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Figure 2
Types of Toys Present in the Environment for Each Participant

Note. This graph displays the proportion of toy types in each infant's environment, with each 
bar representing an infant and each color corresponding to a toy category.

learning/concept toys (1.40%, SD = .09), traditional nontoy/household 
items (2.61%, SD = .10), and traditional gross motor toys (0.33%,
SD = .02; Figure 4). Interaction with electronic toys was minimal, with 
infants spending 0.07% (SD = .005) of their time on electronic responsive 
toys and 0.06% (SD = .004) on electronic symbolic toys (Figure 4). 

A repeated measures ANOVA was also conducted to examine 
the average bout duration for each toy type across all dyads. 
The average duration of independent bouts of time that infants 
spent manipulating various toy categories varied significantly
(F [8,46] = 14.634, p < .001; Table 2).  Follow-up paired comparisons 
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Figure 3
Proportion of Time (by Percentage) Infants Spent Manipulating Objects and without 
Manipulating Objects 

Note. This figure shows the proportion of time infants spent manipulating objects and 
not manipulating objects during the four-minute free play session. Bars, arranged from 
least (left) to most (right) time spent manipulating objects, represent individual infants.

revealed that infants’ bouts with traditional organizational/fine motor 
toys were longer, on average, compared to all other toy categories 
(M = 30.634 seconds, SD = 7.31, range = 0 to 240.32; p < .030). 
Traditional symbolic toys had an average interaction time of 3.55 
seconds (SD = 6.50, range = 0 to 27.07), which was significantly 
longer than average bouts of traditional gross motor (M = .1231 
seconds, SD = .677, range = 0 to 4.49; p = .031), electronic responsive 
(M = .163 seconds, SD = 1.12, range = 0 to 7.67; p = .040), and 
electronic symbolic (M = 0.153 seconds, SD = 1.05, range = 0 to 7.21; 
p = .023). Traditional art toys had an average interaction time of 3.04 
seconds (SD = 11.44, range = 0 to 62.36). Traditional responsive toys 
displayed an average of 1.70 seconds (SD = 10.72, range = 0.34 to 
33.65). Interaction with traditional non-toy/household items averaged 
8.56 seconds (SD = 8.24, range = 0.54 to 24.58). Traditional learning/
concept toys exhibited an average of .319 seconds (SD = 1.61, range 
= 0 to 10.66).
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Figure 4
Proportion of Time Spent in Object Manipulations by Toy Categories

Note. The bar graph shows the proportion of time each infant spent manipulating each 
toy category and without an object in hand (represented in dark blue at the bottom of 
each bar). Each bar represents one infant, with colors indicating specific toy types or the 
absence of manual interactions.
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Abstract
In the aftermath of the Indian Mutiny and the perceived failures 

of the British East India Company, the British Parliament passed the 
1858 Government of India Act, which liquidated the Company and 
placed India under direct rule by the Crown. The historiography on 
the Company’s end and the Raj’s beginning has not given adequate 
attention to the Act itself, portraying it as an uncontroversial measure 
used to change India’s governing body. This article addresses the 
controversial nature of the Act. By examining geographically and 
politically dispersed newspaper articles from when the Act was 
being considered in Parliament, this research shows that the 1858 
Government of India Act was contested, and there was no uniform 
reaction to the Act’s introduction or passage through Parliament.

Introduction
India was long one of the most important colonies in the British 

Empire. From its origins as a pathway into a new area for exploration 
and trade to a land filled with opportunities for cultural and economic 
expansion, India was the “jewel in the crown” of the British Empire, 
according to historian James Lawrence (1997). Historians have 
explored how India developed from an uncharted land to a bustling 
center for trade in the Empire and how India’s colonial history had a 
lasting impact on the rest of the Empire, even in the modern era. But 
they have not paid adequate attention to the political transition in India 
from rule by the East India Company to direct government by Britain, 
which occurred in 1858.  Historians have treated the switch from the 
Company to the Crown as a uniformly accepted decision. However, 
there is insufficient scholarship on how the press reacted to the end of 
a major imperial institution.
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This article argues that the 1858 Government of India Act, which 
facilitated the end of the British East India Company and instituted 
direct Crown rule over India, was extremely controversial. Through 
an analysis of nine British and Irish newspapers, it demonstrates that 
there was no uniform press perception of the bill while Parliament 
considered it. This research will examine press commentary discussing 
the merits and drawbacks of the bill and Company rule over India 
in general. Newspaper coverage both reflected and informed public 
opinion. In an effort to provide a representative sample of attitudes to 
the Government of India Act, the journals examined in this essay are 
geographically dispersed and politically diverse. Previous scholarship 
does not discuss the bill, leading historians to believe that it was 
noncontroversial; however, the different opinions seen across the 
United Kingdom show that this was not the case and that there was no 
universal opinion of the bill.

Most of the historiography on British governance over India does 
not address the 1858 Government of India Act; instead, it frames the 
legislation as the instrument that switched Indian governance from the 
British East India Company to the Raj. In their major works about the 
British Empire, Antoinette Burton, William Dalrymple, and Thomas 
Metcalf all use it in this manner, failing to discuss the Act’s public 
perception (Burton, 2015; Dalrymple, 2006; Metcalf, 1960). While this 
approach is valid, it does not give enough credit to the circumstances 
and opinions that created the Act in the form it was enacted.

Historians have neglected to consider how the Act itself was 
highly controversial and there have been no other studies specifically 
on the Act’s public perception. These controversies could have been 
foreseeably carried into the early years of the Raj. Thus, historians’ 
ability to analyze the Raj effectively in its early years is limited. While 
there is no directly relevant literature, the relevant historiography 
addresses the results of the Indian Mutiny that pushed British officials 
to make this change in governance. Literature on British opinions of 
why the Act was necessary will add to this and help to illustrate why 
scholars found the British East India Company to be an ineffective 
governance structure, necessitating the Raj.

The British East India Company came from the rapid expansion 
of British exploration in the late sixteenth and seventeenth centuries 
(Andrews, 1985, p. 256). By the middle of the eighteenth century, 
the Company had established a durable presence in India and had 
become indispensable to the Imperial economy. After defeating 
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a vassal within the Mughal Empire, the Mughal Emperor gave 
the Company a monopoly on trade within the area and the right to 
manage the finances of the Mughal Empire, including collecting 
taxes (Parsons, 2019, p. 45). The Company became India’s dominant 
political and governmental power, forcing administrators to balance 
their profitability and governance responsibilities.

Several aspects defined the Company’s administrative structure 
in India. While Company administrators retained control over most 
Company affairs, many aspects of Indian governance relied on the 
colonial populations. Colonial subjects formed the basis for the 
Company armies. While officers and some soldiers were European, 
Indians comprised most of the common army. They also formed much 
of the civil and administrative service, with Indians being a crucial 
part of the Company police force in India (Parsons, 2019, p. 49). As 
the Indian people began to take more prominent positions in roles 
traditionally seen as “European,” more Western education institutions 
were established. These aimed to bring “evangelism, Western law, and 
English education” to the people of a land considered to be barbaric 
(Parsons, 2019, pp. 52–53). The graduates of these programs were 
seen to be more “Western” than the other colonial subjects and were 
put into the civil service, albeit at lower levels (Parsons, 2019, pp. 
52–53; Mookerjee, 1944, p. 30).

While Company rule had, in many ways, helped bring economic 
improvement to the region, their actions caused resentment among 
the Indian people. Heavy land taxes on the Indian people fueled 
discontent with the Company administration. The anglicization of the 
Indian people also made many colonial subjects feel as if their culture 
was being alienated. When the British introduced the Enfield Rifle as 
the primary weapon of the primarily Hindu and Muslim sepoy army, 
there was an outcry amongst soldiers that resulted in a series of violent 
outbursts (Yadav, 1994, pp. 140–142; Burton, 2015, p. 58).

The reports of violence caused by the rebels during the Indian 
Mutiny/Rebellion of 1857–1858 helped to change many perspectives 
about how India should be governed. Before, many British administrators 
saw India as a land that could “be as progressive as England itself” by 
bringing British customs and culture to the land. The Mutiny forced the 
British government to view their governance of India through a more 
authoritarian lens (Metcalf, 1960, p. 25). The Mutiny highlighted the 
lack of benefits of Company administration in India. Many realized that 
the Company did not bring much to Indian governance (Spear, 1965, p. 
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229). After realizing the benefits of direct rule over India, Parliament 
began discussing the future of the British East India Company.

Lord Palmerston noted several reasons for the Government of India 
Bill when it was introduced to Parliament on February 12, 1858. He 
explained the positive aspects of Company rule in India and that the Indian 
people benefited under the Company. However, Palmerston argued that 
imperial administration should be accompanied by accountability to 
Parliament. By keeping the Company, still an independent organization, 
as the administrative body of British India, Palmerston argued that India 
had a “double government” that created a cumbersome bureaucracy. 
This, he argued, in part contributed to the Indian Mutiny. Although the 
government had no control over the situation, they were blamed for these 
failures (Hansard, 12 Feb. 1858 col 1277). Lord Stanley and Benjamin 
Disraeli continued to advocate for the bill when the Conservatives took 
control of Parliament in late February of that same year. While some 
particulars of the bill were changed, its focus was the same as when 
Palmerston initially introduced it.

The basis of the bill was to create a system whereby Parliament 
would more directly control the administration of India, allowing them 
to have more control over how India was governed (Hansard, 12 Feb. 
1858 col 1277). Palmerston proposed that the Crown control British 
possessions in India to achieve this goal, with a Secretary of State for 
India established to oversee the colony in conjunction with a fifteen-
member council. The Act also established the Indian Civil Service and 
put all Company contracts onto the Crown. These changes were guided 
by the goal of merely being a change in governance rather than a change 
of the government system. While many members of Parliament saw 
this change as necessary based on the events in India and the perceived 
issues with the Company governance system, others saw flaws in the 
bill. An early opponent was Thomas Baring, the Conservative MP for 
Huntingdon. His main objection was to the bill’s timing, arguing that the 
unrest in India would have to settle before this bill could be passed. This, 
he argued, would put the government in a better position to enforce the 
change in the system (Hansard, 12 Feb. 1858 col 1296).

As the proceedings carried on, members of Parliament raised other 
objections. Parliament amended the bill several times, which many MPs 
saw as weakening the structures that could have checked the Council 
set up to assist the Secretary of State for India (Hansard, 25 Apr. 1858 
col 1692). One of the chief criticisms was that the government did not 
state its exact grievances with Company rule; rather, ministers alluded 
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to several factors culminating with the Mutiny. Most MPs overcame 
these objections through Lord Stanley and Disraeli’s work, and the bill 
received royal assent on August 2, 1858.

English Press Reactions
The English press in London was at the center of the debates 

surrounding this bill. As a significant piece of legislation that occupied 
Parliament’s attention, many newspapers in London paid close 
attention to the India bill. As one of the major liberal newspapers in 
London, the Daily News regularly published articles about the bill’s 
progress (Brake & Demoor, 2009, p. 158). The Daily News editors 
immediately began to attack the bill after it was introduced. The liberal 
paper believed that changing the governing structure for India was too 
radical of a move, warning that “[the government of India] is not a 
thing to be trifled with” (Daily News, 17 Feb. 1858). As Parliament 
amended the bill and the government sponsoring it changed, the 
Daily News attacked both the way that Parliament considered the 
bill and some of the new aspects of the bill. It argued that the House 
of Commons did not fully comprehend how Indian affairs would be 
affected by this system (Daily News, 18 Jun. 1858). The Daily News 
continued with this trope as the bill approached passage, indicating 
this paper’s strong opposition to the bill.

Compared to the policies of the Daily News, London’s major 
conservative newspaper, the Standard, firmly supported the India 
bill. The Standard was circulated well beyond London and used in 
other conservative publications (Brake & Demoor, 2009, pp. 596–
597). When the bill was introduced in February, the Standard writers 
pointed out how Company governance was flawed from the beginning, 
eventually leading public opinion to turn against them (The Standard, 
12 Feb. 1858). During the revisions to the bill, the Standard continued 
to publish accounts of the Indian Mutiny, something that was not seen 
as much with the Daily News. The Standard continued to voice its 
support for the bill, arguing that the measure’s opponents based their 
opposition on the timing of the legislation rather than an actual need 
for the bill. The paper used intelligence reports from India to counter 
these claims. Towards the passage of the bill, its correspondents in 
India argued vehemently for a change in government (The Standard, 6 
Apr. 1858, 20 Jul. 1858).

These two newspapers provide ample information as 
representatives of the larger English press. The Daily News, one of the 
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leading liberal newspapers, opposed the bill until the end. This pattern 
contrasts with the Standard, which followed what the Conservative 
party leadership advocated by supporting the bill. Its coverage of the 
bill’s passage makes it clear that many members of the English press 
believed that the Mutiny demonstrated the failures of the Company. 
This evidence from the press demonstrates how English reactions to 
the bill were split based on political leaning.

Irish Press Reactions
The English liberal press primarily opposed the India bill because 

of its timing. The Irish liberal press, on the other hand, had vastly 
different reasons for opposing the bill. The Northern Whig, a prominent 
Irish liberal newspaper based in Belfast that circulated throughout 
Northern Ireland, followed the bill’s passage in Parliament (Brake & 
Demoor, 2009, p. 461). Its editors described it as “a masterpiece of 
human stupidity” (Northern Whig, 12 Apr. 1858). They argued that 
the politicians who introduced the bill neither understood nor cared 
about the Indian people who would, upon passage, be subject to their 
direct rule. The editors believe that the Company had a major impact 
on the negative actions in India; however, the Northern Whig argued 
that the Indian people would be no better served by a group of people 
who had never been exposed to the area and could not be expected 
to care. While the bill’s specifics changed over the six months it was 
being considered, the Northern Whig never substantially changed its 
views. One of its main criticisms was how the House of Commons 
considered the bill. They argued that the increasing specificity of the 
bill did not address the key concerns and opposed it until it was passed 
(Northern Whig, 11 Jun. 1858).

Irish conservatives initially followed much of the same trends as 
Irish liberals. The Belfast News-Letter, a major conservative paper, 
opposed the bill (Brake & Demoor, 2009, pp. 44–45). When it was 
introduced, editors for the paper explained how putting control over 
India in the hands of the new Council, which the Prime Minister’s 
government would ultimately choose, would adversely affect Indian 
governance (Belfast News-Letter, 19 Feb. 1858). However, the 
Belfast News-Letter writers changed their views on the bill once it 
was reintroduced by Benjamin Disraeli, requiring some members of 
the Council to have experience in India. The editors fully supported 
these changes and believed they would strengthen the new Council. 
They also felt that it would improve the caliber of Indian civil servants 
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(Belfast News-Letter, 30 Mar. 1858). The paper continued its support 
until the bill was adopted, writing that it was in its best form yet and 
that it was necessary to enact it immediately to prevent future issues 
under the Company (Belfast News-Letter, 9 Jun. 1858).

While the liberal and conservative perspectives are essential to 
understanding Irish opinions of the bill, the Irish nationalist perspective 
holds equal weight and must be considered. This is seen through 
examining the Freeman’s Journal, one of the leading Irish nationalist 
newspapers that “reflected mainstream moderate nationalist opinion” 
(Brake & Demoor, 2009, pp. 230–231). This paper expressed concern 
over the bill and took issue with how Parliament considered the bill, 
citing some major issues as symptomatic of a broken state. One of 
the paper’s major apprehensions was the new Council members’ high 
salaries (Freeman’s Journal, 19 Jul. 1858). The Freeman’s Journal 
saw the bill as evidence of Parliament’s indecisiveness and division 
in creating policy, explaining how the bill was “intolerable” and 
“required only to be exposed in order to cover its proposers and abettors 
ignominy and disgrace” (Freeman’s Journal, 28 Jul. 1858). These 
opinions reflected their general concern with English governance seen 
in the Irish nationalist movement.

The Irish press’s reactions to the bill were as diverse as those in 
England. The Northern Whig authors reported that their views were 
consistent for Irish liberals, indicating that they generally opposed the 
legislation. While Irish conservatives initially opposed the bill, their 
concerns were addressed in due time, and they eventually supported 
the measure, recognizing that it was the best way to fix the Company’s 
broken governance structure. The Irish nationalist press did not take a 
firm stance on the bill but saw some specific aspects and the process in 
which it was considered as symptomatic of the English government’s 
struggles. The Irish press was divided on the bill, with each side of the 
debate having different opinions and motives.

Scottish Press Reactions
While the liberal press from England and Ireland opposed 

the India bill, the Scottish press reflected a different attitude. The 
Scotsman was one of the major liberal newspapers in Scotland and 
heavily commented on the bill while it was being considered in 
Parliament (Brake & Demoor, 2009, p. 562). Reporting on the bill’s 
initial introduction by Palmerston, editors from the Scotsman brought 
up how there was little evidence that the Company government was 
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“a model of perfection” as other liberal commentators had suggested 
(Scotsman, 17 Feb. 1858). Their treatment of the bill was extremely 
balanced. They discussed the bill’s benefits and drawbacks, especially 
the new mechanism of having men of experience as a part of the 
Council supervising Indian affairs. The Scotsman continued to fight 
for its passage, but the bill faced some opposition because it gave 
the government too much power. “Imperial matters,” the Scotsman 
commentators wrote, “cannot be given over to local management; 
and if the management is to be imperial, it must go to the Imperial 
Government” (Scotsman, 3 Apr. 1858). While Scottish liberals saw 
inherent issues with the bill, they believed this system was better than 
the Company governance system. While they may not have fully 
favored the bill, they were not opposed.

Similarly to the conservative journals from England and Ireland, 
the Edinburgh Evening Courant, a major Scottish conservative journal 
with a broad readership, supported the bill (Brake & Demoor, 2009, pp. 
189–190). Like the Scotsman, the Courant treated both sides equally 
in describing the bill’s introduction. However, it pushed back against 
arguments for delaying reorganization until the Mutiny finished. The 
Courant editors insisted that “...at no time could it be more desirable 
than now” (Edinburgh Evening Courant, 16 Feb. 1858). One of the 
key ways that the Courant advocated for the bill was by attacking the 
Company governance system. The editors characterized it as a system 
that made the Company a ruling “caste” in India. One of the arguments 
against the bill was that the Indian people would not accept the change; 
however, the Courant used evidence from their Indian correspondents to 
disprove this claim, stating that “the future increase of British influence 
in India accords no more ground for apprehension” (Edinburgh Evening 
Courant, 24 Apr. 1858). As the bill took its various forms and was 
eventually passed, the Courant demonstrated optimism for its passage 
and effectiveness (Edinburgh Evening Courant, 19 Jun. 1858).

The Scottish reaction to the India bill differed vastly from 
England’s or Ireland’s. The latter two expressed more vocal opinions 
about the legislation, either for or against. The same cannot be said for 
Scottish conservatives or liberals, who were less vocal about the issue 
than the English or Irish papers and tended to be more informational 
than argumentative. Unlike the English and Irish liberal papers, which 
took a firm stance against the bill, the Scottish liberal press supported 
it. The Scottish press uniquely endorsed the bill across party lines.
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Welsh Press Reactions
The liberal press in Wales opposed the bill. The North Wales 

Chronicle, one of the oldest weekly papers in Wales, indicates how many 
Welsh liberals reacted to the bill (Brake & Demoor, 2009, p. XI). The 
paper listed many grievances with the bill. Like other liberal papers, the 
North Wales Chronicle believed the timing was improper because of the 
ongoing violence (North Wales Chronicle, 20 Feb. 1858). It also argued 
that if one of the two governments in the double governance system 
had to be abolished, the East India Company should remain since it is 
already present in the country. This point of contention was not common 
in other liberal newspapers (North Wales Chronicle, 20 Feb. 1858). The 
newspaper was also opposed to the bill because of the perceived flaws in 
the system. The editors maintained that the Secretary of State for India 
should be a permanent official to avoid political influence rather than a 
Member of Parliament with political motives. They also believed that 
the new governance structure would create a “stronghold of families” 
that would control India (North Wales Chronicle, 17 Apr. 1858, 3 Jul. 
1858). While they opposed the bill, their criticism was more targeted, 
focusing on specific aspects of the measure.

The general conservative consensus surrounding the bill supported 
its adoption and extended to Wales’s conservative press. The Cardiff 
and Merthyr Guardian, a conservative newspaper based in southern 
Wales with circulation across the broader region, supported the bill 
from its inception. The paper endorsed the perspective of one of its 
India correspondents, who believed that Company policies were the 
main cause of the Indian Mutiny and that eliminating the Company was 
the only way for “the people of England…to be proud of a magnificent 
empire” (Cardiff and Merthyr Guardian, 13 Mar. 1858). As the bill 
neared passage, the paper’s editors summarized their support for the 
bill: “There may be no radical change in the government of the great 
dependency, but power will be more concentrated, and a corresponding 
authority will be enacted from all who wield that power” (Cardiff and 
Merthyr Guardian, 17 Jul. 1858).

As in England and Ireland, the Welsh press was divided on the bill. 
The Welsh liberal press opposed the legislation, whereas the Welsh 
conservative press favored the measure. However, one distinction is 
the specificity with which the Welsh press discussed the bill. With the 
press from the other kingdoms, the commentary on the bill was broad; 
however, much of the discussion surrounding the bill in Wales, both 
for and against its adoption, was specific. Liberal papers stated their 
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opposition through clear arguments about major parts of the bill. This 
was uncommon with newspapers in other kingdoms, where much of 
the opposition targeted the bill as a whole rather than a particular part. 
The conservative press was the same, defending certain parts of the 
bill as being vital to addressing the failures of the Company. Apart 
from this distinction, much of the Welsh press’s views, rhetoric, and 
opinions aligned with those elsewhere.

In the final analysis, the United Kingdom’s press never reached 
a consensus on the Government of India bill. The general trend was 
that liberal newspapers opposed the bill, and conservative newspapers 
supported it, but there were also differences in editorial perspectives 
based on geography. The English liberal press was vehemently 
against the bill, and its rhetoric reflected this strong opinion. The Irish 
liberal press had many of the same strong opinions. These, however, 
contrasted with liberal newspapers in Scotland and Wales, which were 
much more subdued. The conservative press mimicked this pattern. 
Conservative newspapers in England and Ireland were much stauncher 
in their support for the legislation, while the conservative press in 
Scotland and Wales offered a more muted endorsement. This evidence 
supports the conclusion that there was no uniform response to this 
contentious bill and that these differences were based on geography 
and political leaning.

As previously explained, the historiography relating to the 
Company’s dissolution and the Raj’s establishment treats the 1858 
Government of India Act as merely an instrument to change the 
government structure. Scholars have not given much attention to 
the Act itself, which may lead some to believe it was a relatively 
uncontentious issue. This research demonstrates that this was not 
the case. While the bill was passed with overwhelming support in 
Parliament, the press did not reflect this attitude throughout the 
United Kingdom. Therefore, the bill was more than just a simple 
means to transfer control from the Company to the Crown, but was 
a highly contentious political measure that shaped the nature of 
British colonialism. Divergent press responses serve as a reminder 
that there was nothing “natural” or “inevitable” about the form of 
imperial governance imposed by Britain on India in 1858; rather, the 
development of the Raj was contested from the very beginning.

It is easy to gloss over the Act: it came after the Mutiny, a time of 
extreme political and military tensions in the Empire, and before the 
Raj, which started a new era of British imperial history. The attitudes 
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and arguments discussed in this essay show how the press, and by 
extension, the broader British public, was divided over the bill. By failing 
to discuss how the public reacted to this novel institution, historians 
have failed to recognize the controversy surrounding the bill and, by 
extension, the nature of imperial governance in Britain’s most important 
colony. This research fills this critical gap in the historiography and 
provides a deeper understanding of the complex political atmosphere.
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Abstract
Developmental science has documented that infants’ emotional 

reactions are shaped by individual dispositions and their environment. 
This study investigated fear responses along with patterns of 
brain development in infants 6 to 10 months. Nine infant-mother 
dyads participated, with each infant observed twice (18 visits). An 
electroencephalogram (EEG) was used to analyze brain activity during 
resting-state and fear-eliciting conditions. Infant fear vocalizations 
were evaluated and coded during two conditions, i.e., an unfamiliar 
object (an electronic toy-spider), and an unfamiliar adult approaching. 
Results indicated infants’ fear vocalizations were stimuli-specific, 
with more fear expressed towards approaching strangers than the 
novel object. Findings also showed a relationship between heightened 
fearful vocalizations towards strangers in certain infants and right 
frontal-region EEG asymmetry. These findings support that infant fear 
responses vary based on the type of fear-eliciting stimuli as well as 
the role of individual dispositions, with patterns of infant right frontal 
EEG asymmetry linked to temperamental fear.

Introduction
Infants’ behaviors vary in the emotional situations they experienced 

throughout their first year as well as their individual/temperamental 
responses to emotion-eliciting events. Early-life experiences, 
especially those involving novel and potentially fear-provoking 
stimuli, are theorized to influence brain development (Filippi et al., 
2022). Developmental psychologists have investigated the emotion 
of fear and examined infant temperament alongside physiological 
reactions to fear-eliciting conditions. These early responses are 
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foundational, as situational and temperamental fear reactions are 
considered precursors to a trajectory of anxious behaviors in childhood 
(Filippi et al., 2022). Evidence from several studies found that early 
signals of anxiety occurred in infancy, with more fearful responses 
and behavioral inhibition indicating future risk for anxiety-related 
disorders (Gartstein et al., 2010). Along with the plethora of novel and 
potentially fear-promoting experiences an infant encounters in their 
environment in the first year of life, studies also link a pattern of right 
frontal EEG asymmetry to both temperamental and experiential fear 
responses during the events (Gartstein et al., 2010; Jones et al., 2020). 
Given the role of early emotional experiences affecting development 
outcomes, there is growing interest in examining these patterns 
longitudinally as well as identifying markers, both behavioral and 
physiological, that could indicate a heightened risk for exaggerated 
fearful and anxious responses in infancy and early childhood.

Fear

Fear is a startling or distressed response to sudden changes in 
stimuli that includes novel physical objects or social stimuli (Gartstein 
& Rothbart, 2003). Fearfulness in infancy can vary depending on 
the type and intensity of the environmental event and the infant’s 
understanding of the situation (Bittner et al., 2007). Within the first year 
of infant development, the most studied fears include fear of heights, 
fear of spiders and snakes, fear of separation from familiar adults and 
fear of strangers or unfamiliar adults who approach the infant (LoBue & 
Adolph, 2019). Researchers typically examine infants’ behavioral and 
biological reactions to these novel events to determine if they are fearful 
because infants cannot verbalize their fear (LoBue & Adolph, 2019).

Fear responses that are observed as distinct reactions to distressing 
or alarming events have been found to emerge early in infancy, with 
findings of wariness towards strangers and startling reactions to fear-
provoking stimuli like snakes and spiders developing around six 
months old (LoBue & Adolph, 2019; Gartstein et al., 2010). Due to 
the infant’s lack of verbal skills, their responses often involve crying, 
clinging to caregivers, facial distress, widening eyes, and freezing 
or avoidance behaviors such as turning or mobilizing away from 
the fearful stimulus or event (Gartstein et al., 2010). However, not 
all infants and not all conditions produce behaviors that are equally 
demonstrated when infants are presented with these potentially fear-
eliciting experiences (LoBue & Adolph, 2019).
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Theories suggest that infant fear of the unfamiliar, such as strangers 
and spiders/snakes, stems from evolution: it is a natural unfolding of 
an underlying genetic predisposition as humans adaptively needed 
this innate fear response as a survival mechanism (LoBue & Adolph, 
2019). Some research indicates that infants exhibit increased fear of 
strangers, heights, and snakes/spiders around eight to ten months due 
to their increased self-generated mobilization at this age, whereas other 
studies propose that fear of these stimuli could be learned through 
observing/modeling parents’ reactions across age (LoBue & Adolph, 
2019). One question the LoBue and Adolph (2019) study addresses is 
whether the infant is actually experiencing fear. They argued that for an 
infant to be exhibiting fear, there must be evidence of both behavioral 
and physiological responses to these environmental conditions.

Temperament

The goal of understanding normative versus heightened risk (non-
normative) development has been to design longitudinal investigations 
of patterns of emotional development as well as the influence of 
individual variation in temperamental dispositions across infancy. The 
emotional and biological tendencies that arise in early development 
mold an infant’s temperamental disposition and, ultimately, their 
personality (Howarth et al., 2017). Temperament, although shaped 
across infancy via experiences and interactions with social others, 
is thought to be relatively stable across one’s life (Bornstein et al., 
2015), so infant temperamental traits formed in infancy are thought to 
be foundational across the lifespan. In infants, individual differences 
in emotional responses and overall temperament can be observed in 
behaviors even a few months after birth (Gartstein & Rothbart, 2003). In 
addition, temperamental traits are believed to encompass biologically 
based individual differences in emotional reactivity, arousal, activity 
level, and self-regulation, all of which emerge in infancy and likely 
form the basis of personality development (Bornstein & Cote, 2009).

Individuals vary in how they respond to typical and novel 
situations due to the interplay of innate and environmental factors. 
Therefore, fearful temperament, characterized by nervousness and 
avoidance of new situations, is linked to heightened physiological 
reactivity and is identified as a risk factor for childhood anxiety, 
suggesting a relationship between temperament and potential risks for 
psychopathology (Trent et al., 2021). Filippi et al. (2022) argued that 
there is a gap in understanding the links between the development of 
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negative emotions and the neural correlates of behavioral inhibition, 
which is involved in childhood fearful temperament.

EEG and Right Frontal Asymmetry (RFA)
Understanding how the brain is involved in temperament and 

emotional development is critical in addressing developmental 
questions surrounding normative versus the potential for risk in 
patterns of socio-emotional development. One way to study important 
processes in the brain related to emotions and temperament is by using 
electroencephalography (EEG) which measures the brain’s electrical 
activity across the scalp (Bell & Cuevas, 2012). During the first year of 
life, the brain rapidly changes and grows.  In developmental research, 
the EEG is typically used to study cognitive and affective development 
and their relations to changes in brain patterns across hemispheres and 
regions due to its low impact on typical behavior (Bell & Cuevas, 2012). 
EEG measures allow researchers to noninvasively document changes 
in brain and behavioral development, as prior research indicates that 
the entire cortex, particularly the frontal region of the brain, continues 
to mature during infancy (Bell & Wolfe, 2007). Infancy research relies 
on EEG as it enables the investigation and evaluation of early emotional 
and cognitive processes. This method bypasses the requirement 
for infants to demonstrate verbal skills they have not yet acquired, 
offering a window into their earlier developmental processes (Jones et 
al., 2020). However, there are challenges when it comes to collecting 
an EEG on infants, the greatest being undesired movement (Jones et 
al., 2020). To combat this limitation, in this study, we recorded both 
resting-state and stimulus-linked EEG responses to precisely locate 
when the stimuli started and ended. This helped us to document both 
tonic, non-stimulus responses as well as stimulus-linked patterns of 
the EEG to be used as a reliable measure of plasticity of the brain and 
changes across development with experiences (Jones et al., 2020).

Similarly, it is known that the EEG changes in frequency 
parameters across development and studies have documented that the 
alpha frequency band is commonly used in research with infants. Bell 
and Cuevas (2012) have established that alpha band activity in the 6 
to 9 Hz band in infant is similar to the adult alpha band (8 to 12Hz) 
and akin to the state of relaxed wakefulness, which decreases with 
concentration, stimulation, or visual fixation (Allen & Reznik, 2015). 
One measure that is utilized to measure brain activity from the alpha 
band is asymmetry, as not only are there changes in the frequency 
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parameters but also changes in the left and right hemisphere activation 
patterns (across the corpus collosum) amongst regions of the brain.  
Asymmetry is defined as the difference in activity over the right versus 
left hemisphere of the brain (Allen & Reznik, 2015). Asymmetry 
values are relatively stable across short and long periods in infancy, 
making it a reliable way to study cognitive, socio-emotional and brain 
development (Brooker et al., 2017; Jones et al., 2020).  Finally, studies 
by Fox and colleagues (1994) have linked changes in frontal lobe 
development with increasing development of emotions and emotion 
regulation. Notably, studies of RFA in the alpha band have been 
associated with negative emotions and withdrawing-type behaviors 
whereas left frontal asymmetry has been associated with positive and 
approach-type emotions during development (Fox, 1994).

In research with adult populations RFA has been shown to be a 
biomarker for negative affect and disorders associated with negative 
mood (Shanok & Jones, 2023). Thus, RFA has been suggested as a 
potential physiological index across development as it has also been 
found in children with anxiety and panic disorders (Shanok & Jones, 
2023). Further, infants with an increased resting-state RFA showed 
more fearful responses than infants with relative left frontal EEG 
asymmetry (Hane et al., 2008) and other studies have found that 
infants with extreme RFA had high levels of cortisol, which is a stress 
hormone that can be elevated when a person has heightened anxiety or 
is under a lot of stress (Jones et al., 2020).

Current Study

This study investigated emotional development in early infancy 
by examining behavioral fear responses to a standardized set of 
emotion-eliciting stimuli and events in 6- to 10-month-olds. The 
fear reactions of infants, starting at 6 months, were examined across 
two conditions. This was done because developmental changes in 
an infant’s response to fearful stimuli could be related to their level 
of reaction across age as well as to their brain activity (Jones et al., 
2020). Behavioral fear responses are also examined to see if younger 
infants respond differently to fearful stimuli compared to older infants, 
or if there are certain infants that are more or less responsive, as 
suggested in early theories of emotion/fear reactions and temperament 
across development (Lobue & Adolph, 2019).  For brain activity, this 
research examines whether behavioral fear responses are associated 
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with frontal region asymmetry and if the responses are during the 
stimulus event or evident during resting-EEG condition.

It was hypothesized that younger infants would exhibit less fearful 
responses than older infants in response to different fear-eliciting 
stimuli, as mentioned in the evolutionary theory presented in Lobue 
and Adoplh’s (2019) paper. It was also hypothesized that there would 
be a greater fear response to the unfamiliar, stranger-approach than to 
a novel, “scary” toy-spider stimulus. In addition, we expected infants 
to be fearful across both stimuli/situations across age. For the measure 
of brain activity, it was hypothesized that infants with a greater fear 
response to the stranger-approach stimuli would have an RFA score 
versus infants with more regulated responses, as mentioned in Jones 
et al. (2020). Learning more about early fear development through 
investigating the simultaneous association with the development of 
brain activity can help identify the variation in responses across infant 
development.

Specific Aims

The aim of this study is to investigate the development of fear 
responses in infants and the neurophysiological mechanisms associated 
with them. Specifically, this study seeks to examine how fear-eliciting 
stimuli, such as a stranger or a novel object (e.g., a toy spider), influences 
infant behavior and brain activity, using an EEG. By tracking both age-
related and individual differences in fear responses, the study aims to 
identify early markers of fearful temperament which could be used to 
identify potential risk factors for later emotional disorders.

The purpose of this research is to better understand the neural 
pathways of fearful temperament in infancy and how these early 
patterns of brain activity may predict emotional development 
outcomes. This knowledge may help identify infants at heightened 
risk for anxiety-related disorders and inform interventions aimed at 
supporting their emotional development.

Method

Participants

The data used was part of the Baby BEAR study, currently 
conducted at Florida Atlantic University (FAU), Washington State 
University, and Virginia Tech. Nine participants qualified for inclusion 



Volume 14 | Spring 2025
www.fau.edu/ouri

94Florida Atlantic Undergraduate Research Journal

Results

Behavior and Age

Using the Statistical Package for the Social Sciences (SPSS), an 
omnibus 2 (younger versus older ages) by 2 (standardized by stranger 
condition) by 4 (10 second intervals within each condition) repeated-

in this study, with 18 visits recorded. All participant visits were conducted 
at the FAU WAVES Emotion Lab in Jupiter and Boca Raton, Florida. 
There were two groups of participants: the younger (6- and 8-month-
old group) and the older (8- and 10-month-old) group. Participants 
were recruited via flyers sent to their families’ homes, with families 
identified via birth records from the local region or from recruitment 
events in West Palm Beach geared towards families. This study is part 
of a larger project in which infants will be observed bimonthly from 6 to 
24 months, with over 100 infants already seen across sites.

Procedure

Before each visit started, the infants’ mothers signed consent 
forms allowing their children to participate in the study and completed 
a questionnaire asking for personal information.   During the visit, 
each mother sat next to their infant. Different stimuli were shown 
throughout the visit to elicit a response in the infant; this study looks 
at the baseline, the Goldsmith and Rothbart (1996) LabTAB, spider 
task, and the stranger approach task.

To measure frontal asymmetry scores, the infants wore an EEG 
cap with 32 electrodes, which recorded brain wave activity throughout 
their visit. At the start and stop of each condition, a research assistant 
hit the biomarker button on the EEG machine to record the start and 
end of the condition. In the baseline condition, the infants were shown 
a short video of Sesame Street. The baseline was used to examine 
the infant’s brain activity in relaxed conditions compared to fearful 
conditions. In the standardized stimuli condition, a remote-controlled 
spider was placed on the table before the infant and moved around 
for 60 seconds. Finally, in the stranger approach condition, a research 
assistant in a lab coat approached the infant for approximately 40 
seconds, motioning as though they were going to pick up the infant 
but not actually doing so. While all these conditions were in action, 
mothers were instructed to refrain from intervening unless necessary. 
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measures MANOVA was computed to analyze the difference in fear 
vocalization scores during internals, for the conditions and between the 
age groups. No effects were found between the intervals nor for age 
groups (p > .05). However, there was a significant multivariate effect 
when comparing the two conditions in which the infants were exposed 
to fear stimuli, with infants showing more fear vocalizations during the 
task with the stranger approach and less during the standardized stimulus      
(F [1, 16] = 5.95, p = .03; Figure 1).

Figure 1
Fear Vocalization Responses During the Spider Stimuli and Stranger Approach

Note. Comparison between the standardized stimuli and the stranger approach.

In a separate analysis in which we compared 6-, 8-, and 10-month-
old infants as a between subject variable (rather than older or younger 
groupings), there were also no significant age effects nor interactions 
with age, (p > .05); however, there was a trend for the 6-month-old 
infants (compared to 8- and 10-month old) to show increased fear 
vocalizations during the stranger condition (F [1,16] = 2.90, p = .09).
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EEG and Behavior During Resting-State Versus Stranger 
Approach Condition

To examine those with greater fear responses, the participants were 
separated into two groups based on fear vocalization scores: a score of 4 
or above put them in the high temperamental fear group (versus low fear/
more regulated responses that scored 3 or below in fear vocalizations). 
A repeated measure MANOVA was then computed to examine frontal 
EEG asymmetry in the alpha band (6 to 9 Hz) in the prefrontal (Fp2 to 
Fp1), mid-frontal (F4 to F3), and lateral frontal (F8 to F7) regions of the 
brain to examine behavior and neural activity during the resting-state 
(baseline) and the stranger approach conditions.

During the resting-state EEG condition, no significant differences 
were found in asymmetry between those infants with increased 
responses in fear vocalizations versus those with low fear vocalization 
(p > .05). A repeated measures MANOVA was also conducted to test 
the hypothesis that infants with increases in fear response during 
the stimuli will have more RFA than infants with more regulated 
responses. In particular, this analysis looked at the infant’s frontal 
EEG asymmetry during the stranger approach condition. There was 
a significant effect, with infants with higher fear vocalizations having 
more right than left frontal asymmetry (compared to those with lower 
fear/more regulated responses; F [2,11] = 7.23, p = .02; Figure 2).
Figure 2
Average Frontal Asymmetry Scores Between Low and High Fear Infants

Note. The averages were calculated using SPSS.
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Discussion
This study investigated emotional development across ages, 

specifically the development of infant fear as a potential precursor 
for emotional risks for an anxiety disorder. During a standardized 
stimuli task (an electronic spider) and a stranger approaching, fear 
vocalizations were examined along with EEG data during resting-state 
and fear-promoting stimulus conditions.

The first part of this study examined how infants responded 
differently to different fear-eliciting stimuli. This is important because 
when examining infant fear development if the stimuli used do not 
elicit a fearful response, it does not show how infants exhibit fear 
(LoBue & Adolph, 2019). Our study showed that the unfamiliar 
spider and stranger elicited different fear vocalization scores, with the 
stranger approaching eliciting increased fear vocalizations.

How infants react to novel emotional situations and how their 
brain responds to these conditions is important because this may reveal 
risk factors for avoidance behaviors and potentially later emotional/
anxious disorders. Further, infants experience novelty on a daily basis, 
and those who react with increases in negative affect during new 
situations may avoid them in the future. Our study showed that those 
high in fear vocalizations during the stranger approach had greater 
right frontal brain activation patterns than infants who showed lower 
fear and more regulated vocalization. This is an important distinction 
between the two groups because it reveals how infants react to fear 
may be linked to both the level of emotional responses and associated 
patterns of frontal region brain development. Also, this study could 
allow future research to uncover reliable biomarkers in infants who 
are likely to develop anxiety as children.

Fear Behavior in Infants

Classical evolutionary developmental psychology suggests 
that an individual’s fear of spiders/snakes and strangers is innate, 
emerging at predictable stages of development reflecting biologically 
programmed responses to specific stimuli (Lobue & Adolph, 2019). 
However, in this study, infants displayed a higher fear response to 
the stranger approaching them than to the novel spider stimulus. This 
could mean that the fear of spiders may not be innate, as the infants 
in this study were not scared of the novel stimuli in the shape of a 
spider. The findings of this study are more indicative of a dynamic 
system approach because it seems that fear emotion emerges as a 
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consequence of contextual, dispositional, and experiential factors. 
Another consideration is that the stranger approach exhibited more 
fearful behaviors, as infants are likelier to interact with strangers than 
spiders prior to 6 or 8 months of age (Lobue & Adolph, 2019).

Another possible factor in the fear vocalization response is age, 
with other studies indicating that older infants typically express 
more fearful behaviors with a stranger than younger infants (LoBue 
& Adolph, 2019).   However, in our experiment, there was only a 
trend for younger infants to exhibit more fear vocalizations during 
the stranger condition. The difference in our findings compared to 
previous research could be due to the focus on fear vocalizations 
rather than other fear-linked responses or it could be that in our study, 
the infant’s mother was present and sitting next to the infant, which 
could act as a buffer for the infant’s fear responses (Jones et al., 2020).

EEG, Temperament, and Behavior Implications

Previous studies have indicated that infants with a resting RFA 
showed more fearful responses than infants with relative left frontal 
EEG asymmetry (Hane et al., 2008). In this study, we tested the 
hypothesis that infants with a greater fear response will have a RFA 
score than infants with more regulated responses. We found this when 
it came to the stranger approach: infants with higher fear vocalizations 
also had more RFA and only during the EEG recorded during the 
stranger approach condition than infants with low fear vocalizations, 
indicating a potential link between elevated fear and neural activation 
patterns. However, the infants with more fear vocalization during the 
stranger stimuli task did not have significantly higher RFA compared 
to the low-vocalization group during the baseline conditions, but 
they did have significantly higher RFA during the stranger-approach 
condition.  Our findings support the capability model advocated by 
Coan et al. (2006) that individual differences in EEG patterns will 
be more pronounced during the emotion-based stimuli task. These 
findings suggest that further research is warranted to uncover the 
underlying mechanism for greater fear responses, possibly with more 
measures of fear (arousal, motor and facial activity) as well as with 
other measures of brain functioning (e.g., EEG coherence or during 
other fear-eliciting stimuli like maternal separation and fear of heights 
and falling) which can predict greater RFA in EEG patterns in infants 
prior to one year of age.
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Limitations and Future Directions

This study does have some limitations. The study is ongoing, so the 
data evaluated here is limited and may not fully represent infants fear 
across development in the first year. Another limitation of this study 
is that only fear vocalizations and EEG behaviors were coded and 
analyzed, omitting other fear responses like withdrawal responses, eye 
gaze and facial expressions. The EEG collection had some artifacts 
due to movement during the fear conditions, as well as only focusing 
on the frontal leads due to their primarily being associated with fear. 
Future research should examine whole brain patterns, as well as other 
biological and physiological measures that could be related to the 
development of fear.

Despite the limitations, the findings suggest that fear responses 
vary among individuals with a fear temperament, and not exclusively 
by age groups. Fears of spiders/snakes, heights, maternal separation 
and strangers approaching appear to be both a temperamental variable 
and likely learned behaviors and not present in all infants as an 
evolutionary adaptation, as suggested by past theories presented in 
LoBue and Adolph (2019). This study also highlights the importance 
of examining fear along with heightened patterns of temperamental 
fear responses over time to detect possible patterns as precursors 
for anxiety behaviors and anxiety risk, as programs related to infant 
mental health may help to provide interventions for these risks.

For future studies, increasing participant numbers, increasing 
the number of fear-promoting conditions and including other fear 
measures like facial expressions and motor behaviors, along with 
measures of temperamental fear using standardized questionnaires, 
could increase reliability and generalizability. In addition, integrating 
other biological measures like cortisol levels with fear responses and 
EEG, and other computations besides frontal region alpha power 
and asymmetry, could provide a better predictor for anxiety because 
increases in biological and physiological measures may also be linked 
with anxiety (Jones et al., 2020).

The findings suggest complex interactions between behavioral 
fear responses and brain activity across infant development. Our 
findings show that different stimuli used to elicit fear responses will 
produce different fear vocalizations in infants, and certain infants, 
i.e., those with heightened temperamental fear, demonstrate patterns 
of right frontal EEG asymmetry during fear-reactions. This study 
highlights the importance of integrating multiple methodologies 
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across development, such as behavioral observations and neurological 
processes. This is needed to fully understand the dynamics of emotional 
development as well as infant mental health risks, especially in 
investigations during the infant’s first year, as infant fear responses can 
be a precursor for risk for anxiety.
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Abstract
Tagalog and Hiligaynon are both languages from the Philippines 

that use the unique Philippine-style topic marking system. This system 
illustrates a special relationship between the verb and the subject or 
object through an affix marking focus. Tagalog is well-studied, but 
there is much debate on its voicing system. Hiligaynon and its voicing 
system are understudied. This paper explores the voicing system in 
both languages to better understand their similarities. Tagalog and 
Hiligaynon have related voicing systems, however, Tagalog uses 
five voices, separating the beneficiary and locative voices, while 
Hiligaynon has four, combining these two voices into the referential 
voice. Even though the systems in the two languages are comparable, 
more research should be undertaken to better address how affixation 
used in each language can carry multiple pieces of information, 
and semantic ambiguities in the verbs and noun phrases can lead to 
problems when counting the voices present.

Introduction
Tagalog is probably the most well-studied language in the 

Philippines as it is the basis for the official language. Most of the 
population has knowledge of how to use it as it is spoken in 10.5 
million households (Philippine Statistics Authority, 2023). Tagalog 
is a member of the Central-Philippine branch of the Austronesian 
language family and closely related with languages like Cebuano or 
Ilokano (Zorc, 2006). Another closely related language to Tagalog is 
Hiligaynon. According to the Philippine Statistics Authority (2023), 
Hiligaynon is a language in the Philippines that is spoken in around 
1.9 million households, or 7.3% of the population, and it is also a 
member of the Central-Philippine branch (Zorc, 2006). Similar 
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to many other languages in the Philippines, Hiligaynon exhibits 
the unique Philippine-style topic marking, which demonstrates a 
special relationship between the verb, and the most grammatically 
prominent noun phrase (typically the subject or object) in the sentence 
(Pereltsvaig, 2020). This system has been referred to by many names, 
such as voicing, Austronesian alignment, pivot, and focus, but each 
describes the process of placing emphasis on a specific noun phrase 
within a sentence and expressing the relationship with a topic marker 
as the specifier and special verbal inflection (Chen, 2021; Pereltsvaig, 
2020; Schachter, 2009). In Tagalog, similar sentences in English may 
look slightly different depending on how one wants to place emphasis. 
Example 1a shows the sentence “AJ brought cake from Lia for Joy” 
in actor voice (AV in the examples throughout), which emphasizes 
the actor, AJ. 1b shows the same sentence in patient voice (PV in the 
examples throughout), with emphasis on the direct object, the cake:

B<um>ili si    AJ    ng    keyk    mula    kay   Lia para   kay   Joy
Buy<AV>  PN.Pivot  AJ    DET    cake 	 P                PN      Lia P         PN         Joy
“AJ bought cake from Lia for Joy” 

Bi-bilih-in   ni           AJ    ang    keyk    mula   kay   Lia para    kay   Joy
CONT-buy-PV  PN          AJ  D.Pivot    cake   P              PN    Lia P        PN       Joy
“AJ will buy cake from Lia for Joy”
(Chen, 2021, p. 94).

(1)

While Tagalog is one of the most well-studied languages with the 
Philippine-style topic marking, Hiligaynon has been understudied. 
Although both languages exhibit Philippine-style topic marking, 
the similarities between their systems are less clear. Even with the 
extensive research on Tagalog, there is still a debate on the number of 
voices it has, as well as the structures used to express this information. 
The purpose of this examination is to see how the Hiligaynon 
voicing system compares to Tagalog in the number of voices, their 
functions, and the syntax within the system. Some sources explain 
that Tagalog utilizes five voices, while others argue there are more or 
fewer. Additionally, the broader structural systems have been debated 
with questions concerning how voicing affects the syntax or even 
the ergativity of these languages, as discussed in Chen (2017). The 
hypothesis is that as Hiligaynon is an Austronesian language closely 
related to Tagalog, the system it uses is similar to Tagalog since this 
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system is consistent across Austronesian languages. However, based 
on information from prior research, Hiligaynon clearly only makes a 
four-way distinction, but Tagalog utilizes up to five voices. While both 
share actor, patient, and instrumental voice, Tagalog differentiates 
between locative and beneficiary voice. In contrast, Hiligaynon uses 
referential voice to express the location or beneficiary of an action.

Overview of Tagalog’s Voicing System
Many researchers, including Chen (2021), consider Tagalog to have 

a four-way voicing system: actor voice (AV), patient voice (PV), locative 
voice (LV), and circumstantial voice (CV), which are all marked with 
verbal morphology. Others, like Schachter (2009), establish five voices 
with the beneficiary voice (BV) being a separate voice from the locative 
voice. Each of these voices has been referred to by various names in 
other sources: circumstantial voice has sometimes been referred to as 
instrumental voice (IV), locative and beneficiary voice have both been 
labelled as referential voice (RV) in some sources, and patient voice has 
been called the objective voice or goal focus. These are the five most 
agreed upon voices for the language, and each of them follows the same 
processes of marking the verb and noun phrase complement.

In Philippine-style topic marking, the noun phrase complement 
should be marked as the topic, and the verb must carry the affix 
that highlights what voice is being used. First, Tagalog marks focus 
on the noun phrase that is the topic of the sentence. For most noun 
phrases, the word ang will mark the topic, but si can be used before 
proper names (Schachter, 2009). The marker ng serves to mark non-
topic actors and is sometimes referred to as an oblique noun phrase 
construction, while ni is used prior to personal names that are not in 
focus (Adams, 1988; Schachter, 2009). Personal pronouns change 
forms based on their role within the sentence or the information that 
they carry (Adams, 1988). Second, Tagalog uses verbal affixation 
to indicate the semantic role of the grammatical subject, while the 
semantic roles of other arguments are expressed in the noun phrases 
themselves (Schachter, 2009). Affixes must be added to illustrate what 
voice is being used in the sentence, which is essential because the 
affixes carry meaning about tense, aspect, and mood. This process 
can be observed in examples 1a and 1b. The University of Hawai‛i at 
Mānoa (University of Hawai‛I, [UH], n.d.) has created several charts 
to provide examples and clarification on some of the possible affixes 
that can inflect verbs based on the voice, tense, aspect, and mood.
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Actor voice in Tagalog describes topic and subject agreement 
(Chen, 2021). It signals the subject of the sentence, which is usually 
the performer or doer of an action, as the topic. In the (2) below, the 
speaker is placing focus on the actor, AJ, with the topic marker si, 
which is used for names. Additionally, the infix –um- is added on the 
verb to help indicate that it is the performer who is in focus.

B<um>ili si    AJ    ng   keyk   mula   kay   Lia para kay   Joy     	
Buy<AV>  PN.Pivot AJ   DET   cake   P            PN       Lia P        PN    Joy

“AJ bought cake from Lia for Joy”
(Chen, 2021, p. 94).

(2)

Passive voice in Tagalog observes agreement with the topic and 
the direct object (Chen, 2021). In (3) below, the direct object of a 
sentence, in this case ang keyk, is in focus as ang marks the topic for 
common nouns, and its grammatical role is further clarified with the 
suffix –in on the verb, which is used to show it is the direct object that 
is being highlighted.

Bi-bilih-in  ni   AJ   ang   keyk    mula   kay 	Lia para 	kay   Joy       CONT-
buy-PV   PN         AJ   D.Pivot   cake   P 	        PN     Lia P        PN     Joy
“AJ will buy cake from Lia for Joy”   
(Chen, 2021, p. 94).

(3)

The locative voice emphasizes the topic and locative agreement 
(Chen, 2021). Focus is placed on exactly where the action is occurring. 
In (4) below, si Lia is the source of the cake, and as a result, Lia is 
considered the location in which the action occurs, with si being used 
to show that the name of a person is the topic. Furthermore, the suffix 
-an is added on the verb to show that si Lia is acting as the location or 
source of the interaction.

Bi-bilih-an   ni   AJ   ng    keyk   si	     Lia para	 kay   Joy
CONT-buy-LV   PN    AJ   D      cake   PN.PivotLia P	                PN     Joy
“AJ will buy cake from Lia for Joy”
(Chen, 2021, p. 94).

(4)
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In (5) below, -an is again being used to mark the location of 
the action. This time, sako is described as the topic and follows the 
common noun topic marker ang.

Aalis-an	                 ng tindero        ng      bigas   ang	     sako
Take.out-FUT.LV	D     storekeeper D      rice	     D.Pivot sack
“A storekeeper will take some rice out of the sack”
(Schachter, 2009, p. 838).

(5)

Notably, Schachter (2009) and UH (n.d.), among others, have 
described the beneficiary voice to be distinct from the locative voice. 
While researchers like Chen (2021) do not distinguish between 
these two voices morphologically, Schachter and UH have found 
examples, as seen in (6) below, that the two categories use different 
morphological markings. Furthermore, UH (n.d.) has created a chart 
illustrating affixation for each voice with the morphemes applied 
onto the beneficiary voice not used in other voices. In the following 
example, ipag- is a prefix indicating the focus of the sentence is the 
beneficiary. As a result, ang babae is clearly marked as the topic of the 
sentence with the common noun topic marker ang and identified as the 
beneficiary of the action.

Ipag-aalis   ng            tindero	 ng     bigas    ang	           babae
BV.FUT-take.out  DET    storekeeper  DET  rice	     DET.Pivot   woman
“A storekeeper will take out some rice for the woman”
(Schachter, 2009, p. 838).

(6)
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The circumstantial voice simply expresses a spelled-out topic 
(Chen, 2021; Schachter, 2009). Although it can be mapped to various 
pivots (Chen, 2017), Schachter only exemplifies instrumental 
noun phrases, where the verb expresses that an action is done with 
something, such as ipan(s)ulat meaning ‘write with s.t.,’ as the prefix i- 
expresses the instrumental voice (Schachter, 2009). Schachter (2009) 
also only uses the term instrumental voice, and he never discusses 
circumstantial voice as its own concept or a distinct voice. In either 
case, the prefix ipang- is added to the verb to mark the circumstantial 
voice. Sandok is marked with ang as the topic of the sentence as the 
tool used to accomplish the goal of the action. This can be seen in (7a):

Ipang-aalis          ng         tindero	      ng     bigas ang             sandok
IV.will-take out	 DET     storekeeper  DET  rice    DET.Pivot ladle
‘The storekeeper will take out some rice with the ladle’

(Schachter, 2009, p. 838).

(7a)

Despite this, Chen (2021) has only noted one instance using 
circumstantial voice to indicate the beneficiary of the action. In (7b), 
I- is added on the verb to mark the voice as being circumstantial, while 
Joy is marked with the personal name topic marker si to be the focus, 
but this time as the recipient of the action.

I-bi~bili	   ni                 AJ	ng     keyk   mula	kay   Lia	  si              Joy
CV-CONT~buy	 PN   AJ	 DET cake   P         PN  Lia  PN.Pivot  Joy
‘AJ will buy cake from Lia for Joy’ 

(Chen, 2021, p. 94).

(7b)

In summary, depending on the source, Tagalog uses between four 
or five voices when emphasizing noun phrase complements. Actor and 
patient voice in Tagalog place emphasis on arguments in a sentence, 
while the circumstantial, beneficiary, and locative include an adjunct 
topic (Chen, 2021). These distinctions may be even more complex. 
For example, Pereltsvaig (2020) describes eight types of topics in 
Tagalog (actor, theme, location, reason, direction, etc.) that all have 
their own verbal morphology. These have not been discussed in this 
section because reliable information on the validity of these voices 
is scarce. Of the well-documented voices, they can be expressed by 
marking the verb to agree with the focused noun phrase complement.
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Overview of Hiligaynon’s Voicing System
According to Wolfenden (1971), Hiligaynon has four voices: 

actor voice, patient voice, referential voice, and instrumental voice. 
The grammatical relations that are marked highlight “l) the actor, 2) 
the goal or receiver of the action, 3) that which is used to accomplish 
the action, or which is implicated as the conveyed object in the action, 
or 4) the beneficiary or the place of the action” (Wolfenden, 1971, p. 
77). Each of these voices has other names as well, such as actor voice 
being referred to as active or subjective voice, accessory voice being 
known as instrumental voice, patient voice being called goal focus, 
and referent voice being called benefactive or locative voice.

There are two indicators for focus in Hiligaynon: the first is applied 
on the noun phrase that will be in focus, and the second will be added on 
the verb (Wolfenden, 1971). The most common marker in Hiligaynon 
for the topic of the sentence is the word ang, however, si is required if 
a proper name is the focus (Zorc, 2006). Additionally, pronouns and 
deictics can take special forms if they are the topic of the sentence, and 
they have forms for when they are used in oblique and locative contexts 
(Zorc, 2006). Noun phrases and names have other forms for when they 
are not the focus of the sentence. According to Motus (1971), when 
a phrase is not the focus, “then the marker sang precedes a common 
noun, or a ni precedes a personal name, or the source pronoun set 
is used. Another particle, sa, marks direction of an action, be it to a 
place, person, or thing” (p. 114). The verb and the proper noun phrase 
complement need to reflect agreement for the voice. Inflecting the verb 
to mark focus accounts for the factors of aspect, tense, and mood, along 
with the voice, resulting in many different affixes that can be added onto 
the verb, as shown by a chart created by Zorc (2006). The affix being 
added on the verb must agree with what the speaker wishes to place in 
focus, or the sentence will appear unnatural or carry a different meaning 
or interpretation from what the speaker intends.
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Actor focus has the topic of the sentence being the actor, or the 
performer of the action (Motus, 1971). In (8), the infix –um- is added 
into the verb to show the topic will be the actor, while the actor itself 
is marked as sia, which is the topic form of the third person singular 
pronoun.

L<um>uto	 sia	 sang	 linapuhan 
<FUT.AV>cook	 3.SG.Pivot	 D	 vegetables 
“He will cook some vegetables.”
(Wolfenden, 1971, p. 81).

(8)

Patient voice marks the object that directly receives the action as 
the focus of the sentence (Wolfenden, 1971). The direct object is being 
emphasized in the patient voice. In the following example, the prefix 
gin- is added on the verb to mark the direct object as the topic, while 
ang marks mangga, or mango, as the focus of (9).

Gin-kaon   mo        ang	    mangga    sa	   kusina. 
PST.PV-eat  2.SG  D.Pivot   mango     in.D	    kitchen 
“You ate the mango in the kitchen.”
(Wolfenden, 1971, p. 79).

(9)

Referent voice places focus on the location or beneficiary of the 
action; hence it is sometimes referred to as beneficiary and locative 
voice (Wolfenden, 1971). Even though the focus on locations and 
beneficiaries of an action are semantic categories, the locations and 
beneficiary of an action are grouped together because the verbal 
affixation and function markers are the same (Motus, 1971). In (10) 
below, -an is the suffix marking referential voice, and in this case, is 
used to show a location is the topic as ang marks lamesa as the focus.

Hampang-an         ko     sang  madyong   ang              lamesa 
Play.on-FUT.RV	 1.SG   D	     madjong    on.D.pivot   table 
“I will play madjong on the table.”
(Wolfenden, 1971, p. 79).

(10)
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In (11), instead of topicalizing the location, -an is being used to 
mark a recipient. In this case, si is the personal name topic marker 
highlighting tatay.

Lutu-an	                  ko      sang  pagkaon   si                Tatay
Cook.for-FUT.RV   1.SG	 D      food        PN.pivot    Father
“I will cook some food for Father.”
(Wolfenden, 1971, p. 79).

(11)

The instrumental voice puts the focus of the sentence on what was 
used to do the action (Wolfenden, 1971). Wolfenden clarifies that it 
can be confused with the goal, but the instrumental voice is frequently 
used to highlight the instrument used to accomplish the goal, such 
as a pencil used to write a letter, or it is something implicated in an 
action, which could be a banana tree that is planted. Also, beneficiaries 
of actions can appear as the topic within this focus. It is also the 
most rarely used focus type in Hiligaynon (Motus, 1971). In (12), I- 
is a prefix that describes the voice of the sentence is instrumental. 
Additionally, ang is the common noun topic marker identifying chalk 
as the topic. This combination of the affix and topic marker shows that 
chalk is described as the instrument used to accomplish the action.

I-sulat	           mo     sa      pisara	         ang		 chalk 
IV.FUT-write 2.SG  on.D	 blackboard     D.Pivot	 chalk 
“You will write on the blackboard with the chalk.”
(Wolfenden, 1971, p. 80).

(12)

The four voices in Hiligaynon have their own morphological 
marking applied to the verb that separates them from one another. Any 
further distinction between anything would only be based on semantic 
differences, such as the locative and beneficiary voice using the same 
morphology but semantically expressing different concepts. Moreover, 
the actor voice and patient voice focus on the arguments of the sentence, 
while locative and instrumental emphasize an adjunct. Based on these 
observations, Hiligaynon most likely contains four voices only.
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Discussion
The hypothesis was supported as both Tagalog and Hiligaynon have 

identical systems. The major difference between the two was Tagalog 
appears to make a five-way distinction between its voices (Schachter, 
2009), while Hiligaynon uses a four-way distinction (Wolfenden, 
1971). Whereas Tagalog marks the locative and beneficiary voices with 
separate morphology, Hiligaynon does not by using the same affixes 
for both noun phrases. Furthermore, the charts provided by UH (n.d.) 
illustrate how affixation can change based on the voices and differentiate 
the beneficiary and locative voices. There do not seem to be any more 
voices reflected in the morphology beyond these five. Topic marking 
systems in both languages can become extremely complicated and one 
of two semantically ambiguous noun phrase complements could be 
focused under a single voice within the same sentence.

Although Tagalog and Hiligaynon are mostly similar and only 
differ by one voice, determining whether Tagalog and Hiligaynon 
share the underlying structure in the system is difficult. Researchers 
disagree about the morphosyntax in the topic marking system in 
Tagalog, even though it is one of the most studied languages in the 
Philippines. Hiligaynon has had relatively little research conducted 
on it. There are grammars of Hiligaynon and descriptions of how 
the syntax and morphology work (e.g. Wolfenden, 1971), but there 
remains a lack of resources. While the work of Wolfenden and Zorc 
is important, they are the only linguists who have published on the 
language. However, it is clear that Hiligaynon and Tagalog do not 
have the exact same voicing system. Many of the systems at play are 
shared, and the core idea of their voicing system is the same, even 
though they differ by one voice.

Each verbal affix in Tagalog and Hiligaynon carries meaning about 
the voice, tense, aspect, and conditionality; therefore, extra consideration 
and attention must be placed when studying Philippine-style topic 
marking. Full charts explaining all of the possible affixes added to verbs 
and using example sentences under various conditions help clear the 
ambiguity. An effective analysis can be done by testing when subjects 
and objects can be topicalized, and which affixes are used. By analyzing 
the grammatical and semantic roles of nouns in the sentence as well as 
observing the affix attached to the verb, linguists can draw conclusions 
about what voice is being used. Speakers should also be consulted as 
they can provide insight on what combinations are also grammatical 
and what voice is being used in the sentence. However, there is another 
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problem of ambiguous noun phrase complements, which may create 
problems in identifying the voice being used.

Some noun phrases in both Hiligaynon and Tagalog may appear 
semantically ambiguous. In a case where an instrument, location, or 
beneficiary described in an action would normally be in focus under 
their respective voices, the direct object can be topicalized instead 
as it is the goal. This results in speakers being able to choose a noun 
phrase complement to highlight under a single voice. Wolfenden (1971) 
notes that roots that are properly inflected do not reflect a focus that is 
expected, which is because some roots carry an inherent focus and topics 
are not described in general enough terms. Wolfenden (1975) explains 
that some roots with the same verb voice can equate ambiguously with 
different non-topic phrases, which he exemplifies with (13):

I-asal	             ko     sang   isda	 ang		  lipak
IV.FUT-pierce  1.SG  D	   fish	 with.D.Pivot	 skewer
“I will pierce the fish with the skewer”
(Wolfenden, 1975, p. 98).

(13)

The noun phrase within the preposition phrase ang lipak, which 
means ‘with the skewer,’ is the instrument of the sentence, and, as 
expected, is emphasized in the instrumental voice. Although ‘with the 
skewer’ is the focus of this sentence, a speaker could, within the same 
sentence, use the instrumental voice to mark ‘a fish’ instead, as in (14):

I-asal		  ko	 ang	 isda	 sa	 lipak
IV.FUT-pierce	 1.SG	 D.Pivot	 fish	 with.D	 skewer
“I will pierce the fish with the skewer”
(Wolfenden, 1975, p. 98).

(14)

Speakers can highlight either ‘the fish’ or ‘with the skewer’ as the 
focus within the same sentence. Only one noun phrase complement can 
be in focus, but speakers can choose to mark either the instrument or 
the direct object as the topic. In the case of (14), although instrumental 
voice is used, ‘the fish’ acts as the goal, so it can be topicalized. This 
concept illustrates the importance of the relationship between the 
verbal affixation and the focused noun phrase, and it shows that it is not 
always possible to simply follow the topic marker within the sentence 
to understand what voice is being used within the sentence. Because 
of these circumstances, it is extremely important for future work to 
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be precise to ensure the right voice is being used, to understand what 
verbs are affected by this, and whether this can be replicated in other 
languages that use the same system to mark focus.

Conclusion
Hiligaynon and Tagalog have very similar systems for marking the 

topic, but Tagalog marks the beneficiary and locative voices with their 
own morphology, while Hiligaynon uses the same affixes for both. This 
topic is still debated, and more research should be conducted because 
understanding the underlying structures in these languages may show 
similarities that explain all languages that use Philippine-style topic 
marking. The verbal morphology in both languages carries meaning 
about many factors, and the ambiguity present in some sentences 
allows for the same voice to focus on different noun phrases within the 
same sentence depending on the context and the verb root. Additional 
research could consider the specifics in Hiligaynon’s voicing system, 
such as the underlying syntax. Analyzing the syntax and comparing 
it to Tagalog could be useful to understand Hiligaynon’s system, and 
Philippine-style topic marking. So, although it appears clear they 
have differences in their systems, more can and should be done in 
understanding the voicing systems present in each language to get a 
better understanding of their systems and for language in general.
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Abstract
Insecticide use has increased as population and agricultural 

demand for crops grows. Commercial insecticides contain active 
ingredients that are often harmful to humans and the environment. A 
viable alternative to this concern is developing and using insecticides 
with low toxicity and minimum risk to the environment. In this study, 
we sought to empirically assess the effectiveness of an insecticide 
based entirely on plant essential oil active ingredients, which contain 
complex secondary metabolites. Our results show that a concoction 
of several plant essential oils was effective in killing a wide range 
of household garden insect species and bedbugs, encompassing five 
orders of Insecta (Coleoptera, Diptera, Hemiptera, Lepidoptera, and 
Neuroptera) and at least 22 families. This insecticide is also fatal to 
four tick species (class Arachnida, order Ixodida, family Ixodidae). 
Due to the likely major economic and environmental benefits of 
using significantly less toxic, plant-based pesticides on a large scale 
for agriculture and residential housing, our study highlights the 
potential of plant essential oil-based insecticides as an effective and 
environmentally safe means of pest control.

Introduction
Insecticides are reagents composed of active ingredients for 

the purpose of killing insects. The use of insecticides ranges from 
backyard gardens and lawns to crop protection in agricultural crops. 
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The active ingredients used in commercial insecticides vary greatly, 
including chlorinated hydrocarbons, organophosphates, carbamates, 
and pyrethroids (Zlotkin, 1999; Ndakidemi et al., 2016). A commonly 
used and effective mechanism of the active biochemical ingredients 
acts by attacking the insects’ nervous system, inhibiting the neural 
pathways resulting in their immobility and death. These neurotoxic 
insecticides typically cause the exposed insects to display symptoms 
of severe neural damage. For example, acetylcholinesterase inhibitors, 
such as carbamate and organophosphates, are common insecticide 
components. They work by binding to the acetylcholine receptor 
inhibiting acetylcholine, an essential neurotransmitter, resulting in 
the insect experiencing whole-body tremors, convulsion, paralysis 
and death (Fukuto, 1990; Rajashekar et al. 2014). Pyrethroids, while 
generally harmless to humans, are axonic excitotoxins to insects and 
act by disrupting the action of the voltage-gated sodium channels in the 
axonal membranes, thus paralyzing the insect (Ndakidemi et al., 2016).

When used extensively, all insecticides exert a negative impact on 
the environment.  Because of the frequent use of neurotoxin-containing 
insecticides, their environmental impacts are becoming a major concern. 
Insecticides can be identified as environmental pollutants, which have 
adverse environmental impacts and cause biochemical changes in 
other non-insect organisms (Van Dyk & Pletschke 2010; Mulla et al., 
2020). They may also result in insecticide resistance, via mutations in 
the receptor of the insect targeted by the insecticide, thus decreasing 
the insecticide’s effectiveness over time (Hemingway et al., 2002). This 
is an important consideration, especially when insecticides are used 
regularly and widely, as in agriculture. In a global pesticide pollution 
study by Tang et al. (2021), it was found that more agricultural activity 
and agricultural land use leads to more insecticide use. In Europe, the 
main three countries—Russia, Ukraine, and Spain—with high pesticide 
pollution risk also had the highest agricultural production. In addition, 
China had a pesticide pollution from over 20 active ingredients and ranks 
as the highest-risk (Tang et al., 2021). Furthermore, these pesticides 
may affect the nervous system in mammals. The toxicity poses a 
major threat to humans and pets who may be exposed to chemicals in 
household applications of insecticide. An extensive review of human 
and animal studies done by Aloizou et al. (2020) suggested mechanisms 
of pesticides like permethrin may act neurotoxically on humans. The 
Canadian Study of Health and Aging found that the risk of vascular 
dementia is doubled with exposure to occupational pesticides (Yan et 
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al., 2016). Chronic pesticide exposure may increase the risk of cognitive 
impairment and dementia.

During hundreds of millions of years of evolution, plants have 
developed intricate defense mechanisms against environmental stresses 
such as insect attacks. Plants can defend against insects in two main 
ways: direct defenses via physical or structural characteristics such as 
thorns or fortified thick leaves, and indirect defenses with release of 
volatile compounds that ward off herbivorous insects or attract enemies 
of the insects (War et al., 2012). Depending on the chemical variability, 
such compounds may repel herbivores at varying degrees. This was 
seen in leaf extracts from a shrub plant, Lantana camara, which showed 
insecticidal activity by inhibiting acetylcholinesterase in insect pests 
(Rajashekar et al., 2014).

Essential oils are produced by many plants and are often volatile 
with a distinct scent (Camele et al., 2021; Soliman 2022). They are more 
commonly well-known for their applications in essential oil therapy, 
food safety, medicine, and their antimicrobial and antioxidant properties 
(Deans et al., 1987; Seow et al., 2013; Bilenler et al., 2015; Rafie et 
al., 2016; Arena et al., 2021). While plant essential oils are enjoyed by 
many people and are generally safe to mammals, various essential oils 
have also long been used against insects. Essential oils contain complex 
compositions of various fatty acids (Siegler 1924; as summarized from 
literature in Table 1). 

These fatty acids may harm insects and other invertebrates through 
various means, such as disrupting cell membranes, blocking breathing 
pathways in the trachea, damaging the skin cuticle, and interfering 
with hormones and neurons (Murray, 2000). Therefore, plant essential 
oils have the capability of being active ingredients of safe and 
environmentally benign insecticides. However, individual essential oils 
are typically compounds employed as insect repellents. Individually, 
they rarely kill insects, and repellency is short-lived because of their rapid 
evaporation. Plant essential oils also exhibit attractant activity due to 
various chemical compounds including monoterpenes, sesquiterpenes, 
and phenylpropanoid compounds (Mossa, 2016).

To develop a product that is both effective and safe for use mainly 
in household gardens and lawns, we explored the insect-toxic yet 
safe-to-mammal properties of plant essential oils and formulated a 
concoction with complex compounds and lower evaporation rates that 
in synergy are expected to have more lasting effect. In this study, we 
aimed to empirically survey what types of insects this plant essential 
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Table 1
Major Compositions of Plant Essential Oils used for the Insecticide

Composition (%) Reference
Cedarwood Oil Kamatou et al. (2010)

Thujopsene (widdrene) 47.1
α-Cedrol 10.7
Widdrol 8.5
Cuparene 4.0
Thujopsenal 3.2
α-Bisabolol 3.0
Mayurone 2.6
Thujopsadiene	 1.8
α-Cuprenene 1.3
3-Thujopsanone 1.1
β-Cuprenene 0.9
Peppermint Oil Schmidt et al. (2009)
Menthol 40.7
Menthone 23.4
1,8 Cineole 5.3
Menthofurane 3.7
Limonene 2.6
Pulegone 1.9
α-, β-Pinene 1.8
β-Caryophyllene 1.7
Germacrene D 0.9
Thyme Oil Borugă et al. (2014), Gruľová et al. (2020) 

Thymol 47.6
γ-terpinene 30.9
p-Cymene 8.4
Carene 3.8
Caryophyllene 2.7
β-Myrcene 1.5
α-, β-Pinene 1.4
α-Thujene 1.1
Cyclohexene 0.8
Rosemary Oil Özcan and Chalchat (2008)
p-Cymene 44.0

Linalool 20.5

γ-Terpinene 16.6
α-, β-Pinene 6.4
Eucalyptol 2.6
Thymol 1.8
Myrcene 1.8
Camphre 1.7
Camphene 1.4
Borneol 1.0
Terpinene-4-ol 0.8
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Material and Methods

Plant Essential Oil-based Insecticide

Developing environmentally friendly products was achieved via 
a concoction of plant oils formulated to serve as active ingredients 
of an insecticide. Following the guidelines by the US Environmental 
Protection Agency (EPA), we aimed to design an insecticide that would 
pose the least toxic impact on people and the environment. Insect 
traps were employed over nights from August to October in South 
Florida. We selected cedarwood Texas essential oil (New Directions 
Aromatics Inc.), peppermint oil Piperita (Bulk Apothecary), thyme 
oil White (Phoenix Aromas &  Essential Oils, LLC) and rosemary 
Spanish type oil (Phoenix Aromas & Essential Oils, LLC) as the main 
active ingredients. They can be labeled as a botanical pesticide and 
are considered to have lower toxicity than commercial pesticides 
(EPA, 2021a). Significantly, all these active ingredients in these 
essential oils composing the insecticide, shown in Table 2, are exempt 
from the U.S. Federal Insecticide, Fungicide, and Rodenticide Act 
(FIFRA), with peppermint oil, thyme oil, and rosemary oil permitted 
for food use (EPA, 2021b). This implies they have been determined 
by the EPA to have little to no adverse impact on the environment or 
human health, and products exclusively using these ingredients are 
not required to follow the guidelines outlined in FIFRA (2021).   To 
enhance their insecticidal potency, the four oils were supplemented 
with two coconut oil-derived fatty acids: decanoic acid (also known 
as capric acid, C10) and lauric acid (C12), both of which have been 
shown to be safe and potent pesticide ingredients (EPA, 2009; Zhu et 
al. 2018). These active ingredients, each at a percentage range of 2% 
to 5%, were mixed with a sunflower carrier oil. The final water-based 
formula was made with triethyl citrate as a plasticizer and lecithin and 
xanthan gum as emulsifiers.

oil-based insecticide could kill in the household garden/lawn setting, 
as well as toxicity to ticks and bedbugs.  We also discuss the potential 
benefits and limitations of using plant essential oils as an alternative 
method to control pest damage and simultaneously minimize negative 
environmental impacts.
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Major Composition (%)
Cedarwood Texas Essential Oil
Thujopsene (widdrene) 36.86

α-Cedrol 26.37

Peppermint Oil Pipertia
Menthol 50.59

Total esters 5.12

Thyme Oil White
Thymol 47.0

γ-terpinene 30.1

Rosemary Spanish Type Oil
1,8-Cineole 44.5

α-Pinene 11.1

β-Pinene 7.8

Camphene 4.5

β-Caryophyllene 3.5

Borneol 3.0

Sampling and Treatments

Capture and treatment of insects were done using a DynaTrapTM 
DT 2000XL device, with a blue light and a vacuum fan, as shown in 
“Supplemental Materials, Fig. S1”. The blue light aims to attract insects 
to the trap, where the fan creates a vacuum trapping the insects in the 
chamber and prevents them from escaping. There was no physical contact 
between the motor and insects, ensuring they would not be harmed by 
the device. A filter paper (28 cm in diameter) was placed on the base 
of the chamber and sprayed with 2 ml of the plant-based insecticide so 
that the filter was evenly soak-wet. The trap was run overnight for 12 
hours from 7 pm to 7 am. The following morning, all trapped insects, 
dead or alive, were counted. The dead insects were collected into plastic 
containers and kept at -20°C until retrieved for examination.

This same procedure was performed using a water-soaked filter 
(mock) as a control, which only collected live insects. A total of four 
traps were set, one in each city survey site, which included Wellington, 
Boca Raton, Deerfield Beach, and Coral Springs. Four traps were 
set up in household gardens with lawns located in Palm Beach and 

Table 2
Composition Analysis of the Plant Essential Oils used for this Insecticide*

*Adapted from manufacturers’ certificates of analysis.
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Broward counties in South Florida, United States, as shown in Figure 
1. At each location, trapping was performed repeatedly over three 
clear nights from August to October.

Figure 1
Trap Locations for Insect Collection, in South Florida, US
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To test the effect on ticks, parasitic arachnids that can be health 
hazardous to mammals including humans, four Ixodidae species, 
Amblyomma americanum, Dermacentor vaiabillis, Ixodes scapularis 
and Rhipicephalus sanguineus were purchased from Oklahoma State 
University, United States. Males and females of each species were 
tested. In the lab, ticks were placed into small, transparent condiment 
containers with lids and were sprayed with approximately 0.5 mL of 
the insecticide. Death was defined as when the ticks no longer showed 
signs of self-controlled movement when the containers were shaken. 
Once ticks were confirmed dead, the containers were placed in the 
-20°C freezer until analysis.

To test the effect on bedbugs, live bedbugs (Cimex lectularius) 
were purchased from cheapbedbugs.com. Death of the bed bugs was 
defined as being without leg movement upon vigorous agitation of the 
container over a period of 48 hours. A GF/C glass fiber paper circle 
(diameter 2.4 cm; Whatman) was placed in the center of 10-cm plastic 
cups and was soaked with 0.3 ml of the plant-based insecticide. Five 
bed bugs were placed on the paper circle. The reactions of the bugs 
to these insecticides were recorded for a period of 48 hours. Each 
respective insecticide trial was repeated three times. For a duration 
test, the paper circles soaked with 0.3 ml of the plant-based insecticide 
were left open lidded on the bench at 24°C for 24 hours, to simulate 
evaporation. Then, five bed bugs were placed on each of the paper 
circles. The reactions of the bugs were recorded for a period of 48 
hours. Each respective sample trial was repeated three times.

For scanning electron microscopic (SEM) imaging, the treated 
bedbugs were fixed with 2% glutaraldehyde at 24°C overnight, 
followed by dehydration with a series of ethanol solutions from 30% 
to 100%, and submerged in 100% ethanol (Zhang et al., 2020). For 
SEM imaging, samples underwent a critical-point drying process using 
Leica EM CPD300 and were mounted and sputter-coated in gold using 
a thickness setting of 19 to 23 nm on a Leica EM ACE200. The bug 
samples were scanned with a JEOL NCM-6000Plus system according 
to the manufacturer’s instructions. Images of treated bed bugs were 
taken post-plant essential oil insecticide and Hot Shot brand pesticide.

Identification of Insect Species

Insect identification was done by photographing and analyzing 
them under a Leica Zoom 2000 compound microscope. Observed 
characteristics were compared with insect identification descriptions, 
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images, and websites to categorize the species taxonomically (see 
“Supplemental Materials”), with the intention to identify down, when 
it was possible, to species level. When there was a lack of suitable 
images or information for comparison, insects were recorded with less 
specificity. For example, many in Lepidoptera (family of moths and 
butterflies) were only listed in their order due to uncertainty.

Results
The US Federal Environmental Protection Agency (EPA) has 

classified bio-pesticides based on their active ingredients originating 
from plants, fungi, bacteria, or viruses, and has designated three 
categories: biochemical, microbial, and plant-incorporated protectants 
(EPA, 2021c).  All the active ingredients in the essential oils composing 
this insecticide (Table 2) are deemed to be safe by the EPA (EPA, 
2021b). By contrast, active ingredients of most commercial and non-
bio insecticides are not on the Minimum Risk Pesticides List (EPA, 
2021a). In addition, due to insect resistance creating challenges with 
synthetic chemical pesticides, botanical pesticides do not pose a threat 
to insect resistance to non-target, cross- and multi-resistant insects 
(El-Shafie, 2021, pp. 109–110).

Plant essential oils have been found to contain complex metabolite 
compounds (Tables 1 and 2), including eugenol, β-caryophyllene, 
menthol, menthone, 1,8-cineole, camphor, α-pinene, thymol, 
p-cymene, linalool and many other metabolites. For example, the 
essential oil from bark, leaf and fruit of red cedar (Juniperus virginiana) 
was detected to contain compounds such as αpinene, safrole, methyl 
eugenol, elemol, and limonene (Stewart et al., 2014). Our insecticide 
is a mixture of essential oils from four different plants, the chemical 
complexity of which should produce a synergistic effect on pests of 
plants and reduce, although likely not avoid, the risk of the insect’s 
developing resistance to the insecticide.

Comparing the water-only (mock) traps to those immersed with 
the oil-based insecticide, we did not observe vast difference in the 
number or species of insects trapped, contrary to the expectation of 
more insects attracted to oils. This may indicate that the blue light 
emitted from the trap was attracting insects in our experimental 
setting. It may also be due to the small sampling size. When contacted 
with the plant essential oil-based insecticide, the insects suffered a 
mortality rate of over 98% overnight, as examples of representative 
images shown in Figure 2A and 2C.  To the best of our identification 
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ability, the killed insects belong to five orders: Coleoptera, Diptera, 
Hemiptera, Lepidoptera, and Neuroptera; and at least 22 families, 
as summarized in Table 3. Among the most abundant were those in 
order of Lepidoptera, Diptera and Coleoptera. Our results clearly 
demonstrated that the plant essential oil concoction was effective 
in killing a wide range of insects within household gardens/lawns. 
However, this list is likely to be an underestimation because, in some 
cases, it was not possible to ensure an identification due to partially 
disfigured insects, faded or altered coloration in death, or unavailability 
and/or inconsistency of images from identification resources.

Figure 2
Representative Images of Insects Affected by the Plant Essential Oil-based Insecticide. 
A, green lacewing (genus Crysoperla); B, ticks (Ixodes scapularis); C, metallic fly 
(genus Condylostylus).



Volume 14 | Spring 2025
www.fau.edu/ouri

126Florida Atlantic Undergraduate Research Journal

Table 3
Identified Specimens from Class Insecta Killed by Plant Essential Oil-based Insecticide

CLASS ARACHNIDA 
Order Family Genus Species 
Ixodida Ixodidae Rhipicephalus sanguineus 
Ixodida Ixodidae Ixodes scapularis 
Ixodida Ixodidae Dermacentor variabillis 
Ixodida Ixodidae Amblyomma americanum

Table 4
Identified Specimens from Class Arachnida (Ticks) Killed by Plant Essential Oil-based 
Insecticide

The plant essential oil-based insecticide killed four tick species 
(class Arachnida, order Ixodidae, family Ixodidae), as shown in Table 
4 and Figure 2B. All ticks were immediately paralyzed upon contact 
with the insecticide and confirmed dead within 30 minutes. However, 
the ticks placed on filter paper coated with insecticide were able to 
survive by crawling away from contact with the filter paper.
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Discussion
It should be pointed out that plant-based insecticides cannot 

differentiate between insect pests of crops and potentially harmless 
insects. Some of the insects affected by this insecticide are beneficial 
entomophagous insects and natural pollinators such as some bees 
and wasps (Hymenoptera) and moths (Lepidoptera). It is known 
that use of any types of insecticides carries various degrees of 
collateral damage and unintended ecological consequences (Hahn 
et al., 2016; Piechowicz et al., 2017; Pamminger et al., 2018). A 
study by Smith et al. (2020) suggested that exposure to insecticides 
during the brood growth stage impacts bumblebee-worker response 
and learning ability. However, it can be reasonably assumed that the 
plant-based insecticide used in the study is much less toxic to these 
groups of pollinators than the commercial insecticides, as suggested 
by the placement of plant essential oils on the United States EPA’s 
Minimum Risk Pesticides List (EPA, 2021a). Essential oils used in 
the insecticide relay the lowest acute toxicity to worker bees with no 
effects on their locomotion and orientation ability (Giunti et al., 2022). 
Additionally, there is evidence that active ingredients in commercial 
insecticides can also affect aquatic organisms, showing a wide range 
of ecological impacts. Seen in a study on Chinook salmon, it was 
found that the active ingredient bifenthrin in insecticides, combined 
with rising temperatures associated with climate change, may affect 
salmon populations in the long-term (Giroux et al., 2019).

Bifenthrin affects gene expression of hormones such as 
gonadotropin-releasing hormone receptor 2, dopamine receptor 2A and 
growth hormone 1 in these salmon at the alevin life stage (Giroux et 
al., 2019). This implies that reproduction of these fish may be affected 
and at risk, thus leading to population-wide impacts. Plant essential oil-
based insecticides, due to their absence of compounds like bifenthrin, 
are therefore a safer alternative for the aquatic environment as well.

Our insect traps were employed overnight during August to 
October in South Florida and would not likely catch many of the 
seasonal or diurnal migrating insects. Thus, this study can only serve as 
a showcase of the potential utility of plant essential oil-based reagent 
in insect pest control. Furthermore, the goal of this investigation was 
to qualitatively assess what types of insects can be killed by this plant 
essential oil-based insecticide in a household garden/lawn setting. No 
broader geographic samplings or statistical analyses were attempted 
for this study. Future investigations are needed to understand the 
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molecular mechanisms of how this insecticide causes insect mortality, 
or its quantitative efficacy in different groups of entomofauna. It 
can be argued that for small scale uses such as household gardens, 
plant-based insecticides should be the top choice, considering their 
overall limited environmental impacts/footprints and non-toxicity to 
humans and pet animals. However, because the plant essential oils 
are naturally weaker neurotoxins than the commercial, synthesized 
pesticides (EPA, 2021b), they may be less effective for application at 
a large scale such as agricultural farmland. For industry use, there will 
be yield and economic benefit considerations when deciding on choice 
of insecticides (Ayalew, 2006). Our current study did not examine 
how long the oil-based insecticide can remain on the plant surface 
and maintain its efficacy in the natural environment. Therefore, further 
testing and assessment will be needed to achieve the best overall 
outcome, both economically and environmentally, for application of 
plant-based insecticides to large-scale systems.

The plant essential oil-based insecticide was also effective in killing 
bedbugs on contact in the lab setting. All 20 bugs were paralyzed within 
five minutes after contact with the insecticide. By 20 minutes, all bed 
bugs were dead (Figures 3 and 4; Table 5). This effect was long-lasting, 
as shown by the duration test where all the bedbugs were dead when 
placed on the insecticide-soaked paper circles that had been left open to 
air for 24 hours before in contact with the bugs. All these experiments 
demonstrated the bedbug-killing effect of the plant essential oil mixture.

Images using an electron scanning of bed bug samples post 
treatment served the purpose to examine any morphological 
abnormalities. There were no visible morphological differences noticed 
post insecticide and pesticide treatment; however, it is known that the 
samples of bed bugs that had undergone each respective treatment 
had experienced trauma to their neurotransmitter receptors, leading to 
death due to toxicity. The exterior morphology of the treated bed bugs 
remains unchanged upon exposure to treatment.

In summary, the plant essential oil-based insecticide examined in 
this study can kill some of the common insect pests found in South 
Florida, several species of ticks and common bedbugs. Use of plant 
essential oils rather than synthetic active ingredients can be more 
beneficial for the environment as they are less toxic, indicated by 
their exemption from FIFRA registration. Furthermore, plant essential 
oil-based insecticides most likely have lesser effects on pollinators in 
families such as Hymenoptera and Lepidoptera than most insecticides on 
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the market. Nevertheless, due to their inherent indiscriminate property 
against almost all insects tested, the plant essential oil-based insecticides 
seem most suitable for use in gardens, lawns and indoor households.

Figure 3
Examples of Bedbugs in Contact with the Plant Essential Oil-based Insecticide

Figure 4
Scanning Electron Microscopic Images of Bedbugs Treated with the Plant Essential 
Oil-based Insecticide
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Number of 
bedbugs before 

contact with 
pesticide

Number of bedbugs at time after contact with the 
insecticide 

5 minutes 
paralyzed

20 minutes 
appeared dead

24 hours evidence 
of life 

20 20 20 0

Table 5
Instant Response of Bedbugs to Pesticides upon Contact

Notes. Table displays no evidence of life 24 hours post contact with insecticide.

Figure 5
Scanning Electron Microscopic Images of Bedbugs Treated with Commercial Hot Shot 
Pesticide

Conclusions
Our preliminary experiments illustrate that a concoction made 

from essential oils of cedar wood, peppermint, thyme and rosemary 
was effective, although indiscriminately, in killing against a wide 
range of lawn insect species, ticks and bedbugs. Our study highlights 
the potential of plant essential oil-based insecticides as a beneficial 
alternative for environmentally safe means of pest control, and the 
need to further explore the vast resources of still unknown plant 
metabolite compounds.
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Figure S1
Insect Trap Device DynaTrapTM DT 2000XL. A. daytime view, with arrows indicating the 
chamber and the filter paper to be pre-soaked with the insecticide; B, nighttime view; C, insects 
trapped and killed. 
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Abstract
This study presents the analysis of three individuals excavated 

from the area of Palikè di Mineo, Sicily in May and June of 2023. The 
archaeological area contained numerous burials, but this study focuses on 
two adult male and one subadult (child). Burials are estimated to be from 
the Imperial Period of the Roman Empire (20 CE - 360 CE). Information 
collected includes age, sex, stature, and taphonomy of the individuals. 
Burial style, artifacts, and position of the burials are used to present data 
on the possible conditions of life in ancient Sicily. This article contributes 
data to the greater discussion of archaeology in the area.

Introduction
This project presents bioarchaeological analysis of three skeletons 

excavated in Palikè di Mineo, Sicily, Site 79S-2. Discussion about 
burial styles, artifacts, and position of the burials is used to suggest 
possible living conditions in ancient Sicily. Individuals excavated 
during 2023 were selected for analysis based on completeness and 
preservation. Individuals 2, 6, and 7, corresponding to Tombs 2, 6, 
and 7, were chosen. Individuals 6 and 7 are both adult males, and 
Individual 2 is a child, between the ages of 2 to 3.5 years old. Skeletal 
analysis and excavation were performed over the same field season in 
the same area to prevent possible inaccuracies in data.

Palikè di Mineo Archaeological Area
Palikè di Mineo, an archaeological area located in Eastern Sicily, 

had been inhabited consistently from the Paleolithic period through late 
antiquity (Maniscalco & McConnell, 2003). Four areas: Hestiaterion, 
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Figure 1
Palikè di Mineo Archaeological Area Overlooking Site 79S-2

Site 79S-2 was discovered using ground penetrating radar downhill 
of the previously excavated areas. Excavation was originally focused 
on a stone wall in site 79S-2 (McConnell, personal communication, 
2023). Burials around the wall changed the focus of the season. 
Previous excavations in this archaeological area focused exclusively on 
architectural analyses, yielding no previous in-depth skeletal or material 
culture context. This project adds dimension and context to historical 
understanding of the area.

The 2023 field season experienced a lot of heavy rain followed 
by direct sunlight. Repetitive wetting and drying left skeletal remains 
friable. Skeletal and material culture analysis was limited due to time 
constraints and weather. Site 79S-2 was used as farmland for the majority 
of the year (McConnell, personal communication, 2023). Repeated use 
of machinery on the land and the area’s repetitive field seasons caused 
severe damage to the archaeological context of the burial area.

Complex P, Stoa B, and Stoa FA have been excavated yearly by 
Laura Maniscalco and Brian McConnell since 1995 (Maniscalco & 
McConnell, 2003).
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Mortuary Context
Tombs 2, 6, and 7 were facing east to west intersecting a stone 

wall running north to south across Site 79S-2. Each individual had 
their arms and legs facing straight to the west. Tomb 2 had two stone 
tiles stacked parallel on top of the individual. Pieces of stone tiles were 
scattered near Tombs 6 and 7. Similar glass bottles were found oriented 
north-south at the feet of Individuals 2 and 7, with Tomb 2 containing 
one glass bottle and Tomb 7 containing two. Individual 6 was buried 
with a coin positioned in the right hand sitting on the femur. The coin 
was sent for examination, but no data has been received (McConnell, 
personal communication, 2024).

Methods

Bone Weathering Stages

All bones from Individuals 2, 6, and 7 aligned with Stage 1 of the Bone 
Weathering Stages (Behrensmeyer, 1978; Buikstra & Ubaker, 1994).

Age

Individual 2. The age of Individual 2 was estimated using long bone 
length, epiphyseal union, and tooth growth and development. Elements 
were selected for measurement based on completeness. The humerus 
and femur measurements yielded an age range of 1.5 to 3.5 years, and 
the fibula yielded 2.5 to 3.5 years (Table 1). The clavicle yields 2 to 5 
years (Schaefer, 2009). 

All deciduous teeth other than one incisor of Individual 2 were 
recovered. The deciduous canine teeth are root ¾, corresponding to an 
age of 1.82 years (Moorrees et al., 1963b). The permanent maxillary 
first incisor is crown ¾, indicating the individual was younger than 5 
years (Moorrees et al., 1963a; Table 3).

Taphonomic damage inhibited estimating epiphyseal union for 
most elements. The cervical, thoracic, and lumbar neural arches were 
fused, but the centra were unfused, giving an age range of 1 to 3 
years (Baker et al., 2005). Fully fused mental symphysis indicates a 
minimum of 2 years old (Schaefer, 2009; Table 2).

This data suggests Individual 2 died between the ages of 2 to 3.5 
years old. Although incorporating all epiphyseal union data would have 
given a range of 2 to 3 years old, the damage caused by excavation made 
it difficult to accurately determine whether the elements were fusing 
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or unfused. This uncertainty was conductive to a more conservative 
estimate of 2 to 3.5 years old, using the minimum age found in epiphyseal 
union and the maximum age found in long bone length.

Individual 6. The age of Individual 6 was estimated using the pubic 
symphysis after Todd (1920) and Brooks and Suchey (1990), and 
auricular surface after Meindl and Lovejoy (1989). The pubic symphysis 
is consistent with Phases 7-8, indicating 35 to 45 years old (Todd, 1920), 
and consistent with Phase 4, corresponding to 23 to 57 years old (Brooks 
and Suchey, 1990). The auricular surface is consistent with Phases 4-6, 
indicating 35 to 49 years old (Meindl & Lovejoy, 1989). The final age 
estimation of Individual 6 is 35 to 49 years old (Table 10).

Individual 7. The age of Individual 7 was estimated using the auricular 
surface after Meindl and Lovejoy (1989). Both the left and right 
auricular surfaces are consistent with Phase 7, indicating Individual 
7 is between the ages of 50 to 59 years old (Meindl & Lovejoy, 1989; 
Table 11). Due to damage during excavation, no other elements were 
complete enough to be analyzed for age estimation.

Sex

Individual 6. The sex of Individual 6 was estimated using cranial 
elements, os coxa, and femoral and humeral head diameters after 
Buikstra and Ubelaker (1994). The mastoid process, supraorbital 
ridge, and mental eminence score as 3, or indeterminate, while the 
nuchal crest and supraorbital sharpness score at 4, or probable male 
(Buikstra & Ubelaker, 1994). Measurements of the femoral and 
humeral head both indicate probable male (Buikstra & Ubelaker 
1994). All landmarks on the os coxa are consistent with probable male 
(Buikstra & Ubelaker 1994). From this analysis it is estimated that 
Individual 6 is a probable male.

Individual 7. The sex of Individual 7 was estimated using cranial 
elements, os coxa, curvature of the sacrum, and femoral and humeral 
head diameters after Buikstra and Ubelaker (1994). Cranial elements 
on Individual 7 score between 4 and 5, or probable male and male 
(Buikstra and Ubelaker, 1994). Mastoid process and supra-orbital 
sharpness scored at 4, and mental eminence at 5 (Buikstra & Ubelaker, 
1994). Greater sciatic notch width scored as 3, or indeterminate 
(Buikstra & Ubelaker 1994), and curvature of the sacrum indicates 



Volume 14 | Spring 2025
www.fau.edu/ouri

142Florida Atlantic Undergraduate Research Journal

probable male (Buikstra and Ubelaker 1994). Both the femoral and 
humeral head indicate male (Buikstra & Ubelaker 1994; Table 7). 
With the measurements nearly all falling between probable male and 
male, it was estimated that the Individual 7 is male.

Stature

Stature for Individuals 6 and 7 was estimated after the formula by 
Trotter (1970). Individual 6’s humerus, ulna, and femur indicate an 
estimated stature of 5’5 and 5’6 (Trotter 1970) (Table 4). Individual 
7’s humerus, ulna, and tibia indicate an estimated stature between 5’7 
and 5’9 (Trotter 1970; Table 5). 

Results
Individual 2 is a subadult between 2 to 3.5 years old. Individual 

2 has no visible pathology. Initial observation recognized potential 
pathological changes to the long bones. This was later estimated to 
be appositional (normal) growth for individuals under 4 years of age 
(Lewis, 2018, p.132; Schrenk, 2017). New bone formation can mimic 
signs of certain pathological responses in infants (Gleser, 1949). After 
further consideration of the changes to the cortical bone observed on 
Individual 2 and comparing them to Lewis (2018), due to the bilateral 
nature and consistency across long bones, these markers are most 
likely associated with normal growth for an individual under four 
(Lewis, 2018, p. 132; Figure 2).

Individual 6 is estimated to be an adult male between the ages 
of 35 and 49 years old. Stature is estimated to be between 5’5 and 
5’6. Enthesophytes are found bilaterally on the long bones, as well 
as along the nuchal crest and mandibular muscle attachment sites 
(Minozzi et al., 2014; White et al., 2012). There is a large abnormality 
on the occipital and right parietal of the crania located superior to the 
lambdoidal suture (White et al., 2012) (Figure 3). The cause of this 
abnormality is unknown.
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Figure 2
Individual 2 Right Tibia with Markings of Appositional Growth

Figure 3
Abnormality on Crania of Individual 6
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Individual 7 is estimated to be an adult male between the ages 
of 50 to 59 years old. Stature is estimated to be between 5’7 and 5’9. 
Lipping, osteophytes, enthesophytes, and Schmorl’s nodes (Figure 5) 
are prominent on the vertebrae (Aufderheide & Rodriguez-Martin, 
1998, p. 96; Minozzi et al., 2014; Mok et al., 2010; Rogers et al., 
1985; Wang, 2023; White et al., 2012). Vertebrae C3+C4 (Figure 4), 
and C5+C6 are completely fused together due to excess bone growth 
around several suspected healed fractures (Aufderheide & Rodriguez-
Martin, 1998; Rogers et al., 1985; White et al., 2012). Extensive 
osteophyte and enthesophyte growth among muscle attachment sites 
and joint surfaces can be found on nearly every element (Bolanowski 
et al., 2005; Menz et al., 2019; Minozzi et al., 2014; White et al., 
2012). Third trochanters are present on both femurs (Bolanowski 
et al., 2005). Osteophyte growth present on the left ulna and left 
radius appear to articulate, giving evidence of a past fracture or long-
term displacement (Aufderheide & Rodriguez-Martin, 1998, p. 25; 
Pedersen et al., 2019; White et al., 2012, p. 436). The sacrum is curved 
to the left, and irregularities appear to be due to a possible fusion 
abnormality (Park et al., 2017; Figure 6).

Figure 4
Fusion of Cervical Vertebrae 3 and 4 of Individual 7
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Figure 5
Individual 7 Lumbar Vertebra 3 with Shmorl's Node and Osteophyte Lipping

Figure 6
Suspected Sacral Fusion Abnormality of Individual 7
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Metrics

Element Length 
(mm)

Age Range 
(years)

Right Humerus 131 mm 1.5 to 3.5
Right Femur 180 mm 1.5 to 3.5
Left Fibula 145 mm 2.5 to 3.5
Clavicle 75 mm 2 to 5

Element Fusion 
Status

Age Range 
(years)

Cervical/Thoracic Neural Arches Fully Fused 1 to 6
Cervical/Lumbar Centra Not Fused 1 to 3
Thoracic Centra Not Fused 1 to 3
Lumbar Neural Arches Fully Fused 1 to 6
Mandibular Symphysis Fully Fused 2

Table 1
Individual 2 Long Bone Length

Table 2
Individual 2 Epiphyseal Union

Tooth Development 
Stage

Age Range

Deciduous Canines R3/4 Older than 1.82 years
Permanent Maxillary 
First Incisor

Cr3/4 Younger than 5 years

Table 3
Individual 2 Teeth
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Element Length (mm)

Humerus 315 mm
Ulna 260 mm
Femur 460 mm

Table 4
Individual 6 Long Bone Length

Element Length (mm)

Left Humerus 355 mm
Right Ulna 290 mm
Right Tibia 405 mm

Table 5
Individual 7 Long Bone Length 

Element Diameter 
(mm)

Sex 
Estimation

Left Humerus 44 mm Probable Male
Right Humerus 45 mm Probable Male
Left Femur 46 mm Probable Male
Right Femur 46 mm Probable Male

Element Diameter 
(mm)

Sex 
Estimation

Left Humerus 51 mm Male
Right Humerus 51 mm Male
Right Femur 52.5 mm Male

Table 7
Individual 7 Femoral and Humeral Head Diameters5

Table 6
Individual 6 Femoral and Humeral Head Diameters
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Element Skeletal 
Sexing Score

Sex Estimation

Mastoid Process 3 Indeterminate 
Supraorbital Ridge 3 Indeterminate
Mental Eminence 3 Indeterminate
Nuchal Crest 4 Probable Male
Supraorbital Sharpness 4 Probable Male
Greater Sciatic Notch 4 Probable Male
Ischiopubic Ramus 4 Probable Male

Table 8
Individual 6 Sex Estimation Markers6

Element Skeletal 
Sexing Score

Sex Estimation

Mastoid Process 4 Probable Male
Supraorbital Ridge 4 Probable Male
Mental Eminence 5 Male
Supraorbital Sharpness 4 Probable Male
Greater Sciatic Notch 3 Indeterminate
Curvature of Sacrum 4 Probable Male

Table 9
Individual 7 Sex Estimation Markers

Element System Phase Age Range 
(years)

Auricular Surface Meindl & Lovejoy 4-6 35 to 49
Pubic Symphysis Todd 7-8 35 to 45
Pubic Symphysis Suchey-Brooks 4 23 to 57

Table 10
Individual 6 Age Estimation Markers

Element System Phase Age Range 
(years)

Auricular Surface Meindl & Lovejoy 7 50 to 59

Table 11
Individual 7 Age Estimation Markers
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Discussion
Individuals 6 and 7 both present excessive enthesophyte growth 

around muscle attachment sites. Enthesophyte growth across the 
entire skeleton makes it difficult to determine possible activities that 
could be associated with such widespread bone reaction (Menz et al., 
2019). Excessive bone growth around attachment sites corresponds 
with muscle growth in that area (Bolanowski et al., 2005; Menz et 
al., 2019; Minozzi et al., 2014), and thus it can be suspected that 
Individuals 6 and 7 performed physically strenuous labor over long 
periods of time (Bolanowski et al., 2005; Menz et al., 2019; Minozzi 
et al., 2014). Individual 7 is notably more robust than Individual 6, 
as well as being taller and overall larger. It is possible that there is 
correlation between size and labor done in life (Bolanowski et al., 
2005; Minozzi et al., 2014), though it cannot be confirmed. In addition 
to larger enthesophytes, Individual 7 also shows signs of moderate to 
severe degenerative joint disease (Menz et al., 2019), presenting as 
Schmorl’s Nodes in the lumbar vertebrae (Mok et al., 2010; Wang, 
2023) and lipping around joint articulation surfaces (Rogers et al., 
1985). This is most likely due to a combination of old age and heavy 
labor (Menz et al., 2019; Minozzi et al., 2014).

It was initially thought that Individuals 6 and 7 could have been 
soldiers during life due to their enthesophyte growth and past injuries 
(McConnell, personal communication, 2023; Minozzi et al., 2014). 
It has been speculated for some time that the area of Palikè was 
used as retirement for the soldiers of Rome (McConnell, personal 
communication, 2023). Though the theory appears feasible from skeletal 
analysis (Menz et al., 2019), upon further research it seems unlikely 
due to the specific and consistent burial styles of Roman soldiers 
(Gardner 1999; Hope 2010; Rogers 2008; Williams, 2009). Individuals 
6 and 7 were not consistent with the burial styles of soldiers during 
the time period, nor was the general layout of the site consistent with 
the style of necropolis in which soldiers were buried (Gardner 1999; 
Hope 2010; Rogers 2008; Williams, 2009). However, even with low 
likelihood of the individuals being soldiers, this does not negate the fact 
that the individuals lived in a way that required long periods of heavy 
labor (Menz et al., 2019; Minozzi et al., 2014). While no lifeway can 
be proven, some possibilities include farmers or slaves (McConnell, 
personal communication, 2023; Minozzi et al., 2014). 

Individual 7 gave the most insight into what life may have been like 
during this time because of the injuries he sustained. Fractured cervical 
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vertebrae are difficult to heal without disrupting the spinal cord (Rogers 
et al., 1985), and the healed osteophytes around the area show that the 
individual lived for long enough for the injury to heal to completion 
(Israelowich, 2015; Menz et al., 2019; Minozzi et al., 2014; Rogers et 
al., 1985). The individual likely would not have been able to work or 
participate in society for some period of time, and would have required 
a large amount of care from his community to survive the injury 
(Israelowich, 2015). This shows some emphasis in the culture on care 
for others, and that Individual 7 was valued by his community enough to 
be cared for during the healing of his injury (Israelowich, 2015). 

The fusion abnormality of Individual 7’s sacrum also gives room 
for hypotheses on how childhood may have been experienced for 
individuals in this society. Though fusion abnormality can happen 
randomly (Park et al., 2017), the presence of extreme enthesophyte 
growth may be an indication that the fusion abnormality seen could be 
due to heavy labor beginning in childhood (Menz et al., 2019; Park et 
al., 2017; Thomas et al., 1976). 

This segue into childhood during this period is particularly 
interesting with the presence of a subadult burial in this study. Individual 
2 was estimated to be between the ages of 2 to 3.5 years old. At this 
time children were normally buried separately from adults, if buried 
at all (Boehmer, 2023). In addition to being buried in the same area as 
adults, Individual 2 was also buried in a very similar manner to the other 
individuals excavated from this site (Boehmer, 2023). While it cannot be 
determined exactly how children were viewed in this society, Individual 
2 was buried as if the individual had achieved a social acceptance similar 
to the status of an adult. The fusion failure of the sacrum of Individual 
7, indicating possible heavy labor at an early age, could be evidence of 
children being viewed as active community members much earlier than 
they are today (Boehmer, 2023; Lewis, 2009; Schrenk, 2017).

Conclusion
Excavation and data collection at the site of Palikè di Mineo in 

Eastern Sicily took place over a six-week period in the summer of 
2023. The combined data from Individuals 2, 6, and 7 suggests the 
individuals living in Palikè di Mineo during this time lived strenuous 
lives beginning early in childhood. Enthesophyte growth present on 
Individuals 6 and 7 demonstrates excessive muscle usage over a long 
period of time, and the widespread presence of these enthesophytes 
shows a variety of possible activities (e.g., agriculture, digging, 
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building, carrying, lifting). The burial style of Individual 2 aligning 
with an adult burial style suggests an early social age of acceptance, 
and it is possible that this social age aligned with onset of early labor. 

The findings from this project contribute data to a greater discussion 
of ancient life in Palikè di Mineo during the Imperial Period of the 
Roman Empire, as well as a deeper understanding of the history of the 
long life of this area. With a lack of previous in-depth skeletal analysis in 
the area, these findings provide a new dimension for understanding the 
history of the area its human inhabitants. A larger sample size of skeletal 
remains in this area with a wider variety of individuals is needed to 
draw any firm conclusions about what life may have been like for these 
individuals. Data including individuals of other ages and sexes would 
be necessary to gain an understanding of both social age in this society 
and the roles that individuals may have played.  By adding a human 
skeletal component to past research, we hope to inspire future inclusion 
of skeletal analysis within the Palikè di Mineo archaeological area. 
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Abstract
The effects of fast fashion range from human rights violations to 

environmental devastation. This study uncovers the views of Americans 
on fast fashion. It was expected to find that many Americans prioritize 
price when shopping, due to the growth of these companies. The study 
had 193 people complete a questionnaire on Amazon Turk that contained 
16 questions. It found that most Americans consider the price to be more 
important than the ethics when shopping, with there being a statistically 
significant difference (p < .001) in that older consumers are more likely 
to prioritize price. It also found that males are more likely to disagree 
than females with the statement that fast fashion is unethical (p < .001). 
This data can be used to create marketing strategies to encourage 
American consumers to purchase from sustainable companies.

Introduction
Fast fashion is defined as when companies produce products inspired 

by luxury clothing brands for a cheap price by cutting development costs 
to meet increasing demand (Joy et al., 2012). Most often, these cuts 
in cost accompany negative environmental effects and the inhumane 
treatment of workers (Bick et al., 2018). Thus, the modern consumer 
is presented with the decision between purchasing items at a low cost 
or paying a higher price for more sustainable options (Pasqualicchio, 
2021). Ethical clothing is defined as clothing that considers the various 
consequences of production and sales on the people employed as well as 
the environment (Mintel, 2009). A previous study found that more people 
would consider purchasing from more ethical fashion brands if their 
prices were lower (Joergens, 2006). Despite the ethical questions raised 
by fast fashion, sales continue to grow at a staggering rate (McNeill 
& Moore, 2015; Bhardwaj & Fairhurst, 2010), and it is undetermined 
whether this is because Americans are unaware of the effects of fast 
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fashion or because they simply choose to prioritize the low price of the 
items over items being ethically made for a higher price.

What is clear is that fast fashion has grown in tandem with 
consumer culture in the United States, showing rapid growth since the 
1990s with the rise of trends through magazines and runway models, 
and, eventually, social media (Bhardwaj & Fairhurst, 2010). Social 
media promotes fast fashion, not only by allowing companies to 
promote their products to willing customers through advertisements 
and sponsored posts, but also by trend cycles (Diantari, 2021). Social 
media encourages people to buy more products to constantly stay in-
style—a perfect breeding ground for the promotion of fast fashion 
(Michaela & Lavie orna, 2015). Stores like H&M, for example, have 
done particularly well in marketing their products on social media 
(Bonilla, Arriaga, & Andreu, 2019), with 38.3 million Instagram 
followers (Instagram, 2024), similar to Shein, Temu, and Zara, all of 
which have emerged as some of the leaders in the fashion industry 
while all being fast fashion companies (Perri, 2023). Shein, one of the 
biggest fast fashion retailers, was valued by the Wall Street Journal 
at $100 billion in 2022, just 14 years after the company’s founding 
(Gottfried & Scott, 2022). According to the Ellen McArthur Foundation, 
clothing production has doubled in the past 15 years (Ellen Macarthur 
Foundation 2017). The demand for clothes is growing, and fast fashion 
is the industry’s response to this ever-growing demand (Bhardwaj & 
Fairhurst, 2010). Currently, it is unclear whether Americans consider 
the effects of fast fashion when purchasing products.

Some of the downsides of fast fashion include serious 
environmental impacts and unsafe, inhumane working conditions of 
laborers (Bick et al., 2018). During production, workers are not only 
facing health hazards from dangerous chemicals, but fast fashion also 
leads to billions of pounds of waste being produced each year (Bick 
et al., 2018), directly impacting the environment. From dangerous 
chemicals being used in production, to clothing dye being found in 
nearby water supplies from production centers, to textile waste filling 
up landfills, almost every part of fast fashion includes cutting costs 
through unsafe and dangerous means in order to market their products at 
such low prices (Bick et al., 2018). Furthermore, occupational hazards 
threaten workers, creating unsafe working conditions (Bick et al., 2018). 
Workers for these companies face life-threatening medical side effects 
from working in perilous environments, as well as “respiratory hazards 
due to poor ventilation…and musculoskeletal hazards from repetitive 
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motion tasks” (Bick et al., 2018). Research on these topics needs to be 
continued so consumers are educated on which brands they choose to 
support and the potential repercussions of that choice.

Even though fast fashion brands are growing, environmental 
consciousness is growing in consumers as well (Neumann & 
Martinez, 2020). Consumers’ attitudes towards brands can be altered 
by whether the brand is seen as sustainable and can affect how much 
the consumers trust the brands (Neumann & Martinez, 2020). Because 
people care about the environmental sustainability of brands, and this 
can affect their purchasing decisions (Neumann & Martinez, 2020), it 
is astounding how the rise of fast fashion continues to grow despite 
the environmental impact. Our research aims to determine whether 
it is because consumers are not aware of the environmental impact 
and repercussions of purchasing from certain brands, or whether they 
simply do not think about these issues when shopping. 

Since fast fashion is so popular in the United States, consumers 
must either be unaware of the effects of fast fashion, or simply choose 
to prioritize the price instead of considering the ethics of purchasing 
products from certain brands. This data can be used to create programs 
to spread awareness of the adverse effects of fast fashion to change the 
way consumers purchase products. 

Methodology
For the conduction of this survey, we utilized Amazon Mechanical 

Turk. This service allows users to incentivize other users to take their 
survey using small payments. The survey used was a 16-question 
survey with various questions about the topic of fast fashion, as well as 
demographic questions. This was done to make the survey data easy to 
categorize and for us to be able to investigate the differences between 
various demographics in their responses. We expected to receive 
200 responses and ended up with seven incomplete responses and 
193 usable responses. We then analyzed the data using the computer 
software SPSS, or the Statistical Package for the Social Sciences. This 
allowed us to weigh the importance of certain responses, to ensure that 
the data reflects the United States population based on demographics 
like race, age, sex, and political party. We used the United States 
Census for demographic information (U.S. Census Bureau, 2020). 



Volume 14 | Spring 2025
www.fau.edu/ouri

158Florida Atlantic Undergraduate Research Journal

Figure 1
Specific Survey Questions

Specific Questions
How often do you purchase from fast fashion brands?

When shopping, how often do you consider the environmental impact from 
the production of the goods you purchased?
When shopping, how often do you consider how the workers from the 
company you purchased from are treated?
To what extent do you agree or disagree with the following statement: Fast 
fashion is unethical.
How often do you do research on the ethics of the companies that produce 
the fast fashion brands you purchase from? (Ex. Environmental impact, 
Unsafe/Inhumane working Conditions, Child labor, Slave labor, & more)
To what extent do you agree or disagree with the following statement: 
Certain products are too cheap to worry about the ethics behind buying from 
fast fashion brands.
When shopping, which do you consider to be more important: Price or 
Ethics?
To what extent do you agree or disagree with the following statement: Fast 
fashion brands offer an unrivaled convenience and cheapness that makes 
them appealing.
To what extent do you agree or disagree with the following statement: If 
other products were cheaper, I wouldn’t buy from fast fashion brands.
To what extent do you agree or disagree with the following statement: The 
United States Government should intervene against fast fashion brands.

Notes. The ten fast fashion survey questions distributed on Amazon Mechanical Turk.

Results
After running multiple chi square tests on SPSS, we were 

able to find the ways in which different demographics responded 
to the survey questions. The results of this survey found that most 
Americans prioritize price over ethics when shopping, with 60% of 
18- to 29-year-olds, 54.7%  of 30- to 49-year-olds, and 87.6% percent 
of 50- to 64-year-olds prioritizing price. Participants in the age range 
of 50 to 64 years old were significantly more likely to prioritize price 
over ethics when compared to their younger counterparts (p < .001).

The results of this survey also found that most Americans at least 
somewhat agree with the statement that fast fashion is unethical, with 
68% of women and 52% of men strongly or somewhat agreeing. It also 
found a statistically significant difference (p < .001) in how different 
genders view whether fast fashion is unethical. Specifically, males 
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are much more likely to somewhat disagree with the statement that 
fast fashion is unethical, with 35.4% of males somewhat disagreeing 
in comparison only 8.2% of females disagreeing. Females are much 
more likely to agree than males with the statement that fast fashion is 
unethical, with 29.9% strongly agreeing with this statement, compared 
to 26% of males; and 38.1% of females somewhat agreeing with this 
statement, compared to 26% of males.

Figure 2 
Results from the Survey when the Question “Do you prioritize price or ethics when 
shopping?” was Asked

Notes. A statistically significant difference was found in which 50- to 64-year-
olds are much more likely to prioritize price than their younger counterparts 
(X²[2, N = 193] = 22.58; p < .001). Of the 50- to 64-year-olds surveyed, 87.6% prioritize 
price over ethics when shopping. 
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Figure 3 
Results from the Survey when the Question “Do you agree that Fast Fashion is 
unethical” was Asked

Notes. A statistically significant difference was found in which males are much 
more likely to disagree with the statement that fast fashion is unethical than females
(X²[4, N = 193] = 27.04; p < .001). Of males surveyed, 35.4% somewhat disagree that 
fast fashion is unethical. 

Discussion
The overall results from this study revealed valuable insights into 

how Americans perceive fast fashion and how their opinions affect their 
purchasing habits. The study found that most Americans prioritize price 
over ethics when shopping. This means that more sustainable clothing 
companies may be pressured to compete with fast fashion brands 
by lowering their prices. This effort to lower prices can lead to the 
adaptation of more harmful practices like pollution and mistreatment 
of workers.  However, sustainable brands can continue to market 
less frequent but higher-quality purchases—for example, Patagonia 
(Freudenreich, 2020; Gossen, 2021). Furthermore, Americans aged 
50 and older were much more likely to prioritize price, and currently 
make up around a third of the United States population. It is important 
to understand how this demographic makes their purchasing decisions 
and to ensure they are educated about the effects of their purchases. 
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The survey also found a difference in the way males and females 
view fast fashion. Specifically, it was found that males are much more 
likely to disagree with the statement that fast fashion is unethical in 
comparison to females. This points to room for more public awareness 
of the negative impacts of fast fashion. Females also shop online much 
more than men (Pradhana, 2019), so it is important that advocates are 
able to continue educating females on the effects of their purchases. 

This research is a small step in understanding the complexities of 
the fast fashion industry and its role in American consumerism. Further 
research can be conducted on the effects of the fast fashion industry, 
including the various external benefits and causes, to determine the 
ramifications of the fashion industry evolving in this way. Research can 
also be conducted on how to encourage more sustainable consumption 
habits, and to find ways to lower the impact that fast fashion has on 
the environment and human rights. This research shows that more 
awareness can be spread on the effects of one’s purchases, and research 
can be done on how to best effectively communicate this information. 
Finally, future research can be conducted to determine the best ways 
to curb the spread of unethical industry practices, in every shopping 
category beyond fashion.

As technology continues to advance and make every aspect of 
people’s lives easier, the fashion industry acts no differently. It will 
continue to evolve and aim to become more profitable through 
increased convenience for consumers. Despite the many benefits 
this growth in convenience provides to consumers, it is important to 
consider the side effects and repercussions that many people around 
the world will face due to increased consumer spending on fast fashion. 
It is imperative that consumers understand the power they hold in their 
purchase decisions, and that they become educated in what sort of 
production practices they are supporting.
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Abstract
During and following World War II, the Soviet, and later, Russian 

Federation enforced the narrative that Ukrainians fighting in the war 
against the Soviets were Nazis. The author utilized his proficiency in 
the Ukrainian and Russian languages, conducted research regarding 
Ukrainian participation in WWII, and concluded that this narrative is 
largely anti-Ukrainian propaganda. The author’s research focused on 
the Ukrainian Insurgent Army (UPA) which was formed in 1942 by 
the Organization of Ukrainian Nationalists (OUN) as a militant wing. 
The OUN was the center of Ukrainian nationalism starting in 1929, and 
strove for an independent Ukrainian state. Russian regimes repressed 
Ukrainian nationalism, which caused many nationalists to turn to the 
Reich, who promised Ukrainian statehood. After Ukrainians proclaimed 
independence in 1941, the Nazis jailed leaders and massacred civilians. 
This research demonstrates that the UPA fought the Nazis between 
1943-1945 and the Soviets between 1939 to 1960, for an independent 
Ukrainian state during World War II, not for Nazism.

Introduction
With Ukrainian land integrated into the Soviet Union, the German 

Reich seemed to be a sensible ally to collaborate with in the hope 
of regaining national sovereignty. This was what many occupied 
peoples thought during the Second World War, leading to a large 
number of nationalist army groups to be formed, who collaborated 
with the German Reich against the Soviet Union. Not all people chose 
this route; however this was a way that a person could gain weapons 
and training which put them in a much better position to defend their 
land. Having gained weapons, many collaborators deserted the Nazis 
and instead joined their respective nationalist partisan movements, 
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being now better equipped than ever. The other choices were to join 
the Soviet Red Army or to join a national resistance force fighting 
against both Soviets and Germans. These choices existed for many 
nations during the Second World War, including for Ukrainians who 
were extremely disillusioned with anything connected to Russia, 
communism, and the idea of “brotherly nations.” This stance emerged 
due to long-lasting Russian attempts to cruelly and violently subdue 
Ukrainian nationalism. The most notable of these nationalist resistance 
groups was the UPA, Ukrainian Insurgent Army (Українська 
Повстанська Армія). The UPA was the militant wing of the OUN, 
Organization of Ukrainian Nationalists (Організація Українських 
Націоналістів), which evolved from the UNR, Ukrainian People’s 
Republic (Українська Народна Республіка). The Ukrainian State 
formed the UNR after the collapse of the Russian Empire, and lasted 
officially for four years from 1917 to 1921, existing in exile after 
1921. The OUN was formed in 1929 and served as the headquarters of 
Ukrainian nationalism in Ukraine. With the start of the Second World 
War, founders of the UPA created the militant group to defend and 
fight against those looking to harm Ukraine.

Before and during the first half of the war, the UPA collaborated 
with the German Reich, treating it as a training camp and starting point 
for the creation of a modern Ukrainian military record. In return, the 
Nazi army group promised to allow for the formation of a Ukrainian 
state, however the Nazi high command renounced it quickly (Central 
Intelligence Agency [CIA], 2007). The Nazis then cracked down on 
Ukrainian attempts to create a state outside of the Reichskommissariat, 
the puppet state established in Nazi occupied Ukraine, and sent leaders 
to concentration camps. Though resistance started in 1942, large-scale 
UPA resistance began in 1943 and continued long after the end of the 
Second World War, ending around 1960 (Birchak, 2016).

The Soviet, and later, Russian government put an immense effort 
into vilifying the organization, just as it did with all previous Ukrainian 
nationalist movements, through state-indoctrinated propaganda, the 
effects of which can still be seen today. The OUN-UPA organizations 
collaborated with the German Reich against the Communists, seeing 
this as a possible way to establish an independent Ukrainian state, 
also knowing, however, that they would eventually come to fight the 
Germans. While Ukrainian nationalist groups may have collaborated 
with Nazi Germany at the start of the Second World War and later 
fought against them, a number of these groups were determined to not 
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have committed war crimes, and their legacy has been manipulated 
by Soviet and Russian propaganda. This research was conducted by 
reviewing archival data, historical books, and video accounts, with 
sources originating from historians around the world.

Historical Background
The choice of joining the Red Army and fighting for the Soviet 

Union against the German Reich was clearly available to Ukrainians 
during the Second World War. The thought of fighting on the side of 
communism was loathsome for many Ukrainian people, given the 
atrocities that the Soviet Union committed against Ukrainians. Ukraine 
suffered a mass genocide, known as the Holodomor, only several years 
prior to the start of the Second World War, that lasted from 1932 to 1933 
(Holodomor Museum, 2023). The genocide was artificially induced in 
the form of mass starvation on a national scale. Four years prior to the 
Holodomor, the Soviet Union, under Stalin’s leadership, introduced a 
policy known as “collectivization” which confiscated individual farm 
ownership and transferred it to State ownership (Holodomor Museum, 
2023). The Ukrainian people resisted the policy with protests and 
demonstrations that spanned across the country, numbering around 
4,000 demonstrations (Holodomor Museum, 2023).

The official Soviet Union policy for the Holodomor was State 
“grain procurement” (Holodomor Museum, 2023). According to the 
official Holodomor Museum (2023), “The leadership of the Soviet 
Union committed [the Holodomor] in order to suppress Ukrainians 
and ultimately eliminate Ukrainian resistance to the regime, including 
efforts to build an independent Ukrainian state”. The Soviet Union 
withheld grain imports, controlled farm ownership, restricted movement 
for 22.4 million people through a blockade, and banned discussion and 
the recording of an official death count (Holodomor Museum, 2023). 
Millions of Ukrainians were killed as a result of the Holodomor, and 
those who survived held a deep-rooted disdain for the Soviet Union.

Fundamentally, when it came time to make a choice on which 
side to fight on, Ukrainians remembered all too well what life was 
like under the Russian “Big Brother.” Ukrainians living during the 
Second World War found themselves in a similar situation to the one 
that Bogdan Khmelnitsky was in many years ago, stuck between two 
powerful nations bent on making Ukraine’s borders their own. Bogdan 
Khmelnitsky was the Ukrainian hetman (leader) of the Zaporozhian 
Sich (state) and played a pivotal role in Ukrainian history in the 17th 
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century. Khmelnitsky chose to align himself with the Russian Tsardom 
against the Polish-Lithuanian Empire, given the immediate threat.

Despite his good intentions, his decision proved to be almost 
detrimental to the future of Ukrainian independence. Khmelnitsky 
made this choice in an attempt to preserve the Ukrainian state, the 
Zaporozhian Sich, and to preserve the Orthodox Christian faith, both 
of which were being threatened by the Polish-Lithuanian Schlachta 
(nobility). This was in vain, as the Ukrainian church was later absorbed 
by the Moscow Patriarchate in 1686 and the Sich was destroyed by 
Empress Catherine II in 1775 (Religion in Ukraine, Kuksa, 2010). 
Finally, the most recent example for Ukrainians during the Second 
World War was the UNR's war for Ukrainian independence, which 
ultimately ended after a betrayal by Poland. Symon Petliura, the 
Chairman of the Directorate of the UNR, had come to an agreement 
with Poland’s Marshal Jozef Pilsudski in the Warsaw Pact (Dotsenko, 
1923). The agreement restored historical borders, recognized the UNR 
as legitimate, and created an anti-Bolshevik Polish-Ukrainian alliance 
(Dotsenko, 1923). Poland, however, later signed the Peace of Riga 
with the Soviet Union, which marked the end of the UNR in Ukraine 
(Dotsenko, 1923). Alliance with either Poland or Russia was now 
unlikely for any members of the UNR, who made up a large portion of 
the OUN upon its creation. All of these factors likely influenced many 
Ukrainians in choosing which faction to join and support.

Organization of Ukrainian Nationalists (OUN) 
Prior to WWII

The history of the Ukrainian Insurgent Army, UPA, during the 
Second World War begins with the formation of the Organization of 
Ukrainian Nationalists (OUN). The OUN was formed during the 
interwar period, in 1929 in Vienna, with the goal of continuing the 
struggle for Ukrainian independence that was started earlier in the First 
World War. The group conducted anti-Polish and anti-Bolshevik raids 
throughout Western and Eastern Ukraine, both of which were occupied 
by Poland and the Soviet Union, respectively. The organization was led 
by Yevhen Konovalets, from the time of the organization’s formation in 
1929 until 1938. Power struggles divided the organization when he was 
assassinated in 1938 by Pavel Sudoplatov, a Soviet agent. Konovalets 
was a veteran militant Ukrainian nationalist, having previously founded 
and commanded a Sich riflemen company, a military unit of the UNR.

Following his death, a power vacuum occurred, which by 1940 
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had sufficiently split the group into supporters of the two most 
influential men in the group, Andriy Melnyk and Stepan Bandera. 
Melnyk was second-in-command to Konovalets and was supported 
by the older veterans of the OUN, while Bandera was supported by 
younger members (Vedeneev & Bystrukhin, 2006). There was a key 
disagreement regarding the direction each leader wanted to take the 
movement. Bandera wanted to create a “Revolutionary Leadership” 
unit of the OUN in Poland that would plan revolutionary movements 
and uprisings against the Soviet Union focused on liberating Ukraine 
from Soviet control (Shurkhalo, 2020). This plan was advantageous in 
Bandera’s perspective because the Revolutionary Leadership would be 
located close to Ukraine. Melnyk, on the other hand, opposed Bandera’s 
plan because he did not want to risk exposure of the movement and the 
possible endangerment of the lives of OUN members. Melnyk’s plan 
was to wait until the German Reich invaded the Soviet Union, and to 
then strike a surprise attack upon a weakened Soviet Union.

The two leaders failed to reach an agreement, which would prove 
to be detrimental. Bandera decided to go ahead with his plan and 
create the OUN Revolutionary Leadership, but also to have Melnyk 
lead it, without his knowledge (Shurkhalo, 2020). This caused fighting 
within the OUN, and it split into the OUN-B headed by Bandera and 
OUN-M headed by Melnyk. According to Vedeneev and Bystrukhin 
(2006), intra-group fighting during the years 1940 to 1941 cost the 
lives of 400 Melnyk supporters and 200 Bandera supporters.

Collaboration Against Communism
According to a declassified document released by the CIA (2007):

Realizing that the aspiration for national independence was 
uppermost in the minds of a majority of Ukrainians, the Third 
Reich promised at the beginning of World War II that the 
Ukrainians would be freed from Soviet domination and could 
found a Ukrainian state. This promise accounts for the welcome 
the Germans received initially when they arrived on Ukrainian 
territory. (CIA, 2007)

Prior to the Barbarossa invasion of the Soviet Union, Bandera 
had been in contact with representatives of the German Reich and was 
attempting to create all-Ukrainian units. Two such units which were 
made up of Ukrainian nationalists were Nachtigall and Roland, both 
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organized in 1941 (Melnyk, 2016). In 1941, the groups were reorganized 
into the 201st Schutzmannschaft Battalion for one year (Mirchuk, 1953). 
Roman Shukhevich, the “regional leader of the OUN(b) in the western 
peripheral Ukraine” was the “commander of the 1st company and deputy 
battalion commander” (History Institute of Ukraine, n.d.). After the 
contract expired on December 5, 1942, the battalion members refused 
to sign a new contract. They were disarmed and taken to Lviv by the 
Germans (History Institute of Ukraine, n.d.).

In 1942, a mass exodus of Ukrainians from Schutzmannschaft 
battalions to the UPA occurred. This, along with German losses at 
the Battle of Stalingrad, prompted the German Reich to form the 14th 
grenadier division of the Waffen SS Galychyna (Veselova et al., 2008). 
In 1944, the Galychyna division entered combat for the first time. During 
the battle of Brody, 4,000 of the 11,000 troops were killed, 1,000 were 
wounded, and 3,000 were captured (Military composition and numbers 
of the Galicia Division 1943-45; Veselova et al., 2008). These groups 
carry quite a bit of controversy, as they are believed to have participated 
in ethnic cleansings. There is, however, insufficient evidence to make a 
definite argument regarding these claims (Katchanovski, 2015). After 
the war, the Allies tried these groups at Nuremberg and determined that 
they were not guilty of war crimes. Similarly, the Canadian Commission 
on War Criminals tried them and determined them to be not guilty 
(Commission of Inquiry of War Criminals, 1986). Prior, the security 
force of the OUN, SB OUN (Служба Безпеки), was created in 1940 
by Bandera. This unit was known for its brutal disciplinary methods, as 
well as its ethnic cleansing of anyone opposing Ukrainian nationalism 
(Vedeneev, 2002). This was especially true of Communists and Poles, 
as the SB OUN was engaged in a counterintelligence war against 
Communist and Polish units (Vedeneev, 2002). 

Fighting Against the German Reich
On June 30, 1941, Bandera’s OUN made the declaration of the 

“Act of Restoration of the Ukrainian State After 23 Years of Captivity” 
(State Archive of the Lviv Region, 2017). This did not sit well with the 
Reichskommissariat, who sent many OUN-B leaders to the political 
concentration camp Sachsenhausen. Melnyk was condemned to house 
arrest in Berlin, and was later similarly sent to Sachsenhausen in 
1944 (Foreign Intelligence Service of Ukraine, 2021). According to 
Komaromi, “From this point on, acknowledging that the Nazis would 
not support the creation of an independent Ukraine, the OUN-B fought 
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two authoritarian regimes simultaneously: Nazi Germany and the 
Soviet Union, murdering anyone who stood in the way of Ukraine’s 
independence” (Komaromi, 2022). The OUN did not, however, 
immediately rise up against the Germans enmasse. Instead, some 
members stayed and joined Ukrainian insurgents later.

From the time of the German invasion until 1943, the OUN was 
under the thumb of the German Reich, engaging with Soviet troops 
and other nationalist groups such as that of Taras Bulba-Borovets’ UPA 
Polyska Sich group. They participated in the creation of specialized units 
in the armed forces of the German Reich, of which there are conflicting 
accounts about their cooperation with the Reich in committing atrocities. 
These units were secretly loyal to the OUN and were meant to desert 
when ordered to and enter into the UPA (Katchanovski, 2015).

According to Rossolinski-Liebe, “The OUN joined the Ukrainian 
[Reichskommissariat] police, in 1941, and helped the Germans 
murder Jews in western Ukraine,” adding he had found no evidence 
that Bandera supported or condemned “‘ethnic cleansing’ or killing 
Jews and other minorities” (Goncharenko, 2022). Scholars are sure 
that there were Ukrainians who committed atrocities in the Second 
World War, however they are still divided on who these units belonged 
to and who permitted these atrocities.

While arrested in the Sachsenhausen concentration camp, OUN 
leaders urged Ukrainian nationalists to focus on using the German 
Reich in order to gain proper military training, supplies, and to spread 
the ideas of the OUN (Foreign Intelligence Service of Ukraine, 
2021). The plan was for these “reserves” to join into the ranks of the 
UPA when the OUN saw that the German Reich and Soviet Union 
had significantly weakened themselves in their fight with each 
other, enough for the OUN to begin reclaiming Ukraine (Military 
composition and numbers of the Galicia Division 1943–45). The UPA 
was broken into sections: North, West, and South, which were further 
broken down into squads, each of which had a commander (Mirchuk, 
1953). Prior to 1943, the OUN had only planned to revolt; however, in 
1943, the UPA went on the offensive against the German Reich after 
the Reich had attempted to liquidate a large portion of the organization 
(Tys-Krokhmaliuk, 1972). The UPA was able to release a journal titled 
“To Arms” in eight parts, in an effort to spread the word to allies and 
solidify the pivotal event in history (Shtender & Potichyi, 1985).

UPA units were able to gain control in the Volyn region, seizing 
the Kolki village and establishing an administrative structure there for 
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six months (Lenartovych, 2011). Similar regions existed all over the 
eastern front, where partisan groups held a strong majority. The UPA 
structure was made up of primarily high-ranking officers who infiltrated 
Ukrainian groups collaborating with the German Reich, as well as 
veterans of the first World War and younger nationalists. The UPA 
leaders were decreed by the UPA Central Committee as Shukhevich 
being the commander-in-chief, Klyachkivskyi commanding the north, 
and Grabets commanding the South (Mirchuk, 1953). Following 1943, 
the UPA fought against the advancing Soviets and the German Reich 
which was attempting to crush nationalist activity (Mirchuk, 1953). 
During the end of the Second World War, the UPA was speculated to be 
at its greatest size and was able to resupply itself with the arms left by 
retreating Nazi soldiers (Mirchuk, 1953). The exact number is highly 
contested by scholars. A CIA declassified document reveals that:

The messages they [members of the OUN and UPA] and returning 
German prisoners of war brought, conclusively confirmed that 
the OUN and the UPA were continuing to fight against the Soviets 
with the weapons and ammunition which the retreating German 
armies had left behind. (CIA, 2007)

The Second World War officially ended on May 8 or 9 (contested 
by Western and Eastern European scholars). However, this was only 
half the battle for the UPA, who continued their resistance up until 1960 
(Birchak, 2016). This marked the end of the Ukrainian nationalists’ 
chapter in the history of the Second World War, and the start of the 
conflict known as the Partisan war. Shukhevych now led the UPA, 
having been made the commander-in-chief by the central committee. 
The Nazis attempted to gain back the support and favor of the UPA, but 
their efforts proved fruitless, ending with them releasing Bandera and 
Stetsko in September (Mirchuk, 1953). Bandera continued his fight 
against communist brutality, now opting to fight politically instead of 
physically. Bandera worked with the Anti-Bolshevik Bloc of Nations, 
an organization which advocated against communist regimes, until he 
was assassinated by a Soviet agent in 1959 (Komaromi, 2022).

Ideology
The political ideology of the UPA was unfettered Ukrainian 

nationalism. This meant a complete lack of empathy for foes, as 
members of the UPA understood that a falter would surely mean the 
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Options for Ukrainians in WWII
Joining the UPA was not the only choice for Ukrainians during 

the Second World War. Groups collaborating with the German Reich 
were a possible choice that included military training as well as access 
to weaponry. The UNA, Ukrainian National Army, was formed from 
the combination of all Ukrainian units fighting for the German Reich 
(Shandruk, 1959). Another choice was joining the Soviet Union’s Red 
Army, in which training would be similarly received at the expense of 
one’s religious convictions and personal political beliefs of Ukrainian 
nationalism. Both choices were flawed, with neither prioritizing 
Ukrainian national priorities. Forced conscription was also quite 
prevalent, however, after receiving training, the possibility of leaving 
the Reich or the Red Army and joining the UPA still stayed, a choice 
which many nationalists made. Another option was to fight for the 
Ukrainian nation created by Petliura, the UNR in exile. There was 
a third option: to fight for the UPA Polyska Sich division formed by 
Taras Bulba-Borovets, which fought against the militant wing of OUN 
(Bulba-Borovets, 1981). UPA Polyska Sich initially cooperated with 

end of the UPA and thus the end of a future for Ukraine in which it was 
independent from its neighbors (Mirchuk, 1953). The UPA was first and 
foremost a partisan organization, without a strong national presence. 
There were no arms manufacturing plants, nor supply factories which 
would provide sustenance for troops. UPA soldiers gathered necessary 
supplies, then entered the forest to become partisans. The only way to 
resupply was to loot enemy positions after successful battles and raids. 
Help from villagers and supporters was also a method of survival, 
however this put innocent people who were typically unable to defend 
themselves at risk from Nazi or Communist soldiers who found out 
about their actions. According to Volodymyr Kloc, an UPA veteran, 
“We all knew one thing, (that we need to) infiltrate the division (SS 
Galychyna), obtain training, obtain weapons, and escape to the woods 
to be partisans, to join UPA” (Faces Of Independence, 2023, 20:00–
20:08). As such, key UPA activity included conducting raids on enemy 
positions, disturbing supply lines, destroying pathways such as bridges 
and roads, and setting ambush positions throughout Ukraine. This was 
the most that the partisan force could do, as entering into a large battle 
while severely outnumbered would be suicidal. Instead, knowledge of 
the terrain and having smaller numbers spread across the area assisted 
them in gaining a tactical advantage in woodland and mountain areas.
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the Nazi Reich, however, in 1942 it began to fight against both the 
Soviets and Nazis. Bulba-Borovets operated in Volhynia, maintaining 
a strong anti-communist presence in the area. (Bulba-Borovets, 
1981). Joining the UPA meant leaving one’s life behind, a complete 
commitment to the organization, as being caught as part of it was a 
certain death sentence. It was one of the most difficult choices that 
Ukranians could make during the Second World War; however, they 
saw it as a selfless choice that many who valued Ukraine above all made.

Soviet and Russian Propaganda
The Soviet Union was well-known for its usage of propaganda, 

a tactic which the Russian Federation continued. In order to pacify 
the Ukrainian population, propagandists carefully combed through 
Ukrainian history to find desired examples which could be manipulated 
to fit Bolshevik rhetoric. Cossack leaders and Ukrainian poets were 
made into proponents of the Russian idea of “brotherly nations”. 
This idea argues that Russia has claim to Ukrainian and Belorussian 
land. According to this propaganda, Khmelnytsky had the desire to 
reconnect Malorussia (“small Russia”; used by the Russian Empire to 
refer to Ukraine) to Russia, thereby restoring the ancient Rus’. In an 
attempt to gain control over Ukraine and ingrain a hatred for Ukrainian 
nationalism, the Soviet Union distorted and exaggerated historic 
events, and made the UPA responsible for ethnic cleansings during the 
Second World War. The foundation of this propaganda was that the 
UPA had collaborated with the German Reich, who had committed 
ethnic cleansings, and that certain Ukrainian units had committed 
atrocities during the war. This was a generalization of all Ukrainian 
nationalist movements, spreading distorted history in an effort to 
suppress Ukrainian nationalism. This logic fails to mention Soviet 
collaboration with the German Reich during the Molotov-Ribbentrop 
compact which saw both armies conducting a pincer maneuver around 
Poland, which Western Ukraine was part of. This was an effort by the 
Soviet Union to finally crush Ukrainian nationalist resistance that was 
based in Western Ukraine. A negative image for the UPA was ingrained 
in Soviet school doctrine, which left students with the impression that 
Ukrainian nationalism was synonymous with Nazism and fascism. A 
pro-Russian doctrine was a key factor in the Soviet Union, which held 
that Russia was superior to all of the other nations present in the Soviet 
Union (Faces of Independence, 2023). The undoing of this harm by 
modern Ukrainians is ongoing, however the propaganda can still clearly 



Volume 14 | Spring 2025
www.fau.edu/ouri

174Florida Atlantic Undergraduate Research Journal

be seen in the current war in Ukraine, especially on the easternmost 
side, which endured the most ethnic cleansing during the Holodomor, 
followed by repopulation by ethnic Russians. Certain Ukrainian groups’ 
participation in local oppression further supported the Soviet doctrine 
that Ukrainian nationalists were, are, and will continue to be Nazis. 
Who exactly pulled the trigger during pogroms and crackdowns remains 
unclear, and scholars are yet to reach a consensus. Archives have been 
tampered with by both sides’ propaganda: Soviet propaganda which 
attributes all massacres to Ukrainians, and Ukrainian propaganda which 
pushes an image of heroic resistance against all foes. 

Conclusion
Ultimately, the ultra-nationalist military wing of the OUN, UPA, 

was anything but perfect. The group collaborated with the Nazis 
against the Communists, and participated in the creation of specialty 
national units. These units, which were secretly loyal to the OUN, 
deserted and joined the UPA, bringing military training and arms 
with them. Several Ukrainian Nationalist groups were cleared of war 
crimes at the Nuremberg tribunals and by the Canadian Commission 
on War Criminals. If the Ukrainian nationalist struggle demonstrates 
anything, it is as UPA veteran Humenyuk says “the fact goes that there 
is a nationality that wanted to live freely, in its independent nation 
like other European nations did” (OUN Archive, 2023, 27:05–27:15). 
Soviet and Russian propagandists manipulated historical truths to 
paint Ukrainian nationalists in bad light. The topic lacks scholarly 
research, which must be done to resolve misconceptions.
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Abstract
CRISPR-Cas9 is a genetic engineering technology that allows 

for precise editing of DNA sequences. It utilizes a guide RNA that 
targets the endonuclease Cas9 to make a double-strand DNA break 
at a specific site. This technology has proven useful in both clinical 
and biomedical settings. This review discusses some prominent 
applications including treatment of Transthyretin Amyloidosis, cell 
cloning for pharmaceuticals, refractory cancer, sickle cell disease and 
β-Thalassemia. Furthermore, two methods that utilize CRISPR-Cas9 
to prevent hereditary retinoblastoma are proposed.

Introduction
Many human diseases and disorders have their basis in genetics and 

are inherited, making them treatable but not curable. An example of this 
is Huntington’s Disease, a genetic disorder with symptoms including 
progressive loss of motor control, changes in mood, and decreased ability 
to concentrate due to degradation of brain neurons (U.S. Department 
of Human and Health Services). However, CRISPR-Cas9, a bacterial 
defense system against viruses (Loureiro & da Silva, 2019), has been 
exploited to create a revolutionary method to make precise gene-edits, 
providing the potential to cure genetic disorders like Huntington's 
Disease and more. CRISPR stands for “Clustered Regularly Interspaced 
Short Palindromic Repeats” (YourGenome, 2022). CRISPR-Cas9 works 
by using the Cas9 enzyme, which is directed by a guide RNA (gRNA) 
to the complementary target DNA sequence; there, the enzyme creates a 
double-strand break. Specifically, the endonuclease activity associated 
with Cas9 complex that makes the double-strand DNA cut are HNH and 
RuvC (Hillary & Caesar, 2022).  This break provides an opportunity 
to make changes to the sequence and then the cell’s own DNA repair 
mechanisms to ligate the DNA back together (YourGenome, 2022). The 
cell has several options for repairing the damaged DNA, and the chosen 
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method will depend on the phase of the cell cycle, how condensed the 
chromatin is at the location of the gene, and the sequence of the gene 
itself (Xue & Green, 2021). 

Two main types of changes, or mutations, can be made: “knock-
out” and “knock-in”, with knock-in being more complicated (Rasul et 
al., 2022). Knock-out mutations consist of removing or inactivating a 
gene by either excising the entire gene, creating a sequence that results 
in termination of the product before it is finished, or creating a sequence 
that leads to a nonfunctional product (Ford, 2022). Knock-in mutations 
consist of adding a novel sequence to a specific spot in the genome; the 
accuracy required is what makes this more complicated (Koch Institute 
for Integrative Cancer Research). Despite the variety of methods used to 
repair DNA (Xue & Green, 2021), double-strand break repair is broadly 
done in two ways: Non-homologous end joining (NHEJ), which results 
in the two strands being directly attached to each other by their ends; 
which is prone to error; and Homology-Directed Repair (HDR), when 
a complementary sequence is used as a template to attach two strands, 
which is more accurate (Patrick et al., 2023). Since a knock-in mutation 
requires more precision, it is usually carried out through HDR with the 
help of an additional template sequence, which leads to an accurate edit 
(Stutzner-Gibson et al., n.d). However, knock-out mutations do not have 
to be so precise, so NHEJ is typically used instead (Stutzner-Gibson et 
al., n.d.). Overall, the CRISPR-Cas9 system has multiple mechanisms 
that can be used, and factors that can be adjusted, to create mutations at 
a specific site in the genome, lending itself the ability to be applied in a 
myriad of situations. 

Methods
In evaluating the current stage of development and application of 

CRISPR technology, four recent studies that utilized the technology 
for clinical or biomedical purposes were analyzed. The analysis of 
each study was divided into a discussion of the purpose of the research, 
the methodology employed, the results, and their implications.

Review
First, in a study titled CRISPR-Cas9 In Vivo Gene Editing for 

Transthyretin Amyloidosis (Gillmore et al., 2021), a novel gene therapy 
that utilized CRISPR-Cas9 to make a knock-out mutation was given 
to six patients to treat their transthyretin amyloidosis, which is due to 
misfolded transthyretin protein building up in the body (Gillmore et 
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al., 2021); the liver produces most of the body’s transthyretin (Cedars-
Sinai). The therapy is named NTLA-2001 and its goal is to reduce 
levels of transthyretin (TTR) protein in the blood to alleviate symptoms 
of transthyretin amyloidosis. It uses a lipid nanoparticle (LNP) that 
contains the gRNA (referred to as sgRNA), which contains a sequence 
that is complementary to the TTR gene, and a Cas9 mRNA. NTLA-
2001 is delivered through systemic intravenous therapy and, following 
opsonization by apolipoprotein E, the LNP delivers its contents to the 
hepatocytes. Cas9 is then translated from its mRNA and the Cas9-gRNA 
complex is formed. The complex creates a double-strand break in the 
TTR gene, which is then repaired using the error-prone method of NHEJ, 
leading to a knock-out mutation that produces a nonfunctional TTR 
protein. Two groups were tested over a 28-day period: one receiving 
a lower dose, 0.1 mg/kg of NTLA-2001 and the other receiving a 
higher dose of 0.3 mg/kg. The results showed that the 0.3 mg/kg group 
demonstrated a greater lowering of average TTR levels in their blood 
(87%) compared to the 0.1 mg/kg group, which had an average lowering 
of 52%, suggesting that the treatment is dose-dependent and possibly an 
effective treatment for transthyretin amyloidosis. 

In another study titled CRISPR-engineered T cells in Patients with 
Refractory Cancer (Stadtmauer et al., 2020), CRISPR-Cas9 was used 
to make a series of knock-out mutations to improve the ability of a 
genetically engineered T cell to attack cancer cells. Cancer that becomes 
resistant to treatment is considered a “refractory” cancer (Temple 
University Health System, 2020). NY-ESO-1 is an antigen commonly 
present on the cells of certain cancers, and research has shown that 
genetically edited T cell receptors (TCRs) that target this antigen have 
the potential to treat these cancers, but that interference with patients’ 
native TCR chains has proven to be an obstacle (Stadtmauer et al. 
2020). Previous research suggests that the programmed cell death 
protein 1 (PD-1) in T cells leads to decreased efficiency in targeting 
cancer cells. Therefore, the goal of this study was to produce three 
knock-out mutations in genetically-edited T-cells that contained the 
NY-ESO-1 T cell receptor (TCR): one each for the genes that code 
for the α and β chains, referred to as TRAC and TRBC respectively, of 
the original TCR present in unedited T cells; and another for PDCD1, 
the gene coding for PD-1. This was done by collecting T cells from 
patients and using electroporation to deliver a CRISPR-Cas9 system 
along with three gRNAs, complementary to the sequences for either 
TRAC, TRBC, or PDCD1. In addition, a viral vector that contained a 
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plasmid with the gene coding for the NY-ESO-1- TCR was delivered 
to the original T cells. The fully edited T cells were referred to as 
NYCE and were infused into three patients who had refractive cancer. 
The ability of NYCE to stay present in the blood was analyzed in all 
three patients and the results showed that the levels of NYCE in the 
blood of all three patients were stable for 3 to 9 months. Furthermore, 
the patients’ new T cell line persisted longer in the blood compared 
to other studies which also edited the NY-ESO-1 TCR. (Stadtmauer 
et al., 2020). This suggests that the knock-out of TRAC, TRBC, and 
PDCD1 allowed the NYCE cells to maintain a presence in the blood 
compared to NY-ESO-1 TCR–engineered T cells that did not receive 
these mutations. Additionally, during treatment, the cancers of two of 
the patients stopped intensifying and, although the cancer of the third 
patient continued to get worse in other areas, his abdominal tumor 
decreased to about half its original size. Overall, these clinical results 
suggest that the treatment did have a beneficial impact. 

In the study titled CRISPR-Cas9 Gene Editing for Sickle Cell 
Disease and β-Thalassemia (Frangoul et al., 2021), a knock-out 
mutation of the gene BCL11A in blood cells was produced to increase 
fetal hemoglobin levels in a patient who had β-Thalassemia (TDT), a 
genetic condition that results in lower levels of the protein beta globin 
(Schultz, 2022). Another patient in the study had Sickle Cell Disease 
(SCD), a condition characterized by blockages and a lower quantity 
of erythrocytes in circulation because erythrocytes bend and adopt 
the shape of a sickle (U.S. Department of Health & Human Services, 
2023). Success with patients who have TDT or SCD has been linked 
to higher quantities of fetal hemoglobin in the blood (Frangoul et al., 
2021). The protein BCL11A is a key part of the developmental switch 
from fetal to adult hemoglobin, and TDT and SCD patients have 
normal fetal, but mutant adult beta hemoglobin. Using electroporation 
of stem cells and progenitor cells that develop into blood cells, the 
researchers introduced a knock-out mutation of BCL11A through 
cleavage of its enhancer sequence. The gRNA (referred to as sgRNA) 
contained a sequence complementary to the BCL11A enhancer, 
allowing for Cas9 to bind and produce a double-stranded break in 
the sequence. Although the method of DNA repair used to repair the 
break was not directly discussed, the attached protocol states that 
NHEJ was used due to the process being error-prone, favoring the 
creation of a nonfunctional enhancer sequence. The results showed 
that during preclinical studies, the blood cells that developed from 
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the edited stem cells and progenitor cells exhibited greater levels 
of fetal hemoglobin (29.0±10.8%) compared to control blood cells 
(10.5±5.2%), suggesting that effective knock-out of BCL11A was able 
to occur due to the interruption of its enhancer sequence. Next, the two 
patients had their stem cells and progenitor cells collected for genetic 
editing. The patients received myeloablation of their bone marrow using 
the chemotherapeutic agent Busulfan, causing destruction of the bone 
marrow cells (Dana-Farber Cancer Institute) that were not collected and 
allowing for complete replacement with the edited cells. Fortunately, 
treatment of both patients was successful; they had higher levels of fetal 
hemoglobin in the blood and the associated edited gene present in both 
the bone marrow and blood cells long term. (Frangoul et al., 2021). This 
treatment, now named “Casgevy”, has just recently received approval 
from the U.S. Food and Drug Administration to be used in patients with 
sickle cell disease (U.S. Food and Drug Administration, 2023). 

Finally, in the study titled Feasible Development of Stable 
HEK293 Clones by CRISPR/Cas9-mediated Site-specific Integration 
for Biopharmaceuticals Production (Yang et al., 2019), the potential 
to mass produce certain proteins, by inducing knock-in mutations in 
standardized cell lines with CRISPR-Cas9, was analyzed. To engineer 
a cell to express a gene of interest (GOI), the GOI could only be 
introduced into the genome using homologous recombination. This 
process would occur multiple times until cell lines that produced a 
high level of the desired protein were isolated. Nevertheless, this 
process also requires significant time and effort, making it inefficient. 
Although multiple nuclease-based technologies are currently 
available for genetic engineering that are more effective than this 
process, CRISPR-Cas9 has proven to be the most efficient out of these 
technologies and is the one used the study (Yang et al., 2019). The 
cell line of focus in the study was HEK293, a cell line widely used 
in the biopharmaceutical industry to produce therapeutic proteins 
and was developed from human embryonic kidney cells (Tan et al., 
2021). Furthermore, for gene introduction, the “safe harbor”, or region 
of DNA that is free from position effects, AAVS1 was targeted. To 
confirm that the AAVS1 locus could provide effective gene expression, 
the researchers recombined HEK293 cells with EGFP, which codes 
for a green fluorescent protein, at the AAVS1 locus. Interestingly, the 
researchers used two gRNAs to guide Cas9, referred to as sgRNA 
A1 and sgRNA A2, which each targeted different sequences adjacent 
to exon 1 of AAVS1. Along with the CRISPR-Cas9 system, a donor 
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fragment encoding EGFP was provided to repair the double-strand break 
with HDR. Using fluorescence microscopy, EGFP expression confirmed 
that EGFP successfully recombined into the genome. The researchers 
then used the AAVS1 locus to integrate a larger gene that codes for the 
protein CTLA4Ig, which has shown potential in combating autoimmune 
conditions (Deppong, 2013). In this case, only one gRNA was used that 
was complementary to a sequence in the intron located between exons 
1 and 2 of AAVS1, and HDR was used to seal the double-strand break. 
In the control, only the donor plasmid without a gRNA was introduced 
into the cell. The complete sequence used to insert the CLTA4Ig gene 
into the plasmid was CMV-CLTA4Ig-IRES-PAC-polyA, with the CMV 
promoter at the 5’ end and the polyA tail at the 3’ end of the sequence. 
Next, PCR and subsequent gel electrophoresis was performed on both 
the control and gRNA-containing cell lines to determine if the 5’ and 
3’ junctions of CMV-CLTA4Ig-IRES-PAC-polyA were present in the 
genome. If they were, it would mean the CLTA4Ig gene was properly 
integrated into the genome. The electrophoresis results showed that for 
the cell line that received only the donor template but no gRNA, the 5’ 
and 3’ junctions were not present. In contrast, the cell line that received 
both the donor template and gRNA, the 5’ and 3’ junctions were present 
and properly integrated into the CTLA4Ig gene. Furthermore, to confirm 
that the CTLA4Ig gene was properly expressed in the edited cell line, 
proteins were extracted and a Western blot performed. This technique 
uses gel electrophoresis to check for the presence of a particular protein 
by using its molecular weight and identification with a protein-specific 
antibody (Yang & Mahmood, 2012). The results showed that the HEK293 
cells that received the gRNA successfully expressed the CTLA4Ig gene, 
whereas the control did not express CTLA4Ig gene. Furthermore, to 
analyze the productivity of the clones in producing CTLA4Ig, an ELISA 
assay was done on twelve clones. ELISA stands for “enzyme-linked 
immunosorbent assay” and is used to quantify specific proteins. ELISA 
analysis showed that 83.3% of the clones efficiently made the CTLA4Ig 
protein. That the data showed that CRISPR-Cas9 was able to be used 
to create a knock-in mutation of the CTLA4Ig gene precisely into the 
AAVS1 locus and that the gene product was consistently expressed in 
the engineered cells suggests that CRISPR-Cas9 can be successfully 
applied to other genes to mass-produce therapeutic proteins. 
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Discussion
Despite the many strides made in the development and uses of 

CRISPR-Cas9, sufficient research has not been done on the technology’s 
potential to prevent hereditary retinoblastoma. The disease is a type of 
cancer that begins developing in the retina of the eye (American Cancer 
Society, 2018). The cancer is caused by a loss of function mutation in 
the RB1 tumor-suppressor gene. A person who is heterozygous for RB1 
has one wild-type allele that codes for a functional tumor-suppressor 
gene and one mutant allele (Correa & Berry, 2016). Loss of the wild-
type allele through a somatic cell mutation leads to the recessive 
phenotype, which is a loss of the RB1 tumor suppressor protein. 
Heterozygotes are predisposed to retinoblastoma through this process 
of “loss of heterozygosity.” CRISPR-Cas9 could be used to prevent 
this disease through a replacement of the mutant allele with a knock-
in mutation of the wild-type allele, with the double-strand break being 
precisely repaired with HDR. However, before providing the treatment, 
the first step is to identify who has the disease. The ideal method for this 
is population-wide genome sequencing, which would allow for easy 
detection of mutant RB alleles in people who may not have developed 
the disease yet. Once carriers have been found, the CRISPR-Cas9 
system, along with a gRNA complementary to the mutant allele, could 
be administered in an LNP such as that used in Gillmore et al., 2021. 
However, systemic intravenous administration may prove difficult 
because a method to target the eye would need to be found, like how the 
opsonization by apolipoprotein E in Gillmore et al., 2021 made the LNP 
specific to the liver. Instead of intravenous therapy, the most feasible 
local administration is likely an intravitreal injection: a direct injection 
into the vitreous cavity of the eye that can be used to treat the retina 
(Lusby, 2022). Another potential method could involve sequencing 
of a fetal genome early in development, which would allow for early 
detection of a mutant RB allele. Microinjection of CRISPR-Cas9 into 
stem cells would be used and this would provide the opportunity for 
widespread fetal genetic modification before cell differentiation, leading 
to a homozygous wild-type genotype in each cell post-differentiation.

Altogether, CRISPR-Cas9 technology provides the world with 
seemingly limitless potential to prevent, cure, or treat a wide variety 
of human ailments, directly or indirectly. Examples of direct methods 
include the intravenous administration of CRISPR-Cas9-containing 
LNPs targeting the liver of patients with transthyretin amyloidosis 
(Gillmore et al. 2021), the replacement of stem cells and progenitor 
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cells found in the bone marrow with genetically modified versions 
to treat SCD and TDT (Frangoul et al., 2021), and the structural 
optimization of genetically modified T cells to improve the targeting 
of cancer cells by a patient’s immune system (Stadtmauer et al., 
2020). Conversely, an example of an indirect method is the creation 
of standardized cell lines to mass produce therapeutic proteins (Yang 
et al., 2019). Despite all these applications, CRISPR-Cas9 essentially 
functions the same way in each: Cas9 is guided to a target sequence 
by a gRNA to make a double-strand break, which is then repaired 
using HDR or NHEJ to introduce a knock-in or knock-out mutation 
respectively. In addition, a potential unexplored application of 
CRISPR-Cas9 is the prevention of hereditary retinoblastoma by either 
LNP administration or fetal cell microinjection. Although this would 
most likely require population-wide and fetal genetic sequencing, the 
incidence of inherited disorders like hereditary retinoblastoma could 
be greatly reduced with CRISPR-Cas9. In conclusion, even more 
effort should be directed towards both improving and discovering 
additional uses of CRISPR-Cas9 technology to lead humanity to a 
future of improved health and prosperity.
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Florida Atlantic University in 2022 and plans to pursue a career in 
medicine. In addition, Abhishikta conducts research at the Max Planck 
Florida Institute for Neuroscience as part of the Stern Lab, where 
they study feeding behavior. Due to its potential clinical applications, 
Abhishikta developed an interest in genetic engineering prior to 
university and was inspired to investigate further after taking a course 
in genetics under the instruction of Dr. David Binninger.
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Published each Spring, the Florida Atlantic Undergraduate Research Journal 
(FAURJ) was originally established through the Council for Scholarship and 
Inquiry, a registered organization of FAU’s Office of Undergraduate Research and 

Inquiry, and has continued under the direction of OURI.

The Publication of the FAURJ is a year-long process that is possible through 
the efforts of our volunteer faculty reviewers, contributing student authors and 

their faculty mentors, and dedicated editors.

FAURJ expands the culture of undergraduate research and inquiry at FAU 
by showcasing student research across all disciplines. Please scan the QR code 
below to access the Office of Undergraduate and Inquiry’s website and obtain more 

information.


