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Introduction

Despite being often overlooked, English deficiency can have a significant impact on
healthcare access. This may be primarily explained due to a communication issue — people
deficient in English and other literary skills may have a harder time accessing and/or interpreting
government resources and directive on where and how they can access healthcare or may even
face difficulties when using public resources to gain healthcare access (booking doctor
appointments, checking vaccine compliance, etc.). The severity of this issue can be understood
when examining the great number of people affected: according to a 5-Year estimate from 2018-
2022 by the U.S. Census Bureau, over 78.3% of US residents aged 5 Years and older spoke only
English at home (United States Census Bureau, 2023). This leaves approximately 20 percent of
the American population, or about 69 million American residents, as multilingual or solely
foreign language speakers that are more likely to experience the disparities and hardships

described above.
Further Specifying Impacted Individuals

The U.S. government and all its affiliated agencies use the term “Limited English
Proficiency” (LEP) to identify groups and individuals who do not speak English as their first
language and have a limited ability to read, speak, write, and understand English (U.S.

Commission on Civil Rights, 2023). According to Rao et al. (2024), about 47% of U.S.



immigrant adults are LEP, a stark contrast to the just 2% of U.S.-born citizens who are LEP
(Haldar et al., 2023). Thus, immigrants are one of the major groups who may experience the
healthcare disparities stated above. Additionally, between both immigrant and non-immigrant
populations, most adults with LEP are Hispanic, constituting about 62% of the total LEP
population, followed by Asians at 22%. Other ethnicities with the most LEP individuals are

Native Americans, Alaskan Natives, Native Hawaiian Islanders, etc. (Haldar et al., 2023).
Impacts and Significance

The difficulties and disparities faced by these groups due to their English deficiencies are
widespread. In fact, 31% of LEP immigrants say they faced language barriers in acquiring
healthcare services. 25% say that they have difficulties applying for government financial
assistance for food, housing, or health coverage (further reducing healthcare access) (Rao et al.,
2024). Keeping immigrant and LEP populations healthy and included in government services is
vital to economic stability, especially as immigrant populations provide large contributions to the
American workforce and thus overall economic growth. This is especially important because, as
of January 2025, 53.3 million Americans were classified as immigrants - the highest number ever
recorded. It can also be inferenced from this figure that immigrants contribute highly to
American social diversity and structures and are needed to maintain cohesivity and innovation in

American society.

Objective

After observing these disparities and the great number of American residents affected by

this issue, we were curious as to if the same patterns existed in Washington state. As two



gratefully privileged students who reside in one of Washington’s urban areas, we realized that
this issue and its impacts on smaller, non-native groups is often overlooked and thus wanted to
reveal disparities between English deficiency and healthcare access in our state. In the following
sections, the impact of this disparity on multiple types of healthcare and healthcare accessibility
metrics will be analyzed, with the aim of providing a well-rounded depiction of this issue in the
state of Washington. A conclusion synthesizing the results from the analysis of each metric/type

of healthcare will be made at the end of this paper.

Access to Health Insurance

Context

To quantify the effect that English deficiency has on a Washingtonian resident’s access to

healthcare, we searched for a correlation between it and health insurance.

Not only is insurance well known and generally available throughout the United States,
but it is also among the most significant factors improving the quality and accessibility of
healthcare, making it a reliable metric for healthcare access. Insurance helps alleviate an issue in
the United States healthcare system from which it has earned a reputation: its high cost. Average
uninsured ER visits in the US charge up to $6,000 total, and almost two-fifths of Americans say
they know a family member who had to delay their medical treatment due to the price (Carter,
2025; Masterson, 2025). Additionally, health insurance gives people access to preventative care
procedures, such as vaccinations and testing for signs of cancer or heart problems (Masterson,

2025).



For non-English speaking Americans, getting health insurance and learning how it works
is a challenge. While the easiest place to learn about insurance is on the internet, relevant
webpages sometimes lack accurate translations for certain languages, making their information
about health insurance difficult to understand for non-English speakers. Furthermore, active
language discrimination may interfere in the process of getting insured. Overall, we hypothesize
that this difficulty discourages non-English speaking households from accessing health

insurance, consequently diminishing their access to quality healthcare.

Methodology

For this section, we will be evaluating whether having English deficiency impacts a
Washington resident’s likelihood to receive health insurance. To integrate inter-county
comparison, we took data values from each county in Washington, and we graphed the rate of
English deficiency as the independent variable and rate of health insurance access as the

dependent variable on a scatter plot.

Specifically, the x-axis is the percentage of residents in the county with Limited English
Proficiency (U.S. Census Bureau, n.d.-a). According to the Washington Tracking Network
(2021c), Limited English Proficient included individuals who described knowing English “well”,
“not well”, and “not at all”, excluding the group who said they knew English “very well”. The y-
axis is the percentage of county residents who do not have health insurance (Washington
Tracking Network, 2021a). For both measurements, we targeted the age group of 18-64 years old
(19-64 for healthcare insurance due to data accessibility limitation) as this is the age group with
the greatest number of family dependents that usually attempts to seek government-provided

healthcare insurance.



The Washington Tracking Network (WTN) provides datasets from the American
Community Survey (ACS) for the number and percentage of Washington residents classified
under a certain metric. The U.S. Census Bureau is the statistical agency of the United States
government and provides yearly data/metrics on the United States population. For percent LEP
per county, we used Washington-specific data from the U.S. Census Bureau. We could not use
WTN data here as the WTN numbers also included those who were 5-17 years old, invalidating
our decided methodology. For percent uninsured residents of each county, we used data from the

WTN data portal.

We used data from 2015-2019 to keep our results reflective of the American healthcare
system without any external influence from the COVID-19 pandemic and thus applicable to
future non-pandemic years. Data after 2023 (near end of the pandemic) was not available for

both metrics on both listed sources, slightly hindering applicability.

Referring to COVID-19, we were also curious if the trend for health insurance access
changed pre to post COVID (2019 5-Year and 2024 5-Year estimates respectively). We did not
use the data from these estimates for our main graph (discussed above) to avoid overlap with the
2020, 2021 and 2022 pandemic years included in the 2024 5-Year estimate. We used 5-Year
estimate data for both pre and post-COVID as data for just single years excluded some counties
(U.S. Census Bureau n.d.-b). We plotted Limited English Proficiency and health insurance access
in the same manner as stated above for both of these estimates to derive approximate pre and
post COVID trends. This is also useful to see if societal conditions and accommodation for LEP
in Washington state actually increased following the pandemic and the impact of future global

epidemics and/or periods of social and economic volatility on this disparity.



Note: A 5-Year estimate for a year provides the data from the preceding 5 Years. For example, the 2024 5-Year

estimate includes data from 2020, 2021, 2022, 2023, and 2024.

Results

Main Graph
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Figure 1 - Percent Uninsured Against Rate of Limited English Proficiency (Each County), 2019 5-Year Estimate

Analysis

Noted observationally and by the positive slope of the trendline, there seems to be a
positive correlation between the rate of Limited English Proficiency and percent of uninsured
residents in each Washington county. This is further reinforced by the high 2 value, meaning
that a large amount of the change in uninsured residents is due to changes in LEP. Referring to
the introduction section, this trend seems quite obvious, as those with LEP are more likely to
have troubles accessing government resources, booking appointments, etc. However, this

correlation may not seem as strong as it appears. This is supported as the majority of the



datapoints/counties are clustered in the bottom left, which can mean that the datapoints not in
this cluster are from counties that would be considered outliers in their metrics for both variables.
This is reinforced as there are only 8 spread out datapoints (out of the total of 39) to the right of
the cluster that formulate the positive trend itself. When excluding these 8 datapoints and solely

examining the cluster, the following graph is obtained:
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Figure 2 - Percent Uninsured Residents against County LEP rate Cluster Data

This graph reinforces the argument against a strong correlation. When the majority of
counties are graphed with these two metrics, it appears that LEP rate has a much lower influence
on the percent of uninsured residents, noted by the small 2 value as well as the observable weak

positive correlation.

However, one may also make the argument that the United States is a relatively
developed country, and that one might thus expect most counties of states to have lower rates of
LEP. Under this reasoning, these 8 “outlier” counties actually must exist for us to inclusively

observe and analyze this trend. It is also again important to remember that the LEP affiliated



statistics explained in the introduction work in favor of strong correlation. Due to these
numerous contradicting arguments, we will not completely dismiss the correlation seen in Figure
1 but will rather accept that due to sampling, measurement, and other such errors, the “strong”
correlation seen in Figure 1 may be accompanied by various sources of uncertainty. However,
especially if further analysis is conducted, a causation-backed correlation between both the

variables is still possible.
Pre-COVID and Post-COVID Comparison
Pre-COVID Graph (same as main graph as both show 2019 5-Year Estimate):
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Figure 3 - Pre-COVID 2019 5-Year Data



Post-COVID Graph (2024 5-Year Estimate):
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Figure 4 - Post-COVID 2024 5-Year Data

Analysis

Both of the graphs show a positive correlation between percent English deficient
residents and percent uninsured residents. However, it is worthwhile to notice that the rate of the
change (slope) of the trendline for the graph displaying the post-COVID trend is greater than that
of the trendline displaying the data for the pre-COVID trend (0.6005 < 0.6948). This suggests
that the same increase in percent English deficient residents in a county would, on average, result
in a higher percent of uninsured residents in each county in the years after the pandemic. This
actually shows that the disparity increased after the COVID-19 pandemic. One possible
explanation for this is that government/communal resources and efforts during the pandemic
being prioritized for critical patients/frontline workers rather than being used to resolve this

disparity and government resources/efforts post-COVID being prioritized into re-building
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healthcare stability across the country (and again not into resolving this disparity). The drop in

resources for resolving this disparity would explain the observed trends.

Upon observing these trends, we also felt that the trendline slopes were different, yet still
highly similar to each other and such claims should not be based on a difference of just
0.0943 in the trendline slopes. We thus wanted to state the validity of any differences in both
datasets (pre and post COVID) with more confidence. One method to do this would be to run a
statistical test to evaluate if there are any significant differences in the distributions of both
datasets. When making a histogram for the dependent variable (percent uninsured residents), of
both the pre-COVID and post-COVID datasets, we can conclude that neither dataset is normally

distributed (not a bell curve):
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Figure 5 - Histogram for Each Dataset

Thus, to evaluate the differences in distributions in 2 non-normally distributed datasets,
we can use a two-tailed Mann U Whitney hypothesis test, where one of the datasets is the percent
uninsured residents per county pre-COVID and the other dataset is the percent uninsured

residents per county post-COVID (y — axis on both graphs).

Analysis: Running the Mann U Whitney Hypothesis Test

The null hypothesis is:
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H,: The distributions of the pre and post COVID datasets are not different from one another.

All values for nq, n,, R4, etc. as well as the rank table (acquired using the RANK.AVG function

on Microsoft Excel) can be found in: Appendix A: Mann U Whitney Test.

Running the test, we obtain:

UStat == 7595

Using p < 0.05

Ucriticar = 564

Since Ugiar > Ucriticar» We fail to reject the null hypothesis.

Interpretation

Since we fail to reject the null hypothesis, there are no significant differences in the
distributions of both datasets. That means that there were no significant differences in percent
English deficient residents and percent uninsured residents pre and post-COVID and that the
pandemic did not much alter the magnitude of this disparity. Altering the previous theory, this
may be because government resources to resolve this disparity were not reallocated but rather
stayed constant over the pandemic (and the slope differences were just due to random error).
This may also be due to the 3-year overlap with pandemic years for the 2024 5-Year estimates,
which may further skew the data toward pandemic-like trends (reducing differences before and
after the pandemic. Thus, it is safe to conclude that a change in the magnitude of the disparity
may be observed between pre and post-COVID years if data was further accessible (no current 5-

Year estimate available after the 2024 5-Year estimate that does not overlap with pandemic
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years) but within the scope of this study, this disparity did not evolve during the pandemic and

the actual reasons for such lack of evolution remain unknown and can only be hypothesized.

Health Literacy

Another effect of Limited English Proficiency is on health literacy, which the World
Health Organization defines as the ability to understand, appraise, and apply information and
services to promote good health (World Health Organization, 2024). Since most available
information in Washington State regarding health is in English, it follows that residents with LEP
will have lower health literacy due having access to fewer resources that they can understand.

To determine the relationship between LEP and health literacy, we used about the same
process as we did to compare LEP to lack of health insurance. Average health literacy scores for
each Washington State county were sourced from the 2003 National Assessment of Adult Literacy,
or NAAL (CARES, n.d.). These scores were each paired with the LEP rate for each county that we

determined in the previous section, yielding 39 data points that are plotted on the graph below.

Health Literacy vs. Limited English Proficiency Rate
per County, NAAL
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Figure 6 — Average Health Literacy Score in County against County LEP Rate



13

The graph shows a clear regression, with a negative correlation between the average
health literacy score and the LEP rate in each county. Adams county has the highest LEP rate and
the lowest mean health literacy score of about 226, while Whitman county has the highest mean
score of about 259. The difference in average score is 33, which is about large enough to
differentiate between the levels “Intermediate” and “Basic” and between “Basic” and “Below
Basic,” according to the NAAL (Cutilli & Bennett, 2009). Therefore, despite only a 13%
decrease in average health literacy score between Whitman county and Adams county, the

discrepancy in health literacy is significant.

Health literacy scale

— 382 Calculate an employee’s share of health insurance costs for a year, using a table that shows how the employee’s monthly cost varies
depending on income and family size.

Proficient
310-500 — 366 Find the information required to define a medical term by searching through a complex document,

325 Evaluate information to determine which legal document is applicable to a specific health care situation.

— 290 Determine a healthy weight range for a person of a specified height, based on a graph that refates height and weight to body mass
).

index (BMI).
Intermediate [ 266 Find the age range during which children should receive a particular vaccine, using a chart that shows all the childhood vaccines and the
226-309 ages children should receive them.
N — 253 Determine what time a person can take a prescripti ication, based on i ion on the prescription drug label that relates the
N timing of medication to eating.

[ 228 |dentify three substances that may interact with an over-the-counter drug to cause a side effect, using information on the
over-the-counter drug label.

— 202 Give two reasons a person with no symptoms of a spedific disease should be tested for the disease, based on information in a clearly
J written pamphlet.

1 201 Explain why itis difficult for people to know if they have a specific chronic medical condition, based on information in a one-page artide
about the medical condition.

169  Identify how often 2 person should have a specified medical test, based on information in a clearly written pamphlet,

o 145 Identify what it is permissible to drink before a medical test, based on a set of short instructions.

101 Circle the date of a medical appoi on a hospital appoi slip.
NOTE: The position of a question on the scale represents the average scale score attained by adults who had a 67 percent probability of fi ing the questi ly selected questi presented.
Scale score ranges for performance levels are referenced on the figure.
SOURCE: LS. of Education, Institute of Education Sciences, National Center for Education Statistics, 2003 National Assessment of Adult Literacy.

Figure 7 - A scale used by the National Assessment of Adult Literacy to interpret health literacy scores (Cutilli & Bennett,
20009).
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Medical Treatment

While health insurance and health literacy are both indicators for the quality of a person’s
healthcare, other ways to gauge the effect of Limited English Proficiency on healthcare is to
investigate rates of actual treatment. Thus, we compared the rate of LEP in Washington State
counties with the rates of the following treatments: flu vaccination in adults, induced abortions,
treatment of chlamydia (a sexually transmitted infection), blood lead testing in children, and
cholesterol screening (CARES, n.d.; Washington Tracking Network, 2021b, 2024a, 2024b,
2025).

Besides the rate of cholesterol screening, which is sourced from a dataset compiled in
2021 by the CDC BRFSS PLACES Project, all other listed variables are sourced from five-year
datasets from 2015-2019 compiled by the Washington Tracking Network, matching the timespan
of the dataset from which LEP rates were sourced.

The graphs are displayed below.
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Analysis

All graphs will be analyzed together, as they display the same phenomenon. All graphs above
show no correlation between the 2 respective variables, noted through visual observation and
through the extremely low 72 values. Since the graphs have a cluster of data and then a few
datapoints on the right side of the cluster that define the 2 value and the no correlation
relationship, it may seem that the data has “outlier” counties again and then we need to repeat the
previous methodology of only examining the clustered data. Example: If we examine only the
left-most data cluster in the abortion rate graph, which appears to show a positive correlation, the

following graph is obtained:
Induced Abortion Rate vs. Limited English Proficiency, per County, WTN, CLUSTER ONLY
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Figure 13 - Induced Abortion Rate against County LEP rate, CLUSTER ONLY

This graph of the clustered data also does not show any correlation and has an extremely
low 72 value. Since the abortion rate graph had the cluster with observably the strongest positive

correlation, we can also classify all trends of each cluster of each health treatment as weak
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correlations. This means that none of the data for any health treatment, clusters or otherwise

displays a correlation (and much less causation) with LEP rate per county.

We did not expect this trend, especially considering the correlation in healthcare
insurance found earlier as well as the testimonies and statistics of those in the LEP group
(discussed in introduction). These trends do not agree with related studies either. For example,
according to a study done by Vullikanti et al. (2025) on abortion care, patients with language
preferences other than English have lower health literacy rates and consequently face significant
barriers when interacting with the U.S. healthcare system. The study notes that although there is
not much research explicitly linking English language preference to abortion care, barriers to
healthcare (due to LEP) most likely apply to abortion care as well. According to this study, a
strong negative correlation should firstly be observed between LEP rate and abortion rate (access
to abortion care is lowered when literacy decreases). Another study by Pearson et al. (2010)
found that Hispanic people aged 65 or older with a Spanish preference were much less likely
than English-preferring Hispanics to have received influenza vaccinations. Though the target age
group for this study (65+) was different than ours in this paper (19-64) — explicit studies were
difficult to locate — the results still highlight that, across health treatments (vaccinations
especially), higher LEP rate should be correlated to a greater percent of individuals without
healthcare access. Using the statistics from the introduction, the health insurance graph, and now

these studies, we can safely generalize this statement for all types of treatment.

Possible Causes:

The strategy of graphing two variables from different datasets against each other and
expecting perfect correlations is rather ignorant of many possible confounding variables that may

also impact both the dependent and independent variable. In this case, one major example is
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socioeconomic status, as it can both impact an individual’s access to education (impacting
English proficiency) as well as influence their access to healthcare (e.g. through considerations
of medical bills). Geography and infrastructure may also impact the number and quality of
educational institutions available, as well as the quality and types of healthcare people living in
those areas have. Due to the vast numbers of confounding variables that could have influenced
the data, we believe that confounding variables were the most probable cause of these
contradictory correlations. Since no data collection method is fully accurate or 100%
representative of the population, other factors such as sampling error and measurement error may

have contributed to these trends as well.

Mental Health Providers

Accessing mental health services (e.g. counseling) is a particular challenge for residents
with Limited English Proficiency because these services require the provider and recipient to
understand one another emotionally; language barriers interfere with achieving the rapport and
mutual trust required for successful therapies (Fagan, 2022). This was reinforced by a survey by
the American Psychological Association in 2015, in which it was found that less than 11% of
U.S. psychologists were able to provide services in a language other than English, with about
half this number providing services in Spanish (Hamp et al., 2016). Studies have also shown that
clients experience a shift in their own perceived identity when communicating in a language
other than their first language, leading to them adopting personas that are less open and

communicative about their struggle with their healthcare provider (Verkerk et al., 2024).

Overall, the inability for residents with Limited English Proficiency to find linguistically

and culturally suitable services may discourage them from reaching out, ultimately worsening
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their mental health even more. Thus, the training of mental health professionals from diverse

cultural and linguistic backgrounds should be prioritized.

Conclusion

Overall Synthesis

This study first attempted to find and present a correlation between Limited English
Proficient individuals in each county and the percent of individuals without health insurance
(uninsured) in each county. The resulting graph had an r? value of 0.7987 and displayed a
moderately strong positive correlation. However, considering the uneven spread of the datapoints
(and weak correlation observed in the data clusters) as well as other sampling and measurement
errors, this correlation may still exist but not be as strong as it seems. Following this analysis, a
comparison of the impacts of language deficiency on health insurance access before and after the
COVID-19 pandemic was also included. Although the post-COVID dataset may have slightly
been skewed (due to overlap in the timeframe of the estimate with pandemic years), the
statistical test conducted in this section concluded that (in the scope of the data available for this
study), this disparity did not evolve throughout the pandemic, meaning the level of government
resources supplied to resolve this disparity have likely remained constant and largely unchanged.
Then, health literacy was graphed against LEP rate for which a moderate correlation was found.
Following this, to gain a widespread impact of this disparity on the Washington healthcare
system, the study aimed to graph the rate of LEP per county to their access to other types of

healthcare treatments (abortion, chlamydia, etc.). This surprisingly returned weak correlations for
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all treatment types. A strong, research-based, causal relationship was then found between mental

health treatment and Limited English Proficiency.
Overall Evaluation

We found it extremely surprising that only the data for health literacy and health insurance was
in accord with the previous studies and statistics. If all of the trends observed within this study do
in fact match real world scenarios, it is possible that this disparity may only be visible on certain
levels of healthcare management. Specifically, regarding more local and community-based
initiatives (e.g. vaccination camps, information sessions on treatments/chlamydia at local
hospitals, etc.) can be easily promoted, discussed (through word of mouth between community
residents), conducted in person, thus being more accessible to community residents.
Consequently, Limited English Proficiency would act as less of a disparity in accessing such
treatments, explaining the weak trends observed in the “Other Treatments” section. On the other
hand, online, government-based initiatives as well as government healthcare processing systems
are much more complex (in terms of policy and operation) and include far more barriers to entry
for all residents. The handling of these systems is also assumed to be known amongst the entire
population. These factors cumulatively pose a higher potential for the development of this
disparity (evident with stronger correlation and higher 72 value on the percent uninsured (for

healthcare) residents per county against LEP rate per county).

Thus, in the scope of this study, the impact of Limited English Proficiency on healthcare in the
state of Washington cannot be generalized but rather depends on what the healthcare type itself
is. Although healthcare initiatives can fall under many categories, we observed that LEP had a
higher impact on institutionalized and government-run healthcare initiatives than it did on

potentially more localized healthcare initiatives.
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Solution 1

One possible solution to resolve this disparity would be for the Washington government
to expand their existing services for LEP individuals under the Washington Health Benefit
Exchange. Current services include providing translation services for print/digital content as well
as translating written materials into the most spoken Washington languages. Phone support is
offered in 200+ languages, and chat support is offered in English and Spanish (Washington
Health Benefit Exchange, 2026). As seen by the data analysis done above, these measures still do
not seem to help resolve this disparity in Washington. Other services that can be integrated
include extending chat support to more languages and/or conducting workshops with LEP groups
to educate them on the various internet resources available to them such that they are aware of

where they can access interpretable and reliable healthcare information from.

Solution 2

Another possible solution is to implement consented automatic enrollment for health
insurance and Medicaid (if applicable) in the 8 “outlier” counties observed in the graph for the
health insurance section. This initiative would be most feasibly implemented at community
centers within those counties, as most LEP groups and individuals in the county would be going
to the centers. Those who cannot commute to a community center could then send a request to
the community center online, who could file on their behalf. This ensures a larger population

percentage is aware of, insured, and aided under government health insurance programs.
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Reflection

Project Significance

This project identified a connection between Limited English Proficiency in some
Washington state residents and an undermined access to healthcare. It does so by first speculating
possible ways in which non-English speakers struggle to access quality healthcare, then
scrutinizing these speculations with past data by determining the relationship between rates of
LEP in counties with rates of health insurance, health literacy, and various forms of treatment. It
then investigates how said relationships are consistent with the hypothesis that residents with
LEP are at a disadvantage in accessing healthcare. Lastly, it proposes some solutions for how

Washington state can improve accessibility of healthcare for individuals with LEP.

Motive

We shared a sense of self-consciousness regarding our position in Washington as
privileged, young men with minimal financial or health complications. This project was intended
as one of many steps towards developing a better understanding of the inequities that persist in

societal systems such as healthcare.

Challenges

The two main challenges we encountered were the effect of confounding variables and
data availability. The typical way to eliminate confounding variables is through controlled
experiments or studies, which ensure that only the independent variable (Limited English
Proficiency) affects the dependent variables (including health insurance and health literacy).

Unfortunately, the fact that our study revolves around the human behavior and aspects of
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people’s lives raises ethical concerns around studying the population in a controlled fashion.
Thus, we have no choice but to make inferences off population data alone. This raises the
question of whether discrepancies in health insurance or literacy are caused by differences in
LEP, or if a multitude of other variables are responsible. We can try to address possible
confounding variables through our own reasoning, but ultimately it is possible there are more

variables we failed to consider.

In addition, some datasets that we used took samples from timespans and populations that
did not match with our dataset for Limited English Proficiency. For example, to get per-county
datasets for health literacy in Washington, we were forced to use the 2003 National Assessment
of Adult Literacy, which was collected over a decade prior to our dataset for LEP. Within that

decade, health literacy may have changed significantly.

Al Use

The authors report no usage of artificial intelligence in the making of this project, which
includes but is not limited to the gathering of sources, the composition of this paper, and the

collection and processing of data.
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Appendix A: Mann U Whitney Test

nl 39
n2 39
nl*n2 1521
nl+1 40
n2+1 40
MT1 780
MT2 780
R1 1539.5
R2 1541.5
U1 /61.5
U2 759.5
U_Stat 759.5
U_crit 564 p<=0.05
Figure 14 - Mann U Whitney Test Values
Group | AllData Rank

1 5.1 1

1 5.7 2

2 6 3

1 6.5 4

1 6.7 5.5

2 6.7 5.5

2 7 7

2 7.1 8

1 7.2 10

1 7.2 10

2 7.2 10

2 7.3 12

2 7.4 13

2 7.5 14

1 7.6 16

2 7.6 16

2 7.6 16

1 7.7 18

1 7.8 19

29



1 7.9 20.5
2 7.9 20.5
2 8.2 22.5
2 8.2 22.5
1 8.3 25.5
1 8.3 25.5
1 8.3 25.5
2 8.3 25.5
1 8.4 28
1 8.5 30
1 8.5 30
2 8.5 30
1 8.7 33
1 8.7 33
2 8.7 33
1 8.8 35
1 8.9 36
2 9 37
2 9.1 38
2 9.2 39
2 9.3 40
1 9.6 41.5
2 9.6 41.5
1 9.7 43.5
2 9.7 43.5
2 10.1 45
2 10.3 46
2 10.4 47.5
2 10.4 47.5
1 10.5 49
2 10.8 50
1 11 51
1 11.1 53.5
1 11.1 53.5
1 11.1 53.5
2 11.1 53.5
1 11.2 56
1 11.3 57
1 11.4 58
2 11.6 59
1 11.7 60
1 12.1 61
2 12.2 62
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2 12.4 63
2 14.5 64
1 15.1 65
2 15.6 66
1 15.8 67
1 18.8 68
2 19.3 69
2 19.9 70
1 20.5 71
1 21 72
2 22.2 73
1 22.4 74.5
2 22.4 74.5
2 24.6 76
1 27.8 77
2 28.8 78

Figure 15 - Rank Table for Mann U Whitney Test (using RANK.AVG in Excel)
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