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ABSTRACT 
Manilla money bracelets emerged during the early modern period (ca. fifteenth century AD) as a form of currency between 
western Europe and West Africa, and continued to circulate until the early twentieth century. While there has been little formal 
scholarship on manillas, narratives abound: some histories cast the bracelets as the blood money of the transatlantic slave trade; 
others highlight them as the copper source used to make the Benin Bronzes; and still others uphold the manilla as a symbolically 
important West African cultural object in and of itself. This study begins with a history of the manilla, from its rapid proliferation 
to its eventual obsolescence. The term “metastasizing symbol” is proposed to describe objects like the manilla, whose propagation 
is underwritten by unsustainable systems of cultural difference, and thereby contains within itself the seeds for the object’s 
transition to disuse. The authors also describe a portable X-ray fluorescence (pXRF) analysis of nine manilla bracelets from the 
Yale University Art Gallery (YUAG). When compared to manilla composition data from previous studies and projected into PCA 
space, the nine YUAG manillas appear most similar to specimens produced in England during the mid-nineteenth century and 
traded extensively in British West Africa throughout the colonial period.  

 
KEYWORDS 
Manilla Money Bracelets; pXRF; Transatlantic Slave Trade; Europe; West Africa; Early Modern Period; European Imperialism; 
Provenance 

 
INTRODUCTION 
Deep in the bowels of the Yale University Art Gallery’s (YUAG’s) West Haven storage facilities, tucked amid a Pynchonian 
warren of windowless hallways which Yale purchased from Bayer Pharmaceuticals in 2007,1 sit nine metal bracelets, barely big 
enough to fit around a human arm. The shape of all nine is roughly the same: open at the wrist, flared at the ends, a bit like a very 
small horseshoe (Figure 1). These are “manillas”: a vague term, likely arising from the Latin word for hand, possibly by way of 
the Portuguese.2 Today, the word “manilla” is used to describe any one of the millions of open-wristed metal bracelets that have 
been circulating among Central Africa, West Africa and Western Europe since the fifteenth century, when they emerged as a form 
of currency.3 
 
The nine YUAG manillas are currently classified by the museum as “iron jewelry”. All nine came to the YUAG as part of a 
donation in 2010.4 In scores of museum collections and university archives across Europe and North America, the story is similar: 
tens, sometimes hundreds of these rusty metal bracelets are sitting on shelves and tucked away in cabinets, most of them deemed 
too unremarkable for gallery display. Meanwhile, throughout the post-colonial Global South of sub-Saharan Africa, manillas 
adorn the wrists of village elders, military personnel and religious leaders alike.5 
 
How, then, did this happen? How did such an unassuming, apparently superfluous object get stuck so firmly, like a speck of dirt, 
beneath the fingernails of the modern world? The answer is a story of empire and cultural interchange in the early modern 
Atlantic; it is a story about chattel slavery, about the making of history, and about what will from this point onward be referred to 
as “metastasizing symbols” — those images, objects and ideas that flow back and forth between peoples, places and times, 
undergoing a million little tweaks along the way, until in the end they belong to everyone and no one, everywhere and nowhere, 
the present and the past, all at once.  
 
What follows, therefore, might be framed as a sort of “object biography”,6 written in two parts. The first part is historical: it uses 
primary sources and existing literature to describe the evolution of the manilla from an anthropological perspective (i.e. a 



American Journal of Undergraduate Research www.ajuronline.org

 Volume 21 | Issue 1 | June 2024  4

perspective driven by an awareness of “culture”, in the sense of an emergent property of human groups arising from the 
interactions of individuals with each other and with their environment).7  
 
The second part is chemical and involves a composition analysis (via X-ray fluorescence) of the nine manillas in Yale’s collections. 
The results of this analysis are compared to composition data from 153 other manillas, from previous studies.  
 

 
Figure 1. Nine manilla bracelets from the collections of the Yale University Art Gallery. For the purposes of this study, the bracelets have been numbered using 

the last three digits of each specimen’s museum accession number, all of which start with “2010.6.” (e.g. 2010.6.192 = 192, 2010.6.193 = 193, etc.). 

 
BACKGROUND 
While manilla-like bracelets seem to have emerged simultaneously throughout western and Central Africa during the early 
fifteenth century, the idea of “the manilla” as we know it today — i.e. a mass-produced bracelet currency, historically recognized 
in large portions of both Africa and Europe — probably first appeared somewhere in western-central Africa during the mid-
fifteenth century, most likely as a result of political interaction between the Kingdom of Kongo and the newly arrived Portuguese. 
One of the earliest appearances of the Portuguese word, manylha, for example, is in a letter between the royal courts of Portugal 
and Kongo, dated to 1514 and mentioning the shipment of 1500 copper manillas northward to Europe, along with 150 slaves.8 
Already the contents of this early inventory — manillas and people — previews the bracelet’s many precarious entanglements 
among the brutal horrors of that region during the early modern period, as well as its importance in the plethora of political chess 
games played out in resistance to early European imperial strategy.9 

 
Interestingly, the only manillas known to have been produced in central Africa (Figure 2) — in the modern-day Democratic 
Republic of Congo, within the borders of the region’s erstwhile Kingdom — bear striking resemblance to the earliest mass-
produced European examples, which were brought to Africa by the Portuguese in the fifteenth century. While precise dating of 
the indigenous Congolese manillas in Figure 2 remains difficult given their muddled museum provenances (documents at the 
Musée du quai Branly in Paris suggest that one of them may have been made as recently as the early twentieth century), they are 
nonetheless the most visually similar of any African-made manillas to the earliest European-made ones. 
 
There is of course a fair amount of doubt surrounding the chronology of the manilla’s Kongolese origin story. Trading 
documents assembled by the art historian Eugenia Herbert suggest that Dom Afonso, King of Kongo, was already sending 
copper manillas to Portugal as early as 1506, in order to cement an alliance between the two states.10 The first appearance of the 
word “manilla” in the written record is also difficult to discern: early usage could date as far back as 1455, when the Venetian 
merchant Luís de Cadamosto appears to use a version of the term. In a post-facto account of his trading voyages in West Africa 
on behalf of the Portuguese crown, Cadamosto notes that when he reached the mouth of the Senegal River in northern West 
Africa, two local Wolof men asked him for “two manilhas of tin each” in return for relaying a message to his crew.11 While the 
undoubted language barrier between Cadamosto and his interlocutors makes it difficult to evaluate the specifics of the men’s 
request, the fact that Cadamosto uses the word mauille in the original Italian lends weight to the possibility that the Portuguese had 
already coined the term manylha by this early date, as the travel notes upon which Cadamosto based his memoir were originally 
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meant to be readable by agents of the Portuguese royal court.2 Regardless of any chronological discrepancies, however, the fact 
remains that the manilla as a means of intercontinental exchange seems to have strong roots in the fifteenth century relationship 
between the Kingdoms of Portugal and Kongo.  
 

 
Figure 2. Examples of manillas produced in Kongo. Left: object number 71.1951.73.338.1 from the Musée du quai Branly in Paris; right: object number 

Af1950,16.16 from the British Museum in London. Images courtesy of the Musée du quai Branly and the British Museum. 
 

Thus, while the metaphorical “liminal space” that existed during the early modern period between the politics of Europe and 
those of western Africa is often forgotten in light of Europe’s subsequent colonial domination over the African continent, it was 
precisely in the context of this liminal space that the term “manilla” first appeared. Far from being a quirk of history, this 
liminality can instead be read as the beginning of the process (culminating in the eventual rise of the transatlantic slave trade, and 
the massive loss of life that followed) by which “Europe” and “Africa” went from arbitrary geographic units to culturally 
meaningful entities. In other words, this was the process by which Portuguese, Spaniards, Frenchmen and Englishmen all came to 
think of themselves as “European”, in the sense of (among other things) “not African”. It was also the process by which Edo, 
Yoruba, Bamum and Kongo people came to think of themselves as “African”, in the sense of (again, among other things) “not 
European”. Such processes of definition-by-opposition can be applied at many scales (consider, e.g., the ontologies discussed by 
the writer Frank B. Wilderson III,12 or the identity politics discussed by the anthropologist Gregory Bateson),13 but when 
considered at a scale like this one, involving entire continents and cultures, the anthropologists David Graeber and David 
Wengrow have recently proposed the use of the term “schismogenesis”, meaning the creation of a cultural identity in opposition 
to a foreign culture or group.14 With this vocabulary in mind, the manilla can in turn be read as a sort of “vestigial organ” of 
schismogenesis: a bivalent Euro-African form, holding the continents together. 

 
To better understand this idea, it is necessary to further examine the history of early manilla production. Following the first 
shipments of manillas northward from Kongo to Portugal,8 the Portuguese court quickly realized that their access to the high-
quality copper ores of central Europe could be an important piece of leverage in their trade with the sub-Saharan kingdom.  From 
at least the second decade of the sixteenth century, Portugal began commissioning the large-scale production of its own manillas 
for use on all trading voyages to western Africa,2 mostly via copper mines and merchant houses in Flanders and Germany.15 In 
the three years between 1519 and 1522, the number of Portuguese manillas delivered to the West African trading post of Elmina 
alone surpassed 150 thousand.16 By 1531, Portugal was exporting an average of well over 100 thousand manillas per year.17 Thus, 
while the manilla was viewed on both continents as a primarily “African” form (often to the point of confusion about the 
bracelet’s origins),18 it was nonetheless a form produced by Europe, according to European perceptions of African desires.  
In the context of this profound entanglement, it was not long before a full-fledged institutional framework sprung up around the 
manilla trade. By the mid-sixteenth century, Portuguese manillas seem to have been assigned fixed values at various ports along 
the West African coast,2 where the Portuguese traded them for gold and ivory,10,19 but also for something much more 
consequential, from the perspective of the individual and the longue durée alike: large numbers of enslaved Africans.15,20  
 
By the time European manilla production hit full swing in the early sixteenth century, the storm of transatlantic chattel slavery had 
long been brewing on the horizon.21 The conquest of the Canary Islands by Portugal and Spain in 1496 (following decades of 
hard-fought anti-colonial resistance),22 combined with the Portuguese colonization of the island of São Tomé in 1486 had given 
Europe a taste for violent overseas empire, which they promptly began exporting to the Americas on a much larger scale.23,24 
Crucially, it had also given Europe a taste for sugarcane, which quickly proved itself to be an extremely valuable crop on the 
Canary Islands and São Tomé alike.22 As the working classes across Europe became increasingly addicted to the high-calorie, easy-
to-store nature of processed sugar,25,26 the burgeoning plantation model for sugar production was likewise exported to the 
Americas, where the decimation of local indigenous populations at the hands of European pathogens and genocides meant that a 
large supply of foreign labor was required.27 Beside the bodily perils of enslavement, the kind of slavery that was needed to power 
Europe’s New World sugar plantations — i.e. intergenerational chattel slavery — also required a particularly severe kind of “social 
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death”, in Orlando Patterson’s famous phrase.28,† While recent scholarship by historian David Eltis and others suggests that it 
may have been significantly cheaper for Europe to source slaves from within its own populations,27 in the context of the 
schismogenesis that was occurring at that moment between Europe and the rest of the world (and, as discussed above, between 
Europe and Africa in particular), European empires ultimately turned to sub-Saharan Africa in order to obtain the type of non-
human “other” suitable for plantation labor. As New World colonies continued to refine the model for plantation production 
throughout the seventeenth and eighteenth centuries,29,30 profits and productivity only increased, and soon all of Europe’s 
empires were engaged in the transatlantic slave trade.  
 
Among other things, this placed a massive stress on Africa’s population dynamics. Conservative estimates place the number of 
people taken from the continent between the fifteenth and nineteenth centuries at around 12 million via the Atlantic ocean,31 plus 
several million more via the Indian Ocean and North Africa.22 This demographic drain is thought to have reduced Africa’s 
population to half of what it would have been by 1850, had the slave trade not occurred.32  
 
The effects of such a catastrophe on cultural identities and political structures within western Africa have been well-
documented.32,33,34 The cycles of warfare and unrest driven by the slave trade (for instance in the Kingdom of Kongo)35 can be 
thought of as having accelerated schismogenesis between Africa and Europe in a positive feedback loop: as entire African political 
economies formed and dissolved purely around the export of slaves, and the idea of “Blackness” became an increasingly 
legitimate anchor for identity across western Africa,22,36 new cultural accoutrements were needed — ideally ones legible on both 
sides of the newly defined Black/non-Black dichotomy. In short, the stage was set for the manilla to worm its way into ubiquity.  
The bracelets did just that, quickly becoming a de facto currency of the slave trade. Over the next three and a half centuries 
following the first large-scale production of manillas by the Portuguese crown in the early 1500s, manilla production diversified 
roughly in accordance with the market pressures and imperial politics of the slave trade. The Portuguese controlled most manilla 
production until the mid-seventeenth century; at this point, following a short transitional period dominated by the French, the 
English eventually rose to full control of manilla exports. This tripartite timeline is the bedrock of a recent manilla typology 
developed by the researcher Rolf Denk, which divides manillas into three broad categories (Figure 3). Denk’s typology is by far 
the most expansive to date and warrants a brief review.  
 
The first manilla in the typology, which Denk calls the “tacoais” type,2 is the largest of the three, regularly weighing up to 300 
grams.37 These manillas were commissioned and exported by the Portuguese, but produced mainly in Germany and central 
Europe, usually using copper ore from the Rhineland.15,‡ They are the thickest of the three manilla types and are recognizable by 
their flared but rounded ends. Tacoais-type manillas are generally characterized by extremely high-quality copper, and are thought 
to have been highly prized among blacksmiths along the West African coast for use as copper ingots. A recent compositional 
analysis of tacoais manillas by Skowronek et al.15 suggests that these were the main source of copper used to cast the famous 
Benin Bronzes during the fifteenth century. † 
 
The next manilla in Denk’s typology is known as the “popo” type, possibly in reference to the former slaving port of Grand-
Popo, in the modern-day country of Benin. Popo manillas tend to be slightly smaller than tacoais manillas, with the ends tapered 
rather than flared. Unlike the tacoais, casting seams are often visible on popo manillas, speaking to the general downward trend in 
the quality of European manillas over time, both in terms of the copper used and the production process. Popos first appear in 
the archaeological record of West Africa in the mid-seventeenth century, mainly in trading regions dominated by the French. 
While Denk originally proposed the popo as an exclusively French enterprise (i.e. produced in France, and traded in French West 
Africa), new compositional analyses suggest that many popo manillas seem to have been produced in Britain.15,41 More recently,41 
Denk has suggested that the popo might simply represent a short-lived, highly variable transition period between the earlier 
tacoais type and the later “Birmingham” type — in other words, popo manillas might represent a historical moment, rather than a 
particular supply chain or sphere of imperial influence. 
 
The final category in Denk’s typology, which he calls the “Birmingham type”,2 is perhaps the most easily recognizable, and almost 
certainly the most abundant in the archaeological record.42 As their name suggests, these manillas were produced almost 
exclusively in Britain, mainly in early industrialized cities like Birmingham, Liverpool, Bristol and Swansea.43 Excavations at a bell 
foundry in Exeter suggest that production of these manillas was occurring in England as early as 1625,44 but large-scale 
production and trade only began in the mid-eighteenth century, following the expansion of English imperial interests and the 

 
† While slavery by definition necessitates the dehumanization of the enslaved, the argument has been made that previous examples of slavery throughout human 
history have not always required the same sort of absolute social death that characterized the transatlantic slave trade.14 
‡ Indeed, the term “tacoais” (being the plural — the singular is “tacoal”)2 is a Portuguese word, apparently created from whole cloth, exclusively to describe this 
type of manilla. The word first appears in Portuguese notary receipts from Antwerp trading houses in the mid-fifteenth century, although it is unclear whether 
those documents were referring to traditional copper manillas or other, similar objects (Strieder 1932:254).38 Denk suggests in his 2020 monograph that the word 
“tacoais” may derive from the root word “taco”, meaning “plug” or “heel”, perhaps in reference to the bracelet’s flared ends. 
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industrialization of British cities.45,46 Birmingham-type manillas are the smallest of Denk’s three manilla types, and are 
characterized by flat, dramatically flared ends and highly visible casting seams. Indeed, unlike the tacoais or the popo, many 
Birmingham-type manillas were too small to be worn as jewelry and too brittle to be used as casting metal, effectively limiting 
their function to that of specie.47 Stylistically, the nine manillas in Yale’s West Campus storage collections (Figure 1) are all 
“Birminghams”.  
 

 
Figure 3. The Denk manilla typology. The image for the tacoais type has been adapted from photographs by Skowronek;48 images for the popo and Birmingham 

types were adapted from photographs by Denk.2 
 
What, then, makes Denk’s simple typology so valuable, other than as a tool for dating and provenancing individual specimens? 
There are two important answers to this question. Firstly, the typology is helpful in understanding that manilla production and use 
directly reflected contemporary imperial power dynamics. This fact is best illustrated by the graph in Figure 4, which overlays a 
rough timeline of Denk’s manilla typology with the number of slaves embarked from Africa by Portugal and England during that 
period. While the French slave trade has not been included in the figure given the uncertainty surrounding the production and 
general significance of popo manillas, the graph nonetheless tells an interesting story. The disappearance of tacoais-type manillas 
in the mid-seventeenth century is matched by a precipitous drop in the number of slaves embarked by Portuguese ships.§ 
Furthermore, Birmingham-type manillas only begin to appear in the early eighteenth century, precisely when the British empire 
begins to institutionalizes the slave trade.45 In short, changes in manilla style and production pathways were clearly tethered to the 
changing imperial power dynamics of the transatlantic slave trade.  
 
Secondly, though, a careful reading of the Denk typology also provides important insights about the end of European empire, and 
the rise of the modern nation-state framework during the nineteenth and twentieth centuries. This line of reasoning starts with the 
fact that the Denk typology accounts for change in the Birmingham manilla over the course of the nineteenth century: in Denk’s 
seriation, Birmingham manillas become progressively smaller and more heavily leaded (i.e. lower quality) over time.2 This 
progression was closely tied to the rapid industrialization occurring in urban England at the turn of the nineteenth century, 
particularly in the metalworking industry.51 On the one hand, this meant that by the time the so-called “Industrial Revolution” hit 
its acme in the mid-nineteenth century, Britain was pumping out more manillas than ever before. One contemporary source 
estimates that in 1855, the city of Birmingham alone was producing more than 300 tons of manillas per year for export to West 
Africa52 (this translates to as many as 3 million manillas annually, assuming an average weight of about 100 grams per bracelet).**  
 
On the other hand, however, this industrialized proliferation of the manilla also resulted in a progressive loss of its value, from 
both a monetary and cultural perspective. In order to hit the sorts of output numbers seen in Birmingham in 1855, most manilla 
producers during this time stopped using brass and bronze and began using a cheaper leaded copper alloy, with lead 
concentrations of up to 25 percent by weight,15 and higher levels of antimony.53 Starting at the beginning of the nineteenth 
century, this cheapening triggered a race to the bottom. Smaller, lower-quality manillas meant less purchasing power in West 
Africa; this in turn drove British manilla producers to make even smaller, even cheaper manillas in an effort to maintain profit 
margins.52 Indeed, one British source reports that by 1858 in Bonny, in modern-day Nigeria, a Birmingham-type manilla was 
worth only three pence.54 That is equivalent to less than five U.S. dollars in 2023.55  
 
Parsed carefully, this negative feedback loop in British manilla production can be read as an allegory for the downfall of what the 
American historian Caroline Elkins and others call “liberal imperialism” — the political philosophy best embodied by Britain but 

 
§ While the Portuguese slave trade roared back to life in the early eighteenth century following the end of the Angolan Wars and the expansion of Brazil, the 
Portuguese colonies arguably had more autonomy by that time, altering the political power structures governing the trade.49,50 
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occurring throughout modern empires of the Global North, which derives an empire’s ruling mandate from its inherent moral 
and cultural superiority. This is essentially the “white man’s burden” argument set forth by the English writer Rudyard Kipling in 
his famous poem of 1899:56 the idea that violence against indigenous groups is justified, as long as the end goal is to re-make the 
victimized populations in the image of Western liberal democracy. As Elkins points out in a recent book, however,45 liberal 
imperialism necessarily contained within itself the seeds of its own destruction. By presuming to westernize its foreign subjects, 
the British and other similar European empires were also implying that those subjects would one day become westernized enough 
to govern themselves — in short, British liberal imperialism always came with a promise of freedom and self-determination for 
the oppressed. This promise was not sustainable, for obvious reasons, but it had to be made to continue performing the mental 
gymnastics necessary to justify the large-scale exploitation of human capital occurring in, say, the sugar plantations of nineteenth 
century Jamaica.34 

 

 
Figure 4. Number of slaves embarked from western Africa by Portugal and Britain between 1514 and 1866, overlaid with the chronological progression of 

Denk’s manilla typology. All data from the Trans-Atlantic Slave Trade Database.55 
 

Here is where we return to manillas. In 1807, against a political backdrop dominated by liberal imperialism, Britain outlawed the 
transatlantic slave trade at the height of its profitability, with an eye towards maintaining moral superiority over its imperial rivals 
in Europe and its colonized subjects abroad (this of course being one of many complex reasons). 21,** While this moral gamble 
arguably paid off for British imperial interests in the medium-term,30 it also destroyed the lynchpin of the manilla’s cultural and 
economic significance (i.e. as a token of the slave trade), fueling the ensuing race to the bottom and the subsequent consignment 
of manillas to relative uselessness.  
 
The manilla did not simply disappear, to be sure. In the same way that the transatlantic slave trade continued well into the 1840s,57 
the production and circulation of manillas continued throughout the nineteenth century. The plethora of manillas at a “juju 
house” in Allabia, in Southern Nigeria, when the building was raided and razed by the British traveling commissioner for the 
region in 1904 attests to their continued significance among the Andoni people.59,†† Notably, when use of manillas as currency 
was outlawed in British colonial Nigeria in 1911, more than 32 million bracelets were redeemed across the country for use as 
scrap metal, underscoring just how ubiquitous manillas continued to be in West Africa since the end of the slave trade.16 
Setting aside these caveats though, in a sense one might say that the British rendered useless their own mints. Just as the hypocrisy 
of liberal imperialism spelled the end of the British empire in South Asia and South Africa alike, leaving convoluted nation-state 
governments and disputed borderlands in its wake,60 so too did that hypocrisy spell the end of the manilla bracelet as a culturally 
bivalent form. 

 
** The early nineteenth century was also not the end of British financial involvement in the slave trade, and certainly not the end of manilla production in 
Britain.57,58  
†† Indeed, judging by descriptions provided by Apter and Derby, several of the manillas from that building appear to have been of the tacoais type, raising 
interesting questions about the lifespan of larger, higher-quality manilla bracelets.59  
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How, then, do we understand the story of the manilla, from a material perspective? Or perhaps, more to the point, how can we 
understand why the story of the manilla is so difficult to understand in the first place. After all, as discussed in the introduction 
above, it is a story seldom told, and one that sounds slightly different with each telling. Is the bracelet a prestige good and a source 
of pride (e.g. among its wearers in West Africa)?5 Or is it a shameful blood money and a reminder of the suffering caused by the 
slave trade?20,40 The answer to these questions brings us back to where we began, and to the idea of “metastasizing symbols”. Just 
as a liberal-imperial empire spells out its own demise, metastasizing symbols like the manilla inevitably become stretched too thin 
by the malevolent processes responsible for their proliferation in the first place. For the manilla this was the slave trade, and 
European imperial interests in western Africa more broadly. Another example of a metastasizing symbol might be the money 
cowries harvested in the Maldives and exchanged in West Africa, also as part of the transatlantic slave trade, throughout the 
sixteenth and seventeenth centuries.61 Still other examples might include English Premier League football jerseys in postcolonial 
Africa,62,63 or the global proliferation of the Timberland work boot, following its adoption by the New York hip hop community 
of the early 1990s.64,65 The point is that materially, the production of these items depends on processes of exploitation that are not 
sustainable.‡‡ But symbolically, their stories are like energy — neither created nor destroyed, only reshaped and told again, eroded 
into finer and finer grains of sand, deposited on far-away beaches along the oceans of time until another diagenesis occurs. 

 
METHODS AND PROCEDURES 
It is here that we return to those nine metal bracelets, sitting in a storage facility in West Haven. Having considered the manilla as 
an abstract object, it is now possible to interpret the elemental composition of these individual specimens. The following analysis 
attempts to do this by comparing X-ray fluorescence (XRF) composition data from the nine YUAG manillas to compositional 
data derived from eleven previous studies, with the aim of characterizing the YUAG manillas and commenting on their possible 
origin. Our aim is not to match the manillas to a specific copper ore source or mining site. There are likely too many factors, from 
combining copper and tin from different deposits to corrosion forming new compounds on the exteriors, for us to make such an 
identification nondestructively. Instead, archaeological chemist Mark Pollard’s concept of “processual provenance” offers a means 
for us to interpret the compositions of metal objects.75,76 This framework focuses on chemistry revealing different behaviors in 
the past, such as choosing bronze recipes based on social factors like economics (e.g., the costs of certain raw materials) or 
preferences regarding performance characteristics (e.g., the ease of casting, the final appearance). Pollard argued that such factors 
would differ across space and time and yield a tangible record within the resulting objects. 
 
Compositional data for the nine YUAG manillas were collected, without any alteration of the items, using an Olympus Vanta M-
Series portable XRF (pXRF) instrument. A modern pXRF instrument is essentially a state-of-the-art energy-dispersive XRF 
(EDXRF) system that fits into a small form factor. Quantitative analysis and identification of alloys is one of the major 
commercial uses of pXRF, a situation that has led to metals having better identifications in scrapyards than in most museums. 
However, the influence of corrosion on artifacts has been a concern even since the early days of wavelength-dispersive XRF  
(WDXRF) in archaeological chemistry.77 Because XRF is essentially a surface technique (i.e., the X-rays penetrate less than a 
millimeter past the surface of most metals),78 pXRF measurements have the potential to become skewed by products of 
corrosion. Bronze, as a non-ferrous metal, does not rust like iron. As shown in Figure 1, several of the YUAG manillas exhibit a 
tarnished brown color of simple oxidation, while others exhibit a green patina indicative of copper hydroxides, chlorides, and 
carbonates, among other related compounds. 
 
For more than a decade, there have been studies with and tests of pXRF measurements of archaeological copper alloys,79–87 
including scrutiny by specialists in archaeological metallurgy.88–90 Given that reliable and nondestructive measurements are 
possible using EDXRF,91 there is little reason for pXRF to be any worse in this respect. Many of the assessments have been 
cautiously optimistic, especially when concentrating on the major and minor elements such as Ni, Zn, Sn, Sb, and Pb.90,92,93 For 
example, Roxburgh et al. discerned pre-Roman (high Sn) and Roman (high Zn) bronze broaches in the Netherlands and 
concluded that their data were comparable to previous studies.94 Some have been more skeptical in their assessments,85 with one 
having gone so far as to call pXRF a “curse” for archaeometallurgy due to its popularity and uncritical use.95 Our use here, 
though, should not be regarded as uncritical but instead as informed by those studies that have tested and implemented effective 
applications of pXRF.  
 

 
‡‡ In the case of English football, as global broadcast rights become increasingly expensive (often selling for billions of dollars)66 and neo-feudal autocracy becomes 
the only viable football governance structure (consider, e.g., the rise of figures like Gianni Infantino, or Sheikh Mansour),67 the existence of the Premier League 
itself is becoming ever more precarious (Bosher 2023; Brannagan et al. 2022).68,69 In the case of Timberland shoes (among other symbols of early New York hip 
hop),70 the commodification of hip hop by global capital,71 combined with the disappearance of large swaths of its New York City homeland via processes of 
urban gentrification,72 has effectively diluted the brand.73,74  
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Source Method Number of manillas 

YUAG manillas pXRF (Olympus Vanta handheld) 9 

Caley and Shank 1966 Solution analysis (see Caley 1964:81-97 for detailed procedure) 2 

Craddock 1985 AAS§§ (Perkin Elmer series 306) 34 

Craddock et al. 1997 ICP-AES*** (machine unspecified) 2 

Craddock and Hook 1995 ICP-OES (machine unspecified) 15 

Denk 2020 pXRF (Niton XL3t GOLDD+) 10 

Denk et al. 2020 pXRF (Niton XL3t GOLDD+) 3 

Denk et al. 2019 pXRF (Niton XL3t GOLDD+) 1 

Kuntz et al. 2002 Energy dispersive XRF (Kevex Spectrace Quanx spectrometer) 17 

Riederer 2013 AAS (machine unspecified) 1 

Skowroneck et al. 2023 ICP-MS (Thermo Fisher Scientific ELEMENT XR) 67 

Werner 1978 ICP-OES (see Riederer 2013:109 for procedure) 1 

Table 1. Data used in this study. The analysis included composition data from a total of 162 manillas. 
 
 
One recommendation to come out of previous assessments is to measure larger areas and take multiple measurements.86,90 
Additionally, the resulting pXRF data may reveal which spots exhibit more or less corrosion. Detecting large amounts of chlorine, 
for example, can reveal that a measurement was taken on an especially corroded spot and that it should be excluded. Five 20-
second pXRF measurements were taken of each YUAG manilla on areas that appeared least corroded. An effort was made to 
spread the measurements out across the entirety of each bracelet, in case of any heterogeneity in corrosion. Furthermore, when it 
was immediately clear during testing that a measurement was mostly describing corrosion products (i.e. extremely high levels of 
light elements, etc.), that measurement was dropped and re-taken. The measurements were calibrated for accuracy using a set of 
12 certified standards designed for historical copper alloys and produced by MBH Analytical.96 In order to compare the nine 
YUAG bracelets to other manillas of known provenance, a database of additional composition data was assembled from the peer-
reviewed literature, following a survey of search engines including Proquest, Google Scholar, JSTOR and others, as well as a 
survey of several catalogs from museums across England and Germany. The resulting “database” (summarized in Table 1) 
included a total of 153 manillas, from 11 different publications. For the purposes of the following analysis, most specimens from 
the database were assigned to one of the three categories from the Denk typology (i.e. tacoais, popo or Birmingham). Several of 
the 153 manillas from the database could not be classified using the Denk typology, however. For this reason, three categories 
were added to Denk’s typology prior to my own analysis. These were “Birmingham-mkporo,” “King” and “pre-contact”. 
“Birmingham-mkporo” is Denk’s shorthand for what he and others believe to be very early Birmingam-type bracelets, probably 
dating to the late seventeenth through early eighteenth centuries.2,97 “Mkporo” manillas (named for a term used loosely 
throughout several language groups in eastern West Africa to describe manilla bracelets, but also money more generally)47 are 
similar in shape to other Birmingham types, but are identifiable mainly by their larger size and higher copper content.2 While the 
provenance notes attached to several mkporo manillas in the British Museum collections suggest that they may have been 
produced in Nigeria rather than Britain (i.e. that mkporos may be purely indigenous to West Africa), the category nonetheless 
remains useful for analysis. The “King” manilla category was used to describe four manillas analyzed by Craddock in 1985,98 as 
well as Kuntz et al. in 2002.43 The term, used by the authors of both studies, appears elsewhere in the literature and in common 
usage to describe any manilla produced in West Africa (rather than Europe) with a diameter greater than about 20 cm.2,16,43 The 
four King manillas included in this study are currently in the British Museum collections, and are believed by Craddock to have 
been produced in Bende, Nigeria, in the late nineteenth century.98  
 

 
§§ Atomic absorption spectroscopy, i.e. inferring the abundance of specific elements by measuring which wavelengths of light are absorbed by a sample.  
*** ICP here refers to “inductively coupled plasma” spectroscopy. Varieties include ICP-AES (atomic emission spectroscopy), ICP-OES (optical emission 
spectroscopy) and ICP-MS (mass spectroscopy). All three methods use a plasma to ionize the elements in a sample, before measuring their abundances via 
spectroscopy.  
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The final new category, “pre-contact”, was used to describe a single manilla excavated during the 1960s from the archaeological 
site of Igbo-Ukwu, in southeastern Nigeria.42  The specimen, also currently housed in the British Museum (object number 
Af1956,15.4), is roughly the size and shape of a Birmingham-type manilla, but is knotted in the middle, and is more than 98 
percent copper, supposedly weighing more than a kilogram.98 Excavation reports list it as coming from stratigraphic layers with 
radiocarbon dates calibrated to the tenth century (hence the designation “pre-contact” — in other words, before the arrival of the 
Portuguese on the West African coast), raising the possibility that this is an example of an ancestral form, from before the nexus 
of manilla production moved to Western Europe in the 1500s. The remarkable provenance of the Igbo-Ukwu manilla is called 
into question, however, by the bracelet’s listing in the British Museum catalog, where it is entered as having been given as a gift 
(presumably to the excavating archaeologists at Igbo-Ukwu, based on its description in the excavation reports)42 by Frank W. 
Carpenter, a local British district commissioner. While its inclusion in Shaw’s 1970 excavation report makes it seem as though it 
may still have come from tenth century contexts, it was likely not formally excavated. Regardless of this confusion, for the 
purpose of the below analysis, the “pre-contact” manilla was still stylistically distinct enough from all the other specimens to be 
given its own category.  
 
The studies included in the database span several decades, with the earliest one published in 1966 and the most recent in 2023.15,99 
The studies also encompass a wide variety of methods, with varying degrees of error and uncertainty — even within individual 
publications. For example, Craddock’s emission spectroscopic data exhibited, as would be expected for any analytical technique, 
low measurement error (approximately ±1%) for all major elements, but as much as ±20% for trace elements.75,100 To this end, 
only specimens with weight percentages listed for key major elements — copper, lead, tin, antimony and zinc — were included in 
the following statistical analyses (i.e., 139 of the total 153 gathered from the previous studies). Of course, our data collected from 
the nine YUAG manillas is not immune to uncertainty either, as we note above. However, based on previous tests of pXRF on 
archaeological copper alloys, the major elements also yielded the most reliable results. Nevertheless, the data included in this study 
can be thought of as semi-quantitative and do not precisely reflect either the ores or recipes used by the craftspeople involved. 
Corrosion products, even when not evident by eye, are still present, given the detection of a few percent sulfur for each manilla. 
We employ our data as percentages and process them using statistical methods, but the final results are perhaps best interpreted 
qualitatively (e.g. “these two bracelets have very similar compositions” versus “these two bracelets have less similar 
compositions”). Accordingly, our approach is similar to that of Martinón-Torres and colleagues, who identified different casting 
batches of bronze arrows among warriors of Emperor Qin Shi Huang’s Terracotta Army.88 
 
RESULTS 
Figure 5 shows the composition data collected from the nine YUAG manillas (see also Table 2). Immediately, a preliminary 
survey of the results makes clear that all nine are cast from leaded copper alloy, rather than bronze, as many earlier Birmingham-
type manillas were, particularly during the late eighteenth century.48 In any case, they are certainly not iron, as the YUAG 
collections database suggests.  
 
In order to properly understand the pXRF data from the YUAG manillas, however, they must be compared to composition data 
from the other manillas in the database. When all the data are visualized together — firstly in a principal component analysis 
(PCA; Figure 6), and secondly in a ternary diagram for lead, tin and zinc concentrations (Figure 7) — a few points become 
apparent. Firstly, if we are to deploy the categories of the Denk typology, then the PCA in Figure 6 would suggest that the 
Birmingham-type manilla represented a clear break in supply chains and production processes. Principal component 1 in the PCA 
(PC1, i.e. the X axis in Figure 6) serves mainly to divide Birmingham- from non-Birmingham-types, indicating that the 
composition of most Birmingham-type manillas included in this analysis was profoundly different from the compositions of both 
the tacoais- and popo-type manillas, which were relatively similar to each other by comparison (save for about seven popo 
manillas, which fall in a sort of transition range between the tacoais and Birmingham samples). This divide in the PCA could also 
be driven by the spread of the manilla categories across the different data sources — notably, the composition data for a majority 
of the tacoais manillas in the dataset come from a recent study by Skowronek et al., and most of them come from the same source 
(a shipwreck off the coast of San Sebastian, in Spain).15 But the fact that these San Sebastian tacoais cluster so far from any of the 
Birmingham-type manillas (including those also sampled by Skowronek et al.)15 is nonetheless meaningful. Additionally, the fact 
that a strong Birmingham-tacoais divide is also visible in the ternary diagram in Figure 7 suggests that it is not simply due to the 
transformations involved in mapping out the first two principal components.  
 
Secondly, the initial visualization of the entire dataset in Figures 6 and 7 also underscores the divide between Birmingham 
“mkporos” and other Birmingham-type manillas. In the PCA, the two categories are separated out mostly along PC1, suggesting a 
large amount of variation between them. In the ternary diagram, the two groups appear to be slightly more closely related, but the  
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Figure 5. Average composition of the nine YUAG manillas, calculated from five pXRF readings for each bracelet. Error bars show one standard deviation.  

 
mkporo manillas display much greater variation in their composition and tend to show lower levels of lead. The “pre-contact” 
manilla from Igbo-Ukwu, meanwhile, clusters suspiciously closely to several mkporo-type manillas on both the PCA and the 
ternary diagram, further calling into question its tenth century provenance. Regardless of its age, though, if the “pre-contact” 
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manilla was indeed produced in West Africa, then its similarity to the mkporos could instead indicate that the “mkporo” 
designation indicates production within West Africa. This is supported by the similarity between the mkporos and the one King 
manilla included in the statistical analyses: since the King manilla is known to have been produced in southern Nigeria near the 
end of the nineteenth century, the fact that it clusters with the mkporos lends strength to the hypothesis that mkporo manillas 
may have been produced in West Africa as well. Either way, these initial results suggest that “mkporos” deserve their own 
category in the Denk typology. Indeed, on this note, the “Kongo manillas” discussed above — typified by large, thick bodies and 
undecorated ends (Figure 2) — may also represent an important new category. Or, at the very least, they seem to be worth 
investigating via further composition analysis. However, they also appear to split into two distinct groups along the right hand 
side of the ternary diagram, with accession numbers 192 through 195 (see Figure 1 above for reference) clustering in the bottom-
right corner, and accession numbers 196 to 200 exhibiting much greater variation in lead concentration. These groups are also 
visible along PC2 in the PCA: when nonparametric density contours are drawn around the YUAG manillas on a two-dimensional 
scatter plot of the first two principal components, the two clusters separate out at about the 50 percent interval, indicating a 
noteworthy (if not exactly clear-cut) division. From a common-sense perspective, these two groupings within the composition 
data also make sense visually. Specimens 192-195 are smaller and slightly more circular, with less variation in size (average 
diameter = 6.16 cm; σ = 0.134), while specimens 196-200 are larger, more elliptical, and more varied in their shape and size 
(average diameter = 6.95 cm; σ = 0.576). Specimens 196-200 are also more heavily corroded, raising the possibility of a different 
provenance, or at least a different use-history.  
 
Several attempts have already been made by European authors at categorizing different types of Birmingham-style manillas.52,54 
One such example, a typology assembled by the Swedish amateur ethnographer Sven-Olof Johansson, might be useful here.47 
YUAG specimens 192-195 are very visually similar to what Johansson calls “okpohos”, a small currency manilla used widely 
throughout British colonial West Africa. Specimens 196-200, meanwhile, are much closer to what Johansson calls “onoudus”, an 
oval-shaped bracelet most common in modern-day Cross-River state, in southern Nigeria. 
 
Interestingly, when the PCA plot is color-coded by origin (Figure 6), the okpoho group (specimens 192-195) cluster quite closely 
with several mid-nineteenth century Birmingham manillas from the wreck of a British ship off the coast of the Scilly Islands in 
1843 (the group falls within the 60 percent interval when the entire dataset is used to generate nonparametric density contours).††† 
The onoudu group, however (YUAG specimens 196-200), do not seem to cluster within any of the specimens from previous 
studies, and indeed exhibit a much larger amount of diversity among themselves. While this difference could be due to their worse 
preservation (as mentioned above, they are clearly more corroded than the manillas in the okpoho group), the slight variety in 
their shape and size suggest that it may also be due to different production histories.  
 
With these general observations in mind, it is possible to return to the nine YUAG manillas. They cluster with the other 
Birmingham manillas in the PCA, the ternary plot and the bar graphs in Figure 8, as expected based on their shape and size — 
within the parameters of the Denk typology, they are definitely “Birmingham” manillas.  

 
DISCUSSION AND CONCLUSIONS 
Following the initial analysis described above, in the interest of identifying a precise production location for the nine YUAG 
manillas, a spatial analysis was also undertaken. To start, all manillas with known provenance were plotted as points in ArcGIS 
Pro, along with their lead and zinc concentrations. The ArcGIS inverse distance weighting (IDW) function was then used to 
interpolate likely lead and zinc concentrations for hypothetical manillas produced in those areas (i.e. “landscape maps” for lead 
and zinc). While it should not be assumed that there is any sort of predictable correlation between production location and 
manilla composition over vast distances (it would not be possible, for instance, to interpolate expected lead concentrations for 
manillas in Senegal based only on those in Bende), an interpolation can at least be used to visualize places where the sampled 
manillas were most similar to those from the YUAG. Several IDW models were tested; a second-order polynomial, with a cell size 
of 10 km2, generated the least discrepancy between known and interpolated concentration values for the manillas with known 
production locations (the discrepancy between actual and predicted values for this model was 4.02 percent for lead, and 0.680 
percent for zinc).  
 
Figure 9 shows the result of the IDW analysis: the only spot where the interpolated values for both lead and zinc match the 
observed range of concentrations for those elements in the YUAG manillas is in northwest England, near Liverpool, where the 
Douro is thought to have sourced its manillas before sinking in 1843.101 This makes sense — as mentioned above, YUAG 
specimens 192-195 cluster with the manillas from the Douro wreck in the PCA plot (particularly specimen 193, whose composition 

 
††† From the perspective of PC1 on the PCA plot, the okpoho group (specimens 192-195) also appears to cluster quite closely with manillas recovered from a 
much earlier wreck (from 1717) off the coast of Cape Cod, in Massachusetts. But when the raw composition data is considered — e.g. in the lower bar graph in 
Figure 10 — the manillas from the Cape Cod wreck are revealed to be quite different from their YUAG counterparts.  
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matches the average element concentrations in the Douro manillas almost exactly). The Douro sank off the coast of the Scilly 
Islands on the night of Thursday, January 26, 1843. According to contemporary newspaper reports, the ship was sailing from its 
home port of Liverpool to Porto, Portugal, apparently as the first leg on a longer voyage to West Africa.101,102 The wreck was 
discovered by amateur divers from the Scilly Islands in 1972, when they reported finding hundreds of manillas.15 Many of these 
ended up in private collections across England;103,104 it is not an impossible leap to imagine that some of the manillas in the 
YUAG collections could even have come from this shipwreck.  
 
 

YUAG 
Accession 
Number 

Average wt% (standard deviation in parenthesis) 

Cu Pb Al Sn Sb Fe Zn Ca As S 

2010.6.192 
62.1 
(2.3) 

15.7 
(1.2) 

0.5 
(0.2) 

3.6 
(0.2) 

5.6 
(0.2) 

0.3 
(0.2) 

0.4 
(0.02) 

4.7 
(0.5) 

0.6 
(0.1) 

3.5 
(0.5) 

2010.6.193 
43.2 
(5.0) 

29.4 
(1.8) 

0.2 
(0.04) 

0.9 
(0.2) 

8.9 
(2.3) 

1.6 
(1.1) 

0.1 
(0.02) 

4.7 
(1.3) 

1.1 
(0.4) 

7.0 
(0.5) 

2010.6.194 
58.6 

(14.1) 
11.9 
(2.3) 

0.9 
(0.4) 

0.04 
(0.01) 

6.7 
(1.6) 

0.1 
(0.02) 

0.1 
(0.03) 

3.5 
(0.8) 

0.4 
(0.2) 

2.5 
(0.5) 

2010.6.195 
65.4 
(4.9) 

15.0 
(3.2) 

1.0 
(0.1) 

2.2 
(0.3) 

4.6 
(0.5) 

0.2 
(0.1) 

0.5 
(0.03) 

3.1 
(0.4) 

0.3 
(0.2) 

3.4 
(0.5) 

2010.6.196 
39.8 

(18.2) 
32.3 

(10.2) 
Not 

detected 
0.7 

(0.2) 
0.1 

(0.02) 
0.8 

(0.3) 
0.1 

(0.1) 
0.6 

(0.2) 
3.1 

(1.0) 
6.9 

(1.1) 

2010.6.197 
47.6 
(7.1) 

34.6 
(6.9) 

0.5 
(0.4) 

2.1 
(0.6) 

0.4 
(0.1) 

3.3 
(1.3) 

0.1 
(0.02) 

0.8 
(0.3) 

1.6 
(0.6) 

6.7 
(0.9) 

2010.6.198 
34.7 

(15.9) 
27.0 
(1.3) 

0.5 
(0.2) 

10.7 
(2.4) 

0.6 
(0.2) 

0.9 
(0.4) 

0.1 
(0.1) 

2.1 
(0.5) 

1.5 
(0.3) 

5.5 
(1.2) 

2010.6.199 
32.1 
(9.3) 

28.9 
(9.0) 

0.6 
(0.2) 

11.2 
(2.0) 

0.4 
(0.1) 

4.8 
(3.2) 

0.1 
(0.1) 

3.0 
(1.2) 

1.5 
(0.5) 

5.8 
(1.8) 

2010.6.200 
29.1 

(11.1) 
23.6 
(3.4) 

0.7 
(0.3) 

12.0 
(3.3) 

0.9 
(0.3) 

4.2 
(2.0) 

0.1 
(0.03) 

3.1 
(0.5) 

4.1 
(1.2) 

5.5 
(0.8) 

Table 2. PXRF data for the nine YUAG manillas. Listed weight percents are averages of the five measurements taken for each bracelet. 
 

 
The map in Figure 9 is not meant to be exact, of course. Precise sourcing of manilla production locations within England is 
difficult, and the coverage provided by the database is quite thin for an IDW analysis (fewer than 70 of the 153 manillas had 
known production locations, and the accuracy of interpolated values generally tends to decrease with fewer or less well-distributed 
reference points). A more holistic sourcing attempt would arguably also involve lead isotope analysis, a destructive sampling  
 

  
 

Figure 6. Plot of the first two principal components from a PCA of composition data from the nine YUAG manillas and 130 others. The PCA included weight 
percentages for As, Cu, Pb, Sb, Sn and Zn. Left: points coded by type; right: same PCA plot, but with points coded by provenance. The YUAG manillas in the 

bottom plot are labeled with their accession number. 
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Figure 7. Ternary diagram relating concentrations of Pb, Sn 
and Zn in the nine YUAG manillas and 130 others. These 

three elements were on average the most abundant across all 
162 specimens (other than copper). 

 

 
 

Figure 8. Bar graphs comparing the average composition of the nine YUAG manillas to 
manillas from previous studies. Top: manillas grouped by typology; bottom: grouped by 
provenance. Error bars show one standard deviation. The “YUAG 1” and “YUAG 2” 
groups in the bottom plot refer to the two groups visible along PC2 in the PCA plot in 

Figure 8 above (YUAG 1 = specimens 192-195; YUAG 2 = specimens 196-200). 

 

 
Figure 9. Places where the metal used in manilla production was likely to have had compositions falling within the range exhibited by the nine YUAG manillas. 
Pb and Zn maps were interpolated based on manillas from previous studies with known Pb and Zn concentrations and known production locations (n = 68), 

using inverse distance weighting (IDW), with a second order polynomial. 
 

technique not permitted by the YUAG’s collection policies. All lead isotopes except 204Pb are radiogenic; the fractionation of lead 
isotopes in a sample of archaeological metal (usually measured via mass spectrometry of lead sulfide, precipitated from a small 
amount of swarf) can thus describe the geologic age of the original ore. By comparing lead isotope ratios in the manillas to lead 
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isotope ratios in British ore deposits known to have been used during the nineteenth century, one could in theory pinpoint the 
geographic source of the metal used to cast the bracelets and, from there, use primary sources to reconstruct a geography of their 
production. Skowronek et al. recently employed this method for a large collection of manillas, including several Birmingham-type 
bracelets with known provenance.15 A comparison between those lead isotope data and data from the YUAG manillas could be 
particularly fruitful.  
 
Nonetheless, when the IDW analysis in Figure 9 above is taken together with the stylistic attributes and weight percentage 
concentrations of YUAG specimens 192-195, the map is at least a useful tool in envisioning a possible provenance for some of 
the YUAG’s manilla bracelets. 
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PRESS SUMMARY 
Metal, horseshoe-shaped bracelets known as manillas emerged during the early modern period (ca. fifteenth century AD) as a 
form of currency between western Europe and West Africa, and these items continued to circulate on both continents until the 
early twentieth century. Today, narratives about the bracelets abound. For some, they are most significant as the unofficial blood 
money of the transatlantic slave trade. For others, they are even more significant as the copper source used to make famous works 
of West African art, such as the Benin Bronzes. Meanwhile, still others uphold the manilla as a symbolically important form of 
West African jewelry in and of itself. In this article, we offer a history of the manilla, from its rapid proliferation to its eventual 
obsolescence. We propose that the term “metastasizing symbol” can be utilized to describe objects such as the manilla, whose 
propagation is underwritten by unsustainable systems of cultural difference and, thereby, contains within itself the seeds for the 
object’s transition to disuse. Using X-ray fluorescence (XRF) data from nine manillas at the Yale University Art Gallery, we also 
demonstrate how chemical analysis can be used to augment the socio-cultural geography of the manilla. 
 



American Journal of Undergraduate Research www.ajuronline.org

 Volume 21 | Issue 1 | June 2024  20



American Journal of Undergraduate Research www.ajuronline.org

 Volume 21 | Issue 1 | June 2024  21

Reporting on Antibiotic Resistance in Two US Newspapers Before and 
During Covid-19 
 
Zachary Weis, Frances Mack, & Amanda Greene 
 
Lehigh University, Bethlehem, PA 
 
https://doi.org/10.33697/ajur.2024.110 
 
Students: zjw224@lehigh.edu*, fcm224@lehigh.edu 
Mentors: smf6@lehigh.edu*, akg319@lehigh.edu 

 
ABSTRACT 
Antibiotic resistance (AR) is a growing health crisis that has remained underrepresented in coverage across major news 
publications in the U.S. despite increasing rates of related disease outbreaks and mortality worldwide. This study used content 
analysis to examine the coverage of AR in two major U.S. news publications before the COVID-19 pandemic (2018-2019) and 
during it (2020-2021). Coverage of AR in The New York Times (NYT) and The Washington Post (WP) was analyzed according 
to the use of frames, the quantity of articles published, and a number of other variables including stakeholders, diseases, and terms 
referring to AR. These factors were used to assess how coverage of AR differed before and during the COVID-19 pandemic, and 
how it differed between the two newspapers. Pre-COVID-19 coverage focused on AR as an isolated pandemic, while coverage 
during the early years of the COVID-19 pandemic often used AR as a supplementary component of the coverage to the main 
topic of COVID-19. This study found that both before and during the outbreak of COVID-19, the majority of the observed 
articles did not fully explain the scope, severity, or solution for the AR crisis. Instead, they provided readers with baseline 
information, framing AR as a contemporary issue and generally encouraging action but included very few tangible suggestions for 
every day, individual action for readers.  
 
KEYWORDS 
Superbugs; Frames; Antibiotic Resistance; Coronavirus; COVID-19; Media Coverage; Health Crises; Medicine 

 
INTRODUCTION 
Antibiotic resistance (AR) occurs when bacteria develop the ability to fight off the drugs designed to kill them, rendering the 
drugs ineffective.1 Bacteria can gain this resistance and then spread it to other bacteria by transferring plasmids, or genetic 
information, between cells. This results in the exponential growth of these super-strains of borderline-invincible bacteria, also 
known as Superbugs. Note that certain fungi can also become resistant to drugs similar to bacteria and, in many parts of the 
world, this problem is referred to as antimicrobial resistance (AMR) rather than antibacterial resistance (AR) as it is commonly 
used in the United States. Superbugs continue to threaten the efficiency and reliability of modern medicine, adding risk to 
common surgeries and hospital procedures.2 For nearly a century, antibiotics have helped to eradicate and alleviate common 
illnesses by blocking vital bacterial processes and helping the human immune system fight off infections. However, doctors, 
pharmaceutical companies, and most importantly patients are now facing a looming global health issue: resistance to these vital 
drugs. 
 
Antibiotic resistance has escalated to a slowly growing health crisis, impacting roughly three million people and killing 35,000 
annually in the United States, according to a 2019 Centers for Disease Control and Prevention (CDC) report.3 Human behavior 
has acted as a catalyst for global outbreaks of various antibiotic resistant bacteria. One of the most prevalent acts is through 
antibiotic over prescription or inappropriate prescription.4 A CDC study, using machine-learning modeling data from around 42 
million U.S. patient visits for antibiotic-inappropriate acute respiratory infections, discovered that around 11% of those visits 
(over 4 million people) were inappropriately prescribed antibiotics. This occurred despite insufficient diagnosis codes for acute 
respiratory infections requiring antibiotics.5 Overuse in the agricultural industries, especially in livestock,6 has also exacerbated the 
problem, leading to the development and rapid reproduction rate of Superbugs through excess exposure to these antibiotics. 
Bacterial evolution is currently moving faster than pharmaceutical companies can develop new antibiotics to combat it. Problems 
in the drug pipeline, with not enough new antibiotics being researched by large drug companies that see no profit in it, combined 
with over-prescription and overuse, pose a possible grim future for the health of many populations.  
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While Superbugs have been spreading slowly for the last few decades, COVID-19, a strain of Coronavirus, spread quickly across 
global populations in only a few years. According to a 2024 dashboard update by the World Health Organization (WHO), 
COVID-19 has claimed more than seven million lives since 2020.7 COVID-19 was declared a Public Health Emergency of 
International Concern (PHEIC) in January 2020, and the public watched case numbers oscillate and kept track of updates using 
social media and news platforms. 
 
This study assessed how the AR coverage changed with the COVID-19 pandemic by comparing the coverage of AR in two major 
U.S. newspapers before the COVID-19 outbreak and after its onset in early 2020. Media coverage during the COVID outbreak is 
particularly interesting because it allows for the comparison between a slow-moving pandemic in antibiotic resistance and a fast-
moving pandemic in COVID-19. This comparison also allows for an observation of how media coverage of creeping health crises 
can be overshadowed by other, more heavily covered topics, especially that of another pandemic. To evaluate these factors, we 
examined U.S. media’s coverage on the development of AR in the widely distributed New York Times (NYT) and Washington 
Post (WP) in both print and online versions. We collected and coded articles in these publications over four years, looking at the 
two years preceding the onset of the COVID-19 pandemic, and during the pandemic’s first two years to analyze the overall 
coverage of AR and how it changed with the addition of an immediate public health emergency. 

 
LITERATURE REVIEW 
Public Awareness of Antibiotic Resistance 
Despite continuous rises in reported outbreaks and overall death tolls, major countries including Canada, Brazil, France, 
Germany, China, the United States, and more have yet to make antibiotic resistance a priority, as observed by the Global 
Coalition on Aging and the Infectious Diseases Society of America (IDSA). In a 2018 survey performed by the European Center 
for Disease Prevention and Control (ECDC) of over 18,000 healthcare workers, fewer than 60% were able to answer questions 
about antibiotics correctly, and only 58% agreed that they played an important part in preventing antibiotic resistance. The survey 
also noted that about 50% of respondents were uncertain about their country’s plan to help prevent antibiotic-resistant infection 
outbreaks.8  
 
A 2021 survey shows that only 46% of the public in Brazil, 51% in the United States, 63% in China, and 68% in India recognize 
AMR as a term.9 This lack of public awareness is alarming in that it suggests that highly populated areas in major countries remain 
highly unprepared or unequipped to take measures against the spread of antibiotic resistant infectious diseases.  
 
There have been some recent efforts to combat this lack of awareness, accompanied by specific calls for action to major countries 
detailing steps that can be taken against AR. A 2019 report by The Wellcome Trust emphasized the severity of antibiotic 
resistance by stating the death tolls and the impact that it has had on lower and middle income countries. It also proposed ways 
that different nations can mitigate the effects of bacterial development and drug failure including changing the ways in which 
antibiotics are dispensed, funding new drug development, educating communities about the problem in strategic ways, 
strengthening hospital and doctoral stewardship, and pioneering ways to detect the development of Superbugs in livestock.10 
Another call for action has been to pass the PASTEUR Act, a bill currently being presented to the U.S. congress that would allow 
the federal government to create more financial incentives for advancements in drug development and new antimicrobial 
treatments.  
 
Media Influence on Infectious Disease Outbreaks 
Hope for intervention is not all lost; coverage of infectious diseases across mass media platforms can help eliminate this lack of 
awareness through its effect on public opinion and forcing action against infectious diseases. A study at McMaster University 
found people tend to view diseases that are highly covered in the media as more severe than those that are less covered. 
Increasing rates of reporting of outbreaks also play an important role in perception of risk in a population.11 Another report used 
theoretical projections based on psychology to find that, in general, during large outbreaks of infectious diseases with high 
mortality rates, individuals closely follow the news. As a result, they make efforts to minimize their exposure by isolating, which 
has a modest impact on overall morbidity. Media influence was strongest when media coverage was earlier in the outbreak; 
however, an increase in media exposure was found to minimize the severity of the infectious disease even when introduced later 
into the outbreak.12 

 
The Impact of Journalistic Framing 
Drawing public attention to media coverage of issues such as antibiotic resistance can be aided by a journalistic tool called 
framing. Differing representations or “frames” play a large role in situational analysis and perception of a given issue by an 
audience. Framing is a tool that is a key aspect of journalism as a whole, and it is particularly important when referring to health 
crises or trends within the mass media. “Specifically, news frames may be conceptualized as principles of selection, emphasis, and 
presentation composed of little tacit theories about what exists, what happens, and what matters….” The subject of often intense 
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negotiation between journalists and their editors, as well as their sources, frames help to render “an infinity of noticeable details” 
into meaningful categories.13 Framing was investigated in a study related to opioid research in media, where it was found that most 
news stories were framed as “facts,” however, in reality, it was rare that the presented information was sufficiently evaluated for 
its validity. The study mentions that many of the articles published in the mass media on opioid research often took findings from 
scientific journals out of context and inaccurately conveyed a lack of research in a given topic, or framed related research as 
controversial.14  
 
This misinformation amongst audiences and its effect on reader understanding in regards to AR was also investigated in a recent 
study. Here, the impact of framing on public perception of AR overuse in livestock was examined using a survey. It was found 
that multiple frames, including the “blame frame,” which described AR as a result of antibiotic overuse as an effort to combat 
animal welfare issues, had notable impacts on consumer trust. It was also found that readers were more likely to trust information 
when it was framed in a way that took the blame off of themselves, and rather placed the blame on the agricultural industry.15 

These findings exemplify how a media portrayal may alter the perception of major health events of crises and ultimately affect 
resulting outcomes in terms of audience impression.  
 
Present Study 
This study analyzed coverage on antibiotic resistance over two time periods in the NYT and the WP in terms of how and to what 
extent it was being covered. We sought to analyze how antibiotic resistance was presented and described in each given WP and 
NYT article, which stakeholders were represented within the articles, and the suggested actions that could be taken away from 
each article to help fight against the health threat. Building on past reports on AR published by PEW Charitable Trust,2 the World 
Health Organization,7 the Centers for Disease Control and Prevention3, as well as the Wellcome Trust,10 we aimed to answer the 
following research questions: 
 

1. What journalistic frames were most predominant across publications? How does this affect the overall perception of antibiotic resistance?  
2. What happened to the coverage of antibiotic resistance once COVID-19 became a major coverage topic? 
3. Were multiple terms used to discuss AR?  Which were the most prevalent?   
4.  Was the coverage driven by different diseases or outbreaks?  
5.  What groups or organizations (stakeholders) were most often cited in the articles?  
6.  Were any actions suggested to improve or combat the situation?  
7. Were there differences in coverage between the two national newspapers in the coverage of AR? 

 
METHODS AND PROCEDURES 
To better understand antibiotic resistance both as a concept and health threat, we initially researched the threats that AR poses to 
public health, why it is important that people be informed about these threats, and how and to what capacities they are being 
conveyed and reported on in major media outlets. We reviewed reports on antibiotic resistance and various programs sponsored 
by the CDC, FDA, WHO, and the Wellcome and Pew Trusts. 
 
We patterned part of our study on “Reframing Resistance,” a study done by the Wellcome Trust Foundation in 2019,9 which 
examined media coverage of AR in five countries including the United States. The Wellcome Trust is a global charitable 
foundation based out of the UK that is dedicated to health-based research in the topics of mental health, climate and health, and 
infectious disease. The Wellcome Trust conducted a robust study of frames across antibiotic resistance coverage by various media 
outlets. Reframing Resistance was a qualitative analysis that categorized AR coverage into five major frames. The results of the study 
suggested changes to the ways in which antibiotics are dispensed, funding new drug development, educating communities about 
the problem in strategic ways, strengthening hospital and doctoral stewardship, and pioneering ways to detect the development of 
Superbugs in livestock. We were particularly interested in seeing how our two newspaper findings compared to those of the 
Wellcome Trust’s earlier U.S. findings.  
 
The Wellcome Trust coded AR media coverage under the following frames: Undermining Modern Medicine, Explain the 
Fundamentals Succinctly, Emphasis that this is a Universal Issue, Focus on the Here and Now, and Encourage Action. We 
utilized these frames in our coding research, and added additional frames (Apocalyptic, Political, Personal, Optimistic, and 
Economic) based on our review of the literature to further categorize the articles that we observed. The first frame we used in this 
study was “Undermining Modern Medicine,” in which articles described bacterial-resistant infections as lessening the effectiveness 
of modern treatment options, including those not directly related to the bacterial-resistant infections themselves. The second 
frame used was “Universal Issue,” in which articles stated antibiotic resistance affects everyone, and is a threat to all. The third 
frame used was “Here and Now,” which described antibiotic resistance as a problem that is occurring now, as opposed to an issue 
in the far-future. Words and phrases like “urgent,” “today,” and “right now” were some examples of key indicators for this frame. 
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The fourth frame was “Encourage Action,” which focuses on preventing unnecessary death and suffering, and more specifically a 
push to take action. Words and phrases like “take action” and “act upon” were key indicators of this frame. “The fifth frame we 
considered was “Apocalyptic,” in which articles described antibiotic resistance as a threat to “return to dark ages.” The sixth 
frame was “Political,” in which articles focused specifically on government action or inaction in regards to preventing AR. The 
seventh frame was “Personal,” which focused on consumerism, individual examples of antibiotic overuse, and a lack of public 
awareness on AR. The eighth frame was “Optimistic,” in which articles encouraged more research, called for the development of 
new antibiotics, and approached AR with a hopeful mindset. The ninth frame was “Economic,” which focused on economic 
damage as a result of AR, increases in the cost of healthcare, and pharmaceuticals. Any articles with frames that did not fall under 
these categories were placed in an “Other” category.  
 
We developed an analytical codebook to categorize articles that were collected from ProQuest after our initial research. These 
categories allowed us to obtain a detailed outline and understanding of the desired parameters of coding for each variable, which 
led us to more precise results and analysis. Relevant articles were coded for 32 variables, including present stakeholders, different 
diseases mentioned, and the words used to refer to antibiotic resistance. We cataloged the stakeholders, that is, the types of 
persons and organizations involved in mitigating the fallout of future Superbugs, the scope of the future resistance-based 
pandemics, and the ways in which this issue was framed by these major newspapers. We used the codebook that we developed to 
compare the coverage and framing of AR before and after the onset of COVID-19.  
 
We used the ProQuest database to gather relevant articles from the NYT and WP. We chose to look at these publications 
specifically because they are both major sources of many people’s daily health information. Using ProQuest, we conducted 
advanced, targeted searches to find all of the articles mentioning a series of key search terms pertaining to antibiotic resistance and 
used the codebook to break down coverage within relevant articles. The first search, focusing on articles published between Jan. 
1, 2018 and Dec. 31 2019, avoided COVID-19 as a confounding factor. Articles for the pre-COVID-19 search (2018-2019) were 
obtained using the following search terms:-((antibiot* OR “antimicro* OR antifun* OR drug) NEAR/5 resistan* OR 
“superbug*) for dates from Jan. 1, 2018 to Dec. 31, 2019. We then repeated the process for a second search, focusing on articles 
published in the two newspapers during 2020 and 2021 after the initial coronavirus outbreak. We added additional coding 
categories to collect COVID-19-related information.  These categories were related to whether COVID-19 was mentioned in the 
article, what terms were used to reference COVID-19 and how it was framed, if a connection was made between COVID-19 and 
AR, and if antibiotics or ventilators were involved in the treatment of COVID-19. No book reviews or obituaries were included 
in the final article count and irrelevant or duplicate articles were eliminated from the final coding. All articles were coded by two 
people to ensure accuracy. Coding disagreements were negotiated by the coders, with occasional faculty assistance. 
 
We then input all of the coded data into Excel spreadsheets and checked them with one another to ensure intercoder reliability. 
Using Excel, we compared and sorted through our data by putting them into graphs to visualize and analyze the data that we 
collected. SPSS 29 was used to analyze the data, focusing on differences between the two newspapers and between pre-COVID 
and during COVID coverage.  Chi-square contingency tests showed no statistical significance in data comparison between the 
NYT and WP.  However, there were some significant differences in the number of articles and the major frames used based on 
the timeframe. Standardized adjusted residuals were used for post-hoc analysis of the significant chi-square tests. These findings 
will be detailed below in the results section.  

 
RESULTS 
Compiled Results from 2018-2021 
The total number of articles found in the NYT and the WP regarding antibiotic resistance was relatively small: 176 articles in the 
NYT and 112 in the WP from 2018-2021. Comparing the total article count in both publications by year, 39 articles were 
published in 2018, 145 were published in 2019, 50 in 2020, and 52 in 2021, with notable spikes in both newspapers in April 2019, 
August 2019, and December 2019 (see Table 1).  A goodness of fit test comparing the number of articles in each of the four years 
showed significant differences between them (𝜒𝜒𝜒𝜒2 (3, 288) = 102.86. p<.001). A goodness of fit comparing pre- and post-COVID-
19 articles likewise revealed statistically significant differences in the number of articles between these two time periods ( 𝜒𝜒𝜒𝜒2 (1, 
288) = 23.36. p<.001) 
 
There were notable spikes in antibiotic resistance coverage during select months in the study. In April 2019, a total of 14 articles 
appeared in both publications about antibiotic resistance. It can be inferred that this increase in articles came as a result of an 
outbreak of the infection Candida auris. In August 2019, 14 articles were published by the NYT, and six were published by the 
WP. This increase can be attributed to the development of a successful treatment for an antibiotic strain to tuberculosis, which 
was covered in 32 articles by the NYT. In December 2019, the NYT published 18 articles about antibiotic resistance, and the WP 
published 11. The NYT coverage looked at a variety of topics including the bankruptcy of pharmaceutical companies trying to 
improve the drug pipeline, the use of antibiotics in the swine industry, and the bacteria in the Ganges River. This increase in 2019 
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coverage comes as a result of a NYT series of articles about antibiotic resistance titled, “Deadly Germs, Lost Cures.” The series 
was primarily written by reporters Matt Richtel and Andrew Jacobs, and it covered a wide range of topics surrounding the issue of 
antibiotic resistance. The series started in 2019, had occasional articles throughout the year and three articles from this series were 
published in December 2019. Each article was accompanied by several summarizing briefs and sidebar stories about the issue. 
Since the articles within the series were so dispersed over the year, with different authors, it would have been difficult for readers 
to identify it as a significant coverage effort on the AR topic. 
 
The degree of discussion about AR differed across articles. In all coded articles, 57.64% (n = 166) “only briefly discuss/mention 
AR and were on another topic,” 40.28% (n= 116) “mostly discuss AR,” and 2.08% (n = 6) “were listings of various articles; 
briefs.” In the 211 articles that only mentioned AR (did not mention COVID-19), 50.24% (n = 106) “only briefly 
discuss/mention AR and were on another topic,” 47.87% (n = 101) “mostly discuss AR,” and 1.90% (n = 4) “were listings of 
various articles; briefs.” In the 77 articles that mentioned both AR and COVID-19, 77.92% (n = 60) “only briefly 
discuss/mention AR and were on another topic,” 19.48% (n = 15) “mostly discuss AR,” and 2.60% (n = 2) “were listings of 
various articles; briefs.” 
 

 
Figure 1. Total antibiotic resistance articles by year. 

 
Major Frames 
Overview of Results: The five major frames included in the 2019 Wellcome Trust search as well as four additional frames were 
included in this study.  Of these, two were the most prevalent, dominating all of the others in both newspapers in our study.  The 
most common major journalistic frame used was to “Encourage Action,” which focuses on preventing unnecessary deaths or 
suffering. The second most common major frame used was a “Focus on Here and Now,” which emphasizes that this issue is not 
a far-future problem, but rather a problem occurring now; it is immediate. The least common journalistic frame found was 
“Economic” which focused on a return to “dark ages,” doom and gloom, and an impending sense of doom centered around 
pandemics and epidemics.9 
 
Year by Year Comparison: There were significant differences between the major frames used in 2018-2019 compared to 2020-2021 ( 
𝜒𝜒𝜒𝜒2 (8, 288) = 32.74 p<.001). In 2018, the most common frame in both the NYT and WP was “Encourage Action” and in the 
years 2019-2021, the most common frame in both the NYT and WP was “Focus on Here and Now.” Post-hoc tests with the 
Bonferroni correction suggested three significant pairwise comparisons. Concretely, the “Encourage Action” frame appeared 
more frequently in the COVID-19 period compared to the pre-COVID-19 period than would be expected by chance; the 
“Apocalyptic” frame appeared more frequently in the pre-COVID-19 period than the COVID-19 period than would be expected 
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by chance; and none was present more frequently in the pre-COVID-19 period than the COVID-19 period than would be 
expected by chance. See Table 1 for a summary of this data. 
 

FRAMES 2018-2019 2020-2021 Total Significance 

Undermining Modern Medicine (n, %) 22, 11.9% 10, 9.7% 32   Z = -.6,  p = .59 

Here and Now (n, %) 44, 23.8% 16, 15.5%  60   Z= -1.7,  p = .09 

Encourage Action (n, %) 28, 15.1% 33, 32.0% 61   Z = 3.4,  p < .001* 

Apocalyptic (n, %) 20, 10.8% 1, 1.0% 21   Z = -3.1,  p = .002* 

Political (n, %)  10, 5.4% 4, 3.9% 14   Z = -.6,  p = .59 

Personal  (n, %) 17, 9.2% 15, 14.6% 32   Z = 1.4,  p = .16 

Optimistic (n, %)  19, 10.3% 18, 17.5% 37   Z = 1.8,  p = .07 

Other (n, %)*  7, 3.8%  5, 4.9% 12   Z = .4,  p = .67 

None  (n, %)* 18, 9.7% 1, 1.0% 19   Z = -2.9,  p = .003* 

Table 1: Comparison of Major Frame Prevalence between 2018-2019 and 2020-2021. Note. For chi-square analyses and cell comparisons using Z-scores, we used 
Bonferroni Correction, such that significant p-value was set to p < .005. * = statistically significant group differences at p < .01 level. 

 
During 2018, prior to the outbreak of the COVID-19 pandemic, only one article had an Encourage Action frame, meaning that 
antibiotic resistance was not viewed as a health crisis that required immediate personal action in 2018. However, in the following 
years, during the onset of the COVID-19 pandemic, the number of articles across both publications using this frame increased 
and remained relatively steady. In 2019, before COVID-19 became a major topic in the news, 27 articles across both publications 
used the Encourage Action frame. In 2020, after COVID-19 was declared a pandemic, 12 articles used this frame; and in 2021, 21 
articles had Encourage Action as the dominant major frame.  
 
Conversely, the second most prominent frame, Focus on the Here and Now, was most prominent in the earlier years of the study 
and waned in the following years, as the COVID-19 pandemic began to dominate the media. In 2018, there were 22 articles 
across both publications that primarily looked at antibiotics under the Focus on the Here and Now lens. In 2019, there were 22 
total articles; in 2020, there were six; in 2021, there were 10 articles across both newspapers that used the Focus on the Here and 
Now frame. Overall, the NYT published more articles under both frames, and the two most prominent major frames had inverse 
trends in the observed media outlets over the course of the measured years. 
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Figure 2. Proportional frequency of major frames used to characterize antibiotic resistance in articles published, broken down by year. 

 
Description of Antibiotics 
Overview of Results: Having an understandable and relatable definition of antibiotic resistance for readers was important for luring 
them into reading the articles. The newspaper articles described antibiotic resistance for their readers in several ways.  The most 
common description was “antibiotics have become ineffective or stopped working,” which states that antibiotic resistance is when 
antibiotics have become obsolete for treatment purposes. The “Ineffective Antibiotics'' description was found in 119 of 288 total 
articles, or 41.32% of total articles. The second most common description was a more scientifically accurate description of the 
situation that concerned bacteria and their development of resistance to antibiotic drugs, their behavior and evolution. This was 
discussed in 92 articles over the four years of the study. As shown in Figure 3, there was a lower frequency of articles describing 
antibiotic resistance as issues related to overuse of antibiotic drugs by doctors, hospitals, consumers or in agriculture or farming.   

 

 
Figure 3. Proportional frequency of descriptions of antibiotic resistance in articles published, broken down by year. 
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Diseases Mentioned 
Overview of Results: The most prominent disease mentioned in both publications from 2018 to 2021 was HIV, with 12.11% of all 
articles (n = 50) detailing the relationship between antibiotic resistance and HIV. Another commonly mentioned disease was 
tuberculosis or “TB.” This was mentioned in 11.86% of total articles (n = 49). Candida auris also appeared in a notable number of 
articles; mentioned in 7.51% of all articles (n = 31).  Seventy-nine of the articles across both publications from 2018-2021 
discussed other diseases or very specific infections relevant to antibiotic resistance.  
 
Year by Year Comparison: HIV representation saw consistent numbers across all years in terms of articles it was mentioned in 
relative to articles published. As for tuberculosis, there was a spike in its frequency, appearing in 24 articles in 2019 across both 
publications and only 25 total articles across both publications over the years 2018, 2020, and 2021. There was also a spike in both 
publications for Candida auris, as it was mentioned in 29 articles in 2019 across the WP and the NYT and just 2 total articles in 
both publications in the years 2018, 2020, and 2021.  
 
Terms Referring to AR 
Overview of Results: The most prominent term used to describe antibiotic resistance in both publications from 2018 to 2021 was, 
"drug-resistant infections," with 129 of the total 473 articles (28%) using this term to refer to the health crisis. The second most 
used term was "antibiotic resistance or AR," with 126 articles (27%) of the total article count from 2018-2021) across both media 
outlets using this term.  
 
Stakeholders 
Overview of Results: Many types of groups of people deal with AR and have a stake in how it is treated and researched and how 
antibiotics are used. The most prevalent group of stakeholders mentioned or appealed to within the articles dealt with medical 
professions: doctors, patients, and hospitals. As stakeholders, doctors appeared in 48.26% total articles (n = 139); patients 
appeared in 48.26% total articles (n = 139); and hospitals appeared in 50.35% (n = 145). This trend remained relatively static 
across the years 2018-2021, with doctors, patients, and hospitals staying as some of the most present stakeholders across all years. 
Another prevalent stakeholder within these publications was the CDC, which remained relatively constant in terms of frequency 
across all years. It appeared as a stakeholder in 32.29% of articles (n = 93). Universities were also a prevalent stakeholder across all 
years, appearing in 37.5% of articles (n = 108). There was a general lack of representation given to agricultural companies as a 
stakeholder for antibiotic resistance, despite the amount of antibiotics used by the agriculture industry. Agricultural companies 
appeared as a stakeholder in only 10.76% of total articles across all years between both publications (n = 31).  
 
Suggested Actions 
Overview of results: Outside of related topics regarding antibiotic resistance and important stakeholders, descriptions, and providing 
general information on the crisis, reporters also tried to present some possible solutions to the situation. The most commonly 
suggested action to combat antibiotic resistance across the articles was a call for a “Search for New Drugs.” This was a suggested 
action in 32.64% total articles (n= 94). This was followed by the suggested action of “More Funding or Resources for Research,” 
which was present in 27.78% of total articles over 2018-2021 in both publications (n = 80).  
 
New York Times versus Washington Post Coverage 
Looking at major journalistic frames in NYT and WP articles, the “Encourage Action” frame was the major journalistic frame for 
37 of 176 NYT articles (21.02%) and 24 of 112 WP articles (21.43%). There was a small but interesting change in the major 
frames during the study years. The major journalistic frame within the articles in 2018 was a “Focus on Here and Now,” 
accounting for 62.5% of the NYT articles (n=20) and 28.57 (n=2) of the WP articles. The major journalistic frame in 2019 articles 
across both publications was “Encourage Action,” which applied to 18.18% NYT articles (n=14), and 18.84% of the WP articles 
(n=13).  
 
The leading major frame in 2020 NYT articles was “Encourage Action,” which accounted for 29.41% (n=10) of the articles, and 
the major journalistic frame in 2020 WP articles was a tie between “Drug-Resistant Infections are Undermining Modern 
Medicine,” “Focus on the Here and Now,” “Political” (Government Action or Inaction), and “Personal,” with each being 
applicable to 17.63% (n= 3). This makes the most prevalent major journalistic frame across both WP and NYT articles 
“Encourage Action,” which applies to 23.53% (n=12) of the articles (23.53%).  

 
In the 2021 articles, the most common major journalistic frame in the NYT was Encourage Action, accounting for 36.36% 
(n=12) of the published articles. The most common major journalistic frame in the WP in 2021 articles was also Encourage 
Action, which was applicable to 47.37% (n=9). This makes Encourage Action the most prevalent major journalistic frame across 
all 2021 articles; applicable to 40.38% (n=21) of the total articles from both publications released in 2021.  
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When describing antibiotics within the publications, “Ineffective Antibiotics” was the most common description in both the NYT 
and WP in articles published from 2018-2021. This description was used in 34.09% (n=60) of the NYT articles, and 52.68% 
(n=59) of the WP articles.  

 
The terms used to describe antibiotic resistance somewhat varied between the NYT and the WP. "Drug-resistant infections" was 
used more frequently in articles published by the NYT in 2018 and 2019, found in 33% in 2018 and 34% in 2019 of the articles 
published during these years.  This description was used fewer times in 2020 and 2021, with only 14-21% of the articles using it to 
describe antibiotic resistance. The same term was not used at all in the WP in 2018. However, in 2019, 2020, and 2021, the 
number of articles published by the WP that used this term was relatively close to the number of articles published by the NYT 
that used this term to refer to antibiotic resistance.  
 
Connecting the effects of antibiotic resistance with other diseases somewhat differed between newspapers. From 2018-2021, 
significantly more articles were published by the NYT that mentioned HIV, but the number of articles published each year across 
both publications that mentioned HIV was relatively consistent. This was the same for tuberculosis and Candida auris, which also 
showed relatively consistent numbers in articles mentioned when comparing the NYT to the WP. 
 
As for stakeholders, both the NYT and WP followed the same general patterns, exhibiting minimal differences in their coverage. 
Doctors, patients, and hospitals remained the most prevalent stakeholders in both the NYT and WP articles across all years. 
Universities remained a top stakeholder in both the NYT and WP, appearing in 41.48% of the NYT articles (n = 73) and 31.25% 
of WP articles (n = 35). The CDC was a prevalent stakeholder across all years in both publications as well, including 28.41% of 
total NYT articles (n = 50) and 38.39% of 112 WP articles (n = 43). In both the NYT and WP, agricultural companies saw 
minimal representation, including mentions in just 10.80% of total NYT articles (n = 19) and 10.71% of total WP articles (n = 
12).  
 
Like stakeholders, the NYT and WP presented similar patterns of suggested actions. The most suggested action to combat 
antibiotic resistance in the NYT and the WP was a call for a “Search for New Drugs.” This was a suggested action in 31.18% of 
NYT articles (n = 56) and 33.93% of WP articles (n = 38) . This was followed by the suggested action of “More Funding or 
Resources for Research,” including 28.41% of total NYT articles (n = 50) and 26.79% of WP articles (n = 30).  
 
DISCUSSION 
Overview 
The coverage of antibiotic resistance over time showed observable patterns in both journalistic framing and future direction. 
When looking at the media outlets and organizations involved in this study, there was a consistent pattern in which healthcare 
providers were posed heavily at being at fault for the spread of antibiotic resistance. The articles observed undermined antibiotic 
resistance as a problem requiring systemic change across multiple sectors, including governments, nonprofit organizations and the 
public, and instead focused primarily on just one branch of potential sources of error that has boosted antibiotic resistance in 
recent years. The blame overwhelmingly dealt with healthcare professionals rather than individual action, leaving the vast majority 
of readers unaware of their role in the issue or how it may affect them on a personal level. It seemed that the coverage was 
somewhat limited to healthcare-related issues, which may leave readers more likely to place fault on mistakes within the healthcare 
system rather than feeling motivated to make changes in their daily lives and actions to help reduce antibiotic resistance; 
essentially ignoring other prevalent sources of interest that contribute to AR. Although intervention dedicated to ensuring 
antibiotic prescription only when necessary, can be largely beneficial to physicians16 and others working in pharmaceuticals,17 there 
is still a notable discrepancy in the representation of other sectors that play a role in antibiotic resistance.  

 
There was also a notable lack of attention given toward the agricultural sector of antibiotic resistance. Despite being one of the 
major contributors to antibiotic resistance, there was a minimal amount of coverage on the food industry as a whole, and minimal 
information on how factors like an overuse in antibiotics in animals may increase AR relative to human-based factors across both 
publications.  
 
This overwhelming focus on systematic change rather than individual change is supported by the results seen when concerning 
suggested actions, with the most prevalent being a “Search for New Drugs” and “More Funding or Resources for Research.” 
These are temporary solutions to the problem, as bacteria will continue to adapt to newly discovered/ distributed antibiotics. 
Temporary solutions are important; however, the articles did not focus as much on preventative and definitive measures for 
slowing antibiotic resistance.  
 
The suggested actions also exhibit the same issue seen in the stakeholders section, in which there is a lack of attention given to 
other sectors that influence antibiotic resistance including more public information/understanding, more/better media coverage 
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of the situation, reduced use of broad spectrum antibiotics, etc. It is also important to note that a “Search For New Drugs” and 
“More Funding or Resources for Research” offer systematic change rather than providing information on individual actions that 
can be taken by readers within their everyday life.  
 
Comparison to the Wellcome Trust 
Our findings differ from the findings of the robust framing study conducted by The Wellcome Trust in timeframe, including 
newspapers, variables, and framing outlines. The Wellcome Trust found that in terms of sheer volume, the United States only 
published 366 articles from 10 different news outlets about antimicrobial resistance in the 12-month period between 2018 and 
2019.10 The Wellcome Trust found that the most compelling frame used to describe Antibiotic Resistance was the “Undermining 
Modern Medicine” frame, because it gives readers the sense that they are being set back in time, and the most effective frame was 
the “Explain the Fundamentals Succinctly” frame, which is not a frame that we included in our study, but they found that it gave 
readers a straightforward explanation for what the issue is.  
 
The Trust found through quantitative studies that headlines that used more negative statements and statistics, about subjects such 
as death tolls, were less compelling to individuals, which aligns with the low number of articles that we found in our study that 
utilized the “Apocalyptic” frame. Even though they deemed it less effective than sharing straightforward facts, the Wellcome 
Trust acknowledged that many current communications around antibiotic resistance in the media focus on projections and 
warnings, thus falling into the “Focus on the Here and Now” frame, which was one of the most prominent major frames that we 
found in our study.10 
 
The study done by the Wellcome Trust found that pneumonia, diarrhea, colitis, and gonorrhea were the most common diseases 
mentioned in articles in the United States that were influenced by drug-resistant infections, while our study found that HIV, TB, 
and Candida auris were the most commonly mentioned diseases in the WP and the NYT in the time period that we observed.10 
The Wellcome Trust found that a wide variety of terms were used to describe AR, and they were divided by tone. 
 
The NYT and the WP had the fewest percentage overall of articles covering AR compared to other US publications, according to 
the Wellcome Trust, which may explain the lack of statistical evidence in our study for the findings of the Wellcome Trust. The 
Wellcome Trust studied a diverse set of mainstream print and online publications across the UK, US, and Germany totaling 1621 
news items, including duplicate pieces. This is a notable difference in comparison to the 288 total articles in this study, not 
including duplicate pieces. The Wellcome Trust collected data from articles published from January 31, 2017 to January 31, 2018, 
contrasting from the timeline of January 2018 to December 2021, which encompasses different public health outbreaks (COVID 
19 in particular) across a longer period of time.  
 
CONCLUSIONS 
The articles published between 2018 and 2021 in the NYT and the WP informed readers briefly and generally about what 
antibiotic resistance is, where these strains of bacteria are found, and how they are being treated in the current world.  

 
Articles published in 2018 and 2019 contained significantly more informational content about the factors that contribute to the 
development of antibiotic resistant infections. The articles that focused on AR went into more depth about the science of 
Superbugs, detailing how cell plasmids transport these infections between organisms, giving readers background information 
about the topic and making information about the issue accessible. These articles established connections between the 
contributing factors, stakeholders, risks, and action plans involved in the study of AR, allowing readers to glean a holistic 
understanding of this issue as a looming public health crisis. Several of these articles used narrative, or feature storytelling, 
techniques to engage the senses and emotions of the readers to convince them of the severity of this health crisis.  However, these 
informative articles made up only a small fraction of these collected articles.  
 
The majority of the articles across both time periods only briefly mentioned antibiotic resistance, or used it as a supporting 
element, or mentioned risk, in the discussion of a different topic. As a result, these articles often did not serve the readers in that 
they did not fully explain the scope, severity, or solutions for the oncoming AR crisis. Across all 288 coded articles, over half were 
determined to “only briefly discuss/mention AR.” This indicates that the articles were not likely to give sufficient or extended 
coverage of AR, but were rather supplementing it to support a separate topic, such as a new medical practice or other health crises 
(COVID-19, for example). This problem became even more apparent in articles after the start of the pandemic, with 60 of 77 
total articles that mention both COVID-19 and AR falling under the category of “only briefly discuss/mention AR.” There is a 
notable discrepancy in sample size between articles only mentioning AR and articles mentioning both COVID-19 and AR, 
however, this pattern can be investigated further to compare this potential shift in media coverage pre-pandemic and post-
pandemic. To improve coverage, these articles could have included additional resources and information to better communicate 
the scope and severity of AR.  
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All articles tended to provide baseline information about antibiotic resistance and its expected rise within the near and extended 
future. There was minimal information given within the articles as to how to slow the spread, and instead they tended to focus on 
various alarming statistics and shortcomings in current approaches. Despite a journalistic frame calling for action, there were 
typically little-to-no specifics about how readers can become involved in the movement on an individual level. As mentioned 
previously, antibiotic resistance was often a secondary focal point across coded articles. Readers of the NYT and the WP would 
have benefited greatly from more articles with a primary focus on providing information about antibiotic resistance and a deeper 
analysis of how audiences can become involved in the fight against its spread on both a systemic and individual scale.  
 
Newsworthiness describes whether a topic is relevant or interesting enough to cover in the media. It is directly related to the 
timeliness of a given issue being covered. The relationship between prevalence and popularity results in a pattern where more 
immediate, or trending, topics receive more coverage. This trend was observed in our assessment of the coverage of COVID-19, 
a fast-acting, global health crisis, and AR, a slowly advancing health threat. We found COVID-19 received notably more media 
attention than AR, despite increasing reports of global AR outbreaks and mortality projections far greater than the then-current 
COVID-19 death count. A report by WHO estimating by 2050, the AR annual mortality rates will reach up to 10 million.18 
According to our results, the media outlets we looked at began to shift away from framing AR as a crisis that required immediate 
action.  Articles mentioning COVID-19 and AR, tended to refer to AR as a supporting example of a looming epidemic, 
comparing it to the COVID-19 outbreak, or as a result of early COVID-19 treatment. Seeing as how this coincided with rising 
COVID-19 cases, it can be inferred that COVID-19 drew public attention away from AR. While COVID-19 was an important 
topic to cover, a more balanced media focus on both crises could have yielded more informative, impactful coverage.  
 
In a post-COVID-19 world, major publications such as the NYT and the WP will continue to give the most media attention to 
the most imminent health crises that are impacting the largest populations. The onset of the COVID-19 pandemic drew attention 
away from the issue of AR because it was fast acting and directly affecting the daily lives of populations globally. As a result, AR 
was mentioned more briefly and in less depth across major media outlets. As Superbugs spread and continue to render antibiotics 
unsuccessful, AR will become a more imminent issue facing society. If regulations to manage the careless use of antibiotics are 
not put in place and there is a continued lack of progress and attention to the development of new antibiotic drugs, AR will 
become a more serious issue. There is a continuous fight against time to inform the public and put preventative measures into 
action, with COVID-19 serving as just one example of the speed and sudden nature of pathogenic evolution and development. 
Implementing a dedicated mission to spread awareness of AR in the U.S. and globally could yield more effective media coverage 
and ultimately leave people more equipped to combat infectious diseases going forward.  
 
This study had several limitations, the most prevalent of which dealt with the small number of articles found in the newspapers. 
The study was also directly affected by the COVID-19 pandemic and related COVID-19 protocols and health and safety 
restrictions. All group meetings were held virtually over Zoom, which created some difficulty in forming a consistent workplace 
environment. Future studies on mass media coverage of antibiotic resistance in the United States could explore how AR is 
covered in different types of media outlets including television and social media, particularly X and TikTok. 
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PRESS SUMMARY 
This study found antibiotic resistance to be a health crisis generally under-reported by two major media outlets. This is most likely 
because it is a slow-moving crisis, as opposed to more immediate and seemingly more newsworthy pandemic outbreaks such as 
COVID-19. In both The New York Times and The Washington Post, pre-COVID-19 coverage of antibiotic resistance focused 
on it as an isolated pandemic, while coverage after the start of the COVID-19 pandemic typically included antibiotic resistance as 
a supplemental component of each article, focusing on COVID-19 as the main topic. Using content analysis to assess the 
coverage of antibiotic resistance, the study found that the vast majority of observed articles provided readers with baseline 
knowledge and explanation of antibiotic resistance but ultimately failed to characterize the scope, severity, or possible solutions 
for this important health crisis. 
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ABSTRACT  
In the summer and fall of 2018 and 2020, major wildfires in Northern California (USA) impacted the San Francisco Bay Area. 
The remote 2018 and 2020 wildfires produced the highest PM2.5 concentrations experienced in the Tri-Valley of the East Bay 
Area during those two years. The Tri-Valley is composed of the San Ramon, Amador, and Livermore Valleys, surrounded by local 
terrain that creates a small airshed. In 1967, the California Air Resources Board created 15 Air Basins defined by regional 
geography, topographic and meteorological conditions. Airshed is sometimes synonymous with an urban-scale component of an 
Air Basin. We use airshed as a Tri-Valley component of the Bay Area Air Basin. This airshed spans across two counties (Contra 
Costa and Alameda) and encompasses four cities: San Ramon, Dublin, Pleasanton, and Livermore. PurpleAir (PA) sensors 
provided good geographic coverage of variation in PM2.5 in the Tri-Valley airshed. Several studies have established significant 
health effects from wildfire plumes by associating daily hospital visits with PM2.5 air quality data at local and regional scales. We 
hypothesize that during the wildfire smoke periods of 2018 and 2020 in the Tri-Valley area, there was an increase in 
hospitalizations and ED visits for respiratory (asthma and COPD-related) health effects, as compared to the same time periods 
during years with less fire activity. The primary goal of this study was to confirm health effects from wildfire plumes on a 
community scale using 5 years of publicly-available health data. However, with only monthly hospitalization data available, directly 
linking respiratory hospital and emergency department (ED) visits with PM2.5 concentrations was unsuccessful. Also, because 
COVID-19 masked all other causes of hospital visits in 2020, that year was ultimately eliminated from this study. However, visits 
during November 2018 being much higher than any other November in 2016, 2017, and 2019 implied a potential cause and 
effect. Daily hospitalization and air quality data are required to quantify any relationship by regression analysis. These findings 
help inform future studies on the health effects of air quality at community scales. 
 
KEYWORDS 
PM2.5 Air Quality; Air Pollutant Exposure; Air Quality Monitoring; Wildfire Smoke; Respiratory Health; PurpleAir Sensors 

 
INTRODUCTION 
Exposure to wildfire smoke very likely increases acute respiratory health effects.1-3 The negative effects associated with wildfire 
smoke exposure have become an increasingly pressing issue as California experiences more wildfires. In 2020 alone 3.6 million 
acres were burned in California and residents were exposed to smoke for many more days than normal.3 Our study focuses on the 
San Francisco East Bay Area’s Tri-Valley, an airshed within Contra Costa and Alameda counties. The geographic nature 
(surrounding foothills that can trap pollutants in the valleys during stagnant wind conditions)1 of Tri-Valley creates the potential 
for wildfire smoke and associated air pollutants, particularly fine particulate matter (PM2.5, particles that are 2.5 microns or smaller 
in diameter) to settle in the valleys where the cities of San Ramon, Dublin, Pleasanton, and Livermore are located.  
 
In recent years (2018 and 2020), there have been instances where the Tri-Valley has been affected by an influx of wildfire smoke 
from Northern California wildfires. In 2018, wildfire smoke from the Camp Fire was likely present on 13 of the 15 days when the 
24-hour PM2.5 federal standard of 35 /m3 was exceeded in the Tri-Valley that year. The Camp Fire was the “most deadly and 
destructive”4 wildfire in California, occurring in the town of Paradise on November 8, 2018, and was fully contained by 
November 25, 2018.5 The fire burned 153,336 acres, 19,356 structures, and resulted in 85 deaths.5 Specific meteorological 
conditions made the Camp Fire severe. With speeds over 20 mph, hot, dry downslope winds known as Diablo winds caused the 
fire to not only spread rapidly in Paradise, but they also carried the smoke plume into the Tri-Valley airshed.6 
 



American Journal of Undergraduate Research www.ajuronline.org

 Volume 21 | Issue 1 | June 2024  34

In 2020, the Santa Clara Unit (SCU) Lightning Fire Complex burned at the end of summer into fall. The complex of 20 fires first 
started on August 16 and wasn’t fully contained until October 1.7 The fires burned 396,624 acres,7 with the two largest fires 
merging and burning south of Livermore and Pleasanton.8 In 2020, all 17 PM2.5 exceedance days (days where the national 
standard was exceeded, see explanation in the following paragraph) in the Tri-Valley were probably due to smoke from the Santa 
Clara Unit (SCU) Lightning Fire Complex entering the area. 
 
The Bay Area Air Quality Management District (Air District) recommends staying indoors during these unhealthy smoke days. 
Previous studies have found that while indoor PM2.5 concentrations are typically lower than outdoor concentrations, indoor 
concentrations still follow outdoor increases.9, 10 The Environmental protection agency (EPA) regulates air quality nationwide 
through their Air Quality System (AQS).11 The EPA also establishes National Ambient Air Quality Standards (NAAQS), with the 
annual primary standard for PM2.5 being 9 μg m-3.12  
 
Low-cost sensors can be used to measure air pollutants at higher spatial and temporal scales than regulatory agency monitoring 
networks with less operating skill and significantly less cost. While the key advantage of low-cost sensors is their low expense, the 
major disadvantage is their accuracy. The South Coast AQMD Air Quality Sensor Performance Evaluation Center (AQ-SPEC) 
reviewed sensor characteristics and performance. In their 2016laboratory and field comparisons, both Purple Air PA-I and PA-II 
PM2.5 sensors were found to correlate with Federal Reference Method (FRM) or Federal Equivalent Method (FEM) sensors with 
linear correlation coefficients greater than 0.9 for 5-minute data as well as 1-hour averages.13 Both AQ-SPEC and Barkjohn, et al. 
(2021) found that the PurpleAir Sensors had good precision but read high by approximately 40%.13, 14 Wallace, et al. (2022) found 
that PA-I and PA-II measurements can agree well with regulatory monitors when an optimum calibration factor of 3.4 is 
applied.15 

 
PA, a network of low-cost indoor and outdoor air quality sensors, has been used to observe spatial trends in PM2.5 
concentrations.16 The advantages of using the PA sensor network for this study are that there are many sensors that record 
publicly available data. The number of sensors allows for high spatial coverage of the Tri-Valley area. However, some of the 
disadvantages of PA are that sensors are set up by the public and inconsistencies in sensor placement can affect data quality. 
Additionally, sensors can have unreliable/irregular recording, with no or incorrect recordings for periods of time. Widespread use 
of PA sensors is relatively new, and many sensors were not up and running until after 2018. For these reasons the PA data quality 
is not the same as quality assured air district monitors (see: http://www.aqmd.gov/aq-spec/home)  Comparatively, district 
sensors (part of the EPA AQS) follow EPA requirements and the data is quality assured and controlled.11 EPA AQS monitoring 
stations are likely more accurate than PA sensors for PM2.5 data; however, there are more PA sensors than district sensors with 
1,171 out of 5,824 census tracts in California having one to two fully operational PA sensors.17 Compared to the approximately 
250 sensors in the California Ambient Air Monitoring Network.18  
 
Previous studies have addressed whether or not wildfire smoke and associated PM2.5 have significant effects on (respiratory) 
health outcomes.2, 19, 20 Recent epidemiological studies have shown that PM2.5 from wildfire smoke can exacerbate a range of 
health problems including respiratory and cardiovascular issues.2, 19, 21-23 Several studies link wildfire-specific PM2.5 exposures to 
increases in respiratory hospitalizations. Other studies further aim to determine which groups are most affected,19, 24 while others 
aim to determine “whether PM2.5 from wildfires is more or less harmful [to human health] than PM2.5 from other sources” 25  For 
instance, Aguilera et al. (2021) found that PM2.5 from wildfire smoke events in Southern California was up to ten times worse for 
human health than non-wildfire PM2.5 in terms of respiratory hospital admissions.25  
 
Another topic of interest in previous studies is the spatial aspect of respiratory health effects; 24, 16 one these studies, Southerland et 
al. (2022), specifically aims to determine if exposure to PM2.5 at smaller (city) scales shows a different trend in PM2.5 attributable 
mortality than larger spatial scale studies.16 This information can give us a better understanding of spatial hotspots of negative 
health outcomes related to PM2.5 exposure, which would allow for targeted mitigation strategies. Typically, the variation in health 
impacts at finer spatial scales is masked because impacts are generally reported at the country, state, or county level.16 So, 
Southerland et al. (2022) studied how air pollution-related health risks vary at the neighborhood scale within cities, specifically Bay 
Area cities, to assist with public health decision making.16 The researchers determined that pollution-attributable risks can vary 
considerably within individual cities.16 Furthermore, neighborhoods with the highest air pollution-attributable health risks were 
not necessarily those with the highest pollutant concentrations.16 However, there were limitations to the study in that baseline 
disease rates are hard to obtain at urban and intra-urban scales.16 So, for asthma incidence the researchers were only able to use 
the statewide incidence rate, despite the fact that there is data evidence for spatial variation in asthma incidence in the Bay Area.16 

 
A focus of recent studies, relevant to our study, is indoor vs outdoor PM2.5 monitoring and exposure. As O’Dell et al. (2022) point 
out, most air quality research is focused on outdoor pollutant concentrations, while people tend to spend more of their time 
indoors.10 Using publicly-available data from low-cost sensors, O’Dell et al. (2022) found that during periods of heavy smoke, 



American Journal of Undergraduate Research www.ajuronline.org

 Volume 21 | Issue 1 | June 2024  35

indoor PM2.5 concentrations could exceed the 35 μg m-3 24-hour federal outdoor standard.10 Also, they found a “total daily-mean 
indoor PM2.5 concentrations increase by 2.1 μg m-3 with every 10-μg m-3 increase in daily-mean outdoor PM2.5.”10 For our study, 
we utilize PA sensors to look at both indoor and outdoor concentrations across the Tri-Valley. We compare one nearby indoor 
and outdoor PA sensor to each of the two district sensors during the 2020 wildfire period (Table 1), in order to gain a better 
understanding of indoor PM2.5 concentrations during a wildfire smoke episode, given the amount of time people generally spend 
indoors. 10 
 
Some researchers conducting epidemiological studies associated with wildfire smoke have access to non-publicly accessible 
hospitalization data. For example, Alexeeff et al. (2023) used a cohort of 3.7 million adults in the Kaiser Permanente Northern 
California health care system.26 From this large dataset they were able to determine that long-term PM2.5 exposure was associated 
with cardiovascular health issues.26 Both Delfino et al. and Aguilera et al. obtained their hospitalization data from the California 
Office of Statewide Health Planning and Development, however, this data was not accessible for this research.19, 25  One 
important thing to note about most studies (aside from Alexeeff et al.)26 is that they look at acute health effects resulting from 
exposure to only one smoke event, rather than considering cumulative health effects from multiple exposure events.27 This means 
its possible health impacts are more extensive than reported in these single-event studies.27 Even with some studies having great 
accessibility to data, a review by Black et al. (2017) notes that there must be a more standardized consensus on both air quality 
monitoring and reporting during wildfire events in order to allow for more thorough epidemiological, between-study 
comparisons.28 
 
In this paper we aim to gain a better understanding of one, how PA sensor data compare to quality-assured air district monitoring 
data during normal air quality days as well as days when a wildfire smoke plume is present in the Tri-Valley; and two, the potential 
respiratory health effects of the 2018 and 2020 wildfire smoke plumes present in the Tri-Valley. Our basic hypothesis is that 
increases in wildfire smoke PM2.5 are correlated with increases in hospitalizations and ED visits for asthma and COPD-related 
health effects during the 2018 Camp Fire and 2020 SCU Lightning Fire Complex wildfire periods. 
We explore this hypothesis with several questions:  

1) Are PM2.5 concentrations within the Tri-Valley significantly different when a wildfire smoke plume is present versus when 
one is not?  
2) Are PA sensors as accurate as district sensors during typical air quality days and during wildfire smoke days?  
3) Is there spatial variation in PM2.5 concentrations within the Tri-Valley during a wildfire smoke plume?  
4) Can a regression analysis of monthly hospitalization and ED data and monthly PM2.5 concentrations be used to evaluate 
wildfire effects on respiratory health, and if so, is there a significant increase in respiratory hospitalizations and ED visits 
during wildfire smoke plumes?  

 
METHODS AND PROCEDURES  
The geographic area of focus for this paper is the Tri-Valley Airshed, encompassing the cities of Livermore, Pleasanton, and San 
Ramon, and Dublin as shown in Figure 1. The PA sensor network in the Tri-Valley Airshed was used in combination with Air 
District sensors, which are a part of the EPA AQS,11 to evaluate changes in PM2.5 concentrations across wildfire years and years 
with less wildfire activity from 2016 to 2020, and potential associations with respiratory hospitalizations and emergency 
department (ED) visits. The goal was to determine how exposure to PM2.5 from the 2018 Camp Fire and the 2020 Lightning Fire 
Complex impacted the health of Tri-Valley residents. 
 
PM2.5 and hospitalization data  
The period of study from 2016 to 2020 encompasses the Camp Fire in 2018 and the SCU Lightning Complex Fires in 2020. PM2.5 
data was collected from two sources. First, quality-assured Air District data was downloaded from the EPA AirNow website from 
the Pleasanton and Livermore Air District monitoring stations. The Pleasanton PM2.5 monitor is a Special Purpose Monitor  
(SPM) and a Federal Equivalent Method (FEM) monitor.29 Specifically it is a FEM BAM 1020 monitor manufactured by Met 
One.29 The Livermore PM2.5 monitor, on the other hand, is a State or Local Air Monitoring Station (SLAMS) and a FEM 
monitor.29 Like the Pleasanton station it is a FEM BAM 1020 manufactured by Met One.29 Second, PM2.5 data was downloaded 
from the publicly available low-cost sensor PA website using an API key provided along with Python code. PA sensors in the 
study area began recording data at different dates from 2018 to 2020 posing limitations for this analysis. Figure 2 shows the PA 
sensors in the Tri-Valley available on September 28, 2020. Less than half of these stations were operating in 2018. This, along 
with the fact that PA sensors are deployed by users in the public are serious limitations in terms of the quality of data generated by 
these sensors. The PA data collected was _atm data for outdoor sensors and cf_1 data for indoor sensors. Cf_1 and cf_atm are 
“formulas used in Plantower laser counters” which are the mechanics that make up the PA sensors.30 Cf_1 and cf_atm data have 
a proprietary correction factor formula automatically applied to it in order to compensate for different conditions outdoors versus 
indoors.30 A previous study conducted by Barkjohn et al. (2022) used cf_1 data because it is more strongly correlated to reference 
monitors than cf_atm data.31 
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Figure 1. Tri-Valley Airshed in Contra Costa and Alameda counties in California, defined by the 1,000-ft contour (solid blue line) surrounding the San Ramon, 
Amador, and Livermore Valleys with valley floors depicted as dashed lines. The three BAAQMD Stations are noted as well as the annual wind rose at the 

Livermore Airport. (Created from Google Maps base) 

Figure 2.  PurpleAir sensors in the Tri-Valley on September 28, 2020. Indoor stations are indicated with a solid black line around the station circle. For PurpleAir 
stations and their names used in this study, see Figure 8.
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While accessing PM2.5 data was relatively easy, gathering of hospital admissions data involved more effort and time (almost two 
months) and was a key learning experience of this study. The process began with reviewing previous wildfire health effect studies 
with County Health Department epidemiologists to select the relevant International Classification of Diseases 10 Clinical 
Modification (ICD 10 CM) codes that could distinguish smoke health effects. Since the Tri-Valley Airshed encompasses two 
counties, both Alameda County Public and Contra Costa County Health Departments were involved. 
 
After several iterations, the final request involved epidemiologists from the two counties to write and execute scripts to download 
data from the California Department of Health Care Access and Information (HCAI) Patient Discharge Data and Emergency 
Department data: 

 For asthma ICD 10 CM codes J45[2-5] [0-2], J459 plus COPD code J4[0-4] combined. 
 Monthly by zip code each year from 2016 through 2020. 
 By age groups <18, 18-44, 45-64, 65+, and total. 

 
The expectation that sufficient daily visit data would be available for the four communities was not met. Instead, due to the small 
numbers and the requirement to maintain anonymity, monthly data were provided. Even with monthly totals, the number of visits 
occasionally was less than 11 and was denoted as <11 for anonymity. 
 
Confirming periods when wildfire smoke was present in the Bay Area  
Four tests were conducted to evaluate the difference between PM2.5 levels during the 2018 and 2020 fire events and typical 
seasonal PM2.5. The year 2019 was used as a control because based on reviewing daily NASA WorldView satellite imagery, no 
smoke plumes were found to enter the Bay Area that year. Other major wildfires during the study period include the September 
2018 Walker Fire and the October 2019 Kincade Fire. However, NASA WorldView satellite imagery showed that the smoke from 
the Walker Fire located in the Sierra Mountains east of Chico was driven directly eastward and the plume from the Kincade Fire 
in Sonoma County went offshore to the west. The Bay Area escaped both plumes. 
 
Four tests were run using Air District PM2.5 data. The first test compares the Livermore Air District data from August 16, 2020, 
until October 8, 2020, to the same period in 2019. For the second test, the same time periods (August 16, 2020, through October 
8, 2020, versus August 16, 2019, through October 8, 2019) are compared, but for the Pleasanton Air District sensor. The third 
test compares the Livermore sensor data from November 9, 2018, until November 27, 2018, to the same period in 2019. For the 
final test, the same November time periods are compared, but for the Pleasanton Air District sensor. The test periods were 
selected based on fires with the highest smoke impact from 2016 to 2020; years before 2016 were not included based on 
hospitalization and ED visit data availability. 
 
Previous studies have used dispersion modeling to determine when the PM2.5 increases were due to wildfire smoke plumes. In lieu 
of modeling the smoke trajectory, we initially selected days from known wildfires in the vicinity and narrowed the periods based 
on elevated PM2.5 data. To independently select days when wildfire smoke was present over the Tri-Valley, we reviewed NASA 
WorldView satellite imagery. For the periods of interest, we viewed the daily Visible Infrared Imaging Radiometer Suite (VIIRS) 
Corrected Reflectance imagery taken by the VIIRS instrument aboard the joint NASA/NOAA NOAA-20 (JPSS-1) satellite. We 
included the VIIRS Fire and Thermal Anomalies layer which indicates active fire detections and thermal anomalies, such as 
volcanoes, and gas flares.  
Figure 3 shows that while the Camp Fire was located over 150 miles from the Tri-Valley, strong Diablo winds from the northeast 
blew the smoke plume into the Tri-Valley Airshed. Figure 4 plots the daily Air Quality Index (AQI) data taken in the Tri-Valley. 
(Note: An AQI of 100 represents 100% of the concentration of the associated federal standard.) Figure 5 shows that the SCU 
Fires were much closer to the Tri-Valley. During the SCU Complex, the smoke plume enveloped the Tri-Valley Airshed with 
mean daily PM2.5 AQI reaching 140 to 158 during three heavy smoke periods (Figure 6). On the first day of these three periods, 
ozone also was near or above the federal standard. Ozone has been found to be generated in wildfire plumes.32 With its greater 
distance, ozone was only half the standard during the Camp Fire.   
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Figure 3. Satellite image of Camp Fire smoke on November 11, 2018. Source: NASA WorldView.

Figure 4. Daily ozone and PM2.5 AQI at the Air District Pleasanton and Livermore stations from November 7-22, 2018. The green line (an AQI of 100)
represents 100% of the concentration of the associated federal standard. Data Source: EPA AirData.

0

50

100

150

200

250

7-Nov 10-Nov 13-Nov 16-Nov 19-Nov 22-Nov

AQ
I

Tri-Valley Daily Air Quality Indices November 7-22, 2018

Livermore PM2.5 AQI
Pleasanton PM2.5 AQI
Livermore Ozone AQI



American Journal of Undergraduate Research www.ajuronline.org

 Volume 21 | Issue 1 | June 2024  39

Figure 5. Satellite image of SCU Lightning Fire Complex on September 9, 2020. Source: NASA WorldView. 

Figure 6. Daily ozone and PM2.5 AQI at the Air District Pleasanton and Livermore stations from August 15 to October 15, 2020. The green line (an AQI of 100) 
represents 100% of the concentration of the associated federal standard. Data source: EPA AirData.

Correlation between PurpleAir and Air District sensors
PA sensors near to a quality-assured Air District monitor were compared to determine if a correlation exists. With this test we aim 
to understand if PA sensors in the Tri-Valley record at a similar precision and accuracy to Air District monitoring stations during 
periods where no wildfire smoke is present and during periods where wildfire smoke is present. However, this analysis requires 
some assumptions including that the district station and the PA sensor are under the similar conditions such as elevation, wind 
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direction, as well as potential interference from surrounding manmade structures and that there are no other nearby point sources 
of PM2.5 emissions. Sensor data from 2019 and 2020 were used for this comparison because more PA sensors were available 
closer to Air District stations than previous years. PM2.5 data (both Air District and PA) was not collected past 2020, because 
respiratory hospitalizations and ED visits data was only available up until 2020. The closest outdoor sensor to the Livermore Air 
District station is the Valley Montessori sensor at 1.4 km (0.88 mi) away. The indoor sensor near the Livermore Air District 
station is the Heligan Lane PA sensor 2.6 km (1.62 mi) away. The outdoor PA sensor used for the Pleasanton Air District sensor 
is the James Dougherty Elementary School sensor 2.0 km (1.25 mi) away. And lastly, the indoor sensor used for the Pleasanton 
Air District sensor is the Dublin Mazda sensor at 0.5 km (0.33 mi) away. For a visual representation of sensor locations, please 
refer to Figure 8. Accuracy of the PA sensors was determined by linear regression, t-tests, and confidence intervals. These tests 
reveal if the average PA measurements are the same as the average Air District measurements, and if not, they reveal which sensor 
average is larger.  

Geographical variation of PM2.5 across the Tri-Valley during wildfire episodes
Another goal of the study was to determine how air quality varies across the Tri-Valley during wildfire episodes. To assess this, 
average PM2.5 concentrations of 12 sensors across the Tri-Valley from August 16, 2020, to October 8, 2020, were computed. 

Comparison of monthly average PM2.5 with monthly hospitalizations data
This study’s main goal was to quantify the association between monthly respiratory hospitalizations and PM2.5 via linear regression 
analysis. We also stratified the analyses by age range. The original plan was to compare hospitalization and ED data with PA 
sensors for each ZIP code, however the hospital data at the ZIP code scale were not sufficient to perform this analysis. We 
explored using other respiratory conditions in addition to asthma and COPD, however the County Health Departments explained 
that using pneumonia and bronchitis would likely be too complicated due to noise from non-wildfire factors. Also, because 
respiratory hospitalizations in 2020 were almost all due to COVID-19, that year’s data was not usable. The key limitations 
associated with the publicly-available hospitalization data were that only monthly totals were available, 2020 was not useable due 
to COVID-19, and hospitalizations of 11 or lower were recorded as <11 (for computations, values recorded as <11 were set to 
11) 

RESULTS
Hypothesis test and confidence intervals for periods when wildfire plumes were present versus absent
Overall, results were as expected—both the 2018 and 2020 fire period had higher average PM2.5 concentrations than 2019 for 
both Livermore and Pleasanton (Figure 7.) The confidence intervals at 95% for the 2018 fire period versus the 2019 non-
wildfire plume period, for both Livermore and Pleasanton, revealed that the wildfire influenced period mean PM2.5 is greater than 
the non-fire period mean by 31.47 to 74.52 /m3 and by 31.38 to 71.91 /m3 respectively. 

Figure 7. Comparison of the daily mean PM2.5 concentrations at the two Air District stations (Livermore and Pleasanton) for the Camp Fire period, SCU 
Lightning Fire Complex period, and the associated time spans during 2019, when wildfire smoke was not present.
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The 95% confidence intervals for the August through October 2020 fire period versus the 2019 non-fire period for both 
Livermore and Pleasanton revealed that the 2020 fire period mean PM2.5 is greater than the 2019 non-fire period mean by 20.91 to 
34.46 /m3 and by 22.5 to 37.57 /m3 respectively. In summary, PM2.5 concentrations in Pleasanton and Livermore are on 
average significantly higher during the wildfire periods studied than the non-wildfire periods studied.

Correlation between PurpleAir and Air District sensors  
Figure 8 shows the 12 PA outdoor sensors available in the Tri-Valley in 2019-2020 with their average concentrations during the 
2020 SCU Lightning Fire Complex period. The closest outdoor and indoor PA sensor near each Air District sensor was selected 
to evaluate the accuracy of PurpleAir sensors. Note that different periods of record were available for each of the PA sensors. 
During the 2020 SCU Lightning Fire Complex period (August 16 to October 8, 2020), the average PM2.5 concentration from the 
12 sensors ranged from 30.64 to 51.15 3. The lowest PM2.5 readings occurred at Valley Montessori School, Aspen Court, and 
Pasatiempo, likely due to sporadic missing data from August 16 through September 2, 2020. We were unable to conduct a similar 
analysis for the 2018 wildfire period because there was only one PA sensor recording at that time. Additionally, this sensor 
(Castlewood) had erroneous recordings, recordings that were outside the range of possible PM2.5 recordings, such as readings over 
1,000, and was therefore eliminated from the study. These erroneous values occurred both during periods when a wildfire smoke 
plume was present in 2020 and when one wasn’t present in 2019.

Figure 8. The red dots show the 12 PurpleAir sensors used to evaluate PM2.5 concentrations across the Tri-Valley. The size of the red dots represents the range in 
average PM2.5 concentrations during the 2020 SCU Lightning Fire Complex period (August 16 to October 8, 2020). Note that the data used for this map is cf_1 

data.

Sensor Mean PM2.5 3)

Livermore Air District 32.57
Pleasanton Air District 35.16

James Dougherty 45.20
JM Amador 46.54

Dublin Onyx 49.80
Dublin Mazda (indoor) 33.93

Los Alamos 43.02
Lucca Circle 47.39

Mine* 47.78
Chateau PL* 38.75
Chardonnay 43.11

Pleasanton Hills 51.15
Heligan Lane (indoor) 11.67

Valley Montessori* 33.59
Aspen Court* 42.77
Pasatiempo* 30.64

Table 1. Mean PM2.5 readings from Air District sensors, as well as PA sensors for the 2020 wildfire period (August 16, 2020 – October 8, 2020, except where 
noted with an asterisk). Sensors with an asterisk (*) had less data points (days with recordings) available and only began recording as early as September 1, 2020. 

Rows highlighted in grey represent the four PA stations that are compared to the Air District stations.
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Air District 
(AD) Station 

Nearest PurpleAir (PA) 
Station 

Distance between 
Stations (km) 

Coefficient of 
Determination (r2) 

Comparison of 
PM2.5 Mean 

Values 

95% Confidence 
3) 

Livermore 

Valley Montessori 

(outdoor) 
1.4 0.57 PA>AD 5.13 to 12.36 

Heligan Lane (indoor) 2.6 0.43 AD>PA 4.2 to 6.7 

Pleasanton 

James Dougherty 

(outdoor) 
2.0 0.64 PA>AD 2.26 to 5.81 

Dublin Mazda (indoor) 0.5 0.79 AD>PA 3.35 to 5.57 

Table 2. Correlation between Air District and PurpleAir PM2.5. 
 
Supplemental Figure 1 shows that the outdoor Valley Montessori PA sensor was moderately correlated to the nearby Livermore 
Air District sensor with a linear regression r-squared of 0.57. The confidence interval revealed at the 95% confident level the 
Valley Montessori PA sensor data is on average greater than the Air District sensor data by 5.13 to 12.36 3. Delp et al. found 
a similar trend in PA II readings overpredicting PM2.5 concentrations during the Camp Fire across Northern California.33 
Furthermore, these researchers found that an adjustment factor of 0.48 could make PA II readings more accurate for the Camp 
Fire in Northern California.33 Supplemental Figure 2 shows that the r-squared was reduced by 0.065 when only looking at the 7-
week wildfire period compared to looking at the four-months from September to December 2020. Assuming the Livermore Air 
District readings are the accurate readings, the difference between the PA and Air District mean for each period gives a rough 
indicator for which period the PA readings are more accurate. During the entire period (September 2, 2020, to December 31, 
2020) the mean difference between the Valley Montessori PA sensor and the Livermore Air District sensor was 8.7, whereas 
during the SCU Wildfire period the mean difference was 1.0, implying the Valley Montessori PA sensor was more accurate during 
just the SCU Wildfire period. 
 
Both PA sensors in Pleasanton showed a good correlation with the Pleasanton Air District station. The James Dougherty 
Elementary outdoor sensor provided a reasonably good estimate of the Air District sensor with an r-squared of 0.64 
(Supplemental Figure 4)   We are 95% confident the true mean PM2.5 of the James Dougherty sensor was greater than the Air 
District sensor by 2.26 to 5.81 3. This suggests that the James Dougherty sensor recorded higher PM2.5 levels than the Air 
District sensor on average despite their strong correlation. The Lane Regional Air Protection Agency found similar results when 
looking at PA sensors in their airshed in Oregon. They found that even though the PA sensors showed low accuracy to the 
reference monitors, they showed high precision with consistent overpredictions at double the reference monitor recordings.34 
When comparing Supplemental Figure 4 and Supplemental Figure 5, the proportion of statistical variation of the James 
Dougherty Elementary PA sensor readings that can be explained by the Pleasanton Air District remains approximately the same 
between the SCU Wildfire period (August 16, 2020 to October 8, 2020) and the entire period studied (September 16, 2019, to 
December 31, 2020)  This is supported by similar r-squared values of approximately 0.64 for both periods. Because the PA sensor 
mean is only approximately 4 points different than the Air District mean during the entire period, but 10 points different during 
the SCU Wildfire period, the PA sensor is likely less accurate during the SCU Wildfire.   
 
Supplemental Figure 3 shows that the Heligan Lane indoor PA sensor was weakly correlated with the nearby Livermore Air 
District sensor with an r-squared of 0.426. The two-sample mean hypothesis test between the Heligan Lane indoor PA sensor, 
and the Livermore Air District sensor yielded a p-value of 4.76 x 10-13 which means there is statistically significant evidence that 
the two means are not the same. The confidence interval revealed at the 95% confident level the Air District sensor is on average 

3 greater than the Heligan Lane sensor. This is likely due to improved air quality indoors as the result of HVAC 
and air filtration systems.  
On the contrary, Supplemental Figure 6 illustrates that the indoor Dublin Mazda Pleasanton PA sensor showed strong 
correlation with an r-squared of 0.79, but the t-test showed the Air District sensor had higher concentrations on average. The t-
test yielded a p-value of 2.69 x 10-11. This t-test shows 95% confidence that the Pleasanton Air District sensor was on average 

3. The HVAC system plays a role in reducing indoor concentrations.  
 
Comparison of monthly average PM2.5 with monthly hospitalization data 
The main takeaway from comparing PM2.5 and Asthma and COPD hospitalizations is that there are serious limitations to 
statistical comparisons at this temporal scale. Monthly data going back only five years doesn’t seem to be enough to draw 
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definitive conclusions with respect to the present study data, especially when the 2020 data was unusable due to the confounding 
effects of COVID-19.  
 
Due to the 2020 hospitalization and ED data being affected by COVID-19, only the November 2018 fire period was available for 
analysis of wildfire effects. Figure 9 shows the combined monthly average PM2.5 from the two Air District sensors in Livermore 
and Pleasanton was not correlated with the monthly hospitalizations and ED visits for asthma and COPD for May through 
December 2018. This is likely because there is not enough data. If, for example, monthly November hospitalizations for many 
more years were used, better results might be possible to show whether or not respiratory ED and hospital visits are correlated 
with PM2.5. Also, using individual months limits the variability associated with seasonality that occurs throughout the year. 
However, Figure 10 reveals that both hospitalizations plus ED visits and PM2.5 peaked in November 2018 during the Camp Fire. 
A simple line plot doesn’t allow for a definitive correlation like a regression analysis does, but it does visualize the phenomena of 
hospitalizations/ED visits for respiratory issues increasing when PM2.5 from wildfire smoke also increases.  
 

 

Figure 9. Monthly Average PM2.5 from combined Air District sensors versus total monthly respiratory (asthma and COPD) hospitalizations and ED visits for 
May through December 2018.  

 

 

Figure 10. November Hospitalizations and ED visits plotted with average November PM2.5 for 2016 through 2019. There is a notable spike in both PM2.5 and 
respiratory hospitalizations and ED visits in November 2018 when the Camp Fire occurred. 

 
DISCUSSION 
Confirming periods when wildfire smoke was present in the Bay Area While the wildfires of 2018 and 2020 were located some distance from 
the Tri-Valley, hypothesis tests confirmed that dramatic PM2.5 increases did occur in the Tri-Valley from these remote wildfires.   
 
Correlation between PurpleAir and Air District sensors 
The hypothesis tests and linear regressions between the PA sensors and Air District monitors confirmed that PA are moderately 
to strongly correlated with the Air District monitors for PM2.5 recordings across the Tri-Valley. Based on previous literature, PA 
sensors overestimate PM2.5 concentrations during periods of high concentrations, such as wildfires.35, 31 Two recent studies found 
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that the low-cost sensors were moderately to strongly correlated with the reference instrument, but that they overpredicted 
concentrations.36, 33 

 
In this study, the linear regression between the outdoor Livermore PA sensor and the Livermore Air District sensor revealed a 
moderate correlation. However, it is interesting to note that the lower values seem to follow a linear trend, while the higher values 
do not. There was also a moderate relationship between the indoor Livermore PA sensor and the Air District sensor, with an r-
squared value of 0.43. It was expected that the indoor PA sensor would be less correlated with the Air District sensor than the 
outdoor one.  
 
The regression between the Pleasanton PA and the Pleasanton Air District outdoor sensors showed evidence for a strong linear 
relationship with an r-squared value of 0.64. It’s interesting to note that the Air District sensor is located adjacent to the freeway, 
while the PA sensor, the James Dougherty Elementary sensor, is not located quite as close. It’s also interesting that there is a 
strong correlation between the Air District and PA sensors in Pleasanton, but not necessarily for Livermore—especially when the 
Pleasanton James Dougherty sensor was farther away from its Air District sensor than the Livermore Valley Montessori sensor 
from its Air District sensor.  
 
For both outdoor PA sensors, the mean difference between the PA sensor and the Air District sensor was compared for the 
entire period studied to just the SCU wildfire period to establish a rough indication of when the PA sensor is more accurate. 
There were conflicting results as the Livermore Valley Montessori PA sensor seems to be more accurate during the SCU Wildfire 
period and the Pleasanton James Dougherty PA sensor seems to be less accurate during the SCU Wildfire period. It was expected 
that both sensors would be less accurate during the SCU Wildfire period due to the higher concentrations of PM2.5. However, 
there are confounding factors (such as a sensor that was misplaced/not working correctly, at one point, being fixed) that may be 
responsible for this discrepancy, along with the fact that comparing mean difference is only a rough indication for accuracy.    
 
Another important finding is that the indoor Pleasanton sensor (Dublin Mazda) has a strong linear relationship with the 
Pleasanton Air District sensor with an r-squared value of 0.79. This is the strongest linear relationship of all four regressions 
conducted. This is likely because the Dublin Mazda sensor is so close to the Pleasanton Air District sensor (0.5 km apart), the 
closest out of all four sensors. Thus, the proximity of the sensors would explain the close correlation in the readings between the 
indoor PA sensor and outdoor Air District sensor, despite the fact one is indoors and the other is outdoors. Another plausible 
explanation for the strong linear relationship is that there is a lot of outdoor air flowing through the Dublin Mazda center. It 
could also be possible that the sensor was incorrectly labeled as indoor when it is actually located outdoors. A visit to the location 
could not confirm the sensor location.  
 
Association between monthly average PM2.5 and monthly hospitalization data 
Because of the limitations to monthly hospital data, conclusions about the correlation between wildfire PM2.5 and respiratory 
hospitalizations and ED visits in the Tri-Valley are not possible. Linear regression revealed no correlation between monthly PM2.5 
and hospital and ED visits. Previous studies were successful in quantifying the association between health effects and elevated 
PM2.5 due to wildfires. For example, a study on the respiratory health effects of Northern California fires in 2008 found a “linear 
increase in risk for asthma hospitalizations… and asthma ED visits…with increasing PM2.5 during the wildfires” with a risk ratio 
of 1.07.2 Our current study’s results don’t match this trend due to our study area being much smaller (making the sample size even 
smaller), as well as only having access to monthly data and only for a five-year period. 
 
CONCLUSIONS 
Our study confirmed increases in PM2.5 concentrations in the Tri-Valley during 2018 and 2020 wildfire episodes were statistically 
significant. When compared to BAAQMD sensors, low-cost PA sensors in the Tri-Valley were more accurate at lower 
concentrations, as previous studies had suggested. There was little variation in PM2.5 across the Tri-Valley during the SCU wildfire 
episodes, but all sensors recorded average PM2.5 concentrations above the federal standard daily average. Using regression analysis 
for monthly hospitalization, ED data, and monthly PM2.5 concentrations is not adequate for evaluating wildfire effects on 
respiratory health. Daily hospitalization and air quality data are likely needed for future studies to quantify their relationship by 
regression analysis. These findings help inform future studies on air quality at community scales. 
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PRESS SUMMARY 
In the summer and fall of 2018 and 2020, major wildfires in Northern California impacted the San Francisco Bay Area. This study 
was designed to analyze the increase in health effects caused by wildfire smoke using available hospital data at the community 
level in the Tri-Valley area of the East Bay Area. However, since only monthly hospital data were available publicly from 
California databases, the relationships could only be implied. Daily hospitalization data are required to quantify their relationship 
by regression analysis. This study revealed that low-cost PurpleAir sensors likely gave more accurate concentrations during typical 
air quality but likely tended to overestimate respirable particle air concentrations when wildfire plumes were present. 
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ABSTRACT 
As global mobility surges, Mexico City has emerged as a favored destination for remote-working professionals due to its unique 
fusion of cultural allure and economic convenience. This paper explores the interplay between macroeconomic trends and quests 
for self-actualization among lifestyle migrants, informed by interviews and other fieldwork conducted in Mexico City in early 
2023.  It unravels the complex interplay of factors shaping attitudes, behaviors, and collective identity among these lifestyle 
migrants and how their conscious embeddedness dissolves as geographic arbitrage imbues them with new privileges.  
 
KEYWORDS 
Digital Nomads; Lifestyle Migrants; Transnational Migration; Mexico City; Socio-Spatial Exclusion; Gentrification; Privilege; 
Embeddedness 

 
INTRODUCTION  
A roster of internet cafés keeps life interesting for David, a thirty-something-year-old from Los Angeles who relocated to Mexico 
City in mid-2020 at the height of the pandemic. Today, he's at Blend Station in Condesa, with plans to visit a different store of the 
same chain in Roma Norte in a few days. English menus detail the diverse beverage selection, from various milk types to specialty 
drinks. The ambient hum of gentle lo-fi beats sets the backdrop, accompanied by the murmur of English conversations rising 
above the rhythmic clicks of laptops tethered to wall outlets. Baristas, familiar with interacting with foreigners, effortlessly switch 
to English after a warm "hola" to take orders. David will work here for most of the day before heading to the gym, potentially 
stopping by Walmart for a quick grocery run. Later, he might meet up with some "expat buddies" at a nearby bar. 
 
David is part of the 1.6 million US citizens currently residing in Mexico—a number that has surged in recent years, most notably a 
69.9 percent increase in 2022 from 2019.1 Amidst the rising waves of global mobility, Mexico City has become a sought-after 
destination for remote-working professionals in their twenties and thirties. Lifestyle migration, as defined by prominent migration 
scholars Benson and O’Reilly, is the movement of relatively affluent individuals to new destinations in pursuit of a better way of 
life.2 Attracted by the city's moderate climate, culinary delights, aesthetic charm, and vibrant culture, coupled with favorable tax 
policies and proximity to the United States, these white-collar workers are seizing the opportunity to explore new horizons while 
maintaining their foreign income. Despite the acclaim for the ease of acclimation to a city catering to lifestyles reminiscent of their 
home countries, concerns are mounting over changes to the city's fabric. Among locals, material impacts of the heating housing 
market dominate concerns. Housing costs in Mexico City have surged over the past decade, with national house prices rising 
nearly 12 percent over 2022-2023—the largest annual increase on record, according to the Federal Mortgage Society—while the 
average sales price of a new home in the United States dropped slightly. Mexico City claims the title of the country's most 
expensive housing market, with the average apartment price hovering around US$202,000, which is $85,000 above the national 
average. Upscale districts like Condesa and Polanco, prized for architecture, culture, and culinary scenes, boast some of the city's 
highest prices, ranging from US$34.37 to US$92.90 per square meter. Last year, the average apartment price in these 
neighborhoods was around US$600,000, with luxury villas ranging from US$2 million to US$4 million. In Roma Norte, the 
average residential property price per square meter has surged from $1,500 USD in 2010 to $3,500 in 2023. This surge has made it 
challenging for many long-time residents to afford to live there, leading to the closure of small businesses due to rising rent, 
especially in Condesa, Roma Norte, and historic districts. Meanwhile, a 2021 survey of Mexico City residents revealed that 55 
percent faced challenges meeting rent or mortgage payments.3 Almost a third relocated during the pandemic, with 60 percent 
citing affordability issues as the primary reason. A separate 2020 study highlighted ‘alarmingly high’ vacancy rates in newly 
constructed developments, suggesting central housing unit availability was not the primary issue, but rather unaffordability.4 
Meanwhile, city services and commerce are evolving in response to the newcomers. The field of urban geography acknowledges 
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these trends, but grapples with applying the term ‘gentrification’ to non-Western contexts.5 6 Mexico City, with its proximity and 
popularity among foreign nationals, demands unique consideration and urgency. 
 
LITERATURE REVIEW 
The surge of skilled individuals moving across international borders has sparked significant interest in recent years since the start 
of the pandemic, which inspired quests for self-actualization and lifestyle change, largely among privileged classes of the Global 
North.  King and Ruiz-Gelices have observed how mobility has been perceived as a vehicle to construct a personal life-course  
especially evident among young, educated people.5 As anthropology scholar Hoey puts it, “the choice made of where to live is 
consciously, intentionally also one about how to live.”6  Ehn argues that this observation is particularly applicable to the years 
following the pandemic when the world opened up which prompted a desire for change and self-actualization in a time of crisis.7 
In doing so, they may form what psychologist Proshansky termed a place identity, or “those dimensions of self that define the 
individual’s personal identity in relation to the physical environment by means of a complex pattern of conscious and unconscious 
ideas, feelings, values, goals, preferences, skills, and behavioral tendencies relevant to a specific environment.”8  In the same vein, 
Savage commented on the ability to attach one’s “own biography to their chosen residential location.’"9 O’Reilly and Benson have 
studied this phenomena extensively, from French  lifestyle  migrants  seeking  exotic  lifestyles  in  Marrakech, to older  Americans  
moving  to  Mexico,  Costa  Rica,  and  Panama,  people  from  all  walks  of  life  now  view  later  life  as  an  opportunity  for  a  
fresh  start  and  new  adventures  in  stimulating  environments.2  Accordingly, ‘life planning and daily activity’ becomes an 
opportunity for ‘self-actualization.’10 Though they convey various degrees of self-awareness and moral indifference, which Kaddar 
considers and categorizes,11 they are unable to escape the “tourist gaze”12 that Urry assigns to travelers who view foreign places 
through a lens shaped by their expectations, desires, and cultural background. 
 
Critics like Elliot have scrutinized the individualization thesis, contending that it heavily relies on a rational choice framework 
while overlooking the emotional and aesthetic impacts propagated by mass media, popular culture, and personal experiences.13  It 
also plays down how gender, ethnicity, social class, age and national differences still shape choices and outcomes, which has been 
studied extensively by Mythen.14 Finally, it fails to recognize how macroeconomic factors are woven into these lifestyle changes , 
such as the opportunities spurred by globalization, including the rise of services and the knowledge economy, which Sassen and 
Castells explore in their exploration of cities and global networks.15 16 Neo-liberal governments have gone so far as to reduce 
barriers to skilled labor mobility by simplifying bureaucratic procedures and immigration laws rather than risk losing foreign 
investment and skills. Some scholars balance these two sides. Economic sociologists such as Pikettty have long promoted this 
view of embeddedness in global macroeconomic systems.17  In migration research, Ong advocates for a balance between the 
cultural rationale behind migration with individual agency and motivation for capital accumulation.18  Similarly, Hayes and Zaban 
point out that perceived motivation in search of a better quality of life often masked desire for geographic arbitrage and economic 
power in a foreign market.19   
 
When considering the emergent lifestyles taken up by these migrants, an important study to consider was conducted on US 
migrants in Ecuador, in which Hayes considers the socio-spatial exclusion and altered social fabrics that he terms ‘gringolandia.’20 
A similar pattern was found in Nicaragua by Rodgers who described ‘network-type enclaves’ that were formalized by an exclusive 
fortified network for urban elites, based on the privatization of security and construction of high-speeds roads.21 In Mexico City, 
the reputation of being 'nomad friendly' has created a multiplier effect, often intensified by commercial revitalization and urban 
regeneration programs identified by Delgadillo.22 Scholars across the board have identified the contribution of foreign workers to 
rising housing costs and the displacement of residents, resembling typical gentrification patterns seen in the Global North.  
Derived from Anglo-Saxon theoretical foundations, the term "transnational gentrification" gained renewed relevance amid 
pandemic-induced international migration patterns.23 However, its applicability outside the West has been extensively debated due 
to the complex structural inequalities and power dynamics shaping urban redevelopment in the Global South. 
 
The discussion now explores the perceptions and experiences of these lifestyle migrants in early 2023. First, I argue that though 
disguised in appeals to lifestyle preferences, economic geographic arbitrage was central in deciding to migrate, although the desire 
to travel and self-discover was also significant. Secondly, the paper explores their experiences in Mexico City. Upon settlement, 
they tended to congregate in similar areas of the city and limit interactions to fellow migrants where their lack of Spanish was not 
a constraining factor, and they could build collective knowledge about taxation and immigration policies that facilitate this 
lifestyle. While macro-economic factors were front of mind when deciding to move, the desire for self-actualization became more 
significant and overrode conscious embeddedness in favor of quests for self-actualization and geographic arbitrage.  
 
METHODS AND PROCEDURES 
Overview 
After obtaining approval from the Institutional Review Board for human research, I conducted 23 semi-structured interviews 
from January through May of 2023, which were sourced via private chats on WhatsApp and Facebook. I put out two 
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advertisement blasts on each platform to source interviews and schedule meetings, which took place both in-person and over 
Zoom. Two were removed due to their upbringing in Mexico. The cohort was majority male (16 vs 6), which was largely 
attributable to sampling methods and accessibility of interview subjects. Most were millennials or of the Boomer Generation. The 
most frequent country of origin was the US, along with other predominantly white, industrialized, rich countries like the UK and 
Australia, but there were also two from India and one from Taiwan. Other than those three, the subjects were majority white (13), 
and then the remaining five were people of color from the US. The names included in have been invented, although their 
characters, demographic descriptions and circumstances are consistent with my interview subjects.  
 
Note on Sampling Methods: 
This research was conducted in compliance with ethical standards and protocols for research involving human subjects. All 
participants provided informed consent prior to participating in the study, and their privacy and confidentiality were protected 
throughout the data collection and analysis process. In order to attract more respondents and humanize my request, I included a 
public profile picture with my Facebook post. Many of my early respondents were single older white men.33 Secondary research 
suggests that this is partly a reflection of the demographics of my subject group, but regardless; my approach to attracting 
interview candidates affected responses. When meeting and conversing with my subjects, I was careful not to disclose any 
personal information that could expose me to unnecessary. When I conducted in-person interviews, I ensured that our meetings 
took place in public, busy locations. In an attempt to diversify my interviews, another group I reached out to was the women-only 
WhatsApp forum “Hermanas”—a branch of an online community of 400+ women spread across 40 cities that self-describes as a 
“global feminine movement, contributing to female evolution” that is a “resource for connection and communication with like-
minded women, and a collaborate ecosystem of high-quality content.” While walking around districts in Mexico City known for 
their large populations of American expats—Roma Norte, Polanco, Condesa—I approached strangers with American accents and 
quickly asserted whether they fit the interview profile that I was seeking. My inevitable bias towards ‘approachable looking’ 
individuals is laden with my personal bias, which I will attempt to address by including comparative demographic data about my 
chosen. As a researcher, my background as a privileged individual from the Global North shaped my perspectives and interactions 
in Mexico City, prompting critical reflection on power dynamics and biases. Historical colonization patterns between Mexico and 
the US have left lasting cultural and economic disparities, influencing community dynamics and my own positionality as a white 
researcher and mobile agent. I kept this in mind as I conducted interviews and opted to focus on lifestyle migrants, rather than 
formalized interviews with locals, to minimize power imbalances and avoid extractive practices. 
 
A Note on Language 
For the purpose of this thesis, I will also use the term 'gentrification' to characterize urban effects, recognizing its imperfections 
but deeming it useful for conveying concepts to an Anglo-American audience. I will also mostly refer to my subject group as 
‘migrants’ unless I am discussing the work of another scholar who uses a specific term. Though there is a resounding preference 
for elevated classifications labels like ‘expat’ in my own research, as well as that of scholars Kunz24 and Cranston,25 I aim to 
encompass the diverse categories of remote workers, expats and digital nomads with varying degrees of mobility. Moreover, I 
want to avoid false elevation or validation above any other type of migrant. The term ‘migrant’ is politically charged and often 
used derogatorily. However, the reality is that my subject group is engaged in the same action: moving across international 
borders. Migration must be considered from a global angle that includes the forms of privileged migration like nomadism. Instead 
of compartmentalizing these domains, it's valuable to consider the assumptions and inquiries that gain relevance within migration 
studies when we broaden the scope of "migration" to encompass diverse manifestations of privileged transnationalism. 
 
RESULTS AND DISCUSSION   
"What brings you to Mexico City?": The Urge to Migrate 
The "itch to go somewhere" was a common theme among migrants was a recurring sentiment that was perhaps unsurprising given the 
timing of these interviews three years after a global pandemic which upended ways of living and kickstarted the remote work 
boom. This perspective should be immediately noted as a privileged one, which suggests that the pandemic represented an 
opportunity for change, rather than a period of financial insecurity or danger as it did for the majority of the world. Certainly, 
numerous interviewees implied that shifts in their existential perspectives fueled a longing for relocation. The translocation of 
lifestyle migrants was largely shaped by individual choice, rather than structural necessity, though some individuals openly talked 
about dissatisfaction with their prior socio-economic status in their country of origin. The temporary unique appeal of Mexico 
City—attributed in part to its lenient travel restrictions, specifically, the country's decision not to close borders to international air 
travel—became a key factor in their considerations. If this were the sole reason, one might expect this trend to be short-lived. 
However, the prevalence of responses that referred to pandemic-induced changes in the workplace that facilitated remote work 
suggest that the pandemic accelerated ongoing long-term institutional changes that facilitated such migrant flows.15 Even for those 
who did not reference the pandemic, changes to their personal and professional lives were implied to support or incentivize 
translocation. Flexible work arrangements demonstrate how mobility is both premised and shaped by ability.  
 



American Journal of Undergraduate Research www.ajuronline.org

 Volume 21 | Issue 1 | June 2024  50

 

 

Other factors contributed to Mexico City’s unique appeal during this time and otherwise, although of the interviews conducted as 
part of this study, only three moved before the pandemic. Given the small sample size, this should not be understood as an 
accurate representation of the transnational migrant population in Mexico City, but it does gesture at a trend. Upon first glance, 
motivations for moving to Mexico City can be grouped into two camps: economic and ‘quality of life narratives.’ Alan, a migrant 
in his mid-twenties working in tech who had been in Mexico City for eight months, gleefully explained the economic pull factors 
that had motivated his move: “Mexico is cheap, everything is cheap: rent, food, drink.” Almost without exception, every respondent gave 
similar reasons, with many like Alan listing it as their primary motivation, echoing Recchi’s arguments for the economic 
motivations. Others made direct comparisons to other major cities, such as New York or San Francisco, wherein they emphasized 
the appeal of the relatively low cost of living. In their assessments, interviewees included goods (food and alcohol), services (Uber 
and domestic labor), and rent. One or two referenced the perceived flexibility of foreign tax systems, specifically the US’s foreign 
earned income exclusion that allows qualifying taxpayers to exclude a portion of their foreign earned income from taxable 
income. The perceived affordability, it was revealed, was often the reason individuals chose to extend their stay indefinitely. 
Colby, for example, had originally intended to stay in Mexico City for half a year, but was still there almost two years later. He 
explained his continued presence: “Because it's so cheap, it's very easy for me to stay.” 
 
Others were less upfront about their fiscal motivations and hastened to clarify that they did not consider economic factors to be 
the most significant aspect of their choice. Some sought to contradict this previously held assumption with complaints that the 
city was more expensive than they had originally anticipated; others expressed discontent over the local wages and prices, 
especially when they were perceived as above market rates. Jim, a financial services professional from Florida, described a “gringo 
rent differential,” and complained that “it's still fucking expensive relative to what the locals are paying.” Meanwhile, some individuals pushed 
back on the perception that remote workers were all wealthy, a point that reflects research showing the heterogeneity among 
skilled migrants from Iredale and Vertovec.26 27 Tanya, an African American college student, and Gio, a Philippines expat, 
emphasized the range of prices in the city, and suggested that they often felt the need to make compromises due to their 
perceived low socio-economic background in the context of their country of origin. However, when asked to hypothesize why 
others might move to Mexico City, there was consensus that cost was the most important factor. 
 
Though all interviewees gave at least some mention to economic factors, most quickly moved on to discussing other motivations 
that can be grouped into the bucket 'quality of life' category. Factors relating to work optimization, such as internet reliability, 
convenient positioning with respect to the US—specifically common time zones and proximity—were frequently mentioned. 
Many emphasized the convenience of being able to move quickly between the countries, with the implication that they took 
frequent back and forth trips for both professional and social purposes. 
 

“It's kind of the closest place outside of the US except for Canada, right? Four hours to L.A., three hours and change to Miami, 
five to New York. So you know, it's so easy for us to hop in and out of the US” (Colby, March 2023). 

 
Other livability factors included the climate, food, walkability, amenities, and nebulous references to culture, though there was a 
consistent tension between economic motivations for migration and other socio-cultural factors. Most interviewees emphasized 
that economic factors were only a small part of their decision to move to Mexico, and that they were secondary to other ‘quality 
of life’ factors. However, upon closer examination we see that many of these 'quality of life' motivations are made possible by 
newly gained economic privilege via geographic arbitrage, which has been commented on by Hayes and Zaban.19 Based on an 
analysis of 557 global cities, Mexico City ranks 341st on the cost-of-living index. For migrants moving from countries with a 
stronger currency, the relative weakness of the Mexican peso, combined with the low-cost of labor power, goods and services in 
Mexico facilitated an elevated standard of living that would have previously been out of range due to economic status.  
 
Manifestations of this were particularly apparent when it came to leisure activities such as interstate travel, enjoyment of high-
quality restaurants, and frequent use of services that facilitate easy passage within the city such as Uber. It can be inferred that 
many of these benefits were previously inaccessible due to their previously held socio-economic status. Moreover, just as Hoey 
found that lower costs of living allowed older American adults in Ecuador to live up to certain aging ideals that were culturally 
important to them, the desirability of more expensive experiential amenities speak to the desire for holistic well-being. balance 
between personal and professional lives, and in-person experiences following the pandemic.6 The consistent implication was that 
such manifestations would not have been possible in their countries of origin due to cost barriers. However, it should be noted 
that migrants from countries without the extreme exchange rate differential placed noticeably less emphasis on economic factors. 
Gio from Manila, Philippines expressed uncertainty about whether it would be “practical financially” to become a permanent 
resident in Mexico City because his money was held in Philippine pesos. Migrants from countries with weaker currencies were 
much less likely to describe Mexico City as entirely low-cost, even if they did not explicitly discuss currency or exchange rates. 
According to Sanjay from India, Mexico City was “not too much expensive, not too much cheap—it’s in the middle.” Considering this 
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caveat, therefore, we can conclude that fulfilling Hoey’s theory of potentiality and living out “the Beverly Hills of Mexico” (Henry, 
February 2023), so to speak, implies the capital power to do so.  
 
In their assessments of what made Mexico City desirable, many migrants invoked comparisons to other cities. The loci for these 
comparisons spanned Europe, Asia, Canada and the US, although mentions of these cities were not necessarily grounded in their 
current reality or personal encounters. Instead, many individuals were drawing comparisons based on their conceptualized notions 
of these destinations, having never actually visited them, and so may be interpreted as references to the nebulous category of  an 
imagined ‘abroad.’ The overall vagueness and lack of deep knowledge of the city prior to moving indicated an imagined Mexico 
City that serves to contrast their experiences in their country of origin. This sentiment is encapsulated in the comment, "I like to 
say Mexico City was my favorite city in the Americas that I'd never been to" (Steve, March 2023). The findings echo Benson’s work on 
imaginaries in lifestyle migration,28 in which she argues that to demonstrate that migration is revealing of imaginings that often 
result in a mismatch between expectations and lived experiences. Such was the impression given that these lifestyle migrants’ 
plans were not rooted in research or experience, but rather hyper-individualized fantasy. That said, some implied that their choice 
of Mexico City over the comparison city was due to a decline in their countries of origin. Individuals from the US specifically 
recalled the “political bullshit” (Jim, February 2023) and described Mexico City as a “step away.”  Often, lifestyle migrants reported 
being “inspired” by friends or online acquaintances who had made the move and being comforted by the endorsement of online 
communities over amenities such as internet access and security. A few respondents included a romantic partner in their 
explanations, others listed family. The implication was that the presence of ‘in-group’ members in Mexico City served as a proxy 
vetting process by confirming the veracity of Mexico City’s reputation for offering an enhanced quality of life. A multiplier effect 
thus seems likely, given the frequency of responses that mentioned personal contacts that pre-existed their move. Mexico City was 
compared to Beverly Hills, the West Village (New York), Amsterdam, and Taipei City. Americans often noted traces of European 
influences in the city, specifically Roma Norte and Condesa, with Eleanor even remarking, “culturally, it’s so European!” (April 2023). 
However, the majority of comparisons were contrasts, vague references to 'culture,' and expressions of dissatisfaction with their 
home region. Individualism was a common critique from those who came from the US, with several stating that they were “kind of 
over that environment” (Alan, February 2023). Factors such as the cost of living, “political bullshit” (Jim, February 2023), and other 
signs of previously attractive areas in the US “going really downhill.” (David, February 2023) were also mentioned. Encapsulating 
these sentiments, Tanya stated “I can’t be picky if I want to leave America” (Tanya, April 2023).  
 
These negative characterizations could be seen as a form of escapism, not exclusive to Mexico City as a destination, and 
diminishing of arguments that its cultural characteristics presented significant pulls to these lifestyle migrants. However, 
dismissing references to 'culture' would be overly simplistic and misleading. While there are undoubtedly economic factors which 
contribute towards this migration trend,29 they need to be understood within the context of the other considerations which 
influence individual relocation, such as mentions of culture and lifestyle. Many interviewees explicitly pointed to individualism in 
the US as motivating their move, suggesting that Mexico City symbolized a departure from this cultural norm, for which there has 
been growing distaste among young millenials since the pandemic re-invoked the need for collective responsibility. Nevertheless, 
few provided detailed accounts of any collectivist experiences of lifestyle choices since their arrival, mirroring the lack of 
perceptible cultural change in the US despite the vocal criticism of individualistic capitalism. While motivations may have been 
rooted in macro-economic realities and desire for an escape from the hyper-individualism of the US, upon arrival personal 
fantasies and interests took precedent as they grew in privilege and the returns of mutualism diminished. 
 
The overarching impression that these migrants sought to construct a new life was accompanied by the desire for a new identity, 
enabled by their decision to move abroad alone and unmarried. Most expressed an expectation that physical relocation would 
bring about more than just a change in address; rather, they hoped to form a place identity, as Proshansky describes,8 defined by 
the activities and lifestyles made newly available to them due to socio-economic opportunities. With diminished importance 
placed on categories of occupation or nationality, these individuals construct identities through the consumption of leisure goods, 
services. They strive to live out this imagined identity through their behaviors and the relationships they pursue with others. This 
desire for an imagined lifestyle was particularly evident among those individuals who mentioned a desire for a romantic partner as 
one of the reasons for moving. For Kevin, a man in his forties who had lived in Mexico City for just under a year, the change in 
location unleashed a broad spectrum of new hopes: 
 

“Maybe I can find a wife or an apartment. I’ve been single for a long time now and I haven’t really had the time to think about it, 
but now if the cards are right, money is comfortable, and everything is in my favor, why not?” (Kevin, April 2023). 
 

The quest for a romantic partner was a common theme in my interviews but cannot be generalized given the limitations of my 
sampling methodologies. Numerous men suggested a noticeable increase in their appeal to romantic or sexual partners upon 
relocating to Mexico City compared to their home countries. A few pointed to height as a factor—the average height of a 
Mexican is 172cm, compared with 175.3cm in the US—, insinuating that standing among Mexican locals made them appear taller 
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and, consequently, more attractive. Additionally, several men subtly alluded to their newfound relative prosperity and crucially, 
perceived prosperity as white foreigners among Mexican locals, which elevated their social status, particularly in the realm of 
dating. Notably, individuals who remarked on their enhanced romantic appeal tended to be of European descent or lighter skin 
tone. Colorism is deeply rooted in Mexico, manifesting in socioeconomic disparities associated with lighter skin tones.28 This 
deeply rooted issue reflects and perpetuates historical legacies and societal attitudes, which create self-fulfilling associations 
between lighter skin with privilege. The migration of newcomers with lighter skin further reinforces such colorism, which 
continues to mold social dynamics and shapes opportunities in Mexican society. However, their understanding of this shift often 
lacked nuance and leaned toward self-aggrandizement, echoing work done on sex tourism that has seen extensive study in 
Southeast Asia29, South America30 and Africa.31  
 
Migration for these migrants was more than a change in location. They developed a fantasy of an imagined life that would be 
afforded by residence in Mexico City where their process of self-actualization could take effect. Nevertheless, the individualistic 
drive for a higher quality of life is inseparable from the underlying desire for geographic arbitrage, economic leverage within a 
foreign market, and reaction to macroeconomic trends that lend a more privileged existence in foreign markets.19  
 
"Right at Home": Occupying the City 
As post-migration routines developed, patterns emerged in the spaces the migrants occupied, the communities they joined, their 
proficiency in the Spanish language, and their immigration and taxation statuses. These inquiries delve into the behavioral patterns 
of migrants and offer insight into their integration into the intricate fabric of Mexico City's socio-economic landscape. The 
narratives that unfolded from these discussions provide insights into the multifaceted impact of these mobile agents on the city, 
shedding light on the dynamics of their interactions within its diverse societal and economic spheres. Echoing the patterns 
observed by Hayes and Rogers, each interviewee disclosed residing in four central neighborhoods, Condesa, Polanco, Santa Fe, 
and Roma Norte, which are among the most affluent neighborhoods in Mexico City. Consequently, the majority of Airbnbs were 
concentrated in this region. Nearly all participants made remarks about the 'livability' of their chosen neighborhood, either 
implicitly or explicitly comparing it to their home country. They often highlighted the abundance of parks, restaurants, and 
shopping districts. Some praised the "sophistication" (Eleanor, April 2023) of the residents, noting they were "different from the rest" 
(Colby, March 2023), while others contrasted these areas with what they described as "ghetto areas" (Gio, March 2023). In these 
neighborhoods, a sense of belonging prevailed, with few expressing feelings of being out of place; instead, many reported feeling 
"right at home" (David, February 2023). 
 
Perceived safety was another common topic. As Low points out, perceptions of safety and crime can differ based on factors such 
as race, class, and nationality, but that privileged foreigners often gravitate towards affluent neighborhoods or gated communities 
in urban areas, where they may feel a sense of familiarity and security akin to their home countries.32 These areas typically offer 
amenities such as high-quality housing, private security, and access to exclusive facilities. Many migrants expressed concerns about 
residing in neighborhoods without a significant presence of other foreigners, viewing them as potentially risky areas associated 
with Mexico's reputation for cartel violence and drug-related issues. According to interview subjects, Condesa and the other listed 
neighborhoods were “away from danger.” One interview subject explicitly linked the prevalence of foreigners to safety:  
 

“Polanco is a good place, so is Condensa, Colonia, Roma Norte. These are the good places, I’ve heard. Polanco-Condensa is the 
safest place because many foreigners are there. I saw there are people at almost every time in the night and police are patrolling. So I 
think it's a safe place, many foreigners are there” (Gio, March 2023).  

 
The outcome has been urban fragmentation and segregation, echoing the network-type enclaves in Managua Nicaragua identified 
by Rodgers.42 Specifically, the neighborhoods of Roma Norte, Condesa, and Polanco have gained reputations for being 
predominantly occupied by foreigners. Initiatives such as renovations in public spaces, infrastructure investment, and policy 
changes aimed at attracting foreign investment have further intensified this effect.43 Local taco stands and bodegas, once owned 
by locals, have transformed into yoga studios and cafes in response to shifting demographics and preferences. Even in shared 
physical spaces, lifestyle migrants in foreign countries actively seek out a community of like-minded individuals to foster a sense 
of identification.44 These communities are often formed through online forums and meet-up groups, with online travel 
communities leading to offline interactions. Building on cue utilization theory, social balance theory, and uncertainty reduction 
theory, Kunz and Seshadri illustrate how individual reputation, online communication, and perceived similarity among travelers 
promote in-group socialization, mediated by trust and sympathy.45 The majority of interviewees described their social circles as 
primarily composed of migrants "who were in the same boat." Shared life experiences and an "open-minded culture" formed the essential 
foundations of these friendships. Despite this commonality, many expressed an appreciation for the diversity within the expat 
community, welcoming individuals from various high-income, predominantly white countries such as France, the Netherlands, 
Australia, and the United States. Some individuals expressed a particular affinity for in-group members from ethnic minority 
backgrounds, and it was clear that the pursuit of community was necessarily an active process that rewarded extraversion.35 Many 
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interviewees reported utilizing apps and websites to find meet-up groups for fellow expats. These groups typically convened at 
bars or restaurants weekly, providing a platform for individuals to exchange life stories and offer recommendations for 
newcomers to the city. Some groups were more specific, organized around shared interests like hiking, while others carried an 
element of exclusivity, such as the Emerging Young Entrepreneur Society. Being in a foreign country can inspire in-group bias as 
estranged individuals gravitate towards familiar language and customs to create a sense of home. However, for some, the 
inclination to stick with the in-group was motivated by a fear of "being taken advantage of" and a perceived vulnerability in an 
unfamiliar environment. This fear persisted even within online forums of like-minded individuals, as expressed by one individual: 
"I have to protect myself… Who would know who the real expats are?" 
 
While not everyone actively avoided interpersonal relationships with local Mexicans, the implication was that such connections 
were challenging to establish organically. Interactions were predominantly limited to service providers such as taxi drivers, 
caterers, and vendors. Language barriers were certainly a factor, yet there appeared to be little interest in bridging this divide. 
However, there were a few deviations from this trend. Two expats expressed reluctance towards Americans, citing their perceived 
focus on work and "venture deals" (Alan, February 2023). It was suggested that these individuals spent more time with locals, but 
the negative framing suggested that this preference was driven by aversion to Americans rather than an active interest in the local 
community. Both expats had arrived with partners from their country of origin, which may have diminished their motivation to 
seek out familiarity. Another departure from the pattern was observed in the realm of dating, where some migrants shared 
experiences of romantically pursuing local Mexican women through dating apps. Others who had not encountered such situations 
expressed interest in the prospect. In many cases, this romantic pursuit served as the sole context for their social engagement with 
local Mexicans, and some mentioned making friends through these romantic connections. The exclusive focus on romantic 
relationships with Mexican women implies that migrants perceived themselves as distinctly separate from the local community, 
and their particular interest may even be interpreted as an offshoot of sex tourism that has been studied in various international 
contexts.31-33 Beyond romantic intentions, the majority of interview subjects expressed positive valent views, though perhaps 
verging on condescending and flattening,  characterizing them as "kind and helpful" (Lily, May 2023). A common theme was the 
admiration for their work ethic, succinctly captured by one respondent: "They're hustlers. They work so hard. Like, they live to work. You 
can see everyone trying to stay afloat, try and make it work because the government doesn't give them anything" (Alan, February 2023). Others 
commended their "service-oriented" (Henry, February 2023) culture and hospitality, with Alan noting that it was "almost to the point of 
obsequiousness." He further elaborated on his perception of what he considered an overly reverential attitude towards Americans: 
money. Alan suggested that the uniquely American tipping culture motivated extravagant displays of service. The transactional 
interactions between lifestyle migrants and local Mexicans, often limited to service providers and characterized by positive yet 
utilitarian perspectives, cast an added shadow on the depth of cultural exchange and integration.  
 
Language functions as a pivotal mediator in social interactions, and the majority of my interview subjects acknowledged having 
only a limited grasp of Spanish, often described as "poco." While English has permeated certain areas of Mexico City, it is crucial to 
recognize that merely 12 percent of the population speaks this language, widely considered a global lingua franca. The prevalence 
of monolingualism contributes to the perception that these migrants exist within an isolated social bubble. However, interview 
responses suggest that this is not the sole factor; migrants expressed a proactive motivation to connect with "like" individuals 
(Jim, 2023). When queried about their proficiency in the local language, responses fell into three broad categories: none, some, 
and fluency. Among those with no Spanish proficiency, respondents implied reliance on translation apps for day-to-day 
communication— “Google translate gets me pretty far” (Colby, March 2023)—sense of isolation from local populations, except for 
interactions in restaurants and grocery stores where language knowledge would be beneficial. Nevertheless, some mentioned using 
translation tools when communicating with services like Uber: “when I need to communicate with the Uber driver, I just use a translator” 
(Henry, February 2023). Individuals with basic knowledge recalled college classes but described their proficiency as "rocky" (David, 
February 2023) or "like a six or seven-year-old" (Colby, March 2023), asserting that it was nevertheless sufficient. A few noted 
growing up in a Spanish-speaking household, retaining complete fluency. More interesting, however, was the desire to learn 
amongst non-fluent speakers. For some there was “no need” (Jim, February 2023) because “[locals] just assume I speak English just 
because I’m white.” Many expressed their appreciation for this option, describing what they perceived as “openness” as a “confidence 
boost.” For most, learning Spanish was not a priority, often taking the backseat to more pressing matters like work. Motivation was 
a limiting factor: “It depends on my mood. When I first came out, yes, I was going to practice Spanish all the time. And now that I know some 
Spanish, I'm just like. I'm tired of learning, can we speak English please? If you know someone will speak English then that's fine” (Eric, April 
2023). Yet some did express interest in improving their Spanish and did so, mostly through casual conversations at social places 
around the city. Others had language apps like Duolingo or even went as far as paying for classes with remote tutors. Still, 
prioritization remained an issue:  
 

“I'm doing Duolingo and teaching myself stuff when I see words that I don't understand and trying to go over stuff for a few hours a 
day. But I would love to take a class at a university. UNAM has really good Spanish classes that are super expensive, but once I 
find a job, that's my first priority.” (Tanya, April 2023). 
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Despite the language barrier and the upheaval of relocating to a new country, many lifestyle migrants discovered that their change 
in location did not significantly alter their lifestyle and routine. They were able to recreate their previous way of life within their 
chosen neighborhoods of the city. As Eleanor put it: 
 

“My life is still very familiar in a lot of ways. I go to Pilates, I interact with a lot of Americans, we'll get coffee. It feels really normal 
in a lot of ways” (Eleanor, April 2023).   
 

Part of this adaptation was facilitated by the accessibility of familiar multinational companies, including Uber, Walmart, and 
Amazon, which seamlessly transitioned from their countries of origin. Some interview subjects noted a perception that certain 
prices were higher, likely in response to the increasing spending power in neighborhoods with high numbers of transnational 
migrants, but they appreciated the convenience of having access to familiar products and modes of commerce: 
  

“I just go to the Super Walmart because it's super close and I can tell it's catering to the foreigners” (Alan, 2023).  
 

The emergence of businesses which "cater almost exclusively to Western expats" (Eric, April 2023) was also brought up. Cultural 
gentrification of retail has been studied in other international contexts, such as shopping centers in Istanbul seeking to cater to 
international travelers,36 retail shops in Palma,37 and the Shenzhen Overseas Chinese Town (OCT) community in China.38 One 
example mentioned in interviews was Nurish, a meal-prep service that offers familiar items like Mac n’ Cheese. By contrast, local 
markets presented an unpredictable, potentially uncomfortable scenario, in which non-Spanish speaking migrants felt 
disadvantaged by their inability to communicate or barter. While some interview subjects proudly discussed their dexterity in these 
circumstances, others expressed distaste or anxiety about such modes of commerce. The implications of these unifocal social 
attitudes and the physical separation of social groups in cities are closely linked to social network segregation. Spatial segregation 
in Mexico City predates the arrival of these migrants; indigenous communities have historically been confined to denser urban 
spaces, often characterized by higher crime rates and lacking 'healthy' amenities such as large parks. There has been a consistent 
trend of seeking safety in similarity, extending beyond nationality or life experience to a perceived safety in socio-economic and 
racial homogeneity. As noted by Giglia, "living in segregated residential spaces in Mexico City is a complex social process that 
results not only from the fear of crime but also as a way to escape urban disorder and to establish islands of social 
homogeneity."39 That said, not all were content with the distribution. Some chose to diplomatically label the tendency to 
congregate as "interesting," while others expressed negativity: “They're all going the same fucking places, the same fucking restaurants, the same 
high-quality bars… It's the same shit” (Jim, February 2023).   
 
Responses to inquiries about 'challenges' further underscored the divide between the migrants and locals. Encounters with 
poverty and housing were unavoidably viewed through the lens of the privileged 'tourist gaze,' as conceptualized by sociologist 
John Urry. The fact that their exposure to hardship was confined to observing others endure it highlights the profound disparity 
in how they perceive and engage with the city: what one group endures, the other observes. This divide also shapes the identity of 
Mexico City—a city that promises differential experiences for migrants and locals. These perspectives materialize in spending 
patterns that favor American multinational corporations like Walmart over local tienditas, and Ubers over traditional taxi services. 
Airbnbs and acclaimed 'best restaurants' are spatially concentrated in affluent areas like Polanco, Condesa, and Roma Norte. 
Benson and O’Reilly underscore the profound impact of privileged identities in shaping and being shaped by their environment.2 
Despite this constructed experience, the sense of belonging is not necessarily diminished, as evident in one migrant's affirmation 
of feeling "right at home" (David, February 2023). Such seamless adjustment is distinctive to these migrants, as my interviews 
revealed that typical barriers like housing and immigration were overcome through passport and economic privilege. Their 
presence faced no challenges from anxieties or legal authorities, enabling their perception of a welcoming "nomad paradise" (Colby, 
March 2023). This contrasts sharply with the experiences of other migrants who encounter harsh treatment at borders, such as the 
US-Mexico border, endure overcrowded and unsanitary detention facilities, and struggle to secure employment and housing upon 
reaching their destination. Drawing on Proshansky’s environmental psychology8 and Savage’s concept of 'elective belonging,'9 we 
can interpret such comfort as a manifestation of power, and adaptability as a performance—both essential elements in, as Savage 
puts it, '[attaching] [one’s] own biography to their chosen residential location.’" 
 
Not Always a "Nomad Paradise": Logistics & Challenges 
As migrants settled and adapted to life in Mexico City, they encountered challenges, which encompassed a spectrum of concerns 
ranging from environmental issues to bureaucratic complexities related to taxation, property, immigration, and residency. As they 
navigate their way through a new country, these migrants confront and adapt to the idiosyncrasies and administrative intricacies 
that significantly shape their experiences. Pollution, discomforting proximity to poverty, immigration statuses, taxation, and 
property-related decisions emerged from the interviews as prescient themes. Understanding these intricacies can help inform 
policies and initiatives aimed at enhancing their integration and overall well-being in their new adopted home. 
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Despite Mexico City’s positive reputation and glowing reviews on countless tourist websites, a prevalent grievance among the 
expat population was the severe pollution. The country has long grappled with poor air quality and while measures have been 
taken to mitigate pollution, Greenpeace estimates that PM2.5 air pollution contributed to as many as 15,000 premature deaths in 
Mexico City in 2020. Six interview subjects expressed concerns about the pollution, noting its impact on their daily routines, with 
one stating, “the pollution here is to the point where my throat is burning when I'm on a morning run” (Eric, April 2023). Others mentioned 
acid rain, emphasizing the vulnerability of newcomers unaware of the risks: “The locals will get out of the rain because they know the acid 
rain will destroy their hair, and that if they drink it or it gets in their mouth, it's a problem. But the expats don't really realize the effects of acid rain 
and the pollution in Mexico City” (Lily, May 2023). A final comparison was drawn to Vietnam, specifically the presence of Agent 
Orange, a chemical herbicide and defoliant used by the US military in herbicidal warfare: “Air, water, air, water, food is a problem. You 
go to Vietnam and Agent Orange runoff is in all the food, and you're eating it” (Jim, February 2023). This comparison speaks to the intensity 
of their concerns and reflects a disconnected understanding of historical and sociopolitical contexts in both countries. Pollution 
proves to be an inescapable issue, and it is one of the few problems that privilege cannot shield these migrants from. Every 
resident of Mexico City breathes the same air, sharing the experience in more-or-less equal measure. The same cannot be said for 
poverty, a theme that surfaced in numerous interviews. Migrants expressed surprise and distaste for the visible poverty in the city, 
despite their insulation. Adam, an IT technician, remarked, “I was a little bit taken aback by the poverty on the street.” Yet, in the same 
breath, Adam conveyed a sense of price discrimination based on his origin: “For an American paying $2,000 in Mexico City versus 
$3,500 in New York, it’s a steal, but it's still expensive relative to what the locals are paying” (Adam, February 2023). Similarly, Suzanne, an 
online content creator, shared her sentiments about the cost of living and the resulting poverty: “The price of a cocktail here is way 
more than it was two years ago. The cost of living, the amount of poverty has risen” (Suzanne, May 2023). While neither poverty was a direct 
personal concern for Suzanne nor Adam, its peripheral presence was pronounced enough to warrant mention. Their juxtaposed 
comments about rent and cocktails underscored their alienation from the experiences of others in the city and, perhaps, their 
limited social conscientiousness toward those of a different social class. 
 
Other perceived challenges revealed a varying degree of self-awareness, particularly within the broader geopolitical context of 
migration from Mexico into the US. Krysten openly admitted, “it was a little hard finding an apartment because I don't have any paperwork 
that lets me be here officially,” (April, 2023). The tourist visa referenced is the authorization granted to citizens from the US, Canada, 
and other high-income nations, allowing them to stay in Mexico without a visa for 180 days as a Visitante (visitor). The 
immigration system is computerized, and no paperwork is required prior to arrival. Still visa runs—leaving the country every few 
months and returning with a new tourist status—remain a popular method for foreigners to live in Mexico. Alternative avenues 
include applying for a temporary resident visa, which is valid for up to four years and allows individuals to obtain a driver’s 
license, open a bank account, enroll in the IMSS national healthcare plan, and access medical services through the free INSABI 
healthcare system. For those seeking employment in Mexico, an employer must request a temporary resident visa with a work 
permit. 
 
The majority of interview subjects were visitors without visas, expressing positivity about the ease of entering and leaving the 
country. One even described it as a “nomad paradise” (Colby, March 2023). Others elaborated on the lifestyle that facilitates such 
ease: “I never stay 180 days. Let's say maybe three months, four months...And you'll hear a lot of controversy on that,” (Eric, April 2023). Most 
did not have residency, and many believed that applying for it would be unnecessary: “I don't even have residency here. I don't need to set 
up bank accounts. I may be buying property, but I don't need any of that,” (Henry, February 2023). While a few expressed interest in starting 
the process, Madeline provided an exception as someone who had successfully seen the residency process through: 
 

“Yes, so I do have residency. I will say it probably took me two visits, just because there's a backlog from Covid and everything… I 
do think that it's really important for expats who plan on making Mexico home to become legal within the city. It is giving us so 
much. And just to be cognizant of the fact that for many people, the roles are reversed. They're not able to travel as really to the states 
or Europe or whatever as we are. I just think it's the right thing to do, to be legal within the country as well. Other people don't have 
the luxury. I have friends who are from Mexico that have been waiting for their visa appointment to go to the States just for vacation 
for a year now. So it's just another way to recognize our privilege and be respectful for the community that we're entering.” (Madeline, 
2023). 
 

This level of self-awareness proved to be uncommon among the migrants. Even when they did not intentionally attempt to 
exploit loopholes and privilege, their ignorance about the process indicated an ability to navigate a complex immigration system 
without the anxiety of being held accountable for a misstep or oversight. This privileged confusion also extended to taxation. The 
vast majority of interview subjects were not taxed in Mexico due to their employment overseas. Most expressed some degree of 
confusion about their tax status: “I pay taxes in the US, and I think I'm still considered a tourist here. I still need to go back to the States from 
time to time. That's my understanding” (Jim, February 2023). However, Eleanor reported paying taxes in Mexico and emphasized the 
“privilege we have to be here, especially coming from first and second world countries that have stronger passports.” Others took the opposite 
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approach, expressing neither confusion nor a sense of obligation to contribute but instead exhibited confidence in their eligibility 
for certain tax loopholes between countries. 
 

“Are you familiar with FEIE or foreign earned income exclusion? That's one of the huge advantages to being here. I'm essentially 
paid to be out of the country. If I'm going to spend 330 days outside of the United States, then I can basically save $20,000 on the 
first $107,000 of income. I pay some tax, but I'm not paying huge amounts. I do business in the US. Overall that was the reason 
why we chose Mexico. And the way that the taxation works is if the physical location of your entity or your business is in the United 
States, you pay tax in the US. That’s how Mexico looks at it. The US looks at it with the FEI. You pay tax on where you're 
physically located, or at least you can leverage those exemptions based on your physical presence.” (Jim, February 2023). 
 

The issue of wealthy individuals exploiting tax systems by maneuvering between borders has garnered attention in academic 
literature. Scholars have documented various strategies employed by affluent taxpayers to minimize their tax liabilities, including 
the use of legal loopholes such as the foreign earned income exclusion (FEIE). High-net-worth individuals have been shown to 
strategically structure their income to qualify for the FEIE, allowing them to exclude a portion of their foreign earnings from U.S. 
taxation.40 Top earners have been found to be disproportionately likely to engage in tax avoidance strategies, exacerbating wealth 
disparities within and across countries.  
 
The concerns raised by these migrants underscore their privileged position, predominantly manifested in logistical inconveniences. 
While taxation and immigration presented personal challenges for some, they enjoyed the luxury of not being overly burdened by 
such concerns. Mobility was understood as a right, not a privilege, and their freedom of movement was part and parcel of their 
quest for self-actualization as a ‘global citizen.’ Yet while their individual freedoms were inextricably linked to the macro-
geopolitical privilege stamped on their passports, their considerations fell short of grasping the bigger picture. 
 
Emerging Identities 
Interview subjects had varying degrees of awareness about their impact on the city. For a select few seeking to be “very intentional as 
expats” (Madeline, April 2023), positionality was front of mind:  
 

“Regardless of the place of origin, I think it's really important with all the impacts that we can have on a place… And that goes 
beyond just learning Spanish. It's about trying to pay local prices for housing, being cognizant of your presence, being open to learning 
new customs, and really trying to acclimate versus just kind of using the city as your playground. Gentrification is a global issue. It's 
not gonna stop. But I do think we can be intentional about how we spend our time and our money and how we foster community 
within the city.” (Madeline, April 2023). 
 

Others held a contrasting view, contending that their presence in Mexico City was a positive contribution to the local economy. 
As Jim emphasized, “I do nothing but infuse dollars and contribute to this economy.” This disagreement often unfolded in online group 
discussions, sparking debates about the social responsibilities of digital nomads. When it came to the issue of gentrification, 
opinions were divided. Some were firm in their belief that the city has “changed for the better” since its earlier status as “truly kind of 
third world” (Henry, February 2023). Frequently, these migrants cited improvements in safety and the increased availability of 
convenient services as reasons supporting their perspective: 
 

“Before Uber, it was sketchy to call a taxi off the street cause you would get kidnapped and they would go to the ATM and would 
rob you of all your money. But since Uber, it has made the whole city a lot safer” (David, February 2023). 
 

However, these positive sentiments were tempered by concerns about the ongoing transformations evident in the city. Even 
David conceded that the city had “become a lot more expensive for locals.” Many expressed apprehensions about continuously rising 
prices: “the influx of expats has increased substantially, and you see that mainly in the real estate market. It's crazy—the demand for apartments right 
now” (Alan, February 2023). Others went a step further by recognizing the broader cultural shift that entailed negative 
consequences for local populations: 
 

“In restaurant settings, people don't even attempt to speak Spanish. It's straight away English. They automatically assume that 
everyone speaks English… You see baristas start to speak English automatically just because that's kind of what they're used to. 
Now, the price of a cocktail here is way more than it was two years ago. The price of living, the amount of poverty has risen… people 
can't afford to live where they have lived their whole life, which is the epitome of gentrification,” (Suzanne, May 2023).  
 

Suzanne wExperiences of gentrification were influenced by positionality, encompassing both past and present perspectives. 
Tanya, a Black college student, discussed the misalignment of her understanding of 'gentrification,' typically associated with the 
influx of white individuals into communities of color. 
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“Even my existence here as a Black woman, that’s gentrification. It's hard to come to terms with it because I think people lack that 
self-reflection. I was trying to shield myself or make an excuse for it. To an extent it is a little bit different, but it's not my mere 
existence here as an American, but benefiting from a cheaper economy it's the same thing. It's the same.” (Tanya, April 2023).  
 

Tanya’s side-gig was in the world of online influencers, where she posted romanticized images and videos promoting Mexico City 
as an ideal destination for remote living and work. Her social media feed depicted a vibrant rotation of cafes, parks, and clubs in 
the Polanco-Condesa areas, typically in the company of her expat community.  The exuberant lifestyle she advocated surpassed 
even Tanya's own, but even further removed from the everyday reality experienced by the majority of the city's residents. 
Theoretical awareness appeared disconnected from her daily life choices. According to Kaddar’s schema that analyzes gentrifiers 
by their sense of efficacy and interest in remedying the negative outcomes of gentrification,11 most migrants fell into the ‘Shrugger’ 
category; morally indifferent with a feeling that even if they tried, they could do little to help the situation. Tanya’s following 
statement, “That's really sad, but it's hard... it's one of these global economic situations" encapsulates this attitude. There were two noticeable 
‘Agonizers’ who expressed a high degree of moral discomfort at the perceived outcomes of gentrification, but still scored low in 
efficacy or perceived ability to remedy the situation. There was a distinct demographic distinction between these groups. Those 
who saw their presence as morally neutral or even a boost for the economy were predominantly white men like Jim and Colby. 
Meanwhile, the two ‘Agonizers’ were both women of color who offered an in-depth discussion of her feelings over positionality 
in Mexico City. Personal experience, education, social consciousness, allyship, and engagement in open dialogues about privilege 
may have contributed to this greater recognition of unequal power dynamics at play. It also reinforced the importance of 
consistently needing to revise definitions of gentrification to fit shifting power dynamics in a globalized world. The significance of 
race and gender identities are contextual; taking on the transnational migrant identity invokes a new privilege that may not have 
been held as a Black woman in North America. Yet the neighborhood change and involuntary displacement was, in the case of 
this interview subject, a familiar pattern. Hence, the awareness persisted.  
 
This variation in opinion unfolded within Reddit discussions, specifically under the thread titled "How do you guys deal with people 
saying we are colonialists/parasites ruining local communities etc.?"41 The predominant responses derided the notion, with certain 
contributors dismissing the arguments as confined to online forums for "fat purple-haired liberal white chicks" and contending that 
"people [in Mexico] [are] begging for the same tourism levels pre-Covid." Some commenters expressed sympathy toward the question, 
acknowledging issues like rising rents in Mexico City caused by foreigners and responded to the naysayers: 
 

“ Foreigners have been moving into Mexico City and driving rents significantly higher, causing the locals to be unable to afford their 
rents anymore. They are moving farther out and in turn causing the rents farther out to be significantly higher. A lot of it has to do 
with expats living the high life instead of the average local.” 
 

However, the ensuing dialogue revealed defensive responses, exemplified by vitriolic retorts such as, "I suppose you'd be looking to 
point the finger at some gringo on his laptop in Starbucks making $40K a year." While defensiveness is perhaps to be expected, the extent of 
self-awareness should not be overstated; cognition of positionality is undermined by the distortions of the ‘tourist gaze’ that 
undercuts any conception of objectivity.12 As Tanya’s social media page suggests, awareness is not necessarily paired with lived 
consciousness. Cognizance of macro-economic systems that motivated migration did not continue upon arrival when their 
positionality shifted from perceived disadvantage to hyper-privilege in a foreign market. 
 
CONCLUSION 
“Do yourself a favor and remote work in Mexico City—it is truly magical      ” – Twitter thread, February 16th, 2021. 
The now-deleted tweet from a migrant from Austin, TX is among a litany of recommendations peppering the Internet that 
extolling Mexico City as an ideal hub for remote work. It became the eye of a brief Twitter storm that reflected the tensions 
between affluent migrants and Mexican locals. The “magical” characterization was of particular annoyance, but it carried an ironic 
accuracy. Though migrants’ motivations for moving were tied up in macro-economic factors, desire for self-actualization took 
precedence leading up and especially upon arrival when awareness of positionality and embeddedness fell away. Existing 
scholarship has mainly focused on the impacts of these migrants, alongside some work on their perceptions and motivations. My 
research delineates migrants’ engagement with macro-economic motivations, which in large part incentivizes their location but 
falls away upon arrival when their positionality transitions from feeling disadvantaged to grappling privilege or failing to do so. 
 
Further exploration is required to understand the nuances of how these viewpoints, attitudes, and aspirations manifest, shaping 
their new environment. To achieve this, a more in-depth investigation is necessary. Firstly, a thorough analysis of migrants' 
distinct spending patterns is crucial, considering whether their familiarity with multinational corporations influences their 
preference for entities like 7-Eleven Inc., Uber Technologies, Inc., and Walmart Inc. Understanding these spending behaviors 
would illuminate where the economic capital of the expatriate community in Mexico concentrates and its potential impact on local 
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commerce. Secondly, exploring the divergent experiences between white people and people of color in the context of lifestyle 
migration warrants further investigation. Particularly noteworthy is the scarcity of scholarly attention devoted to non-white 
lifestyle migrants. Understanding how race intersects with migration decision-making is crucial, exemplified by initiatives like 
Ghana's efforts to attract African American "digital nomads," where motivations for relocation intertwine with perceptions of US 
racism and African identity. Whether similar dynamics manifest among lifestyle migrants in Mexico City remains unexplored, 
presenting an opportunity for future studies to delve into these complex and understudied intersections. Thirdly, my interviews 
uncovered an unforeseen attitude among male migrants towards local women, suggesting potential negative repercussions and the 
emergence of new avenues for exploitation. Addressing this issue requires further comprehensive research to comprehend its 
dynamics and implement protective measures through stringent policies, education initiatives, and the empowerment of Mexican 
women. Lastly, investigating how the increasing awareness of transnational gentrification manifests in self-regulated or 
government-regulated behavior is essential for understanding its implications and devising appropriate policy responses. These 
areas present exciting opportunities for future research, allowing for a deeper understanding of the dynamics of transnationalism 
and its broader societal ramifications. 
 
In the ever-evolving landscape of mobility and globalization, the case study of digital nomadism in Mexico City unveils unique 
insights into the intersection of transnational gentrification, geographic arbitrage, and lifestyle choices amongst individuals and 
groups. While digital nomadism promises liberation from traditional workplace constraints, it also reflects and perpetuates existing 
power structures of white supremacy, misogyny, and settler colonialism. Mexico City was, for many migrants, a backdrop for self-
actualization. We must balance the macro-socio-economic trends that drove migration with individual motivations to understand 
why it has become a hub for these lifestyle migrants and how their attitudes manifest upon settlement. 
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ABSTRACT 
Undergraduate student support systems and individual confidence in science courses have been linked to better academic 
performance among college students. As the topics of diversity and inclusion continue to draw the attention of the collegiate, the 
problem of equity surrounding supportive learning environments for all races in higher education comes into focus. This paper 
adds to the literature by highlighting the importance of adequate support for students in collegiate settings. 
 
Disparities in student support and confidence with scientific activities among students of color (SOC) and white students in an 
undergraduate environmental science course had been evaluated. Students (n = 235) were asked to complete a Qualtrics survey 
containing questions focused on evaluating support from parents, siblings, close relatives, friends, peers, classmates, and 
professors and confidence regarding self-efficacy in learning and doing scientific activities. The perceived support and confidence 
in scientific activities in white students and SOC were measured using an independent T-test. The findings demonstrated that 
white students may have had access to stronger support systems and had higher perceived confidence levels in completing 
scientific activities based on survey responses. On average, white students had greater perceived support and more confidence. As 
a result, higher dropout rates, lower performance overall, and alienation of these students in higher education environments could 
occur. If this trend continues, racial discrepancies suggest that students of color need stronger support networks related to 
scientific activities in higher education settings. 
 
KEYWORDS 
Student Support; Student Scientific Confidence; STEM Confidence; Students of Color; Academic Support; Undergraduate 
Student; Family Support; Student Peers 

 
INTRODUCTION 
As the population of the United States of America continues to increase in racial diversity, opportunities to examine inequities 
within institutions pertaining to diverse groups will grow as well. It is well known that generational wealth and legacies of groups 
holding power in the country have led to disproportionate wealth and educational gaps.1 According to the 2019 Survey of 
Consumer Finances, even though white citizens made up about 68.1% of the country’s population, they held 86.8% of the 
country’s overall wealth.2 These racial disparities often begin at the educational level where a larger family income can be 
associated with children receiving better quality primary and secondary school education. 1 This support from family early on to 
curate a safe and healthy primary and secondary school education is extremely influential on a student’s desire, confidence, and 
ability to achieve success in higher education.3 The motivations for students to explore their individual creativity in educational 
fields and allow themselves to prosper in university settings depends on crucial factors such as support and mentoring.4 In this 
study students enrolled in an undergraduate environmental science course were surveyed to gather data on their individual 
perceived confidence in science-related activities and perceived support systems available to them. The survey results were 
evaluated with respect to student’s racial backgrounds. 
 
Previously, support of students of color (SOC) in higher education and confidence had been studied separately within literature. A 
study by Fuse & Bergen.5 found that support for underrepresented groups in a professional science field differed based on racial 
background. The study highlighted the need for better emotional, financial, and alumni role model support and discussed how 
this impacted support in academic outcomes and graduate admissions. However, there is a lack of papers addressing the 
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relationship between both support and confidence variables on students’ of color ability to succeed, in contrast to their white 
counterparts. This study seeks to examine both items and observe any potential differences between the two based on race. 
 
In this study we used Phillips et al.6 for the definitions of scientific activity confidence and support, which examine and explore 
the framework for articulating and measuring learning outcomes in the scientific field. This study defines self-efficacy in the 
scientific field as the “extent to which a learner has confidence in his or her ability to participate in a science or environmental 
activity”.6 The questions modeled around the student’s self-efficacy and identity were used in this study to give insight on a 
student’s perceived confidence surrounding scientific activities. Support in this study is defined based on London et al.,7 which 
describes the influences that perceived identity compatibility and social support have on women in nontraditional fields during 
their transition into college. The study defines social support to include “emotional concern or comfort, affirmation, instrumental 
or tangible assistance, and the provision of information” from close friends, family members, and others around the students.7 
 
Support is a broad category that offers students a better chance at success. Familial Support includes many factors like familial 
structure, familial socioeconomic status, familial level of education, familial involvement in academic preparation, familial 
emotional connection, and more.8 These factors all contribute to ways a student can be supported by their families. Social and 
institutional support is just as important as these factors and contributes to a student’s self-esteem, validation, sense of community 
and direct connections while away from home. 8 Institutional support for students can be seen as an extension of a familial 
community that will be students “rock and a support to lean on”.4 Some ways in which students can be supported better by family 
in these settings would be to have families draft an academic success plan for their student, discuss their students futures in the 
academic world with professors and advisors, take factors of adversity such as the stereotypical hardships that come depending on 
race into account, help their student identify sources on campus that can help students with additional academic and social issues, 
and to encourage students to get involved on campus.8 Institutions can better support students by increasing the diversity of 
faculty, encouraging the facilitation of diversity conversations on campus, and .Support is a large aspect of a student’s path to 
success and analyzing discrepancies in higher education can bring academia one step closer to closing the gap. 
 
METHODS AND PROCEDURES 
A total of 235 students were surveyed in an undergraduate environmental science course at a large land grant university in the 
southeastern United States. This study was originally conducted with a sample size of 238 students enrolled in an introductory 
environmental science course. Among these students, three of the responses were dropped due to the students preferring not to 
answer demographic questions including race, gender, and other categories. This study received exemption status by the North 
Carolina State University Internal Review Board (NCSU IRB # 14368). 
 
Qualtrics™ was used to develop and implement a survey that included socio-demographic (age, classification, gender identity, 
race and major) and support questions which were adapted from London et al.7 Students were asked if their mother, father, 
siblings, other close relatives, friends, peers, and professors supported them in their major/educational pursuit using a Likert scale 
(1 being strongly disagree and 7 being strongly agree). This scale rated the perceived support of individuals who were close with 
the students and would have influenced their journey throughout their academic careers.  
 
By allowing the students to self-assess their own level of strength when it comes to scientific topics, an understanding of their 
own perceived levels of confidence with scientific activities can be found.9 Survey questions regarding student’s self-efficacy on 
learning and doing science topics from the Cornell Lab of Ornithology9 were adapted to measure scientific activity confidence. A 
Likert scale (1 being strongly disagree and 7 being strongly agree) was utilized in a Qualtrics™ survey. The questions provided 
insight about a student’s perceived self-efficacy level. The Likert scales were collapsed into three categories: 1-3 as disagree, 4 is 
neutral, and 5-7 is agree. An independent t-test was conducted to determine if there were significant differences between the 
perceived scientific activity confidence and support scores of white students when compared to students of color (SOC). 
Differences were considered significant at p-values <0.05. 
 
RESULTS 
Demographics 
This study included 235 students in total. Due to blank responses, the gender, age, and student classification measures in the study 
consisted of 234 students. The race measure consisted of 231 students in this study. Students of color (SOC) were defined as 
students who did not solely identify as white. This included African American, Asian, Native Hawaiian/Pacific Islander, 
Hispanic/Latin X, American Indian/Alaskan Native, and those of two or more races. It is a diverse classification meant to 
represent students who are not represented by whiteness. The University in the study is a predominantly white institution (PWI) 
where the majority of the students are white. In 2022, there were 2,450 faculty (white=70.8%, race other than just white=29.2%) 
at the institution in the current study. The lack of diversity in teaching faculty may offer some insight into the difference of 
support found amongst SOC and white students. 
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Student Demographics 

Measure Item Count (n) Percentage (%) 

Gender 
Man/Male 125 53.4 

Woman/Female 106 45.3 
Other 3 1.3 

Age 
18-24 225 96.2 
25-34 7 3.0 
35-44 2 0.9 

Student Classification 

Freshman 89 38.0 
Sophomore 87 37.2 

Junior 37 15.8 
Senior 21 9.0 

Race* 

American Indian/Alaskan Native 2 0.9 

American Indian/Alaskan Native, White/Caucasian 1 0.4 

Asian 21 9.1 

Asian, White/Caucasian 5 2.2 

Asian, Native Hawaiian/Pacific Islander 1 0.4 

Asian, White/Caucasian 1 0.4 

Black/African American 12 5.2 

Black/African American, White/Caucasian 4 1.7 

Hispanic/Latinx 12 5.2 

Hispanic/Latinx, White/Caucasian 2 0.9 

Native Hawaiian/Pacific Islander, White/Caucasian 1 0.4 

White/Caucasian 169 73.2 

Figure 1. Mean scientific activity confidence values for students based on the corresponding statements. *Each student did not disclose their race,  
therefore the count for race is n = 231. 
 
Perceived Student Scientific Activity Confidence 
The number of white students that completed the survey (168) was more than double the number of SOC (62).  Students were 
asked to rate statements to measure their confidence when it comes to science related activity (Figures 2 and 3). Results indicated 
that there were significant differences amongst the two groups mean confidence values. Students of color produced significantly 
higher mean values for statements associated with a negative confidence viewpoint on scientific concepts. Two of these 
statements were: “It takes me a long time to understand new science topics” (M=3.40 for SOC, M = 2.73 for CS; p = 0.001*) and 
“It takes me a long time to understand how to do scientific activities” (M=3.24 for SOC, M=2.67 for CS; p =0.004*). Responses 
to the statements “I think I’m pretty good at understanding science topics” (M=5.00 for SOC, M = 5.53 for CS; p = 0.003*) and 
“I feel confident in my ability to explain science topics to others” (M=4.23 for SOC, M = 4.82 for CS; p =0.003*) indicated white 
students had perceived a significantly higher positive scientific activity confidence when compared to SOC(Figure 3).  
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Figure 2. Mean scientific activity confidence values for students based on the corresponding statements. The error bars represent a 95% confidence interval. 
 

Confidence statements Student Race N Mean Std. Deviation Std. Error 
Mean P-value 

I think I'm pretty good at 
understanding science topics.  

SOC 62 5.00 1.32 0.17 

0.003* 

white 168 5.53 1.12 0.09 

Compared to my peers, I think 
I can quickly understand new 

science topics. 

SOC 62 4.81 1.30 0.17 

0.042* 

white 168 5.18 1.20 0.09 

It takes me a long time to 
understand new science topics. 

SOC 62 3.40 1.42 0.18 

0.001* 

white 168 2.73 1.30 0.10 

I feel confident in my ability to 
explain science topics to 

others. 

SOC 62 4.23 1.31 0.17 

0.003* 

white 168 4.82 1.34 0.10 
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I think I'm pretty good at 
following instructions for 

scientific activities. 

SOC 62 5.60 1.27 0.16 

0.05 

white 168 5.95 1.00 0.08 

Compared to my peers, I think 
I can do scientific activities 

pretty well. 

SOC 62 5.13 1.25 0.16 

0.16 

white 168 5.38 1.14 0.09 

It takes me a long time to 
understand how to do 

scientific activities. 

SOC 62 3.24 1.28 0.16 

0.004* 

white 168 2.67 1.31 0.10 

I feel confident about my 
ability to explain how to do 

scientific activities to others. 

SOC 62 4.56 1.35 0.17 

0.13 

white 168 4.88 1.36 0.10 

Figure 3. Descriptive statistics for students as it relates to their science activity confidence (* denotes significance at a p = <0.05). A Levene test was performed, 
but was not found to be significant at a 95% confidence interval. 
 
 

 
Figure 4. Percentage of student agreement to a statement that family in their life supported them in their choice of  major. The error bars represent a 95% 
confidence interval. 
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Figure 5. Percentage of agreement based on the support of the following persons regarding their choice of major. The error bars represent a 95% confidence 
interval. 
 

Support Systems Student Race N Mean Std. Deviation Std. Error 
Mean P-value 

Mother 
SOC 62 6.20 1.48 0.19 

0.07 
white 169 6.59 1.16 0.09 

Father 
SOC 61 6.16 1.38 0.18 

0.49 
white 166 6.31 1.46 0.11 

Siblings 
SOC 58 5.95 1.65 0.22 

0.36 
white 168 6.16 1.47 0.11 

Close Relatives 
SOC 50 5.78 1.45 0.20 

0.06 
white 140 6.20 1.30 0.11 

Friends 
SOC 62 6.06 1.16 0.15 

0.29 
white 169 6.25 1.22 0.09 

Peers 
SOC 62 5.90 1.24 0.16 

0.87 
white 169 5.93 1.34 0.10 

Classmates 
SOC 62 5.56 1.70 0.22 

0.11 
white 169 5.95 1.33 0.10 

Professors 
SOC 62 5.63 1.60 0.20 

0.03* 
white 169 6.11 1.22 0.09 

Figure 6. Descriptive statistics for students as it related to their support systems (* denotes significance at a p = <0.05). A Levene test was performed but was not 
found to be significant at a 95% confidence interval. 
 
Perceived Support 
Students were asked if the following persons in their life supported them in their major/educational pursuit (Figures 4 and 5). In 
an analysis of the student’s support systems, results indicated that there was a significant difference amongst the support 
perceived from professors by SOC and white students. White students displayed a higher mean value (M=6.11) in contrast to 
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SOC (M=5.63). This perceived support value from professors was significantly greater (p =0.03*) in white students than in SOC. 
Both SOC and white students placed their peers and classmates among the groups that they felt the least support from (Figure 
6). The mean values when ranking support perceived from their classmates about their choice of major were similar for white 
students and SOC.  
 
The independent t-test indicated that for these family support variables, there is no significant difference in white students and 
SOC perceived support from their mother, father, siblings, and close relatives regarding their choice of major (Figure 6). Similar 
to the family perceived support, results suggest that student’s perceived support from friends, peers and classmates, there was not 
a significant difference between white students and SOC. Students support values were overall the highest for mother and father 
and were the lowest for peers and professors. However, when evaluating students perceived support levels from their professors, 
the t-test indicated a significant difference (p=0.034*) between how much white students (M=6.11) and SOC (M=5.63) perceived 
support from them. 
 
DISCUSSION/CONCLUSION 
Discrepancies in academic performance of undergraduate students of color (SOC) and their white counterparts in the scientific 
field could be associated with the support systems around them and their own confidence surrounding science activity. In this 
study, students in an introductory environmental sciences course communicated their own perceived levels of support and 
confidence. In both the support and scientific activity confidence results, white student’s results yielded more positive outcomes 
than SOC. It was found that there were significant differences between the two groups pertaining to their perceived level of 
support from professors and their individual confidence pertaining to STEM related topics. 
 
Upon entering the collegiate environment, many different factors contribute to the success of students in academics. Two key 
factors examined in this study included scientific activity confidence and support. Science-related confidence is the students 
“sense of their competence and skill, [and] their perceived capability to deal effectively with various situations”.10 An increase in a 
student’s self-confidence can be correlated with a higher level of academic success.11 Support “can be conceptualized in terms of 
the structural components (e.g., social integration: being a part of different networks and participating socially) and the functional 
components (e.g., different types of transactions between individuals, such as emotional support or favors)”.12 Support is an 
important factor in the academic setting because it promotes positive reinforcement that motivates students to try their best in 
school and maintain/exceed their current performance.13 
 
Based on a study by Quintana et al.,1 a connection was found between race and the levels of support in undergraduate students. 
Some groups have a higher chance of performing better in academic settings than others,1 which could be due to the abundance 
of evidence linking better support systems to better academic performance.14 McKown et al.15 delves into a series of three studies 
conducted at primary schools. These studies examined different racial groups of students and the relationship between what their 
teachers expected of them and how this related to their academic performance. In this paper, researchers concluded that when the 
teachers expected more from students, they taught more enthusiastically and provided “higher quality instruction”. Subsequently 
these students would become influenced based on the expectations from teachers and as a result would respond by either working 
harder to meet the higher standard or becoming demotivated in the face of prejudice and low expectations.15 In reference to the 
results above, the SOC in this study ranked the perceived support from professors when it comes to their choice of major 
significantly lower than that of the white students. This could provide insight into an academic achievement gap that could result 
for SOC where they must work harder against what is perceived to be less support from their professors. 
 
Science activity confidence and support systems are connected. The more positive a student’s support system tends to be, the 
better their scientific confidence will be when approaching difficult or new topics.16 Confidence is a factor that is strongly 
associated with high performance in all aspects of life.11 Those who tend to hold onto higher perceived self-confidence seem to 
attribute better qualities in terms of likeability, self-esteem, performance, and competence.10 Three studies conducted around 
“self” by the University of New York at Buffalo, determined that college students with considerable self-confidence are attributed 
with more positive future academic outlooks.10 Our results indicated that SOC were repeatedly responding with significantly lower 
values for scientific activity confidence statements compared to their white classmates. The lower the student’s confidence 
surrounding these topics, the more students may struggle to achieve the same level of academic success as other students within 
the scientific field.17 
 
Such disparities may possibly lead to more SOC having harder times navigating the same environments as their white 
counterparts. The support system of a student can be a major indicator of their success in school and academic environments.8 
This discrepancy and lack of support could lead to gaps in terms of science activity confidence and quality education for SOC. 
Higher dropout rates, lower performance overall, and alienation of SOC in higher education could result. Along with some of the 
other factors that SOC must overcome in collegiate settings, these additional aspects can continue to make it difficult for them to 
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successfully enter, succeed, graduate, and find jobs.18 “Only with a keen understanding of the sources of ethnic disparities in 
academic achievement can social policies be designed to promote greater equity and by extension, optimal youth development and 
a healthy society”.19 

 
Some limitations in this study include the classification of students in the course surveyed, the small number of SOC (n=62) 
within the overall population surveyed, and a lack of open-ended survey questions. In an introductory environmental science 
course, most students were underclassmen and fell into the freshman and sophomore classification. If the study included more 
students of higher classifications, it may have provided better insight regarding support in collegiate settings from students who 
were further along in their academic career. The small amount of SOC in the sample size of the data may have resulted in an 
underpowered study. Additionally, more in depth survey questions that were open ended may have provided information 
regarding why students did not feel supported or confident regarding the topics asked. There were also other factors of support 
commonly found in collegiate settings that were not analyzed in this study, which may have had an impact on student support 
scores such as family finances, tutors, academic advisors, teaching assistants, and other faculty.  
 
Something worth noting is that even if many of the results did not yield significant differences, perhaps due to a low sample size, 
white students consistently had a trend of better/more positive ratings than SOC. This demonstrates a consistent difference that 
may be worth exploring for future research. Some other implications from this study that future research may call to answer is the 
examination of study groups, mentor programs, and monetary support from family specifically on the effect of support. Although 
these factors were not observed in this study, they may have a profound effect on students support systems in higher education. 
This may call for a reanalysis of the term “support” and the many layers of it impacting students’ lives. This study was also 
conducted at a large PWI, and analysis for support and confidence at historically Black colleges or universities, other minority 
serving institutions, and smaller institutions may offer different results that are worth investigating.  
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PRESS SUMMARY 
Undergraduate student support systems and individual confidence in science courses have been linked to better academic 
performance among college students. As the topics of diversity and inclusion continue to draw the attention of the collegiate, the 
question of equity surrounding supportive learning environments in higher education comes into focus. Students (n = 235) were 
asked to complete a survey with the intent to measure the differences in support and confidence among white students and 
students of color (SOC). The findings demonstrated that white students may have had access to stronger support systems and had 
higher science activity confidence levels than SOC based on survey responses. As a result, higher dropout rates, lower 
performance overall, and alienation of these students in higher education environments could occur. 
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