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“Studying the Effect of Adding Local Ginger as an Antimicrobial Growth in
Frozen Chicken Meat”
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ABSTRACT

This study aimed to identify the effect of adding local ginger powder at a rate of
5, 7 and 10% and fresh local ginger at a rate of 7% on the numbers of
pathogenic microbial in chicken meat discs manufactured in a laboratory and
preserved under freezing conditions -12 °C for 15, 30 and 60 days. The
bacteriological analysis conducted on the chicken frozen tablets included the
total number of bacteria, coliform bacteria, Psychrotrophic bacteria,
Staphylococcus aureus bacteria and numbers of fungi and yeasts. The results of
bacteriological analysis indicated a decrease in most types of the numbers of
pathogenic microbes in chicken meat discs preserved under freezing conditions
at -12°C when adding concentrations of 5, 7 and 10% of ginger powder and
fresh ginger at a rate of 7%. Where the inhibitory effect was on the total
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numbers of bacteria, coliform bacteria Psychrotrophic bacteria and
Staphylococcus aureus bacteria, the number of fungi and yeasts at a
concentration of 5% of dry ginger powder during the 15day storage period
where a decrease was observed from 6.166, 4.873, 4.477, 5.493 and 4.814
log10 cfu/g to 5.985, 3.982, 2.229, 4.926 and 4.642 log10 cfu/g respectively. The
resulted showed an increase in the frozen storage period to 30 days the
microbial content had a significant effect at a significant level of P < 0.05 as it
was in the control treatment 5.655, 4.362, 5.638, 5.022 and 4.892 log10 cfu/g
when adding dry ginger at a concentration of 5%, the numbers were 5.474,
3.741, 2.162,4.527 and 5.031 log10 cfu/g respectively. It was observed that the
total number of bacteria, coliform bacteria, Psychrotrophic bacteria,
Staphylococcus aureus bacteria and numbers of fungi and yeasts increased in
the control treatment at 60 day of frozen storage were 4.963, 4.537, 5.827,
4.676 and 4.472 log10 cfu/g, while when adding dry ginger at a concentration of
5%, inconstancy was seen in most of the pathogenic microbial numbers were
4.782, 3.692, 2.316, 3.746 and 4.738 logl10 cfu/g respectively. The results also
showed a decrease in most of the numbers of pathogenic bacteria by adding
concentrations of 7 and 10% of dry ginger powder during 60 days on the total
number of bacteria from 4.409 to 4.603log10 cfu/g and coliform bacteria from
3.978 to 3.833 logl0cfu/g and Psychrotrophic bacteria from 2.116 to 1.151
log10cfu/g and Staphylococcus aureus bacteria from 4.424 and 3.967 logl0
cfu/g and numbers of fungi and yeasts from 3.636 to 2.742 logl0 cfu/g
respectively. Also, the results showed that adding a concentration of 7% of fresh
ginger during the storage period of 60 days had the highest inhibitory effect on
the total numbers of bacteria, coliform bacteria Psychrotrophic bacteria and
Staphylococcus aureus bacteria, the number of fungi and yeasts which recorded
4.084, 3.551, 1.962, 4.028 and 2.768 log10 cfu/g respectively compared to the
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control sample, which were 4.963, 4.537, 5.827, 4.472 and 4.676 log10 cfu/g
respectively.

Keywords:
Pathogenic microbes, ginger, chicken meat
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ABSTRACT

There are some debates occasionally for dialogue and rapprochement to close
the human societies of different religions and ethnicities, especially between
the West and Islam, but there are some obstructions thwart these attempts.
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This paper has several questions in this track, and it focuses on the criticism of
Huntington's theory in a new way. This paper also addresses the views of
Muslim scholars compared to Westerners on the issue of conflict and its reality,
and Islam’s innocence from what has been attributed to its hostility to other
nations, especially the Western world, which links it to the Islamic world, has
historical positions, and other economic and political positions that have been
renewed in the past and the current century.

Keywords: Dialogue, Conflict, Huntington, Islam, Western World.
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Abstract

Cardiovascular diseases (CVDs) are the main cause of morbidity and mortality with
an estimation of 17.9 million deaths around the world annually. Student's Knowledge
about the associate risk factors will help in changes individuals’ health behaviors and
lifestyle practices in their life. Objective: This study tries to find out the relationship
between students' knowledge and selected socio-demographic variables in regard to
the risk factors of CVDs. Methods: Descriptive-across section study was conducted
with regular undergraduate students at Jibla university for Medical & Health
Sciences, Yemen. Convenience sampling technique is used to recruit the participants
from each college in this study. Results: A total of 309 students were recruited in this
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study. Data analysis found that most participants (79%) under age 20 years, the mean
age is 22.1£2.3, more than half (57.3%) are females, 71.2%of students are from rural
areas, and the majority of participants (87.7%) are married and less than third
(31.4%) of them are from the Faculty of Medicine. Moreover, the majority of
participants reported that the risk factors of cardiovascular diseases are obesity, high
cholesterol, old age, and passive smoking (93,8%, 91.9%, 90.9%, and 90.3%
respectively). Regarding the total score, there are statistically significant differences
between subject study, age, and place of residence with P-value = <5 (0.000, 0.003,
and 0.008 respectively). Except marital status and sex not significant was noted with
P-value= <5 (0.256, and 0.678 respectively).

Conclusion: The majority of participants have good knowledge regarding to
associate risk factors of cardiovascular diseases. The participants showed low
knowledge in regard to the high HDL, heredity, high BP, and Irregular eating food.

Keywords: Cardiovascular diseases (CVDs), student, knowledge.

Introduction

Globally, non-communicable diseases (NCDs) are the primary cause of death,
accounts for 73.4% of all mortality around the world (1). It was estimated that 17.9
million died each year due to (CVDs) (2). These premature deaths occurred in people
under the age of 70 (3). Three quarters of CVDs deaths are found in low and middle-
income countries. In 2022, CVDs deaths are estimated by one person dies every 34
seconds in the United States (4). Regarding to Institute for Health Metrics and
Evaluation (IHME), the CVDs are the top leading cause of death in the Arab world
(5). So, there are global efforts in order to reduce this burden and suffering from non-
communicable diseases (NCDs), the target 3.4 of Sustainable Development Goal
(SDG) emphasize to reduce premature death from NCDs by a third by 2030. This
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target 3.4 used data from all counties and determined the cause of the NCD is
ischemic heart diseases, that estimated more than half of women, and more than
three-quarters of men. To achieve the decline in mortality, the countries should
achieve improvements in the rate of decline in at least five causes which include
"Tobacco, alcohol control, hypertension, diabetes, low-dose inhaled corticosteroids,
bronchodilators for asthma and chronic obstructive pulmonary disease"(6).

According to many studies, the WHO Regional Office for the Eastern Mediterranean
is accounted the CVDs risk factors such as diabetes, obesity and hypertension (7). In
Arabic countries, the prevalence of history for CVDs risk factors included
Salt/Sodium intake, Tobacco use, raised blood pressure, diabetes, obesity, Ambient
air pollution, and household air pollution (8). The prevalence of history of premature
coronary heart disease (CHD) and obesity was high among Saudi students; while
Egyptian's students have a higher prevalence of hypertension (9). Furthermore, in
Yemen, the most common CVDs are "Hypertensive heart disease (HHD), valvular
heart disease, heart failure with reduced ejection fraction (HFrEF), Ischemic heart
disease (I.H.D), congenital heart diseases (CHDs), (26.42%, 22.44%, 19.67%,
16.99%, and 2% respectively). Moreover, the rheumatic heart disease (RHD), senile
valvular degenerative lesions (SVDL), mitral valve prolapse (MVP), mitral
insufficiency, aortic insufficiency were as estimated in 51.10%, 26.99%, 21.9%,
71.2%, and 19.1% respectively)"(10). On the other hand, in Yemen the coronary
artery disease (CAD) was highly affected in males compared with females, and
amongst people who are more than 30 years old and predominate after 50 years old

(11).
Jiblah University for Medical & Health Sciences is established and announced hereto

the republican decision in 2019. It includes six faculties (Medicine, Dentistry,
Pharmacy, Laboratory, Nursing, and Midwifery).
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Objective of Study

The study in hand tries to find out the relationship between students' knowledge and
selected socio-demographic variables in regard to the risk factors of CVDs.

Methodology

Ethical Approval

Ethical approval for this study was agreed on by the Ethical Committee of the
Medical and Health Sciences Study at Jiblah University for Medical & Sciences,
Yemen. The ethical committee approved verbal informed consent from students who
agreed to participate in this study after explained adequately objectives of study for
all participants.

Setting
The study was carried out among students at Jibla University for Medical& Health
sciences, Ibb governorate, Yemen.

Study Design

Descriptive-across section study was conducted with regular undergraduate students,
who are agreed to participate in this study. All students who had a diagnosis or had
family history as CVDs were excluded.

Sampling and Sample Size

Convenient sampling was used to collect data from 309 medicine and health sciences
students at level one in Jiblah university, for medical & health science included
faculties of medicine, laboratory, dentistry, midwifery and nursing.
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Tools of the Study

The questionnaire was designed by the researcher based on the reviews of relevant
literature. It was used to measure two parts; first part included the students
characteristics: age, sex, place of residence, marital status, and study subjects.
Second part included the knowledge of students related to CVDs risk factors such as
diabetic, high cholesterol, old age, obesity, contraceptive drugs, smoking, fat food
and fast food.

The Validity of Tool

The questionnaire was translated to Arabic language and reviewed to find out by the
panel of five experts from staff at Jibla University, for medical & health science, who
reviewed the tool for their clarity, relevance, and comprehensiveness, understanding,
and applicability.

Reliability of Tool

Reliability is applied by the researcher and co-researchers for testing the tool, by
management of the same tools to the same subjects under similar conditions three
times for 12 days. Cronbach's Alpha reliability for knowledge was 7.8.

Methods

Administrative Phase: an official letter of approval was obtained from the rector of
Jiblah University for medical& health science and deans of faculties (medicine,
dentistry, medical laboratory, midwifery, and nursing).

Study Pilot: it was achieved out before starting the data collection on 15% of the
students, who were included in the sample. The purpose of the pilot study was to test
the clarity of the tools and estimate the required time to fill the questionnaire.
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Data Collection: Researcher and Co-researchers started to explain the objectives of
study and questionnaire's parts for students. Oral consent before actual data
collection was taken from the participants. Self-questionnaire sheets were
distributed, and they were collected during the period from December 11, 2022 to
February 19, 2023.

Statistical analysis: the collected data were reviewed and prepared to be coded,
tabulated and analyzed by computer. The statistical methods used to analyze the date
are descriptive statistics as percentage, Chi-square test and significant when P-value
less than 0.05. and standard deviation were done using computer program SPSS
version (21).

Results

Tablel: Distribution of Some Socio- Demographic Characteristics of Students in Jiblah
University, Ibb- Yemen 2023 (n=309)

Items Categories Frequency |ercentage (%)
=<20 years 65 21%
>20 years 244 79%
Age
Range of age 21-35
Meanz#SD of age = 22.1+2.3
sex Male 132 42.7%
Female 177 57.3%
Residence Urban 89 28.8%
Rural 220 71.2%
. single 271 87.7%
LR SEIE married 38 12.3%
Nursing 66 21.4%
Midwifery 74 23.9%
Major Medicine 97 31.4%
Dentistry 35 11.3%
Medical
Laboratories 37 12%
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A total of 309 students were participates in this study. Regarding to table (1)
illustrates the distribution of socio-demographic characteristic, of participants. It is
noted that most of participants (79%) under age of 20 years, with the mean of age
22.1£2.3, and more than half (57.3%) of them are female. Also, table 1 shows that
more than two third (71.2%) of participants are from rural areas, the majority (87.7%)
of them are single and less than a third (31.4%) of them are from faculty of medicine.

Table 2: Percentage of Student's Knowledge in Regard to Correct Responses About Associated
Risk Factors of Cardiovascular Diseases (CVDs) In Jiblah University, for Medical & Health
Sciences, Ibb- Yemen 2023 (n=309)

Student's Correct
Items of knowledge Responses

No. %
Cardiovascular diseases are the most common cause of death in Yemen. 228 74
Older people are high susceptible to catch heart disease. 281 90.9
High cholesterol is a risk factor for CVDs. 284 91.9
If your HDL is high, you are at risk for CVDs. 120 38.8
if your High LDL is high, you are at risk for CVDs. 237 76.7
Diabetes is a risk factor for developing heart disease. 201 65.1
High blood pressure is a risk factor for CVDs. 268 68.7
Eating fatty foods does not affect blood cholesterol level. 250 80.9
Most cardiovascular disease cases are hereditary. 117 37.9
CVD can occur to young people. 259 83.8
Contraceptive agents can increase the risk of CVD. 159 515
Obesity can increase the risk of occurring CVDs. 290 93.8
Men have a greater risk of heart disease than women. 197 57.9
Myocardial infarction is more effective in patients, 200 64.7
Renal disease is one of the risk factors for cardiovascular disease. 200 64.7
Fast food is one of the risk factors for CVDs 238 77
Passive smoking is one of the risk factors for CVDs 279 90.3
Irregular eating patterns has no harm on health of CVDs. 214 25.2
Chi-squire 780.1
Total score of knowledge P-value= <5 0.000

60
IJSR, VSRP Publishing, UK E-ISSN 2755-3418

https://ijsr.vsrp.co.uk https://doi.org/10.59992/1JSR.2023.v2n7p3




International Journal
of Scientific Research
(USR)

¢ gantt 48 gal) Adaall
dsalall

”»

1JSR
Vol. (2), No. (7) July 2023 (7) 39l ¢(2) Hlauad!

Table 2 showed the percentage of students' knowledge regarding to correct responses
about associate risk factors of cardiovascular diseases. It is obvious that only, 74%
of participants referred to cardiovascular disease is the main cause for death in
Yemen and the majority of participants reported that the associate risk factors for
cardiovascular diseases are obesity, high cholesterol, old age, and passive smoking
(93,8%, 91.9%, 90.9%, and 90.3% respectively). While most of participants pointed
at fat food, fast food and high LDL are associate risk factors to cardiovascular
diseases (80.9%, 77%, and 76.7% respectively). Also, this table 2 showed that the
participants knew that the high blood pressure, diabetic people, and renal diseases
are high risks to affect by cardiovascular disease (68.7%, 65.1% and 64.7%
respectively).

Furthermore, it is observed that more than three-fifty (64.7%) of participants
mentioned to myocardial infarction is more effective in patients, and most of them
(83.8%) reported that cardiovascular diseases is affect adult people. While more than
half (57.9%) of participants said that the men have a greater risk of heart disease than
women, and 51.5% of them referred to Contraceptive agents can increase the risk of
CVD.

Finally, low knowledge among participants regarding the associate risk factors for
cardiovascular diseases included, high HDL, heredity, high BP, and Irregular eating
food increase affect on cardiovascular diseases (38.8%, 37.9%, 47.2%, and 25.2%

respectively).
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Table3: Percentage of Students' Knowledge Regarding to Correct Responses about
Control on Associate Risk Factors of Cardiovascular Diseases (CVDs) In Jiblah
University, for Medical & Health Sciences, Ibb- Yemen 2023 (n=309)

Items of knowledge Frequency |ercentage (%)

Control on cholesterol led to reduce affect by CVDs. 270 87.4%
Control on sugar lead to reduce affect by CVDs 232 75.1%

Stop smoking reduce of affect by CVD. 283 91.6%

Daily exercise is reduce affect by CVD 211 68.3%
Eating the fruit and vegetable reduce of affect by CVD. 239 77.4%
Control on Blood Pressure led to reduce affect by CVDs. 270 87.1%
Chi-squire 216

Total score of knowledge P-value= <5 0.000

Table 3 shows the percentage of students' knowledge in regard to the correct
responses about control on associate cardiovascular diseases. This table revealed that
the majority of participants reported the stop smoking and control on cholesterol
(91.6% and 87.4% respectively) are reduced of affect by cardiovascular diseases.
While only (42.6%) of participants referred to control on high blood pressure.

Moreover, table 3 revealed that most of participants mentioned eating the fruit and
vegetable and make sugar of blood under control to reduce affect by cardiovascular
diseases (77.4%, and 75.1% respectively).

Finally, this table shows that more than two thirds (68.3%) pointed to daily exercise
is reduce affects by cardiovascular diseases.
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Table 4: The Relation Between some Socio-Demographic Characteristic and good
Score of Student's Knowledge about Associate Risk Factors of Cardiovascular
Diseases (CVDs) and it's control In Jiblah University, for Medical,& Health
sciences Ibb - Yemen 2023 (n=309)

Total Score of Student's Knowledge L
. Significant
Some -Socio- Poor Average Good
demographic Chi- P-
grap No. % No % No %
square | value
Variables Categories
<20 years 5 7.7 50 77 10 15.3
Age 11.686 | 0.003
>20 years 7 2.9 150 61.5 87 35.6
Female 6 3.4 118 66.7 53 29.9
Sex 0.778 0.678
Male 6 4.6 82 62.1 44 33.3
. Rural 4 1.8 150 68.2 66 30
Residence 10.271 | 0.006
Urban 8 9 50 56.2 31 34.8
. Single 10 3.7 180 66.4 81 29.9
Marital status . 2.776 | 0.256
Married 2 5.3 20 52.6 16 42.1
Nursing 1 1.5 39 59.1 26 394
Midwifery 3 4.1 43 58.1 28 37.8
Subject Study Medicine 1 1 62 64 34 35 34.623 | 0.000
Dentistry 6 17.1 23 65.8 6 17.1
Laboratory 1 2.7 33 89.2 3 8.1

*Statistical significant difference  The test of significant used Chi-square and P-value<5

Poor knowledge= <50  Average knowledge =>51 - <70 Good knowledge =>70

Table 4 shows that relationship between some socio-demographic characteristics and
the total score of student's knowledge about associate risk factors of cardiovascular
diseases. This table showed that there is statistically significant difference between
subject study, age, and residence with P-value = <5 (0.000, 0.003, and 0.006
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respectively). Except marital status and sex not significant was noted with P-value=
<5 (0.256, and 0.678 respectively).

Regarding age, table 4 showed that more than one third (35.6%) of participants over
age 20 years have good knowledge compared with only 15.3% of participants who
their age under 20 years. Also, one third (33.3%) of participants male have good
knowledge compared with (29.9%) of female.

As regard to residence, more than one thirds (34.8%) of urban participants have good
knowledge compared with less than one third (30%) of rural participants. While more
than two-fifty (42.1%) of participants who were married have good knowledge
compared with more than one quarter (29.95) of single participants.

At last, this table revealed that more than one third (39.4%) of participants from
nursing faculty have good knowledge compared with participants from midwifery,
medicine, dentistry, and medical laboratory faculties (37.8%, 35%, 17.1% and 8.1%
respectively).

Discussion

Cardiovascular diseases (CVDs) are important health problems because they are
considered as a main cause of premature death and disability among middle age
around the world. Risk factor for cardiovascular diseases can be modification on
lifestyles in order to reduce the clinical events and premature death, particularly
amongst people who are at high cardiovascular risks with one or more risk factors.
The most important risk factors for the development of cardiovascular diseases were
an unhealthy diet, inadequate physical activities, alcohol consumption, smoking, and
physiologic changes such as obesity or overweight, hypertension, diabetes and
dyslipidemia (2). This study is considered as the first study conducted in Yemen
aimed to find out the relationship between students' knowledge and selected socio-
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demographic variables in regard to the risk factors of CVDs. It is recruited 309
medicine and health sciences students to response on the questionnaire. Most of them
(79%) were under age of 20 years, with the mean of age 22.1£2.3. This result was
agreed with other study conducted in Saudi Arabia about "Cross-sectional Study of
Cardiovascular Risk Factors among Male and Female Medical Students" in Saudi
Arabia. They revealed that the mean of age of participants was 22 + 1.831 (12).
While more than half (57.3%) of current study's participants were females. This
result was in the same line with other study conducted in Pakistan about "Assessment
of knowledge and behavior regarding cardiovascular diseases and their risk factors
among medical students of a private medical college in Lahore". It revealed that
(57.1%) of students were females (14). Also, our study found out that more than two
thirds (71.2%) of participants were from rural areas, majority (87.7%) of them are
single and less than third (31.4%) of them are from Faculty of Medicine, Jiblah
University for Medical & Health Sciences.

Regarding to questions about risk factors of CVDs, majority of our study's
participants pointed to obesity, high cholesterol, old age, passive smoking and
diabetic (93,8%, 91.9%, 90.9%, and 90.3% respectively). A similar result was
revealed by other study, conducted in Pakistan (13). Another finding in our study
regarding to risk factor of CVDs, most of participants pointed to fat food, fast food
and high LDL (80.9%, 77%, and 76.7% respectively). Similar results reported from
study conducted in India about "Assessment of Knowledge with Regard to
Cardiovascular Disease Risk Factors among College Students Using Heart Disease
Fact Questionnaire" (14). Concerning the risk factors of gender on heart diseases,
more than half (57.9%) of our participants said that the men have a greater risk of
heart diseases than women. This result was supported from the other study, it
revealed that 56.4% of students said that men have high risk for CVDs than women
(13). Regarding the high blood pressure, more than two thirds (68.7%) of our
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participants knew that high blood pressure (BP) is a risk factor for heart disease.
While more than two fifties (42.6%) of them pointed to controlling BP led to reduce
cardiovascular diseases. These results were less than the other study's results that
conducted in the capital city in Ethiopia about, "Ethiopian university students’
knowledge and perception towards cardiovascular disease risk factors". They
reported that the majority of participants knew that BP is a risk factor for heart
disease and referred to controlling BP will reduce risk of heart disease (94.5% and
87.3% respectively)(15). This difference between both studies occurred because the
current study's participants were from rural and urban areas, and from level one.
Also, more than one third (38.8%) of our participants said that the low HDL levels
constitute a risk factor for cardiovascular diseases. This result was not agreed with
the other study carried out in Turkey about "University students’ knowledge levels
about cardiovascular risk factors and assessment of their health behaviors in Turkey".
It revealed that only 35.4% of university students did not know that low HDL levels
constitute a risk factor for cardiovascular diseases (15). These differences between
both studies occurred because our study was conducted among medicine and health
sciences students. Concerning the control on risk factors of cardiovascular diseases.
Study conducted by Amro et al, about "Knowledge of Cardiovascular Disease among
Undergraduate University Students in Palestine" (16). They revealed that 74% of
students reported that control on blood pressure led to reduce affect by CVDs,
compared with 42.6% of participants in this study. This difference between both
results is due to our study recruited student from level one only. Furthermore, most
of our participants (77.4%) reported that eating fruit and vegetable reduce of affect
by cardiovascular diseases. This result was agreed with another study conducted in
Maharashtra, India, about "Assessment of awareness about cardiovascular diseases
risk factors amongst first year medical students". It is revealed that 77.21 of students
reported that eating vegetable reduce CVDs (17). Higher result was reported from
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study conducted by Abdela et, al,. They revealed that the majority (89.4%) of
students said the physical activities reduce CVDs (14). While in our study only
(68.3%) of students pointed that the suitable exercise can prevent CVD. This
different between both studies because our students, and their family members have
not CVDs. Moreover, this study revealed that the majority of participants said that
stop smoking, and control on cholesterol, and sugar led to reduce affect by
cardiovascular diseases (91.6%, 87.4% and 75.1% respectively). Regarding the age,
our study revealed that there is statistically significant difference between age groups
with P-value <5= (0.002) and not significant was noted between marital status with
P-value <5 = (0.864). These results were similar to another study conducted in
Palestine (17). They reported that its significant difference was found between the
age-group (p = 0.039) and no significant difference between the marital status with
P- value<5 = (0.794).

Lastly, a significant difference was found between the study subjects groups
(faculties) with P-value = <5 (0.000). This result was supported by another study
carried out in Malaysia (19). Also, there is statistically significant difference between
the residence groups with P-value<5= (0.008) in this study.

Finally, in regard to the gender, no statistically significant difference was noted
between males and females with P-value =<5 (0.095). This result was agreed with
another study, (16). They revealed that there aren’t significant noted between males
and females with P-value =<5 (0.097).

Limitation

The study design was cross-sectional with convenient sample and the findings of this
study were based on students’ self- report. In addition, this study was conducted in
one university.
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Recommendations

1. To carry out the education health program about associate risk factors of
cardiovascular diseases.
2. Other study should be conducted and include other universities in Yemen.

Conclusion

This study conducted with medicine and health science students. So, the majority of
participant have good knowledge regarding to associate risk factors of cardiovascular
diseases. Excepted the high HDL, heredity, high BP, and Irregular eating food, where
they showed low knowledge.
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Abstract

This research paper aimed to investigate the syntactic constraints that govern the use
of prepositional phrases in English and Arabic, using Optimality Theory (OT)
framework. A set of English and Arabic sentences containing prepositional phrases
were collected and analyzed for constraint violations. This study compared the
syntactic structures of prepositional phrases in both languages by examining the case
marking, headedness, and subject-verb agreement requirements of OT. The findings
indicated that although prepositional phrases are used similarly in Arabic and
English, there are also structural variations between them. In particular, the study
finds that Arabic prepositional phrases exhibit more markedness and complexity than
English preposition phrases, due to the influence of case marking and agreement
constraints in OT. The study contributes to our understanding of the syntactic
structures of preposition phrases in both languages and highlights the importance of
considering the role of syntactic constraints in language comparison studies.

Keywords: Optimality theory, preposition phrase, agreement, constraint ranking.
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Introduction

Many languages, including Arabic and English, use prepositional phrases as an
essential component of their syntax. They serve as a cue for the geographical and
temporal relationships between various phrase components. PPs have been classified
based on their function, form, and usage. Prepositions across languages function as
connectors of one word in the sentence to another. For instance, Ps usually connect
their complements to other parts in the sentence, such as nouns, verbs, or adjectives
(Algeo, J. (1987), Quirk et al. (1985); Van Valin (2004); Wishon & Burks (1980)
The use of preposition phrases in these languages has been the subject of extensive
research, with many studies focusing on their syntactic and semantic properties. The
syntactic restrictions of prepositional phrases in various languages must still be
compared in order to determine their similarities and differences.

This investigation aims to provide an answer to the following question:

In terms of the OT constraints that govern their structure and formation, what are
the similarities and differences between English and Arabic prepositional phrases?

Literature Review

Prepositional phrases have undergone a variety of analyses. Others have suggested
that PPs represent a hybrid category that incorporates features from both categories
(Chanturidze et al. (2019); Tseng, (2007), while some of these analyses have treated
PPs as functional components (Baker (2003). In terms of their syntactic function,
various analyses have taken into account PPs as predicative (Stowell (1983) non-
arguments (Baker (2003), adjunct modifiers, and others have examined their
meanings, syntactic structures (i.e., the kinds of complements that PPs take, the
premodifiers that can appear with them), and their use as postmodifiers, among other
things (Carnie, (2008).
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According to Butt and Holloway King (2019), prepositions in both Arabic and
English function as the heads of prepositional phrases and can be followed by a noun
phrase or other complements. However, there are differences in the word choice and
prepositional usage of phrasal verbs. Saleh, Y. M. (2019) investigated the syntax of
prepositions in Standard Arabic using a basic approach. Prepositions in Standard
Arabic, he discovered, are used as the heads of prepositional phrases and are subject
to certain syntactic constraints. He got to the conclusion that "further research in this
area is required" since the Arabic prepositional syntax has not been properly
investigated. McCarthy and Prince (1993) proposed a Generalized Alignment model
that accounts for the interaction of constraints in the syntax of prepositional phrases.
These studies highlighted the need for a cross-linguistic comparison of English and
Arabic prepositional phrases using OT as a theoretical framework.

Optimality Theory has also been used to analyze the use of PPs in Arabic and
English. Prince and Smolensky (2004) claimed that language is regulated by a set of
violable and ranking constraints by using OT to the study of language. This study
involves collecting data from English and Arabic written and spoken texts and
analyzing them using OT as a theoretical framework. The analysis focuses on the
syntactic structure and OT constraints of prepositional phrases in both languages, as
well as the similarities and differences between them.

Data Analysis and Discussion

The data analysis shows that English and Arabic prepositional phrases share some
similarities in terms of their syntactic structure and OT constraints. For instance, both
languages have restrictions on the arrangement of complements within prepositional
phrases and both languages utilize prepositions as the heads of these phrases.
However, there are notable differences in terms of preposition use and the interaction
of OT constraints with other linguistic components.

73

IJSR, VSRP Publishing, UK E-ISSN 2755-3418
https://ijsr.vsrp.co.uk https://doi.org/10.59992/1JSR.2023.v2n7p4




International Journal
of Scientific Research
(USR)

Vol. (2), No. (7) July 2023 (7) 39l ¢(2) Hlauad!

Syntactic Optimality Theory (OT) is a framework that is used to analyze the
interactions between different constraints that govern the structure of language. In
the context of prepositional phrases, there are a number of OT restrictions that may
be used to control the sentence structure and interpretation in the context of
prepositional phrases. Here are some instances of how English and Arabic
prepositional phrases differ from and similar one another in terms of syntactic OT
restriction:

1. Headedness Constraint

In linguistics, the headedness constraint refers to the idea that within a phrase, one
element is considered the head, or the most important or central element, while the
other elements in the phrase are considered modifiers or complements to the head.

The headedness constraint in English PPs is important for determining the
grammatical role of the PP in the sentence. consider the following sentences:

1. = The cat is on the mat.
2 On the mat is the cat.

In the first sentence, the PP "on the mat" is subject complement indicating the
location of the subject "cat" In the second sentence, the PPs "on the mat" is the
subject of the sentence, and the head noun "cat" is the predicate nominative.

If the headedness constraint is violated in an English PPs, the resulting sentence is
ungrammatical; such as:

3. *The on mat the cat

This example violating the headedness constraint. The sentence is ungrammatical,
and it is difficult to determine the grammatical role of the PP in the sentence.
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This constraint is also present in Arabic. It requires phrases have a head that
determines the syntactic category of the phrase. In Arabic prepositional phrases, the
noun phrase after the preposition acts as the head of the phrase. For example, in the
sentence:
4 b clea U
ana magaka bi-safar-i
“I am with you on the trip.”
The noun phrase "safar" is the head of the prepositional phrase "bi-safar."
5 phaall 5 plaie¥) <y pal
a3rait-u alemtehan-a fi as-sabah-a
“The exam was conducted in the morning”

In this phrase, the noun (as-sabah) is the head noun that follows the preposition (fi)

In the examples 4,5, the headedness constraint is evident, as the noun following the
preposition is the main element in the phrase, and the preposition serves as a
connector or modifier to the head noun.

2. Subject-Verb Agreement Constraint:

This constraint requires that the subject and verb in a sentence agree in number and
gender. In English prepositional phrases, the subject and verb in the sentence can be
affected by the preposition and the noun phrase that follows it. For example:

6. The group of students is here.

The prepositional phrase "of students" acts as a post modifier for the noun "group,"
which is the subject of the sentence. As a result, the verb "is" agrees with the singular
subject "group."
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In Arabic, subject-verb agreement is also an important aspect of grammar, and this
agreement is observed in prepositional phrases as well. In Arabic, the subject and
verb must agree in gender, number, and person. the subject and verb in the sentence
can be affected by the preposition and the noun phrase that follows it.

The prepositional phrase may modify the verb by indicating the location, manner,
cause, or other aspects of the verb. here are some examples of Arabic prepositional
phrases with subject-verb agreement:
7. Adosdl 6l JSLYI
al-atfa:l-u yal'abu:n fi al-hadiigaht-i
“The children play in the garden”
In this sentence, the subject is (al-atfa:l), which means "children", and the verb
is(yal'abuun), which means "play". The prepositional phrase (fi al-hadiigaht-i)
modifies the verb by indicating where the children are playing. The verb agrees with
the subject in gender, number, and person.
8 el I ks il
al-taalibaat-u yadhhabna ila al-madrasaht-i

In this sentence, the subject is (al-taalibaat-u), which means "female students", and
the verb is (yadhhabna), which means "go". The prepositional phrase (ila al-
madrasaht-i) modifies the verb by indicating where the female students are going.
The verb agrees with the subject in gender, number, and person.
9. uiSal 9 Jazy Y
al-ab-u ya'mal-u fi al-maktab-i
In this sentence, the subject is (al-ab-u), which means "father", and the verb is
(ya'mal).The prepositional phrase( fi al-maktab) modifies the verb by indicating
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where the father is working. The verb agrees with the subject in gender, number, and
person.

In all of these examples, the subject-verb agreement constraint is evident, as the verb
in the sentence agrees with the gender, number, and person of the subject, even if the
subject appears in a prepositional phrase. This agreement is important for clear
communication and proper understanding of the intended meaning.

3. Case Marking Constraint

This constraint requires that words in a sentence have the appropriate case marking
based on their syntactic role.

In English, a prepositional phrase typically consists of a preposition (such as "of",
"in", "for", "with", etc.) followed by an object that is a noun, pronoun, or noun phrase.
Case marking in prepositional phrases refers to the way the object of the preposition
1s marked for grammatical case. In English, the object of the preposition can be in
one of three cases: nominative, objective, or possessive. The choice of case depends
on the grammatical function of the object within the prepositional phrase.

Here are some examples of English prepositional phrases with different case
markings:

1. Nominative case:

10. She is with her friends.

In this sentence, the preposition "with" is followed by the object of preposition "her
friends". Since " with her friends" is the subject complement of the verb "is ", it is in
the nominative case.

2. Accusative case:
11. He is talking to me.
77

IJSR, VSRP Publishing, UK E-ISSN 2755-3418
https://ijsr.vsrp.co.uk https://doi.org/10.59992/1JSR.2023.v2n7p4




International Journal
of Scientific Research
(USR)

Vol. (2), No. (7) July 2023 (7) 39l ¢(2) Hlauad!

In this sentence, the preposition "to" is followed by the object "me". Since "me" is
the object of the verb "is talking", it is in the objective case.

3. Genitive case:
12. The book belongs to John.

In this sentence, the preposition "to" is followed by the object "John". Since "John"
1S a possessive noun, it is in the genitive case.

It's important to note that the choice of case marking in English prepositional phrases
depends on the grammatical function of the object within the phrase. If the object is
a subject complement, it is marked in the nominative case. If the object is an object
of the verb or preposition, it is marked in the accusative case. If the object is a
possessive noun or pronoun, it is marked in the genitive case.

In all of the following examples, the incorrect case marking in the prepositional
phrase results in a grammatically incorrect sentence. It's important to use the correct
case marking in prepositional phrases to ensure clear and effective communication.

13. *Me and him went to the store.
14. = He and I went to the store.

sentence, so they should be in the nominative case. "He" and "I" are in the nominative
case and are the correct forms for the subject of the sentence.

16. *The teacher gave the book to John and I.
17 = The teacher gave the book to John and me.

"I" is in the nominative case, but it is the object of the preposition "to", so it should
be in the objective case. "Me" is the correct form for the object of the preposition.

18. *The cat is sitting on it's bed.
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19. <=The cat is sitting on its bed.
"It's" is a contraction of "it is" and is incorrect in this sentence. The possessive form
of "it" is "its" without an apostrophe.
In Arabic also, there are three cases: nominative, genitive, and accusative.

1. Nominative case:
20 A jrall ol ol Cia
Odahaba al-walad-u ila al-madrasat-i
In this sentence, the preposition ( ila )is followed by the object al-madrasa, which is
in the nominative case. The verb (0hahaba ) agrees with the subject (al-walad) in the
nominative case.

2. Genitive case:
21 el oS ey ud
sharibt-u min ku:p-i al- ma:-i
I drank from the water cup.
In this sentence, the preposition (min) is followed by the object (ku:p-1), which is in

the genitive case. The verb (sharibt-u) agrees with the first person singular subject
(ana) in the nominative case.

3. Accusative case:
22 gldl s <l
ra'ayt-u arajul-a fi asha:r¢-a

In this sentence, the preposition (fi) is followed by the object (al-sha:r¢-a'), which is
in the accusative case. The verb (ra'aytu) agrees with the first-person singular subject
(ana) in the nominative case.
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It's important to note that the choice of case marking in Arabic prepositional phrases
depends on the grammatical function of the object within the phrase. If the object is
the subject of the sentence or a predicate nominative, it is marked in the nominative
case. If the object is a direct object or an object of a preposition, it is marked in the
accusative case. If the object is a possessive noun or pronoun, it is marked in the
genitive case.

4. Constituent Order Constraint

This constraint requires that words in a sentence should be ordered in a specific way
to reflect their syntactic roles.

In English, prepositional phrases usually follow the subject and verb, but their order
can be changed for emphasis or stylistic purposes. For example, the sentence:

23. Inthe park, I saw a dog chasing a squirrel.
can be rearranged as
24. Isaw a dog chasing a cat in the park.
Moreover, in English it is possible for preposition to get stranded, as in
25. She is my friend I told you about.
26. What are you looking for?
Unlike English, PPs in Arabic cannot be stranded, as the ungrammaticality of:
27, Foe s e
*mada tabhaOu:na ¢an?

Overall, while there are some differences between English and Arabic prepositional
phrases according to syntactic OT constraints, there are also some similarities. Both
languages have subject-verb agreement, case marking that affect the structure and
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interpretation of prepositional phrases. However, the important difference between
them is the head complementarity, and stranding as the table below:

Violable constraints on preposition phrases in English and Arabic

Constraint Explanation Violable

English Arabic

Head complementarity | The preposition must be followed by a | unviolable violable
complement that is a noun phrase

Agreement The preposition must agree with the | unviolable unviolable
complement in gender and number

Case Marking The preposition must be followed by a | unviolable | unviolable
complement that is in the genitive case.

Constituent order words in a sentence should be ordered in a | violable unviolable

(Stranding) specific way to reflect their syntactic roles

CONCLUSION

In summary, this study work clarifies the grammatical foundations of these two
languages' prepositional phrases. It examined how prepositional phrases are
constructed and analyzed in both languages, as well as how OT limits them.
Additionally, it showed clear distinctions between the two languages' word orders
and grammatical systems in the forms and restrictions of prepositional phrases. The
sequence of the phrase's components determines the OT restrictions in English,
whereas grammatical agreement determines them in Arabic.

This illustrates how the Arabic grammatical agreement system is more complex than
the English one. This study suggests that comparing prepositional phrases
linguistically while utilizing OT as a theoretical framework will help us better
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comprehend the form and purpose of prepositions in various languages. Researchers
may learn more about how these phrases are created and processed during language
usage and further our grasp of the intricacies of human language by comprehending
the syntactic restrictions that control these phrases.
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Abstract

This paper focuses on the progress that has been made in fuel cells through four
theories, namely thermodynamics, electrochemistry, electrolyte theories, direct
generation physics and finally the application of Ohm's law physics to the fuel cell
system. In order to identify the compatibility of the basic theories with these systems.
Through this research, we have indicated the need for a unified theory to explain the
mechanism of stability and constancy, which leads us to say that they are relatively
perfect systems.

Keywords: fuel cell, electrochemical reaction, electrode, electrolyte, power
generation, AFC, PAFC, PEFC, MCFC, SOFC, Exchange current density, charge
transfer coefficient, ohm losses, resistance.

1. Introduction:

Approximately, 46% of the electricity generated in the world comes from the
combustion of fossil fuels that have an impact on emissions Fossil fuel production
and combustion.
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The possibility of depletion of these resources necessitates obtaining cheap, high-
quality energy sources with few harmful emissions to the environment, including
renewable energy.

In order to achieve this goal [1]. It is noted that fuel cells provide high efficiency and
have harmless emissions [2]. This is what makes us expect that it will be an
alternative to internal combustion engines, and provides stationary and portable
power through many practical applications for the six main types of fuel cells.

This review includes the major fuel cell types, which are classified according to the
electrolyte used, such as AFC alkaline fuel cell, PEFC polymer electrolyte fuel cell,
PAFC phosphoric acid fuel cell, MCFC molten carbonate fuel cell, SOFC solid oxide
fuel cell. We review the developments and the factors that affected them.

Scientists are interested in studying fuel cells because of the inefficiency of other
systems in generating energy.

Recently, concerns about energy resources and environmental pollution have
increased, which has led to interest in these systems in power generation with higher
efficiency and lower emissions.

In the past, experimental projects for energy applications were limited to public
utilities [3], and with scientific progress, researchers became interested in developing
types of fuel cells and at the same time planning the infrastructure that will support
them.

The following parts of our review deal with the basic theories that explain the
mechanisms of fuel cell systems, in order to understand the technical and scientific
gradient, and a general review of previous studies, which start from electrochemical
and electromagnetic interpretation, then thermodynamic. Finally, the application of
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physics to fuel cells to identify the compatibility of these systems with previous
theories and their relative ideality in terms of efficiency and performance.

2. Electrochemistry of a fuel cell:

In 1800, it was studied by William Nicholson and Anthony Carlyle, the process of
electrolysis of water into hydrogen and oxygen [4].

2H,0,, — 2H,,, +0

2(g) 2(g)

Michael Faraday discovered that the amount of elements that are separated by
passing an electrode through dissolved salt is proportional to the amount of electric
charges that pass through this circuit, and succeeded in deriving two basic laws of
electrolysis, the first law states that the mass of the substance produced in an
electrode during analysis is proportional with a number Moles of electrons quantity
of electricity) transferred at this electrode.

The second law deals with the number of electric charges required to discharge one
mole of a substance into an electrode.

The number of "excess" elementary charges on that ion. In 1838, William Robert
Grove applied this idea, but in the opposite direction, where he arranged two
electrodes of platinum and immersed their ends in sulfuric acid, and the other ends
were in two cylinders of oxygen and hydrogen containing a simple level of water,
and he found that the direct current had flowed between the electrodes.

Note that the water level rises in both tubes as the current flows. By a group of
electrodes in a series circuit, he called it a cell or battery.
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Interpretation of Grove results according to Eq
2H) o)+ 0y = 2H,0 ;) +energy

2(g)

Ludwig Mund and Karl Langer conducted several experiments with a gas-fired
battery using gaseous coal.

The rising gas was called "almond gas". The current reached 6 amps per square foot
(which is equivalent to the surface area of the electrode) with a potential difference
of 0.73 volts between the thin perforated platinum electrodes connected to the fuel
cell system.

When Friedrich Wilhelm Ostwald founded the field of physical chemistry, he gave
an explanation of how fuel cells work [4], [5].

And by identifying the extent of the interdependence between the components of fuel
cells and the role of each of them chemically, beginning with the electrodes, the
electrolyte, then the oxidation and reduction agents, and finally the anions and
cations.

Grove believed that the action in his gas battery occurred at a point of contact
between the electrode and the gas, but he could provide no further explanation.

Estwald did pioneering work in linking physical and chemical properties and
reactions, and explained the presence of gas in a gas-groove battery, so he is the first
to discover the basic chemistry of fuel cells [5].

Francis Bacon developed practical hydrogen and oxygen fuel cells, which convert
air and fuel directly into electricity through electrochemical processes. He designed
an alkaline fuel cell that used nickel gauze so that the electrodes operated under
pressure up to 3,000 psi. use in submarines [7].
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And by inventing an alkaline cell in which Bacon used a 10-inch diameter pile as
electrodes, it succeeded in being practical and more efficient, and became part of the
components of the Apollo spacecraft as a source of energy and water [5].

Meanwhile, Alice Chalmer developed an experimental 20-horsepower electric
tractor containing 1,008 individual fuel cells, which, fed with a mixture of gases
(mainly propane) could generate an output current of 15 kW and a potential
difference of 1 volt of output per cell.

Researchers at the Smithsonian Institution analyzed this experiment and
demonstrated that hydrogen is an energy carrier rather than an energy source, which
means that it can store and deliver energy in a usable form. Or in other words,
hydrogen can be considered as an energy carrier that is produced using various
resources, for example fossil fuels, such as natural gas, coal, and other renewable
energy resources, such as wind energy, solar energy, biomass, and nuclear energy.

This diversity of energy supplies means not relying on a single external source of
energy [6].

Thus, a fuel cell can be defined as a dynamic device that converts the energy of a
chemical reaction between hydrogen and a specific oxidizer into electrical energy
[7].

The basic principle of the fuel cell mechanism is similar to the battery, but it is
designed to replenish the reactants, so it produces electricity from an external source
of fuel and oxidizer (oxygen or air), and it consists of an electrolyte layer that
separates the electrodes and is under continuous research and updating, taking into
account efficiency and performance according to application purposes [7].
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2.1 Fuel Cell Mechanism:

In principle, a fuel cell acts like a battery consisting of an electrolyte placed between
two electrodes: the anode and the cathode. It does not run out, but it is recharged [7].
It produces energy in the form of electricity and heat when fuel is available. Oxygen
passes over one electrode and hydrogen over the other, generating electricity, water,
and heat.

This 1s how hydrogen fuel is fed into the "anode" while oxygen (or air) is introduced
into the cell through the cathode. The reaction takes place (see Figure 1) with the
help of the catalyst, so the hydrogen atom is divided into a proton and an electron
that travel two different paths, so that the proton passes to the negative pole and the
electron passes to the positive pole, and thus electricity is generated from the
electronic current, and by the meeting of hydrogen and oxygen, a water molecule is

formed.
Electric Current
=
Fuelln |& I Airin
e
o-
<=
o-| |
Excess Unused
Fuel and Gases
Water Out
=] ——
<= —l
Anode7 I \Cathode
Electrolyte
Figure (1)
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2.2 Characteristics of fuel cells:

The system consists of individual fuel cells assembled in a sequential arrangement,
forming a modular stack, manufactured in sizes ranging from one watt to more than
MW [8].

One of the most important components of the system is the fuel handler and stack.
Although unaffected by the size factor, we find that fuel cell systems may have
sufficient processors to meet a wide variety of applications.

With power needs as small as 10 kW. Across a range of applicable sizes, it delivers
acceptable conversion efficiencies.

The fuel cell system remains functional Even in off-design conditions. Cellular
system efficiencies often range from 40% to 50% for simple systems over a wide
range of sizes. The smallest and most efficient system compared to those offered by
fuel cell systems is constructed considering design conditions [8].

Moreover, the conventional system cannot maintain efficiencies comparable to
systems for partial load operations. More complex fuels can provide higher
efficiencies, for example in a system consisting of a solid oxide fuel pressurized in a
cell (SOFC).

With exhaust gas driving a gas turbine, the overall electrical conversion efficiency is
up to 60%. In gas turbines, only a conventional combined steam cycle can approach
this level of efficiency required at least at design load.

Because fuel cells can operate on lift Efficiency even at relatively small sizes, it
fulfills the ambition of cogeneration applications of small size systems [8].

The cogeneration fuel cell efficiency may reach 80% for some energy applications
to produce electrical energy or thermal energy to be consumed in water heating and
district heating [9].
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Hydrogen is produced in the fuel cell stack from the hydrocarbon fuel, and then
carbon dioxide is also produced through the fuel oxidation reaction in proportion to
the amount of carbon in the primary fuel source.

Thus, the overall system including the fuel processor produces water and carbon
dioxide. Fuel cells reduce the emission of hazardous pollutants such as carbon
monoxide, nitrous oxides, and sulfur oxides [9].

Carbon dioxide emissions will be lower as a result of higher efficiency and less fuel
used, and in some cases these parameters are improved to increase efficiency. power
systems [10].

2.3 Electrolytic Classification of Fuel Cells:

Fuel cells were divided according to the type of electrolyte used into six types, as
follows:

2.3.1 PEM Proton Exchange Membrane Cells:

PEM was invented by Thomas Grubb and Leonhard Niederach in the 1960s. And
when they developed a small fuel cell [4], it was the unit that fueled it Hydrogen is
produced by mixing water and lithium hydride, so that the fuel is kept in easily
disposable cylinders because they were pressurized and portable, while the platinum
catalysts were placed in static with the hull.

These fuel cells operate at a relatively low temperature level (about 175 degrees
Fahrenheit), have a high energy density, and have the advantage of being able to
quickly change their output to meet required power transitions, and are therefore
suitable for many applications such as automobiles, where the fast start-up process
is required.
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This type of fuel cell is sensitive to impurities, and the cell's output range Generally
from 50 watts to 75 kW [11] [12].

2.3.2 Molten Carbonate Cells (MCFC):

Emil Bauer and her co-workers tested high-temperature solid oxide electrolytes, and
encountered a problem with electrical conductivity, as well as some conduction-
impeding chemical reactions that occurred between the electrolytes and the various
gases (including the emission of carbon monoxide). Subsequently, H.G. Brewers and
J.J. Ketelar for success in placing restrictions preventing further reactions and, at the
same time, focusing on molten carbonate salt electrolytes [5].

The system was soon developed to operate for six months using an electrolyte
mixture of lithium, sodium and/or lithium Potassium carbonate, impregnated in a
porous sintered tablet of magnesium oxide.

However, they found that there was a slow partial loss of electrolytes in the magma,
through interactions with cell support material.

The work of Francis T. Bacon on a molten cell using two-layer electrodes on either
side of the 'free molten' electrolyte, while others tested semi-solid or adhesive
electrolytes, and 'diffusion’ electrodes were placed in place of solid electrolytes.

And in 1965 several molten carbonate cells were tested, with output sizes ranging
from 100 watts to 1000 watts, designed to operate on benzene derivatives with the
help of an external source of hydrogen.

Molten carbonate fuel cells use an electrolyte consisting of A mixture of molten
carbonate suspended in a porous vessel, and a chemically inert matrix, worked at
high temperatures, about 1200 degrees Fahrenheit. It takes carbon dioxide and
oxygen to deliver it to the cathode.
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So far, MCFCs have been proven to be able to operate using hydrogen, carbon
monoxide, natural gas, propane, landfill gas, marine diesel and carbon coal and have
an output capacity from 10 kW to 2 MW. MCFCs have been tested on different fuels
to produce electricity [12].

2.3.3 SOFC:

In 1939 Emil Bauer and colleague H. Brice Pitts Solid Oxide Electrolytes
Experiment, Using zirconium, yttrium and cerium, Lanthanum, and tungsten.

The results of the experiments were not satisfactory due to the increased emissions
of chemical reactions between the electrolyte and various gases, including carbon
monoxide.

He further explored the development of solid oxide technology and reviewed the
problems encountered in fuel cells since 1959. These included solid electrolytes,
which showed relatively high internal resistance due to their semiconductors.

Many researchers believe Fused carbonate cells are short-lived, hard, non-porous
ceramics. It would be the electrolyte that allowed temperatures to be raised - to about
1,800 degrees Fahrenheit.

But one type of SOFC used a set of tubes a meter long. Other variations include:
e A CD-like disc is located above the vessel of the cell structure. a lot of SOFC
Designs are Suitable for stationary applications and support Power Units
(APUs) used in vehicle options [5], [12].

2.3.4 Alkaline fuel cells (AFC):

Francis Bacon experimented with alkaline electrolytes in 1939, and used potassium
hydroxide (KOH) instead of the acidic electrolytes known since Grove's early
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discoveries. KOH, thus the corrosion of the electrodes was eliminated. Bacon's cell
also used "porous diffusion of gases".

as electrodes” rather than solid electrodes in Grove’s model. Gas diffusion electrodes
have increased surface area. The reaction between the electrode and the fuel, and
compressed gases are used to maintain Electrolyte to extend the life of micropores
in electrodes.

And by improving the alkaline bacon cell, it was relied upon in many tasks, and it
was used in The Apollo spacecraft, as a source of energy, suffices the flight with
what it needs of electricity and drinking water and operates at an efficiency of 70%
of continuous performance.

Alkaline fuel cells are powered by potassium hydroxide as an electrolyte at 160
degrees Fahrenheit and because it is vulnerable to carbon contamination, it is in
constant need of pure hydrogen and oxygen [11].

2.3.5 Phosphoric Acid Cells (PAFC):

Since the discovery of the William Grove gas battery in 1842, acids have been used
as electrolytes - sulfuric acid being the base. But phosphoric acid is known to be a
poor conductor of electricity, so PAFCs have been slower to develop than other types
of fuel cells.

Until G.V. Elmore Phosphoric acid electrolytes and described his experiments with
an electrolyte of 35% phosphoric acid and 65% silica powder in a Teflon structure.
Unlike sulfur, phosphoric acid is observed. It does not decrease electrolytically
during cell operation.

The PAFC cell runs on air rather than pure oxygen. So, it is "an acid cell that has
been operated for six months with a density of 90 [milliamperes per square
centimeter] and a potential difference of 0.25 volts. "With further testing, I designed
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a cell that used a reformer or an electric inverter with the development of a plastic-
bound electrolyte” [4], [5].

PAFCs:

It generates electricity with an efficiency of more than 40% - and nearly 85% if the
steam produced from the cell is used in cogeneration - and is close to about 35% of
the electricity grid in the largest countries in the world.

In these cells, liquid phosphoric acid is used and operates at about 450 degrees
Fahrenheit. This type of fuel cell has an efficiency of approximately 85% for
cogeneration and runs on pure hydrogen as fuel. It can withstand a carbon dioxide
concentration of about 1.5%, which expands the selection of different fuels. Noting
that in the case of working with benzene derivatives, sulfur must be removed [13]
[14].

2.3.6 Direct Methanol Cells (DMFC):

NASA has developed a methanol fuel cell, which has the advantage of providing a
longer operating time. On the other hand, lithium batteries, which are considered to
have a low ionic current, can be recharged by replacing the fuel cartridge (see Figure
2). Japan developed the cells DMFC Similar to cells PEM; Both use a polymer
membrane as the electrolyte. and with DMFC, an n-hydrogen anode catalyst
produced from liquid methanol, to overcome the problems of fuel processing. The
efficiency of this type of fuel is expected to reach 40%.

It operates at a temperature of between 120-190 degrees Fahrenheit. This is a
relatively low range, which makes it an excellent fuel, which may be small or
medium sized, to power your appliances.
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Mobile phone and laptop. The efficiency of these cells increases with increasing
temperature [15].

Direct Methanol Fuel Cell
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Figure (2)

One of the most important advantages of fuel cell systems compared to conventional
energy systems is the high module, efficiency and low emissions harmful to the
environment, which made them occupy a wide range of applications. [16].

Hydrogen fuel cell systems are often compact, lightweight, have no moving parts,
and do not involve combustion, so they can achieve performance of up to 99.9999%.
It is equivalent to less than 1 minute of downtime over 6 years [16], [17].
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3. Thermodynamics of a fuel cell:

A fuel cell system allows mass and energy to flow across its boundaries. It is also a
finite and controlled volume in which work is obtained by electrons moving through
a potential difference, rather than mechanically.

Therefore, they are open thermodynamic systems where the energy transfer equation

1S:
AE = AU + AKE + APE + A (PV)  (3)

U - internal energy of the system
KE, PE - kinetic and potential energy

PV - volumetric pressure of the workpiece

Internal potential energy:
Enthalpy (H) combines the internal energy.

The equation for the photoelectric work done is:
H=U+PV (4)

But enthalpy - is a measure of the total energy of a system Thus, the energy change
in the open system is the result of summing Equations 3 and 4:

AH=Q-W Q)
It is the constant flow equation, where:

AKE and APE = 0

By studying the reaction in a fuel cell:
fuel + oxidizer = products (6)

We note that the reaction takes place by the transfer of electrons between the
electrodes, according to the equivalent of Faraday's constant in a chemical reaction:
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6.023 x 10% [Avogadro No. (A)] 60

Electrons are transferred According to Faraday's constant:

F=Ae (7
where e is the electronic charge and is equal to (1.6 x 10-19 coulombs) and F is
Faraday's constant and is equal to: 3 9 4 6 p coulomb/eq.

These constants are used and represent only one equivalent value Where the chemical
change is about the amount of electricity converted.

It is equal to the number of electrons transferred during the reaction fuel + oxidizer
= products (6) It depends on the equations of change (n).

* N is obtained from stoichiometry

* Through the application of Eqn. 7 We get the amount of electricity which is what
It is transported during interaction by:

Electric quantity = NF 8)
W, = J{' Eldt
o,t
(10)

NF has units of charge (C) (I).

The rate of charge transmission or current flow We also note that E*I in it is
characterized by energy units - So is work/time -

The mathematical form of the first law is:
AH=Q-W (%)
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Since the energy transformation in open systems

We = NFE 9
It means electrical work, and if there is no other work:
AH = Q - NFE 11

Consider the second law of thermodynamics, we find that the first law does not
provide for any Constraints showing the direction of energy transformation Whereas,
the energy content depends on the work done equivalent temperature.

This is incorrect because it is impossible to transfer heat efficiently to fill - and vice
versa.

In the sense that there is a necessity for the second law because no device can operate
in this way or when it is The only effect on the system and the medium around it is
The heat absorbed by the system is completely converted into The work done by the
system and it is impossible for any periodic process to convert the heat it absorbs the
entire system to the work that the system does Secondly, there is no process that
consists only of transferring heat from a lower temperature level to a higher one.

This means that the second law does not prevent the Thermal transformation of the
workpiece. However, it puts an end to the heat blast So that it can be converted into
finite occupation.

And the direction of energy transmission can be determined through the reverse
change, so the concept of reflection must be studied - first, and we note that the
second law states that the system is reversible.

This concept changes if it remains in equilibrium. It moves from its initial state to its
final state depending on the properties of the inverse change - the electrochemical
cell - would be ideal.
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It 1s Gibbs definition "If changes occur in the cell while the current is passing
through, then all changes that accompany the current can be reversed.

By reversing the current, it would then become the cell, An ideal electrochemical
device.

This is how you determine the entropy of a fuel cell. Thus the disorder in the system
can be measured.

As a result of irreversible processes, entropy is generated by:

Frictional heat loss

Limited heat transfer

The temperature difference is given as follows:
dS = (dQ/T) rev. (12)
S - entropy
O - heat
T - temperature

In other words, entropy is a state function (path independent).
AS=S82-S1=
Rev 1, 2 (dQ/T) (13)
(integral form of eqn. 12)
Shows that the process is subject to reverse heat Transfer Q rev at a constant
temperature to,
AS=Qrev/To (14)

It is an instantaneous mathematical expression where:
sum AS = system AS + surroundings. (15)
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Equivalence applies to reversible operations as for inequality, it indicates irreversible
processes Also, the computed entropy is the result assuming a series of reverse
operations At the same initial and final points - This is true because entropy is a
function of state.

By applying the second law to fuels, from Equation 11, by applying the first law to
fuel cells:

AH =Q - NFE (11)
application of the second law
Q =T AS for a reversible system (from eqn.14)

So,
AH = TAS - NFE (16)

Gibbs free energy (G)

and write it in eqn. 16 is a differential form:
dH =TdS - FEdN (17)

And since the cell works in the opposite direction:

The energy lost is minimal and the useful work obtained is maximum. It is used to
complete the operations that can be performed. It is represented by the Gibbs free

energy.
dG = -FEdN (18)

To calculate the maximum value of useful work

We replace eqn. 18 in Eq. 17 we get:
dG =dH - TdS (19)
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This is the thermodynamic expression for the maximum useful work that can be
achieved automatically or out of control.

Thus, we can explain what happened as follows:
dG =dH - TdS (19)

from the scientific side:

H is the total energy of the system

S is an unavailable energy

It represents the amount of loss that cannot be avoided. Thus, G is the available
energy with which useful work can be obtained for the system.

G - related to H and S (Eq. 19)

We note that G is not directly related to the interaction in eqn. 6 But the reaction
contributes to the resulting energy and the properties of the reactants affect the
determination of the reaction products and the free energy of the system.

4. Physics of Direct Generation vs. Electromagnetic Induction and
Application of Ohm’s Law:

Fuel cells are devices that use electrochemical reactions to generate electrical energy.

And by generating hydrogen from renewable energy sources, fuel cells have become
one of the most demanded technologies. They are completely different from the
electrical power generation systems that operate By the mechanical force of heat
engines.

Which is not explained by Michael Faraday's principle of electromagnetic induction.
Because electricity is generated directly from the oxidation of a fuel and an oxidizing
agent and reduction, this is sometimes referred to as direct generation of electricity.
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And through an experimental study to analyze the effect of conditions surrounding
commercial fuel cells.

And access to the preference in terms of design, production, and system energy
density, which has been focused on understanding the various physical phenomena
(See Figure 3) within the cell and control mechanisms to improve efficiency and
expand field operations and durability, and it was found that there is a significant
loss in the potential difference through the surrounding medium, and when the fuel
cell is not connected to an external device, the predicted fuel cell potential should
converge with the thermodynamic potential of the surrounding medium and the
emerging reactants.

14
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Actual potential
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= 0.8 Ohmic polarization
B region Mass transport
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Figure (3): Shows a typical polarization curve of a fuel cell.
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However, the fuel cell voltage is much lower [less than 1 volt/cell), it can be
attributed to the junction of the inner hydrogen with that in the periphery. When a
load is applied to the fuel cells, an additional drop in potential difference occurs, and
a consequent drop in resistance, or what is known as ohmic losses, Since there is a
necessary need for the energy required to start chemical reactions, this may be an
explanation for each linear drop in voltage, which is called a loss of polarization, and
occurs on both cathode and anode catalysts.

This phenomenon is often neglected on the anode because its dip process will be less
active than on the cathode. Thus, a change in the current density occurs continuously,
coinciding with the reaction time, during which the load on the network in the
equilibrium state is zero.

Also, the resistance to the flow of electrons and ions through the electrically
conductive components of fuel cells are also the cause of the voltage drop, which can
be expressed by Ohm's law.

The explanation for this is that the internal resistance of the cell is constant, but it is
the ionic resistance that changes. It is the cause of the voltage drop.

5. Conclusions:

The fuel cell structure is made such that the two electrodes (anode and cathode) are
aligned with the electrolyte layer; Electrolyte is placed between the two poles. The
valve directs the fuel to the positive electrode, to ensure that the fuel oxidation
reaction occurs while providing an oxidizing agent to the negative electrode, and
adding a certain substance to reduce the reaction of this oxidizing agent.

The load circuit is formed by connecting the connecting wires to the electrodes and
the external load, and when the charged particles move inside the electrolyte, current
is produced from the cell.

104

IJSR, VSRP Publishing, UK E-ISSN 2755-3418
https://ijsr.vsrp.co.uk https://doi.org/10.59992/1JSR.2023.v2n7p5




International Journal
of Scientific Research
(USR)

Vol. (2), No. (7) July 2023 (7) 39l ¢(2) Hlauad!

The charge carriers within the electrolyte are composed of positive and negative ions,
each with a different direction of motion. In ion-acid fuel cells (phosphoric acid fuel
cells, for example), the hydrogen ions (H+) move where the anode is located next to
the negative electrode, and reactions occur with oxygen to generate water (Fig. 1).
And in carbon fuel cells combined with alkaline electrolytes The carbonate ions
(CO32-) in the electrolyte move from the negative electrode to the positive electrode,
after it reacts with hydrogen to produce water (see Fig. 2).

The results of the reactions at the electrodes depend on the type of ions, and this is
taken into account when designing the structure, the materials used, and a host of
additional parameters such as operating temperature, pressure, and effective fuel.

In fact, fuel cells work by supplying the anode with hydrogen and oxygen to the
cathode, electricity is generated, and we get water as a result of the reaction.

Hence it can be said that fuel cells are the reverse phenomenon of the electrochemical
decomposition of water which produces oxygen and hydrogen in conventional
electric power generation, usually using thermal fossil fuels.

In power plants, the chemical energy of the fuel is first converted into heat by
combustion to the water boiler. This generated heat is used to produce pressurized
steam, which in turn pushes Turbine generator, to convert fluid dynamic energy into
mechanical energy, ultimately produce electricity. In contrast to traditional steam
turbines or generators, the electrochemical method is indicated for the production of
electrical energy Because it is "direct" generation of electricity, it is not subject to
Carnot cycle efficiency This limits the maximum efficiency of heat engines for
conventional systems.

This means that fuel cells are thermodynamic par excellence and can Extract all of
the Gibbs free energy from the conversion fuel into actual work (see Fig. 3).
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We note that when hydrocarbons are used as fuel catalysts in the power generation
system, the fuel must be converted into Hydrogen-rich gas by chemical reactions to
re-form vapor.

We note that fuel cells are relatively ideal systems that operate with higher efficiency
and lower emissions, and they also comply with the laws of thermodynamics, and
that the chemical processes that convert into electrical energy are only new proof of
this ideal thermodynamic system, whose transformations apply the concepts of
reverse change.

By reviewing the basic theories and applying the fuel cell to these theories, we find
that they represent an ideal system from the ground, and we recommend through this
paper the necessity of developing hypotheses for a unified theory that explains the
ideal systems, which were presented on the hypotheses of the basic theories.

We expect here that the unified theory will be able to explain and explain the
mechanism of stability and constancy, which leads us to say that they are relatively
perfect systems.
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Abstract

MRI is a very complex imaging modality in radiography. Although some simulators
have been developed for training purposes, we are not sure about any of them. In this
research, we tried to measure the performance of different simulations for
educational purposes and then quantitatively evaluate them.

With this paper, our study deals with an evaluative review of previous studies related
to MRI simulators, which are designed to perform specific functions to help the
medical engineer managing radiographic operations to better learn the theoretical
and practical concepts of MRI from others. Traditional education, which is a method
based on reviewing previous studies, searching for strengths and weaknesses in
simulators and possible alternatives to them, and then providing recommendations
for future studies that can be conducted to switch to packaging simulation programs,
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which are virtual laboratories that we hope will be the most efficient simulation
devices and models used. Currently in MRI engineer qualification.

Keywords: C++, C, CUDA, Java, Krubach's alpha method, Bloch equations, Fourier
transforms.

1. Introduction:

Magnetic resonance imaging (MRI) is a non-invasive medical imaging modality
commonly used for the diagnosis of diseases related to soft tissues, and significant
growth has occurred in recent years [1]. MRI is considered one of the most important
techniques because it provides excellent contrast in soft tissues and uses non-ionizing
radiation, multifunctional and a lot of image contrasts by adjusting the physical
parameters of the device .

This high flexibility needs competence and a deep background of the MRI engineer
with the technology they use to improve image quality; The minimum output is the
performance of the scanner at the time of training.

Furthermore it, the software installed in these devices poses additional difficulties,
even for experienced imaging engineers and radiologists [2]. Also, the software
simulation that uses computers for magnetic resonance imaging as an alternative to
stereoscopic simulation devices has the purposes of training and scientific research,
and there are four types of such software for simulation [3], which are sensors, and
devices that explain basic concepts about the principle of magnetic resonance,
reference frames, and phase removal and reconfiguration. And those tools allow to
change the parameters and determine the results at each stage, and one of its
drawbacks is the inability to predict the situation during the clinical work, which is
Adobe Flash Player technology. There is another system that works to clarify the
principle of magnetic resonance work from the reality of quantum mechanics [4] and
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it is a program used for educational purposes. There are other devices that simulate
some of the functions and features corresponding to a real scanner during magnetic
resonance [5], and work to understand the properties of pulse sequences. And
specific parameters so that they can be changed and the introduction of manual
operating tools. Thus, the difference between both space and image can be seen in
the absence of a three-dimensional geometric layout for some sequences. It is known
that educational tools take a long time; because of;, it is a Java-based application [6],
and the similarity with virtual MRI is noted in that it allows the user to add some
kind of pathology simulation. It was developed using C++ program, to be a virtual
MRI simulator. Many simulations have been proposed for research purposes [7] and
continue to develop continuously [8], which is called the full MR simulation, and it
performs many functions, such as scaling, the ability to store files, scientific
inquiries, etc. In this technique, we find that the field of vision is fully available,
while the engineering planning is limited in cases of perpendicularity. It is an
application that works with MATLARB as the user interface while you work.

Simulation kernel with C/C++ programs and some CUDA functions are also
available during training.

JEMRIS simulation software has been developed [9]; General purpose Enables and
applies resonance effects, nonlinear scaling, and provides various coil geometries
and other additional effects such as chemical transformation. MPI technology is used
for parallel computing.

Although many hardware does not run directly because the simulation kernel is
written in C++, and it targets the CPU exclusively. MATLAB software is also used
for graphical interaction, although there is no advanced geometry planning. Thus, it
was necessary to use arithmetic functions to feed the JEMRIS sequences to real
scanners [10] and also act in the flow simulation [11]. The proposal of SIMRI [12]
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was put forward as a solution to the Bloch equations and also to a number of
sequences. Parallel programming is also an accompanying graphical linker for 1D
signal visualization and 2D rotational evolution. We note the rapid resolution of the
MRISIMUL Bloch equations [13] and the development of CUDA functions to
represent the heart and blood vessels. There are similar considerations, as
PSUDOMRI is concerned with the different structures of the members being loaded
programmatically [14]. BlochSolver [15] works with it, which is another solution to
Bloch equations that includes additional graphical representations to the evolution of
magnetization. As for the simulator that runs under Windows ODIN [16], it depends
on other things and takes the form of SPECT / MRI simulation and a design that
takes into account pulse operations. It provides Windows with different functions
such as setting parameters, configuring sequences on application, selecting slices,
and visualizing simulation dynamics. and engineering planning type, but this
software does not simulate the procedure used in clinical practice. Therefore, I think
it 1s directed specifically to study the interaction of movement in which sliding
occurs. Thus came the need for simulations that focus mainly on magnetic resonance
imaging, so the POSSUM device was proposed [17], to simulate resonance
functionally and was also used in other fields, such as the study of the phenomenon
of diffusion [18,19] or simulated magnetic resonance angiography [20]. Experts have
developed an MRI simulator [21] that allows engineers to mimic a routine MR
workflow.

From the above, it can be said that the simulators focus on clarifying specific features
about the magnetic resonance phenomenon, also note the repetition of steps taken by
the radiologist during daily practice, ignoring spatial planning. A simulator with a
smart learning system supported by manual guidance has been implemented, which
I believe will be of high training value [22].
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There is a great ambition among scholars and experts, to find an educational
simulation program that can be run over the Internet, that can be managed without
the need for installation, with platform independence. This system will update the
sensors and thus depends on web technologies and deals as an educational tool, and
is characterized by speed as the image quality is affected.

2. Method and methodology:

It is essential that the MRI simulator is designed for you. It helps to achieve the
requirements of experience, professionalism, and competence in the performance of
the radiological imaging engineer and radiologists in a way that serves the routine
work in the future.

Also, this type of study supports the engineer with theoretical information and
practical concepts in a better way than traditional teaching. In this part of the paper,
we describe the materials and methods used to achieve this goal, and provide a brief
overview of the MRI simulator described in [21]; Due to our belief that it is an i1deal
device to a large extent and has many features as it is designed for training purposes
and has the approval of experts and radiologists, and Radiographic engineers and
trainers.

Beginning by simulating the images created during the acquisition sequences that
make up a particular method, he is able to continue to create and implement.

The protocols when locating the patient, give the user the possibility to change the
basic acquisition parameters, such as TE echo time, repetition time TR, angle of
inflection, inversion time TI and other information necessary in clinical work. And
in this device, we notice the possibility of embedding engineering planning during
the simulation workflow, from the chip orientation to determine field of view, slice
thickness, and selection of phase/frequency coding directions.
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It also ensures that changes are made in the k-space as directed by the trainer, and
supports different instructional roles, allowing trainers to create multiple programs.

Scenarios to work on and record more results. A non-functional disadvantage of this
system is that short simulation times are required for the action/interaction to be
acceptably feasible during training.

In fact, it is essential that the system be easy to access/install and able to work on a
wide range of platforms.

The system must avoid all parsing operator properties and use the sequences
associated with them. Thus, we find that there is a necessity to identify the best
methods of structural design and implementation techniques that must be available
in the simulation model, so that it consists of evaluation tools for mathematical
variables and well-known sequences that operate in a regular sequence when
changing parameters in the program interface, and through it, the imaging engineer
identifies the sensors and do more responsive experiences. For ease of access and
installation, a web-based application can be chosen. so that the system is modeled
according to the architecture of what happens in the real-world MRI lab, which is
what allows the Representational State Transfer (REST) application program
interface (API) to use the Django framework [23]. and when the simulations are
implemented with C++; Interaction is achieved with the static file service and the
authentication service [23] Where data and simulation base.

It acts as a graphical interface that the user of the files can use to perform simulated
actions. The selected geometry parameters can be manipulated such that the image
contrast is simulated by evaluating known algebraic expressions corresponding to
the sequence chosen by the user [25, 26]. and by applying Fourier transforms to the
contrast image, resulting in what is called a k-space. In this space, a number of pieces
captured from the simulation can be obtained easily, and the latest examples that we
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can give here are the kinetic effects, height, or noise generated by thermal energy.
Comparing the features that should be available in simulation programs and different
models with the experiments conducted on magnetic resonance imaging engineering
students, which were based on determining the level [27], by means of a technical
measurement tool [28], and using Cronbach's alpha method [29] to approach
expectations. , from statistical information such as median, mean, standard deviation,
and effect size calculated [31] for descriptive analysis.

3. Conclusions:

In terms of reliability, correlation analysis can be done to compare between
stereoscopic and software simulations with the aim of obtaining information that
would provide us with the reliability of those systems [32].

We note that the simulator described in the reference [21] is the closest to achieving
all our aspirations in training and education, and we expect that it will be more
widespread in the field of research, and the most demanding [33] and reliable for
training MRI engineers and technologists when it comes to applying the concepts
practically. Insightful, there are inconclusive points, as the software works with more
focus on the theoretical side and we need a long time to run additional programs
corresponding to the sensors, however, we expect that this program will be developed
to run on online platforms. We will also notice more positive results in the references
[21,22].

We need conclusions aimed at laying scientific and technical foundations for a long-
term simulation that serves the purposes of training positively and effectively, and
that this simulator deals with complex ideas, so the simulator should show interfaces
similar to the real laboratory.

In this work, we have presented an evaluation of a computer-trained MRI tutorial.
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It is a simulation model based on a number of functional and non-functional
requirements and signals. That compares simulation performance with the traditional
educational approach, educational assessment leads us to the field of application that
has been described in the literature, so our attempt appears to be the first attempt to
shed light on this important topic. Our results show that such a learning tool leads to
an improvement in applied learning outcomes, so we conclude that simulation is
indeed a useful method for dexterity gains in the MRI process that deserves attention.

Through the literature reviewed in this paper, we found that medical simulations,
whether stereotaxic or computer programmed, allow the acquisition of clinical skills
through practice rather than the traditional learning method for MRI engineers. It has
been proven that training has many advantages that help improve the efficiency and
performance of the medical practitioner, and in return, improve the diagnostic and
imaging processes to serve patient safety and reduce health care costs.
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