.zotero.org/google-docs/?fNzt1a
https://www.zotero.org/google-docs/?fNzt1a
https://www.zotero.org/google-docs/?4QJQKP
https://www.zotero.org/google-docs/?tH57CA
https://www.zotero.org/google-docs/?YQX0lA
https://www.zotero.org/google-docs/?YQX0lA
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the technology they need. Until allergy testing becomes more affordable and accessible, these patients 

will continue to face significant challenges in managing their health. 

 Another group affected by allergy testing accessibility are individuals with pre-existing 

conditions. These patients often face additional challenges because tests must be interpreted alongside 

their clinical history, which can be limiting for those who don't undergo frequent testing or have access to 

standard tests (Haidar et al., 2025). Without knowledge of their own health conditions, patients may not 

fully benefit from allergy testing, as their pre-existing conditions could influence the results. This lack of 

awareness and access to general healthcare can exacerbate the gap in technology access, as patients may 

not seek medical care until symptoms become severe, making it difficult to obtain accurate, useful allergy 

test results. 

 Allergy testing technology has the potential to improve health outcomes, but significant barriers 

to accessibility persist for diverse groups, including women, racial and ethnic minorities, individuals with 

lower socio-economic status, and those with pre-existing conditions. These challenges highlight the need 

for more inclusive, accessible, and culturally sensitive approaches to the development of allergy testing. 

The Responsible Research and Innovation framework offers a unique perspective in addressing the gaps 

in accessibility in allergy testing and healthcare in general. In order to understand the potential benefit of 

RRI, the next part of this literature review will focus on two case studies where the RRI framework has 

demonstrated success. 

 The first case offers a compelling example of how the RRI framework can successfully address 

accessibility and inclusivity in the development of technology by including the local community’s needs 

in its making. In the case of Lira, a small coastal community in Galicia, Spain, RRI was applied to foster 

cooperation between various stakeholders, including industry, universities, and regional authorities 

(Piñeiro-Antelo & and Lois-González, 2019). This collaboration led to the creation of new governance 

models for marine resources and more inclusive technology development processes. By integrating local 

https://www.zotero.org/google-docs/?AcWs47
https://www.zotero.org/google-docs/?BG6BmQ
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community needs and perspectives into the decision-making process, the innovation became more 

responsive to those who were most impacted. Additionally, the involvement of diverse institutions and the 

support from European fisheries funds ensured that the technology development was not only sustainable 

but also equitable. This example highlights the potential of RRI to address the gaps in accessibility, 

ensuring that the development of technologies considers the unique needs of all involved, a principle that 

could be applied to improve allergy testing technologies as well. 

 The second case demonstrates how the RRI framework can be applied to foster community-led 

innovation, drawing from the lived experiences and values of local communities. In their study, 

Macdonald et al. explore the responsible use of drone technology for environmental management in 

Kakadu National Park, a biocultural landscape in northern Australia owned by the Jawoyn people 

(Macdonald et al., 2021). Rather than imposing Western models of innovation, they co-developed 

protocols in collaboration with local communities to guide the use of drones. This process carefully 

addressed concerns related to privacy, data ownership, and ethical implications of surveillance, ensuring 

that Traditional Owners remained in control over how and when the technology would be used. This 

approach highlights the importance of community-led decision-making, which ensures that technology 

development aligns with the needs and values of local people. The collaboration of researchers, 

community members, and environmental scientists shows how RRI can create inclusive, relevant 

solutions that stem from the perspectives of those directly impacted. Just as this model has proven 

effective in environmental management, similar inclusive approaches could be applied to allergy testing 

to ensure that all voices, especially those from underserved groups, are heard and integrated into the 

development of healthcare technologies. 

Discussion 

 The Responsible Research and Innovation (RRI) framework has significant potential to address 

the accessibility issues present in allergy testing technologies. Through its focus on inclusivity, diverse 

https://www.zotero.org/google-docs/?waikP2
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representation in research, community involvement, and training for healthcare professionals, RRI can 

contribute to the development of allergy testing methods that are more accessible and affordable. This 

discussion will examine how RRI can combat accessibility challenges in allergy testing by drawing on 

evidence from theoretical perspectives and real-world applications of RRI. 

The exclusion of diverse perspectives in allergy testing design, often through the lack of racial 

and ethnic diversity in research, limits the ability of the technology to meet the needs of all potential 

users. This gap in representation worsens issues of access and creates disparities in healthcare. RRI can 

address these issues by promoting the inclusion of diverse voices in both the design and testing phases of 

allergy technologies, ensuring that the unique needs and perspectives of women, minorities, and 

underserved populations are central to the development process. Additionally, the application of RRI 

principles could encourage the development of more affordable, resource-conscious testing technologies 

that prioritize accessibility for those who need them most. For example, the integration of shared 

decision-making (SDM) into the testing process ensures that patients' financial constraints are considered, 

alongside clinical expertise, in selecting appropriate testing methods. RRI could further support SDM by 

ensuring that healthcare providers are trained to communicate the potential challenges and limitations of 

allergy testing for individuals from lower socio-economic backgrounds. 

As seen in the specific case studies regarding the use of RRI principles, the involvement of 

diverse stakeholders allowed for the creation of more inclusive governance models for resources, ensuring 

that the needs of the local community were met. This approach could be translated into allergy testing by 

fostering cooperation between various healthcare stakeholders—such as patients, researchers, healthcare 

providers, and policymakers—ensuring that the needs of underserved populations are integrated into the 

design and development process. 
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Conclusion 

 In conclusion, the RRI framework offers a promising approach to addressing the accessibility 

issues in allergy testing technologies by implementing four main strategies: 1) promoting inclusivity, 2) 

ensuring diverse representation in research, 3) fostering community engagement, and 4) educating 

healthcare professionals via training. Practicing these strategies will help create more accessible, 

affordable, and culturally sensitive allergy testing methods. The success of RRI in other fields provides 

compelling evidence that such an approach could lead to positive outcomes in the development of allergy 

testing technologies, ensuring that these innovations benefit all populations, particularly those who have 

been historically underserved or excluded from healthcare advancements.  

The next step in applying the RRI framework to allergy testing is to conduct experiments that 

incorporate RRI principles into the development process. These studies should focus on inclusivity, 

diverse stakeholder input, and community engagement to evaluate if these elements actually lead to more 

accessible and effective allergy testing technologies. By testing the practical impact of RRI in real-world 

settings, it can be assessed whether this approach enhances the affordability, cultural sensitivity, and 

overall effectiveness of allergy testing, ultimately determining if RRI can drive meaningful improvements 

in addressing accessibility challenges. 
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