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Abstract
Fatty acids are major structural components for the cell membranes in the whole body and are
present in high concentrations in the central nervous system including the brain. This study aimed

to examine the impact of omega-3 fatty acid and vitamin E on school achievement and cognitive
abilities among fourth class students. The sample of the study consisted of 96students(53 males
and 43 females) with low school achievement from fourth class, in UNRWA Schools, and
governmental schoolsfrom Rafah province who completed the course of omega-3 and vitamin E for
16 weeks. For data collection, the researcher used school records, cognitive abilities test,

and anthropometric measures. Data were collected twice,at baseline and after 16 weeks of
receiving the supplement.
The results showed that 47.9%of children were from UNRWA schools and 52.1% from
governmental schools, 21.9% were studying less than one hour at home, and 68.8% studying for 1
– 2 hours, 64.6% watch TV for 1 – 2 hours, and 20.8% watch TV more than 2 hours, 14.6% sleep
less than 8 hours, and 79.2% sleep between 8 – 10 hours, 13.5% had breast feeding for 3 months
and less, 27.1%had breast feeding for 4 – 9 months, 39.6%had breast feeding for 10 – 15 months,
and 19.8%had breast feeding for 16 – 24 months.The mean body weight of the children was 28.187
kg, mean height was 1.29 m, the mean BMI was 16.759.
The results also showed that only 8.3% of fathers had university education, 57.3% had secondary
school education, and 34.4% had preparatory school and less, while6.3% of mothers had university
education, 56.3% had secondary school, and 37.5% had prep school and less. For income, only
2.1% of families had a monthly income of 3000 NIS and more, 10.4% earn between 2000 – 2900
NIS per month, 28.1% earn between 1000 – 1900 NIS per month, and 59.4% earn less than 1000
NIS per month.Assessment of selected food consumption, 63.5% of children eat fish one time per
week, 6.3% eat fish two times per week, and for vegetables, 28.1% eat vegetables 7 times weekly,
18.8% eat vegetables 6 times weekly, and 11.5% eat vegetables 4 times weekly, 37.5% of children
eat chips 7 times weekly.For school achievement, there were statistically significant differences at
α < 0.05 between the students' scores in first term (m= 57.53) and scores in second term (m=
64.74), P= 0.001.Also, there were statistically significant differences at α< 0.05 between the
scores obtained in the pre-test (m= 65.16) and scores obtained in post-test (m= 77.43), P= 0.001.
The results did not show significant differences in school achievement and cognitive abilities
related to type of school and gender. In conclusion, the resultsreflected that omega-3 and vitamin E
supplement was effective in improving school achievement and cognitive abilities among children.
The study raised the need to encourage consumption of fish and fish oil supplement for proper
brain development and cognitive function.
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ملخص الدراسة
تعتبر األحماض الدهنية من المكونات الرئيسية ألغشية الخاليا في جسم اإلنسان كما توجد بشكل
مركز في الجهاز العصبي والمخ .هدفت هذه الدراسة عمى تفحص أثر كل من الحمض الدهني
أوميغا 3-وفيتامين ي عمى التحصيل الدراسي والقدرات العقمية ،وقد تكونت عينة الدراسة من 69
طالب وطالبة ( 33ذكور و 33إناث) من طمبة الصف الرابع األساسي في محافظة رفح .لجمع
البيانات فقد استخدم الباحث كشوف الدرجات المدرسية ،مقياس القدرات العقمية ،والقياسات الجسمية
(الطول ،الوزن ،كتمة الجسم) .وقد تم جمع البيانات مرتين ،حيث تم جمع البيانات في بداية الدراسة ثم
تم إعطاء أفراد عينة الدراسة كبسوالت أوميغا 3-وفيتامين (هـ) لمدة  69أسبوع وبعد ذلك تم جمع
البيانات مرة أخرى.
بينت نتائج الدراسة أن  %3.76ممن شممتهم الدراسة كانوا من مدارس وكالة الغوث و %3.76كانوا
من المدارس الحكومية %.676 ،كانوا يدرسون في البيت أقل من ساعة في اليوم %9676 ،يدرسون
بمعدل ساعة إلى ساعتين في اليوم %9379 ،يشاهدون التمفاز بمعدل ساعة إلى ساعتين يومياً
و %..76يشاهدون التمفاز أكثر من ساعتين في اليوم %6379 ،ينامون أقل من  6ساعات يومياً،
 %.67.ينامون من  6. – 6ساعات %6373 ،حصموا عمى رضاعة طبيعية من أمهاتهم لمدة 3
شهور فأقل %..76 ،حصموا عمى رضاعة طبيعية لمدة تراوحت بين  6 – 3شهور %3679 ،حصموا
عمى رضاعة طبيعية لمدة  63 – 6.شهر ،وحصل  %6676عمى رضاعة طبيعية لمدة .3 – 69
شهر.
بالنسبة لمقياسات الجسمية فقد تبين أن متوسط وزن األطفال بمغ  .6766.كغ بانحراف معياري
 ،3733.وبمغ متوسط الطول  67.6متر بانحراف معياري  ،.7.96وبمغ متوسط كتمة الجسم 697.36
بانحراف معياري .67633
بالنسبة لممستوى التعميمي لآلباء فقد بينت النتائج أن  %673من اآلباء كانوا حاصمين عمى الشهادة
الجامعية %3.73 ،درسوا حتى المرحمة الثانوية %3373 ،درسوا حتى المرحمة اإلعدادية فقط ،أما
األمهات فقد تبين أن  %973منهن قد حصمن عمى الشهادة الجامعية %3973 ،درسن حتى المرحمة
الثانوية %3.73 ،درسن حتى المرحمة اإلعدادية فقط.

x

بالنسبة لمدخل الشهري فقد بينت النتائج أن  %.76من األسر كان دخمها الشهري  3...شيكل فأكثر،
 %6.73تراوح دخمهم الشهري بين  .6.. – ....شيكل %.676 ،تراوح دخمهم بين – 6...
 66..شيكل ،في حين أن  %3673بمغ دخمهم الشهري أقل من  6...شيكل شهرياً.
بانُضبت نخُاول بؼض انًىاد انغزائيت فقذ بيُج انُخائج أٌ  %5.36يٍ األطفال يأكهىٌ وجبت صًك يشة
واحذة في األصبىع %53. ،يأكهىٌ انضًك يشحيٍ في األصبىع %1.32 ،يأكهىٌ انخضاس كم يىو،
 %2.3.يأكهىٌ انخضاس  5يشاث في األصبىع %2236 ،يأكهىٌ انخضاس  4يشاث في األصبىع،
 %..36يأكهىٌ ششائح انبطاطش انًقهيت (شيبش) يىيياً3
بانُضبت نهخحصيم انذساصي فقذ أظهشث َخائج انذساصت وجىد فشوق راث دالنت إحصائيت ػُذ يضخىيP
≤ .3.6في دسجاث انطهبت في انفصم األول (قبم انبذء بخُاول أوييغا .-وفيخاييٍ هـ) حيذ بهغ يخىصظ
انذسجاث  6.36.حيذ اسحفؼج انذسجاث في انفصم انثاَي (بؼذ حُاول أوييغا .-وفيخاييٍ (هـ) نًذة
 25أصبىع يخخانيت) حيذ بهغ يخىصظ انذسجاث  ،543.4كًا بيُج انُخائج وجىد فشوق راث دالنت
إحصائيت ػُذ يضخىي  .3.6≤ Pفي انقذساث انؼقهيت حيذ بهغ يخىصظ انذسجاث انخي حصم ػهيها
األطفال ػهً يقياس انقذساث انؼقهيت  56325ورنك قبم انبذء بخُاول أوييغا .-وفيخاييٍ (هـ) حيذ
اسحفؼج انذسجاث إنً  ..34.بؼذ حُاول أوييغا .-وفيخاييٍ (هـ) نًذة  25أصبىع يخخانيت 3ونى حظهش
انُخائج وجىد فشوق راث دالنت إحصائيت في انخحصيم انذساصي وانقذساث انؼقهيت حؼزي إنً انجُش
وَىع انًذسصت (وكانت انغىد  /حكىيت) 3في اإلجًال فقذ بيُج َخائج انذساصت أٌ انخذػيى بأوييغا.-
وفيخاييٍ (هـ) كاَج فؼانت في ححضيٍ انخحصيم انذساصي وانقذساث انؼقهيت نذي انطهبت ،كًا أظهشث
انحاجت إنً حشجيغ األطفال ػهً حُاول أوييغا .-وفيخاييٍ (هـ) ورنك يٍ أجم ًَى طبيؼي نهًخ
وانىظائف انؼقهيت3
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Chapter 1
1.1 Introduction
Nutrition is of great importance for human growth and development. Adequate intake of
nutrients is vital for the health and wellbeing of individuals. Healthy food should contain
adequate amounts of proteins, carbohydrates, fats, minerals and water. Fats, beside other
nutrients play a major role in proper functioning of body organs as they are the main
source for energy, and their role in the structure of cells. Additionally, fat is an essential
nutrient, because our bodies require small amounts of several fatty acids (FAs) from foods
especially essential fatty acids (EFAs).
FAs are major structural components for the cell membranes in the whole body and are
present in high concentrations in the central nervous system including the brain (Innis,
2008). The longest omega-3 (ω-3) and omega-6 (ω-6) FAs are most important for the brain
and they together called long chain polyunsaturated fatty acids (LC-PUFAs) (Thornberg,
2011). It is estimated that about 50% of the adult brain is lipids, of which 20 – 25% is LCPUFAs (Lauritzen, et al., 2001: 1). The LC-PUFAs that make up the greatest percentage of
FAs in the brain are the omega-3 (ω-3) FA docosahexaenoic acid (DHA) and the omega-6
fatty acid Arachidonic acid (AA), however, the average diet is very low in n-3, adding to
that, they can't be synthesized by the body, which suggests that n-3 supplementation is
necessary to ensure adequate amounts of this necessary FA (Muskiet, et al., 2006 and
Denomme, et al., 2005).
ω-3 FAs are EFAs that are necessary from conception through pregnancy and infancy and
throughout life, and lack of ω-3 results in the use of other types of FAs, which weakens
cellular networks and brain stability leading to several types of mental illness (Peet and
Stokes, 2005).
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ω-3 FAs are the most efficient for the development of adequate brain cell membranes and
intercellular neuronal connections (London, et al., 2006). These long-chain ω-3 FAs are
particularly important for optimal nerve cell development and are also important for
neurotransmitter release and cell signaling, and therefore, may affect cognition and
behavior (Thornberg, 2011: 7). It has been reported that ω-3 FAs may play a role in
nervous system activity and that they improve cognitive development and reference
memory-related learning, increase neuroplasticity of nerve membranes, contribute to
synaptogenesis and are involved in synaptic transmission. According to the University of
Maryland Medical Center (2015) report which indicated that reduced intake of ω-3 FAs is
associated with increased risk of age-related cognitive decline or dementia, and that ω-3
FA DHA is protective against Alzheimer disease and dementia.
A study conducted by Fontani, et al., (2005) found that ω-3 have positive influences on the
activity of the central nervous system, improvement of reactivity, attention and cognitive
performance, while Dangour et al., (2010) study did not provide evidence of a beneficial
effect of ω-3 supplementation on cognitive function in cognitively healthy older people.
Vitamin E (Vit E) is essential for normal neurological function. It is the major lipidsoluble, chain-breaking antioxidants in the body, protecting the integrity of membranes by
inhibiting lipid peroxidation. Mostly on the basis of symptoms of primary vitamin E
deficiency, it has been demonstrated that Vit E has a central role in maintaining
neurological structure and function (Sen et al., 2004). Vit E is used in pharmacologic doses
in the treatment of disorders such as Parkinson disease, Alzheimer disease, and tardive
dyskinesia (Govind, et al., 1999). Research has suggested that having too little Vit E can
harm the ability of your immune system to work properly, and can cause nervous system
and eye disorders (National Institutes of Health, 2010).
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In the basis of the above reported influences of ω-3 and Vit E on neuronal structure and
activities, the researcher will examine the possible effects of ω-3, Vit E combination
supplementation on improving school achievement and cognitive abilities among school
children in Rafah province, and the researcher hopes that the results obtained from this
study will contribute to the understanding of the role of ω-3 and Vit E on children's
cognition and behavior functioning.
1.2 Research problem
Humans consume food to obtain the nutrients they need. Worldwide, there are differences
in food consumption due to socioeconomic conditions, food availability, and cultural
dictates.
The connection between diet and health has long been recognized. Food supplementation
and nutritional modification became popular means of support to individuals wish to live
longer while being healthier and smarter. PUFA supplementation is an important nutrient
in this issue because of its role in cells structure and function.
ω-3 FA is a major component of brain tissue and is vital for its development from
embryonic stage throughout life. Adequate nutritional intake and supplementation of n-3
FA is suggested to be important for proper nervous and cognitive functioning(Peet and
Stokes, 2005).
In this study, the researcher is going to examine the benefits of ω-3 and Vit E
supplementation regarding school achievement and cognitive abilities among students.
1.3 Justification of the study
The types of FAs that are available to the composition of cell membranes depend upon
diets. The retina and brain, particularly the cerebral cortex, are rich in ω-3 FAs which
occur mainly in diets rich in fish oils and marine animals.
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PUFA-ω-3 are EFA that are not synthesized by the body, therefore, they should be
afforded in adequate amounts in diet and supplements. Marine food and fish are rich in
these EFA, but due to the hard economic status in Gaza Strip, many families can't afford to
buy these types of foods for their families. Offering ω-3 and VE supplements by the
ministry of education to school children could be a major step to solve this problem.
1.4 Significance of the study
Recently, UNRWA schools in GS used to offer daily light meal to students, but
governmental schools did not. There are no regular programs to examine and evaluate
school children health status physically and mentally. Many literatures suggest that LCPUFA especially ω-3 may be beneficial for cognitive improvement. The researcher will
select school children from class four who have low school achievement and give them n-3
and Vit E combined supplementation for 16 weeks, and then assesses their cognitive
abilities and school achievement.
This study will be a promising study in GS that will use quasi-experimental approach. The
results that will be obtained from this study could be a guide to overcome some cognitive
disabilities and improve school performance.
1.5 Goal of the study
The goal of this study is to examine the impact of ω-3 FA and Vit E on school achievement
and cognitive abilities among 4th class students.
1.6 Objectives of the study
-

To examine the level of school achievement determined by scores obtained on school
exams among 4th class students in Rafah province.

-

To examine the level of cognitive abilities among 4th class students in Rafah
province.
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-

To determine differences in school achievement before and after receiving ω-3 and
Vit E supplementation in relation to (gender, school type, anthropometric measures,
study hours per day, watching TV, sleeping hours, duration of breast feeding, parents
level of education, family economic status).

-

To identify differences in cognitive abilities before and after receiving ω-3 and Vit E
supplementation in relation to (gender, school type, anthropometric measures, study
hours per day, watching TV, sleeping hours, duration of breast feeding, parents level
of education, family economic status).

1.7 Questions of the study
-

What is the impact of ω-3 FA and vitamin E on school achievement among 4th class
students in Rafah province?

-

What is the impact of ω-3 FA and vitamin E on cognitive abilities among 4th class
students in Rafah province?

-

Are there significant differences in school achievement before and after receiving n-3
and vitamin E supplementation related to (gender, school type, anthropometric
measures, study hours per day, watching TV, sleeping hours, duration of breast
feeding, parents level of education, family economic status)?

-

Are there significant differences in cognitive abilities before and after receiving n-3
and vitamin E supplementation related to (gender, school type, anthropometric
measures, study hours per day, watching TV, sleeping hours, duration of breast
feeding, parents level of education, family economic status)?
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1.8 Definition of terms
Fatty acid
A fatty acid is a carboxylic acid with a long chain, which is either saturated or unsaturated.
Most naturally occurring fatty acids have a chain of an even number of carbon atoms, from
4 to 28. Fatty acids are usually derived from triglycerides or phospholipids (IUPAC, 1997).
Essential fatty acids
Essential fatty acids are fatty acids that are required by the human body, but cannot be
made in sufficient quantity from other substrates, and therefore, must be obtained from
food (Bolsover et al., 2004).
Omega-3 fatty acids
Omega-3 fatty acids (also called ω−3 fatty acids or n−3 fatty acids) are fats commonly
found in marine and plant oils. They are polyunsaturated fatty acids with a double bond
(C=C) starting after the third carbon atom from the end of the carbon chain. The fatty acids
have two ends—the acid (COOH) end and the methyl (CH3) end. The location of the first
double bond is counted from the methyl end, which is also known as the omega (ω) end or
the n end (Mayo Clinic, 2012).
Vitamin E
It is a fat soluble antioxidant and one of the body's primary defenders against the adverse
effects of free radicals. Its main action is to stop the chain reaction of free radicals
producing more free radicals. Vit E protects the vulnerable components of the cell and
their membranes from destruction (Whitney and Rolfes, 2008).
Cognition
It is the mental process of knowing, including aspects such as awareness, perception,
reasoning, and judgment (The Free Dictionary, 2013).

6

Cognitive abilities
The researcher defines cognitive abilities as the total scores obtained by students on the
cognitive ability scale.
School achievement
The researcher defines school achievement as the mean scores obtained in the first and
second term according to official records from the school.
1.9 Context of the study

1.9.1 Demographic context

Palestine is a small country, its area about 26,323 sq. km. Now Palestine comprises three
areas separated geographically, the West Bank (WB), Jerusalem, and Gaza Strip (GS), with
total area of 6,020 sq. km (Palestinian Central Bureau of Statistics (PCBS), 2007). GS is a
narrow band of land located on the south of Palestine, constituting the coastal zone of the
Palestinian territory along the Mediterranean Sea between Egypt and Israel.

It is 45

Kilometres long and 6-12 Kilometres wide with an area of 365 sq. km (PASSIA, 2008).
The strategic position of it, is being at the cross road of Africa, Asia and Europe made it
target for and conquerors over the centuries. The total population of Palestinians globally
was 11,806,735 divided as follows: 4,485,459 in Palestine (2,754,722 in WB and
1,730,737 in GS), 1,430,212 inside the green line, 5,225,776 in Arab countries, and
665,288 in foreign countries. The population density (capita/km2) is 745 in Palestine (847
in WB and 4,742 in GS) (PCBS, 2014).

The Palestinian society is considered a young population, age structure in the GS is similar
to that in many developing countries with 49.3% of people aged less than 14 years and sex
ratio is 103 males per 100 females (PCBS, 2009).According to the last available statistics,
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the percentage of illiteracy in GS is 5.5% of the population more than 10 years old,
compared with 11.3% in 1997 for the same group of population (PCBS, 2009).

Rafah is a Palestinian city and refugee camp in the southern Gaza Strip. It is the district
capital of the Rafah Governorate, located 30 kilometers south of Gaza City. Rafah's
population of 152,950 (2014) is overwhelmingly made up of Palestinian refugees.

1.9.2 Socio-political context
West Bank and GS have been occupied by Israel after the Six Day War in 1967. GS was
run by Egypt between 1948 and 1967 after the partition of the British Mandate of Palestine
and the declaration of what is called "Israel". Afterwards, Israel built further settlements in
the occupied land (Bhat, 2008). The implementation of the partial autonomy in 1994 and
the establishment of the Palestinian National Authority had its impacts on the society after
the many devastating wars and the long years of occupation and dispersion over the globe
(Hamad, 2009). However, Israel still holds overall sovereignty over the GS. It has the
upper hand over borders, movement of goods and travellers in and out of GS, particularly
the Palestinians themselves. It also controls trade, the commercial market, water, the main
sources of energy, the means of communications and the overall security. Hence, it still has
a hold over the Palestinian economy (Hamad, 2009).
Since 2000, there has been a chronic down turn in wage income from Israel due to the
security closure of the borders between GS and Israel till it reached the zero level now.
This has been complicated by the massive contraction of employment opportunities inside
GS due to the current collapse of economy due to production factors such as lack of raw
materials, fuel and electricity as well as to market failure resulting from closure, lack of
transportations and widely prevailing poverty.
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1.9.3 Socio-economic context
The political situation instability in GS imposed negative impacts on the socioeconomic
status. According to the Palestinian Expenditure and consumption survey, poverty in GS
raised to high levels and its incidence in 2009 in GS was twice as high as that in the WB
(33.7% vs. 16%), (PECS, 2010). The Palestinian economy is under increased pressure to
create decent and productive jobs, reduce poverty and provide economic security on an
equal basis for all social groups in a rapidly growing and urbanizing population. The
poverty rate has traditionally been higher in GS than in WB, in 2011, 18% and 39% of
individuals in WB and GS, respectively, were below the national poverty line (PCBS,
2012). Economic status in the Palestinian territories is very low. Gross domestic product
(GDP) is estimated about 9.3%, and the workforce participation 43.6, unemployment is
very high and reached a rate of 23% (19% in WB and 31% in GS), paid employment is the
main source of income in the Palestinian territories, GDP per capita was 6,797 USD
Million (5,030 in WB and 1,766 in GS) (PCBS, 2013).
1.9.4 Health care context
Palestine experience in health care system is unique and complicated. The several years of
occupation and the following unilateral withdrawal of the Israelis from GS did strongly
influence the health care system in Palestine. The consequences of closures and separation
formed a great challenge for the ministry of health as it created obstacles regarding the
accessibility to health care services and affects the unity of the health care system in all
Palestinian governorates (MOH, 2004).
Health care services in Palestine are provided by five sectors, which is Ministry of Health
(MOH), UNRWA, Medical Military Services, Non-Governmental Organizations (NGOs)
and private sector. MOH is the main health care provider; it provides primary, secondary
and tertiary services and purchases some services from private providers locally and
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abroad (MOH, 2006). MOH plays the main role in providing and controlling
immunizations scheme, public health activities, licensing and registration of health
facilities. Health care financing is mainly provided through the government, apart from the
out-of-pocket health financing which is the first source of health financing in Palestine
(MOH, 2006). Additionally, external donations constitute a considerable source for health
funding. UNRWA mainly provides primary health care services to the refugee population.
The Medical Services for Police provides preventive and curative services for policemen,
general security persons and their families, in addition to the general population. UNRWA
operates 20 PHC centers (WHO, 2009). The NGOs sector is extensive: from missionary
hospitals, to facilities supported by international organizations, to community health
centers. The NGOs sector operates about 50 centers (WHO, 2009). The private for-profit
health sector also provides the three levels of care through wide range of practices (WHO,
2009).
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Chapter 2
Literature review
2.1 Historical background
The knowledge that nutrition influences our health, well-being and quality of life is as old
as human history. For millions of years the quest for food has helped to shape human
development, the organization of society and history itself. It has influenced wars,
population growth, urban expansion, economic and political theory, religion, science,
medicine, and technological development. It was only in the second half of the eighteenth
century that nutrition started to experience its first renaissance with the observation by
scientists that intakes of certain foods, later called nutrients, influence the function of the
body, protect against disease, restore health, and determine people‘s response to changes in
the environment (Gibney et al., 2009). So, good nutritional status is important for proper
brain development and maintenance of normal cognitive function.
2.2 Fats
Fats consist of a wide group of compounds that are generally soluble in organic solvents
and generally insoluble in water. Chemically, fats are triglycerides, triesters of glycerol and
any of several fatty acids. Fats may be either solid or liquid at room temperature,
depending on their structure and composition. Although the words "oils", "fats", and
"lipids" are all used to refer to fats, "oils" is usually used to refer to fats that are liquids at
normal room temperature, while "fats" is usually used to refer to fats that are solids at
normal room temperature. "Lipids" is used to refer to both liquid and solid fats, along with
other related substances, usually in a medical or biochemical context. The word oil is also
used for any substance that does not mix with water and has a greasy feel, such as
petroleum (or crude oil), heating oil and essential oils, regardless of its chemical structure
(Anthea et al., 1993).
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Fat is a major source of energy for the body and helps in the absorption of fat-soluble
vitamins and carotenoids. The acceptable macronutrient distribution ranges (AMDR) for
total fat was set at 30% to 40% of energy for children aged 1 to 3 years and 25% to 35% of
energy for children and adolescents age 4 to 18 years, with most fats coming from sources
of polyunsaturated and monounsaturated fatty acids, such as fish, nuts, and vegetable oils.
Linoleic acid serves as a precursor to eicosanoids; it is the only n-6 PUFA that is an EFA.
ω-3 PUFA (α-linolenic acid) plays an important role as structural membrane lipids,
especially in nerve tissue and the retina, and is precursors to eicosanoids (Berdanier et al.,
2008).
2.3 Saturated and unsaturated fatty acids
The main components of dietary fat or lipids are FAs varying in length from one to more
than 30 carbons. They are carboxylic acids with the structure RCOOH, where R is
hydrogen in formic acid, CH3 in acetic acid, or else a chain of one to over 30 CH2 groups
terminated by a CH3 group. The various names for individual FAs (common, official) and
their abbreviations are complicated, and the use of one or other form is somewhat arbitrary.
The basic rule for the abbreviations is that there are three parts: number of carbons, number
of double bonds, and position of the first double bond. Thus, the common dietary saturated
fatty acid (SFA) palmitate is 16:0 because it has 16 carbons and no double bonds. The
common dietary PUFA linoleate is 18:2n-6 because it has 18 carbons, two double bonds,
and the first double bond is at the sixth carbon from the methyl-terminal (ω-6). Beyond six
carbons in length, most fatty acids have an even number of carbons. Older FA terminology
referring to saturated or unsaturated carbons in lipids that still occasionally appears
includes: aliphatic (a saturated carbon), olefinic (an unsaturated carbon), allylic (a
saturated carbon adjacent to an unsaturated carbon), and doubly allylic carbon (a saturated
carbon situated between two unsaturated carbons). Lengthening of the chain and the
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introduction of additional double bonds beyond the first one occur from the carboxylterminal. The presence of one or more double bonds in a FA defines it as ―unsaturated,‖
compared with a saturated fatty acid which contains no double bonds. A saturated fatty
acid generally occupies less space than an equivalent chain length unsaturated fatty acid.
Double bonds allow for isomerization or different orientation of the adjoining carbons
across the double bond. In longer chain FAs, double bonds can also be at different
positions in the molecule. Hence, unsaturation introduces a large amount of structural
variety in FAs and the resulting lipids (Griffin and Cunnane, 2009).

Figure (1): Structure of fatty acids

2.4 Polyunsaturated fatty acids (PUFA)
PUFA are LC-FAs containing two or more double bonds. The numbering system by which
those acids are labeled consists of the number of carbons, the number of double bonds and
the location of the first double bond in relation to the last carbon at the CH3 tail of the
chain. This carbon is always labeled ‗‗x‘‘, the last letter of the Greek alphabet.
Accordingly, the first carbon is labeled ‗‗a‘‘.
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Figure (2): Chemical structure of α-Linolenic acid, 18:3n-3
Blood concentrations of FAs reflect both dietary intake and biological processes.
Prior to absorption in the small intestine, FAs must be hydrolyzed from dietary fats
by pancreatic enzymes (Lichtenstein et al., 2012). Bile salts must also be present in the
small intestine to allow for the incorporation of fatty acids and other fat digestion products
into mixed micelles. Fat absorption from mixed micelles occurs throughout the small
intestine and is 85-95% efficient under normal conditions. Humans can synthesize longer
n-6 and n-3 fatty acids from the EFAs LA and ALA, respectively, through a series of
desaturation and elongation reactions. LA and ALA compete for the same elongase and
desaturase enzymes in the synthesis of longer polyunsaturated fatty acids, such as AA and
EPA (Nakamura and Nara, 2004; Jump et al., 2012).
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Figure (3): Desaturation and elongation of essential fatty acids

The term EPUFA arises from the fact that vertebrates are unable to synthesize them denovo. Based on experiments in rodents and non-human primates the brain has the capacity
to nearly meet its daily needs for DHA through the conversion of ALA to DHA, mainly by
the liver, when sufficient dietary ALA (>1.2 g ALA/day) is consumed (Barcelo-Coblijn
and Murphy, 2009). The capacity of humans to synthesize DHA de novo is limited. While
DHA is retro-converted to EPA; the extent of conversion of EPA and ALA to DHA is
small (Arterburn et al., 2006). The conversion of ALA to DHA is influenced by several
factors; a background diet high in linoleic acid (LA, C18:2, n-6) reduces the conversion
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due to substrate competition; the conversion is more efficient in women and low dietary
intakes of DHA increases conversion (Barcelo-Coblijn and Murphy, 2009). Consumption
of preformed DHA from fish and seafood, supplements or DHA enriched foods may
therefore be a more efficient way of ensuring adequate supply of DHA for optimal brain
development and function.Thus, the source of ALA is entirely nutritional. ALA is
converted in the body to Eicosapentaenoic acid (EPA-20:5:x3), and Docosahexaenoic acid
(DHA-22:6:x3) comprising the omega-3 group. Similarly, LA is converted to Arachidonic
acid (AA-20:4:x6), representing the omega-6 group. The conversion of the precursors to
omega 3/6 acids is performed by an enzymatic system of elongation and desaturation
which is responsible for the steady state ratio of x3/x6, vital for normal membrane fluidity
(Gadoth, 2008: 310). Two families of FAs, ω-3 and ω-6 are of importance to health, and
they must be obtained through the diet, they cannot be synthesized by the body and are
thus essential.

Figure (4): Classes of essential fatty acids
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Table (1): Omega-3 fatty acids
Name

Abbreviation

Chemical bond

α-Linolenic acid

ALA

18:3n-3

Stearadonic acid

SDA

18:4n-3

Eicosatetraienoic acid

ETA

20:4n-3

Eicosapentaenoic acid

EPA

20:5n-3

Docosapentaenoic acid

DPA (n-3)

22:5n-3

Tetracosapentaenoic acid

---

24:5n-3

Tetracosahexaenoic acid

---

24:6n-3

DHA

22:6n-3

Docosahexaenoic acid

Source: Oregon State University, Linus Pauling Institute (www.lpi.oregonstate.edu)
2.5 Biological activities of Polyunsaturated fatty acids
PUFAs has several biological important functions in the body, among these functions and
activities:
1. Membrane structure and function
PUFAs are important structural components of cell membranes. When incorporated
into phospholipids, they affect cell membrane properties, such as fluidity, flexibility,
permeability, and the activity of membrane-bound enzymes (Stillwell et al., 2003).
Dietary consumption of FAs can modify the composition and molecular structure of
cellular membranes. Thus, increasing ω-3 FA intake increases the n-3 content of red
blood cells, immune cells, atherosclerotic plaques, cardiac tissue, and other cell types
throughout the body (Harris et al., 2004;Calder, 2013).
2. Vision
DHA is found at very high concentrations in the cell membranes of the retina; the
retina conserves and recycles DHA even when omega-3 fatty acid intake is
low (Jeffrey et al., 2001). Animal studies indicate that DHA is required for the normal
development and function of the retina. Moreover, these studies suggest that there is a

17

critical period during retinal development when inadequate DHA will result in
permanent abnormalities in retinal function. Research indicates that DHA plays an
important role in the regeneration of the visual pigment rhodopsin, which plays a
critical role in the visual transduction system that converts light hitting the retina to
visual images in the brain (SanGiovanni and Chew, 2005).
3. Nervous system
FAs are present in high concentrations in the central nervous system including the
brain. The longest ω-3 and ω-6 FAs are most important for the brain, and they are
together called LCPUFA. In the brain these LC ω-3 FAs are particularly important for
optimal nerve cell development and are also important for neurotransmitter release and
cell signaling, and may therefore affect cognition and behavior (Bourre, 2006a;
Heinrichs, 2010; Innis, 2008). Moreover, the phospholipids of the brain‘s gray
matter contain high proportions of DHA and AA, suggesting they are important to
central nervous system function. DHA is the dominant LC n-3 PUFA in the brain and
has been shown to accumulate in areas of the brain associated with learning and
memory, such as the cerebral cortex and hippocampus (Chung et al., 2008).
DHA is incorporated into neuronal membrane glycerophospholipids at the sn-2
position where it regulates numerous neuronal and glial cell processes including
neurogenesis, neuroplasticity, neurite outgrowth, synaptogenesis and membrane
fluidity which in turn supports membrane protein functions impacting on speed of
signal transduction and neurotransmission (Horrocks and Farooqui 2004; Luchtman
and Song 2013; Parletta et al., 2013). In addition, DHA improves vascular tone which
results in increased cerebral blood flow during cognitive tasks (Jackson, 2012) and it
regulates the transport and uptake of glucose by the endothelial cells of the blood brain
barrier (Parletta et al., 2013; Cunnane et al., 2009).
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4. Regulation of gene expression
The studies on animals indicate that n-6 and n-3 FAs can modulate the expression of
anumber of genes, including those involved with FA metabolism and inflammation (Price
et al., 2000, Calder 2002). ω-6 and ω-3 fatty acids regulate gene expression by interacting
with specific transcription factors, such as peroxisome proliferator-activated receptors
(PPARs) (Sampath and Ntambi, 2004).
In many cases, PUFA act like hydrophobic hormones (e.g., steroid hormones) to control
gene expression and bind directly to receptors like PPARs. These ligand-activated
receptors

then

bind

to

the promoters of

genes

and

function

to

increase/decrease transcription. In other cases, PUFA regulate the abundance of
transcription factors inside the cell's nucleus . Two examples include NFκB and SREBP-1.
NFκB is a transcription factor involved in regulating the expression of multiple genes
involved in inflammation. ω-3 PUFA suppress NFκB nuclear content, thus inhibiting the
production of inflammatory eicosanoids and cytokines. SREBP-1 is a major transcription
factor controlling fatty acid synthesis, both de novo lipogenesis and PUFA synthesis.
Dietary

PUFA

can

suppress

SREBP-1,

which

decreases

the

expression

of enzymes involved in fatty acid synthesis and PUFA synthesis. In this way, dietary
PUFA function as feedback inhibitors of all fatty acid synthesis (Jump et al., 2013).
5. Other functions
In a report published by the University of Maryland Medical Center (2016), revealed that
n-3 in the body have been reported to lower total cholesterol and triglycerides in people
with high cholesterol levels. Moreover, analysis of 17 clinical studies using fish oil
supplements found that taking 3 or more grams of fish oil daily may reduce blood pressure
in people with untreated hypertension. In addition, large population studies suggest that
getting ω-3 FAs in the diet, primarily from fish, helps protect against stroke caused by
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plaque build-up and blood clots in the arteries that lead to the brain, and eating at least 2
servings of fish per week can reduce the risk of stroke by as much as 50%. Also, several
studies have found that fish oil helps reduce symptoms of rheumatoid arthritis, including
joint pain and morning stiffness. Furthermore, EPA and fish oil may help reduce symptoms
of lupus erythematous, ω-3 FAs may help increase levels of calcium in the body and
improve bone strength (www.umm.edu).
2.6 Consequences of n-3 fatty acid deficiency
The ω-3 index is defined as the amount of EPA plus DHA in RBC membranes expressed
as the percent of total RBC membrane fatty acids (Harris and Von Schacky, 2004). The
EPA + DHA content of RBCs correlates with that of cardiac muscle cells (Metcalf et al.,
2007, Owen et al., 2004), and several observational studies indicate that a lower n-3 index
is associated with an increased risk of coronary heart disease mortality. It is therefore
proposed that the ω-3 index be used as a biomarker for cardiovascular disease risk, with
proposed zones being high risk, <4%; intermediate risk, 4-8%; and low risk, >8% (von
Schacky 2014; Harris 2008). Supplementation with EPA + DHA from fish oil capsules for
approximately five months dose-dependently increased the ω-3 index in 115 healthy,
young adults (20-45 years of age), validating the use of the omega-3 index as a biomarker
of EPA + DHA intake (Flock et al, 2013). Before the ω-3 index can be used in routine
clinical evaluation, however, clinical reference values in the population must be
established (Harris, 2013). Additionally, fatty acid metabolism may be altered in certain
disease states, potentially making the ω-3 index less relevant for some cardiovascular
conditions (Jump et al., 2012). Plasma DHA concentrations decrease when omega-3 fatty
acid

intake

is

insufficient,

but

no

accepted

plasma

ω-3

fatty

acid

or eicosanoid concentrations indicative of impaired health status have been defined (Food
and Nutrition Board, Institute of Medicine, 2002). Brain DHA content may be particularly
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important, since animal studies have shown that depletion of DHA in the brain can result in
learning deficits. It is not clear how DHA affects brain function, but changes in DHA
content of neuronal cell membranes could alter the function of ion channels or membraneassociated receptors, as well as the availability of neurotransmitters (Innis 2008; Chalon et
al., 2001). Studies in rodents have revealed significant impairment of ω-3 PUFA
deficiency on learning and memory (Fedorova et al., 2009; Fedorova et al., 2006). Studies
on animals which involved dietary LC ω-3 PUFA depletion over successive generations or
even in one-generation showed decreased brain DHA levels, particularly in the frontal
cortex and hippocampus areas, with reciprocal increased levels of the ω-6 PUFA,
docosapentaenoic acid (DPA, C22:5, n-6). With the increase in DPA the level of
unsaturation was maintained, but brain function was impaired, including changes in
learning, memory, auditory and olfactory responses (Luchtman and Song 2013; Chung et
al., 2008). These effects were, however, restored by repletion with dietary DHA. Thus,
individuals who follow ω-3 PUFA deficient diets particularly over several generations, for
example families who never consume seafood, the major source of DHA, may have
depleted levels of brain DHA and their cognitive function may not be optimal (Moriguchi
and Salem, 2003).
2.7 The concept of cognition
Optimal cognitive performance is vital throughout all stages of life. During childhood it is
critical to optimize brain development; throughout adulthood it is important to maintain
optimal cognitive functioning; and during old-age it is imperative to defer cognitive
decline and prevent dementia (Stonehouse, 2014).Cognitive developmental psychology is a
field of study in psychology focusing on development in terms of learning, memory,
information processing, and language, among other aspects (Galotti, 2008; Sternberg,
2009). These mental processes are influential for our everyday functioning affecting our
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ability to perceive and attend to the world around us, and moreover, affect the ability to
think, solve problems and make decisions. During childhood the individual undergoes
dramatical changes in these mental processes.Cognitive development is determined by a
number of factors, including psycho-social and socio-cultural variables as well as
biological factors (Galotti, 2008; Sternberg, 2009). Socio-economic status has stable
relations with children's cognitive ability, academic achievement, and IQ (Noble et al.,
2007). Relationships with such confounding factors are typically strong and are observed
throughout development, from infancy through adolescence and into adulthood. In
longitudinal studies of the associations between fatty acids at birth, breast-feeding and
subsequent cognitive growth confounding factors play an important role. For example,
concerning breast-feeding there are frequent discussions whether the entire association
with cognitive performance can be explained by confounding factors such as parental IQ,
or are related to the nutrients in the milk (Der et al., 2006; Jacobson & Jacobson, 2002).
2.8 Omega-3 fatty acids and cognition
There has been considerable interest in the effects of ω-3 and ω-6 FAs for human health
lately. The research assessing ω-3 and ω-6 FAs in relation to brain development and brain
function has increased considerably. ω-3FA deficiency has been associated with
neurodevelopmental disorders such as attention deficit hyperactivity disorder (ADHD),
dyslexia, and mood disorders (Bourre 2006a; Freeman et al., 2006; Harbottle and
Schonfelder, 2008; Richardson, 2006; Soh et al., 2009).
Fat is one of the major components of the brain and is highly involved in cognition,
memory and development. In fact, about 50% of the adult brain is lipids of which 20–25%
is LC-PUFA (Lauritzen et al., 2001). The LC-PUFAs that make up the greatest percentage
of FAs in the brain are the ω-3 FA DHA and the ω-6 FAs arachidonic acid. The average
diet is however very low in ω-3 compared to ω-6 which suggests that ω-3 supplementation
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is necessary to ensure adequate amounts of this necessary FA (Denomme 2005, Muskiet
2006). Both DHA and AA have short chain fatty acid precursors: alpha-linolenic acid
(ALA) and linolenic acid (LA), respectively. However, human capacity to convert ALA to
EPA and DHA is very low, and therefore preformed DHA and EPA must be obtained from
dietary sources (Burdge and Calder, 2005). LC-PUFAs have several biological functions in
brain development and function, which include the maintenance of membrane structure
and function, the synthesis of eicosanoids (local hormones participating in a number of
physiological and pathophysiological conditions) and finally, LC-PUFAs are involved in
gene expression (Levant et al., 2006).In the brain, these long chain ω-3 Fas are particularly
important for optimal nerve cell development and are also important for neurotransmitter
release and cell signaling, and may therefore affect cognition and behavior (Bourre 2006a;
Innis 2008; Heinrichs 2010). ω-3 PUFAs, including DHA and EPA are major components
of neuronal membranes and have a wide range of functions, from modulating synaptic
plasticity and neurochemistry, to neuroimmune-modulation and neuroprotection. Thus, it is
not surprising that ω-3 PUFA are widely acknowledged to have cognitive-enhancing
effects. Although clinical evidence is somewhat conflicting, probably in large part due to
methodological issues, animal studies have consistently demonstrated that ω-3 PUFA are
indispensable for proper brain development, may enhance cognitive function in healthy,
adult individuals and attenuate cognitive impairment in aging and age-related disorders,
such as dementia (Luchtman and Song, 2013). The proposition that insufficient nutrient
intake can influence brain function and clinical psychiatric states is not novel (Fernstrom,
2000). ω-3 EFA are of particular interest as they are selectively concentrated in synaptic
neuronal membranes and regulate vascular and immune functions that affects the CNS
(Salem et al., 2001). Because ω-3EFA are available from dietary sources only, it is likely
that there are psychiatric effects related to insufficient intake and that this largely untapped
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area of investigation might have significant public health consequences.
There is considerable public and scientific interest in the question whether increased n-3
LCPUFA consumption is beneficial for cognitive function. In the past two decades, views
about dietary ω-3 FAs have moved from speculation about their functions to solid evidence
that they are not only essential nutrients but also may favorably modulate many diseases.
DHA (22:6n-3), which is a vital component of the phospholipids of cellular membranes,
especially in the brain and retina, is necessary for their proper functioning. ω-3 FA
favorably affect atherosclerosis, coronary heart disease, inflammatory disease, and perhaps
even behavioral disorders (Connor, 2000).
Recently the use of EFAs to improve brain health has grown in popularity. ω-3 regulates
corticotrophin factor, increases seretonergic function, increases dentritic arborization,
prevents neural apoptosis, improves cerebral blood flow and regulates gene expression
(Freeman et al., 2006). ω-3 FAs are the most efficient for the development of adequate
brain cell membranes and intercellular neuronal connections (London et al., 2006). A lack
of ω-3, results in the use of other types of FAs, which weakens cellular networks and brain
stability leading to several types of mental illnesses (Peet and Stokes, 2005).
The effects of LC-PUFA on cognitive development on different age groups were
investigated by many researchers. A systematic review (2009) reported on the association
between eating fish (as a source of long-chain ω-3 FAs) or taking an ω-3 supplement and
the risk of cognitive decline or Alzheimer's disease. Out of 11 observational studies three
reported a significant benefit of ω-3 fatty acids on cognitive decline; four of eight
observational studies reported positive findings on incident Alzheimer's disease or
dementia. The four small clinical trials reviewed showed no evidence for prevention or
treatment of any form of dementia (Fotuhi et al., 2009).
Evidence from some studies suggests that there is an association between higher levels of
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maternal fish consumption during pregnancy and developmental outcomes. Higher
maternal fish consumption during pregnancy has resulted in short term benefits for infants
such as higher novelty preference on visual recognition memory (Oken et al., 2005) and
longer term benefits like higher scores of verbal intelligence quotient in the children up to
eight years of age. In breastfed infants, higher DHA status at two months led to better
language production and comprehension at 14 and 18 months of age (Innis et al., 2001,
2002), and children of lactating mothers given a daily DHA supplement had significantly
better scores in psychomotor development (Jensen et al., 2005). The effects of EPA and
DHA continue throughout adult life. A double-blind randomized control study was
performed with 33 healthy participants. They consumed either 4 g fish oil/day (providing
1600 mg EPA and 800 mg DHA) or 4 g olive oil as placebo for 35 days. Participants took
attention tests, and brain physiology recordings electroencephalogram (EEG) and
electromyogram (EMG) were made at baseline and on day 35. Measures of attention were
improved in the participants given EPA + DHA. ω-3 supplemented participants
demonstrated marked improvements in sustained attention and a significant reduction in
errors on the attention test. Significant improvements were also found on physiological
measures. Reaction time was significantly improved, as measured by EMG and EEG.
These results revealed that changes in brain activity were consistent with the notion that n3 FAs have a direct action on the central nervous system which then leads to improved
cortical function (Fontani et al., 2005).
In children, DHA may be particularly important during periods of brain growth spurts
which take place from the last trimester of pregnancy up to 2 years of age. Thereafter, the
frontal lobes continue to develop throughout childhood, adolescence and into the late
twenties with spurts of frontal lobe development at age 7–9 years and mid-adolescence
(Hughes and Bryan 2003; Ryan et al 2010).
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Kuratko et al., (2013) have reviewed studies published until November 2012 on DHA and
learning and behavior in healthy children. The evidence from clinical trials focusing on
healthy school-aged children is relatively new as evident from the small number of studies
(n = 10) published since 2007. Most of the studies were conducted in children aged 6 – 12
years old. The studies varied widely with regard to duration (from 8 weeks to 12 months),
dosage (from 0.1 to 1.2 g LC omega-3/day), type of LC n-3 PUFA (fish oil, algal oil,
enriched foods) and DHA:EPA ratio of the interventions, type of outcomes measured and
type of participants. LC ω-3 PUFA was generally provided in the form of fish oil or algal
oil (high in DHA) and in a few studies as LC ω-3 PUFA enriched foods. Most studies were
conducted in children with low baseline intakes of LC n-3 PUFA.
Other studies revealed that ω-3 FAs are beneficial in child learning difficulties. Another
study examined the effects of a DHA rich supplement on learning ability in a group of 20
dyslexic children was assessed in Sweden. Children formally diagnosed as dyslexic took
eight capsules of high-DHA fish oil and evening primrose oil. Subjective assessments by
the children and their parents were completed at baseline and 6, 12, and 20 weeks after
supplementation. Quantitative evaluation by word-chain test was completed before and
after four months of supplementation to measure word decoding (speed of reading) and
letter decoding (motoric-perceptual speed). Subjective parent and child assessments
showed increasing numbers of positive responders over time in reading speed, general
schoolwork, and overall perceived benefit. Significant improvements were observed in
reading speed and motor-perceptual velocity. Thirteen of 17 children had a significant
improvement on the word-chain test and reading speed and motoric-perceptual velocity
improved after supplementation. Thus, LC-PUFA supplementation for five months
provided positive and clear beneficial effect on variables usually impaired by dyslexia
(Lindmark & Clough, 2007). A meta-analysis study involved 699 children received ω-3
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fatty acid supplementation demonstrated significant effect in improving attention deficit
hyperactivity disorder (ADHD) symptoms. Eicosapentaenoic acid dose within supplements
was significantly correlated with supplement efficacy (Bloch & Qawasmi, 2011). An
experimental study indicated a positive influence of ω-3 on cognitive functions, the
changes in the reaction time and physiological parameters could be ascribed to the action
of ω-3 on the central nervous system. These effects involved reactivity, cognitive analysis
of stimuli and emotional responses (Fontani et al., 2005). Another study showed the direct
link between DHA and brain activation. Supplementation of 0.4 g/day and 1.2 g/day of
DHA increased activation of the dorsolateral prefrontal cortex during a sustained attention
task in boys aged 8–10 years. However, these effects were not translated into
improvements in visual sustained attention performance. Eight weeks may be sufficient for
DHA to increase brain activation, but longer periods may be needed to result in improved
cognitive performance (McNamara et al., 2010). Richardson et al., (2012) showed that
DHA supplementation improved reading in children who underperformed in reading.
Another study carried out in Australia found that in Australian indigenous children with
low literacy ability, there were significant improvements with EPA + DHA on cognitive
development with a larger effect in the 7–12 year old children, but there were unable to
show improvements in academic achievement (Parletta et al., 2013).
In contrast, two studies conducted in healthy school children in the UK did not show any
benefit of consuming DHA on cognitive performance and learning (Kennedy et al., 2009;
Kirby et al., 2010). Inconsistencies between studies could be ascribed to potential
modulating effects of age and gender. Children at different phases of brain and cognitive
development and boys and girls may respond differently to LC ω-3 PUFA
supplementation. In a large sample of 6 - 16 years old American children, the relationship
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between dietary ω-3 PUFA and cognitive test scores was twice as strong in girls as in boys
(Lassek and Gaulin, 2011).
A study included Dutch adolescents, 12–18 years, found that consumption of fish
providing the recommended amount of EPA + DHA of ~0.45 g/day compared to no fish
intake was associated with more advanced vocabulary and higher end term grades.
However, eating more fish than the recommended amount was no more beneficial (De
Groot et al., (2012). Another study carried out on Swedish school children showed
significantly higher school grades at age 16 in adolescents consuming fish more than once
a week compared to less than once a week. At age 18, male adolescents who consumed
fish more than once per week compared to less than once per week at age 15 had higher IQ
scores which was obtained from completed intelligence tests as part of the mandatory
Swedish military service conscription examination (Kim et al., 2010).
Studies in malnourished 7 - 9 year old South Africa and 8–12 year old Mexican children
showed improvements in learning and cognitive performance with LC omega-3
supplementation (Dalton et al., 2008; Portillo-Reyes et al., 2014). Whereas no effects were
seen over 12 months in 6 - 10 year old malnourished children from India and Indonesia
(Muthayya et al., 2008; Osendarp et al., 2007).
Another review reported that low consumption of the ω-3 FAs, is linked to delayed brain
development and, in late life, increased risk for Alzheimer's Disease, and the findings
suggest that increasing the consumption of ω-3 FAs may improve some aspects of
cognitive performance (Muldoon et al., 2014)
In summary, it seems that children with low school achievement and low cognitive ability,
with low LC ω-3 PUFA intakes may benefit most from the consumption of LC ω-3 PUFA
with regard to cognitive outcomes (memory, non-verbal cognitive development, processing
speed, visual-perceptive capacity, attention and executive function) and school
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achievement. Inconsistencies between studies may have been due to different dosages,
duration, other nutrient deficiencies and lack of investigating interaction effects of gender
and age. Dosages may have been too low in some studies that did not show benefits.
Nutrient deficiencies and malnourished populations may need to be corrected before
supplementation with LC ω-3 PUFA can commence to avoid potential adverse interaction
between nutrient deficiencies and ω-3 supplementation.
2.9 Vitamin E
Vit E is the collective name for the derivatives of tocopherol and tocotrienol; α-tocopherol
is the standard form for medical use. It is a lipid-soluble antioxidant and its lipid solubility
allows it to cross the blood–brain barrier and exert its effects in cell membranes. Because
oxidative stress is hypothesized to contribute to the development of dementia, antioxidants
such as Vit E have been used for its prevention and treatment (Berr et al., 2000; Isaac et al.,
2008). Vit E is one of the body's primary defenders against the adverse effects of radicals.
Vit E protects the vulnerable components of the cells and their membranes from
destruction. Vit E prevents the oxidation of the PUFA (Whitney and Rolfes, 2008). Vit E is
found naturally in some foods, added to others, and available as a dietary supplement. Vit
E is the collective name for a group of fat-soluble compounds with distinctive antioxidant
activities.Naturally occurring Vit E exists in eight chemical forms (alpha-, beta-, gamma-,
and delta-tocopherol and alpha-, beta-, gamma-, and delta-tocotrienol) that have varying
levels of biological activity. Alpha- (or α-) tocopherol is the only form that is recognized to
meet human requirements (Raber, 2006).
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Figure (5): Chemical structure of vitamin E

2.10 Functions of vitamin E
The mechanism of the physiological action of Vit E is not fully known. It exerts a
protective role in maintaining the integrity and function of cellular and subcellular
membranes. It is theorized that Vit E acts by protecting the PUFAs of cell membranes from
oxidative damage. Vit E is believed to be located in the cell membrane next to enzymes
involved in reactions that produce oxygen-containing free radicals. In this regard, it may
function as an antioxidant by reducing the free radicals formed in the body. When there is
insufficient Vit E, peroxidation of PUFA occurs producing membrane damage (Yeung and
Laquatra, 2003). Vit E has many other properties as well. Vit E is essential for the immune
system, particularly T-lymphocytes, and has a role in DNA repair. Interest is growing in
the effect of Vit E on inhibiting oxidation of low-density lipoprotein (LDL); oxidized LDL
becomes more atherogenic. The neuromuscular system and the retina also require Vit E for
optimal function (Berdanier, et al., 2008).
2.11 Deficiency of vitamin E
The α-tocopherol form of Vit Eis an important lipid-soluble antioxidant. In the brain and
other tissues, α-tocopherol has a key role in preventing oxidant-induced lipid destruction
and is therefore vital in maintaining the integrity of cell membranes. Accordingly, Vit E
deficiency causes lipid peroxidation in brain tissues (MacEvilly and Muller, 1996). Severe
Vit E deficiency results mainly in neurological symptoms, including impaired balance and
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coordination, injury to the sensory nerves (peripheral neuropathy), muscle weakness, and
damage to the retina of the eye (pigmented retinopathy). For this reason, people who
develop peripheral neuropathy, ataxia, or retinitis pigmentosa should be screened for Vit E
deficiency (Traber, 2006). The developing nervous system appears to be especially
vulnerable to Vit E deficiency. For instance, children with severe Vit E deficiency from
birth and are not treated with Vit E rapidly develop neurological symptoms. In contrast,
individuals who develop malabsorption of Vit E in adulthood may not develop
neurological symptoms for ten to 20 years. It should be noted, however, that symptomatic
Vit E deficiency in healthy individuals who consume diets low in Vit E has never been
reported(Traber, 2006).
Major abnormalities of neurologic function are observed in a severe and prolonged Vit E
deficiency state. Patients display a reflexia, ophthalmoplegia, and disturbances of gait,
proprioception and vibration. In premature infants, Vit E deficiency results in hemolytic
anemia, thrombocytosis, edema, and intraventricular hemorrhage. There is increased risk
of retrolental fibroplasia and bronchopulmonary dysplasia under these circumstances. In
hemolytic anemia, such as that caused by glucose-6-phosphate dehydrogenase deficiency
and sickle cell anemia, Vit E levels in blood tend to be decreased. Inborn errors of vitamin
metabolism have been identified, but are rare. There are severe neurologic abnormalities in
this category. In a betalipoproteinemia, there is a defect in the serum transport of Vit E. A
hall-mark of this disease is the finding of extremely low serum cholesterol levels together
with very low serum levels of Vit E (Berdanier, et al., 2008).
Dietary deficiency of Vit E in human beings is unknown, although patients with severe fat
malabsorption, cystic fibrosis, some forms of chronic liver disease or very rare congenital
lack of plasma lipoprotein suffer deficiency because they are unable to absorb the vitamin
or transport it around the body. They suffer from severe damage to nerve and muscle
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membranes. Premature infants are at risk of vitamin E deficiency, since they are often born
with inadequate reserves of the vitamin. The red blood cell membranes of deficient infants
are abnormally fragile, as a result of unchecked oxidative radical attack. This may lead to
hemolytic anemia if they are not given supplements of the vitamin.
In experimental animals Vit E deficiency results in a number of different conditions;
-

Deficient female animals suffer the death and reabsorption of the fetuses. This
provided the basis of the original biological assay of Vit E.

-

In male animals deficiency results in testicular atrophy and degeneration of the
germinal epithelium of the seminiferous tubules.

-

Both skeletal and cardiac muscle is affected in deficient animals. This necrotizing
myopathy is sometimes called nutritional muscular dystrophy – an unfortunate
term, since there is no evidence that human muscular dystrophy is related to Vit E
deficiency.

-

The integrity of blood vessel walls is affected, with leakage of blood plasma into
subcutaneous tissues and accumulation under the skin of a green fluid: exudative
diathesis.

The nervous system is affected, with the development of central nervous system necrosis
and axonal dystrophy. This is exacerbated by feeding diets rich in PUFAs (Gibney, et al.,
2009).
2.12 Combined omega-3 and vitamin E
Fish oil and Vit E are each substances that can be obtained through dietary sources or by
taking supplements. Fish oil is most known for its high concentrations of ω-3 FAs. Vit E is
a fat-soluble vitamin whose antioxidant properties can protect against several disease.
Some researchers believe that taking Vit E alongside fish oil may provide additional
benefits. The ω-3 FAs in fish oil get incorporated into brain's gray matter, where they make
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up part of the brain cell membranes. Vit E in the brain helps protect these cell membranes,
because its antioxidant function shields the fat in cell membrane from harmful oxidation
and damage. Maintaining healthy ω-3 FAs aids in brain function, while low levels can
hinder learning. Vit E also affects cognitive function and low levels are linked to poor
memory.(www. healthyeating.sfgate.com).
According to the Linus Pauling Institute, there may be additional benefits to combining
omega-3 fatty acids with an increased intake of Vit E. This is because Vit E can play an
important role in preventing PUFAs such as those in fish oil, from becoming oxidized or
rancid. For this reason, small amounts of Vit E are often included in fish oil supplements to
prevent spoilage. Also, vitamin E supplementation, when taken alongside fish oil, was able
to reduce oxidative damage, and fish oil may also reduce Vit E levels in the body, which
provides further reason to take the two together (www.livestrong.com).
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Chapter 3
Material and methods
3.1 Study design
The researcher used Quasi-experimental design (one group pretest - posttest). Quasiexperimental designs are easier to be used compared to true experimental design,
especially when randomization is impractical and ethical constraints do not permit
experimental design.
3.2Study setting
The study was conducted in primary schools in Rafah province, in the academic year 2014
- 2015.
3.3Study population
The population of the study consisted of all school children from the 4th class in primary
schools in Rafah province.
3.4Sampling and sample size
The study sample consisted of 100 selected students (with low school achievement) from
4th class, from UNRWA Schools, and governmental schools. The children were selected
from those who make low grades in the monthly exams during the first term. They were
selected by assistance from their teachers, then their parents were contacted. The
researcher explained to the parents about the study and get their agreement to participate in
the study.By the end of intervention 96 students completed the course of ω-3 and Vit E for
16 weeks.
3.5 Period of the study
The study was conducted during the academic year 2014 / 2015.
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3.6 Eligibility criteria
Students who were eligible to participate in the study were those who met the following
criteria:
3.6.1 Inclusion criteria
- Students from 4th class.
- With low school achievement.
- Healthy without chronic disease.
3.6.2 Exclusion criteria
-

Those children who are not in 4th class.

-

Children with physical, cognitive or mental disabilities or retardation.

-

Children who suffer from staturea.

3.7 Tools of the study
The researcher used the following tools in his study:
1. School records
2. Cognitive abilities test
3. Anthropometric measures (weight, height, BMI)
3.7.1 Description of study tools
1. School records:
The school record are special files for documenting students' scores during the hole
academic year. It includes the obtained scores in quizzes, monthly exams, midterm,
and final exam. For each class there is one record kept with the teacher who is
responsible of the class.
2. Cognitive abilities:
The researcher used auditory and visual perception test. The test consists of the
following parts:
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a) Visual perception: divided into the following subcategories: 1) visual
discrimination. 2) visual memorization. 3) visual analysis. 4) audio-visual
integration and recall.
b) Audial perception: divided into the following subcategories: 1) audio
discrimination. 2) audio memorization. 3) audio explanation. 4) audio-visual
integration.
3. Weight and height measurement:
The researcher used (SECA, Germany) body meter for measuring weight and
height of study participants according to the following process:
-

Participantswerehelpedtostepontothescalewiththeirbackandheels
againstthestand(theywereaskednottoleanbackonthestand), with arms straight down by
their body sides.

-

Theywere thenaskedtostandupstraight(stretchingupwardswithoutheelsleavingtheground
andtolookstraightahead.

-

Make sure that thelowerbodyisinproperposition (feet about 25 – 30 cm apart),
andthatlineofvisionisatrightanglestothebodybeforetakingmeasurement.

-

Record the weight, then rollthetapemeasuredowntothetopofthechild'shead,and record the
height (NHNAES, 2011; WHO, 2008).

-

Measuring weight and height were repeated twice and the average was taken for
subsequent analysis. For height, the measurement was taken to the nearest centimeter and
for weight the measurement was taken to the nearest kilogram.

3.8 Process of data collection
1. Selection of eligible students.
2. Review and recording of participants' scores from school records and their teachers
to determine their level of school achievement.
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3. Perform first observation (cognitive abilities test and recording of scores in the first
term to determine their academic achievement) as a baseline observation.
4. Measure the anthropometric parameters (weight, height, BMI).
5. Asking about selective types of food consumption (fish, vegetables, nuts, chips).
6. Give each participant n-3 and vitamin E capsule daily for 16 consecutive weeks.
7. Perform second observation (cognitive abilities test and recording of scores in the
second term).
3.9 Data management and statistical methods
The researcher entered the data to computer using the Statistical Package for Social
Sciences (SPSS version 20) with assistance of statistician and statistical analysis
included:
-

Over viewing the data collected in the two observations.

-

Perform proper coding for each participant.

-

Designing data entry model.

-

Defining and coding of variables.

-

Data cleaning.

-

Perform frequency tables, means, median, percentage and cross tabulation for the
study variables.

-

Conducting statistical procedures including t test (independent sample t test and
paired sample t test. P value of less than 0.05 was considered statistically significant.

3.10 Ethical and administrative considerations
Approval letter was obtained from the Helsinki Committee in GS. Also, approval
letter to conduct the study was obtained from the MOH, Ministry of Education.
Consent form to participate in the study was obtained from the parents of the selected
children who met inclusion criteria. Every father / mother had been provided with a
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full explanation about the intended intervention and how to give the supplement to
their children, besides that assurance of voluntary participation was assured.
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Chapter 4
Results
4.1 Characteristics of study participants
Table (2) showed that the study participants consisted of 96 children (53 males and 43
females), from the fourth class in the primary schools in Rafah province, who were eligible
and completed the intervention program (ω3 and Vit E) for 16 weeks. Among them
46(47.9%) were from UNRWA schools and 50(52.1%) from the governmental schools.
For the studying hours at home, 21(21.9%) were studying less than one hour, 66(68.8%)
studying for 1 – 2 hours, and only 9(9.4%) were studying more than 2 hours per day,
14(14.6%) watch TV less than one hour, 62(64.6%) watch TV for 1 – 2 hours, and
20(20.8%) watch TV more than 2 hours. Concerning sleeping hours, 14(14.6%) sleep less
than 8 hours, 76(79.2%) sleep between 8 – 10 hours, and 6(6.3%) sleep more than 10
hours. Regarding breast feeding during infancy, 13(13.5%) received breast feeding for 3
months and less, 26(27.1%) received breast feeding for 4 – 9 months, 38(39.6%) received
breast feeding for 10 – 15 months, and 19(19.8%) received breast feeding for 16 – 24
months.
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Table (2): Information related to children
Variable

N

%

Male

53

55.2

Female

43

44.8

Total

96

100.0

UNRWA

46

47.9

Government

50

52.1

Total

96

100.0

Less than 1 hour

21

21.9

1 – 2 hours

66

68.7

More than 2 hours

9

9.4

Total

96

100.0

Less than 1 hour

14

14.6

1 – 2 hours

62

64.6

More than 2 hours

20

20.8

Total

96

100.0

Less than 8 hours

14

14.6

8 – 10 hours

76

79.2

More than 10 hours

6

6.2

Total

96

100.0

3 months and less

13

13.5

4 – 9 months

26

27.1

10 – 15 months

38

39.6

16 – 24 months

19

19.8

Total

96

100.0

Gender

Type of school

Study hours / day

Watching TV hours / day

Sleeping hours / day

Duration of breast feeding during infancy
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Figure (5) showed that 55.20% were male children and 44.80% were female children.
100.00%
90.00%
80.00%
70.00%
60.00%

55.20%
44.80%

50.00%
40.00%
30.00%
20.00%
10.00%
0.00%

Male

Female

Figure (6): Distribution of study participants by gender

47.90%
UNRWA

52.10%

Government

Figure (7): Distribution of study participants by type of school
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Table (3) and figures (7 & 8) showed that only 8(8.3%) of fathers had university education,
55(57.3%) had secondary school education, and 33(34.4%) had prep school and less,
which reflected that the vast majority of fathers had low level of education. In addition,
only 6(6.3%) of mothers had university education, 54(56.3%) had secondary school, and
36(37.5%) had prep school and less, which also reflects low level of education of mothers.
Moreover, only 2(2.1%) of families had a monthly income of 3000 NIS and more,
10(10.4%) earn between 2000 – 2900 NIS per month, 27(28.1%) earn between 1000 –
1900 NIS per month, and 57(59.4%) earn less than 1000 NIS per month, which indicated
that the majority of study participants are from the low income families.
Table (3): Information related to family
Variable

N

%

Prep school and less

33

34.4

Secondary school

55

57.3

University

8

8.3

Total

96

100.0

Prep school and less

36

37.5

Secondary school

54

56.2

University

6

6.3

Total

96

100.0

Less than 1000 NIS

57

59.4

1000 – 1900 NIS

27

28.1

2000 – 2900 NIS

10

10.4

3000 NIS and more

2

2.1

Total

96

100.0

Fathers' level of education

Mothers' level of education

Family monthly income
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Father

Mother

70.00%

57.30% 56.30%

60.00%
50.00%
40.00%

34.40%

37.50%

30.00%
20.00%

8.30%

10.00%

6.30%

0.00%

prep and less

secondary

university

Figure (8): Distribution of parents by level of education

Monthly income
59.40%
60.00%
50.00%
40.00%

28.10%

30.00%
20.00%

10.40%

10.00%

2.10%

0.00%

less than 1000
NIS

1000-1900 NIS

2000-2900 NIS

3000 NIS and
more

Figure (9): Distribution of participants by family income
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4.2 Anthropometric measures
Table (4) showed that the mean body weight was 28.187±5.552 kg, mean height was
1.290±0.061 meter, the mean BMI was 16.759±1.954.

Table (4): Distribution of anthropometric measures among children
Variable

Minimum

Maximum

Mean

SD

20

60

28.187

5.552

Height (meter)

1.15

1.50

1.290

0.061

BMI

14.0

27.0

16.759

1.954

Weight (kg)

Table (5) showed that there were statistically no significant differences in body weight
between children from UNRWA schools and Governmental schools (t= 1.231, P= 0.221).
Also, there were statistically no significant differences in height between children from
UNRWA schools and Governmental schools (t= 1.230, P= 0.222). In addition, there were
statistically no significant differences in BMI between children from UNRWA schools and
Governmental schools (t= 0.925, P= 0.358). These results indicated that the two groups of
children were similar in anthropometric characteristics.

Table (5): Comparison of anthropometric measures between the UNRWA and
Gov. group
Variables

UNRWA Group
(n = 46)
Mean(SD)

Gove. Group
(n =50)
Mean(SD)

t value

p value

Weight

28.91(6.41)

27.52(4.58)

1.231

0.221

Height

1.29(0.06)

1.28(0.05)

1.230

0.222

BMI

16.95(2.08)

16.58(1.82)

0.925

0.358
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4.3 Consumption of selected foods
Table (6) showed that 61(63.5%) of study participants usually eat fish one time per week,
and 6(6.3%) eat fish two times per week. For vegetables, 27(28.1%) eat vegetables 7 times
weekly, 18(18.8%) eat vegetables 6 times weekly, 14(14.6%) eat vegetables 5 times
weekly, 13(13.5%) eat vegetables 3 times weekly, and 11(11.5%) eat vegetables 4 times
weekly. In addition, 36(37.5%) of children eat chips 7 times weekly, 12(12.5%) eat chips 5
times weekly, 11(11.5%) eat chips 6 times weekly, 9(9.4%) eat chips 2 times and 9(9.4%)
eat chips 3 times weekly.

Table (6): Consumption of selected types of foods
Frequency / week

Fish

Nuts

Flax oil

Vegetables

Chips

N(%)

N(%)

N(%)

N(%)

N(%)

None

29 (30.2)

91 (94.8)

95 (99.0)

0

0

1 time

61 (63.5)

4 (4.2)

1 (1.0)

4 (4.2)

3 (3.1)

2 times

6 (6.3)

1 (1.0)

0

7 (7.3)

9 (9.4)

3 times

0

0

0

13 (13.5)

9 (9.4)

4 times

0

0

0

11 (11.5)

8 (8.3)

5 times

0

0

0

14 (14.6)

12 (12.5)

6 times

0

0

0

18 (18.8)

11 (11.5)

7 times

0

0

0

27 (28.1)

36 (37.5)

More than 7 times

0

0

0

2 (2.1)

8 (8.3)

4.4 School achievement and cognitive abilities
Table (7) showed that the lowest score in first term was 13.75, the highest score was 81.66,
and mean score was 57.53, and in the second term the lowest score was 31.25, the highest
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score was 85.50, and mean score was 64.74. In cognitive abilities, the lowest score in pretest 50.40, the highest score was 84.00, and mean score was 65.61, and in the post-test the
lowest score was 53.60, the highest score was 96.00, and mean score was 77.43.

Table (7): Levels of school achievement and cognitive abilities among all the
children (N=96)
Variables

Category

Lowest
score

Highest
score

Mean

SD

School
achievement

First term

13.75

81.66

57.53

15.40

Second term

31.25

85.50

64.74

12.93

Cognitive
abilities

Pre-test

50.40

84.00

65.61

8.01

Post-test

53.60

96.00

77.43

9.40

4.5 Changes in the school achievement of the children
a. Among all the children
Table (8) showed that there were statistically significant differences at < 0.05 between the
scores in first term (m= 57.53) and scores in second term (m= 64.74), t value was -9.434,
and P value was 0.001 when Independent T test was used. This result revealed that the
children obtained significant higher scores in the second term compared to the scores in the
first term, which reflected that ω-3 and Vit E supplement was effective in improving
school achievement among children.

Table (8): Comparison of school achievement before and after intervention
among all the children (N=96)
Variables

Mean

SD

t value

p value

Scores in first term

57.53

15.40

-9.434

0.001

Scores in second term

64.74

12.93

The level of significance is < 0.05
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b. Between- group effect
Table (9) showed that there were statistically significant differences at < 0.05 in scores
obtained in the first term between children from UNRWA schools (m= 52.60±18.84) and
children from government schools (m= 62.07±9.48), t value was -3.148 and P value was
0.002, which means that children from government schools obtained higher scores
compared to children from UNRWA schools. After receiving ω-3 and Vit E, the results
showed no significant differences in scores obtained in the second term between the two
groups, t value was -1.535 and P value was 0.128.

Table (9): Comparison of school achievement before and after intervention between
UNRWA and Gov. groups
Variables

UNRWA Group
(n = 46)
Mean(SD)

Gove. Group
(n =50)
Mean(SD)

t value

p value

52.60(18.84)

62.07(9.48)

-3.148

0.002

62.64(15.78)

66.67(9.37)

-1.535

0.128

Pre intervention
First term
Post intervention
Second term

The level of significance is < 0.05

c. Within-group effect
Table (10) showed that there were statistically significant differences in scores of children
from UNRWA schools before and after receiving omega-3 and vitamin E, mean difference
was – 10.04, t value was – 7.213 and p value was 0.001 which is significant. In addition,
there was statistically significant differences in scores of children from Gov. schools
before and after receiving ω-3 and Vit E, mean difference was – 4.60, t value was – 9.283
and P value was 0.001. These results reflected that ω-3 and Vit E is effective in improving
school achievement of children.
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Table (10): Comparison of school achievement before and after intervention within
UNRWA and Gov. groups (Paired sample T test)
Mean Diff (SD)

t value

P Value

- 10(0.04)

- 7.213

0.001

- 4.60(3.50)

- 9.283

0.001

UNRWA schools
First term (pre) – Second term (post)
Gov. schools
First term (pre) – Second term (post)

The level of significance is < 0.05

4.6 Changes in the cognitive abilities of the children
a. Among all the children
Table (11) showed that there were statistically significant differences at < 0.05 between
the scores obtained in the pre-test (m= 65.16) and scores obtained in post-test (m= 77.43), t
value was -12.638, and P value was 0.001when Independent T test was used. This result
revealed that the children obtained significant higher scores in the post-test compared to
the scores in the pre-test, which reflected that ω-3 and Vit E was effective in improving
cognitive abilities among children.
Table (11): Comparison of cognitive abilities before and after intervention
among all the children (N=96)
Variables

Mean

SD

t value

p value

Scores in pre-test

65.16

8.01

-12.638

0.001

Scores in post-test

77.43

9.40

The level of significance is < 0.05
b. Between- group effect
Table (12) showed that there were statistically no significant differences at < 0.05 in
scores obtained in the pre-test between children from UNRWA schools (m= 64.07±8.04)
and children from Gov. schools (m= 67.03±7.79), t value was -1.833 and P value was
0.070. After receiving ω-3 and Vit E, the results showed no significant differences in
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scores obtained in the post-test between the two groups, t value was -1.841 and P value
was 0.069, which means that children from both groups had similar cognitive abilities
initially and after intervention similar changes occurred.

Table (12): Comparison of cognitive abilities before and after intervention between
UNRWA and Gov. groups
UNRWA Group
(n = 46)
Mean(SD)

Gove. Group
(n =50)
Mean(SD)

t value

p value

Pre-test

64.07(8.04)

67.03(7.79)

-1.833

0.070

Post-test

79.25(9.19)

75.76(9.37)

-1.841

0.069

Variables

c. Within-group effect
Table (13) showed that there were statistically significant differences in scores of children
from UNRWA schools before and after receiving omega-3 and vitamin E, mean difference
was – 15.18, t value was – 11.148 and p value was 0.001 which is significant. In addition,
there were statistically significant differences in scores of children from Gov. schools
before and after receiving ω-3 and Vit E, mean difference was – 8.72, t value was – 7.710
and P value was 0.001. These results reflected that ω-3 and Vit E is effective in improving
cognitive abilities of children.

Table (13): Comparison of cognitive abilities before and after intervention within
UNRWA and Gov. groups (Paired sample T test)
Mean Diff (SD)

t value

P Value

- 15.18(9.23)

- 11.148

0.001

- 8.72(8.00)

- 7.710

0.001

UNRWA schools
(pre-test) – (post-test)
Gov. schools
(pre-test) – (post-test)

The level of significance is < 0.05
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Table (14) showed that there were statistically no significant differences at < 0.05 in
scores obtained in the first term between male children (m= 55.49) and female children
(m= 60.04), t value was -1.477 and P value was 0.151. After receiving ω-3 and Vit E, the
results showed also no significant differences in scores obtained in the second term
between the two groups, t value was -1.269 and P value was 0.208.

Table (14): Comparison of school achievement between male and female children
Male
(n = 53)
Mean(SD)

Female
(n =43)
Mean(SD)

t value

p value

First term

55.49(15.43)

60.04(15.16)

-1.477

0.151

Second term

63.24(12.30)

66.60(13.29)

-1.269

0.208

Variables

Table (15) showed that there were statistically no significant differences at < 0.05 in scores
obtained in the pre-test between male children (m= 65.53) and female children (m= 65.70),
t value was -0.102 and P value was 0.919. After receiving ω-3 and Vit E, the results
showed also no significant differences in scores obtained in the post-test between the two
groups, t value was -1.065 and P value was 0.289.
Table (15): Comparison of cognitive abilities between male and female children
Male
(n = 53)
Mean(SD)

Female
(n =43)
Mean(SD)

t value

p value

Pre-test

65.53(6.78)

65.70(9.39)

-0.102

0.919

Post-test

76.51(9.32)

78.56(9.48)

-1.065

0.289

Variables
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Chapter 5
Discussion
In this chapter the researcher tackled the results of the study in the context of literature
review

and

previous

studies.

The

chapter

commenced

with

conclusion

and

recommendations.
This study tried to explore the effects of PULC ω-3 FA on improving cognitive abilities
and school achievement among 4th class students. This study is the first of its kind to be
conducted in GS and the results obtained would highlight the positive effects of ω-3 and as
a consequence will encourage the parents and decision makers in the Ministry of Education
to use ω-3 to improve students' school performance.
The sample of the study consisted of 96 healthy students from the 4th class (around 10
years old) in UNRWA and governmental schools in Rafah province. Comparing our study
with previous studies reflected variation in results, and that could be due to differences in
samples used, differences in cultural behaviors, and duration of studies. The study of
Matthew et al., (2010) carried out in Pennsylvania included participants from the middle
age between 30 – 54 years old, the study of Helland et al., (2003) conducted in Norway
included healthy pregnant women between 19 – 35 years old, and the study carried out by
Morris et al., (2005) in Chicago included participants 65 years and older, and the study
carried out by Lim et al., (2009) included persons aged 60 years and above, while the study
carried out by Thornberg (2011) in Sweden was a longitudinal study followed the children
from pregnancy, delivery, infancy and until 6 years old. The above results indicated that
the effects of ω-3 was examined on different ages, and many studies included older ages.
This study included healthy school students around the age of 10 years who had low
achievement in school.
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In addition, more than two thirds of them study at home between 1 – 2 hours daily, also,
two thirds watch TV between 1 – 2 hours daily. The majority of children sleep adequate
hours (8 hours and more), and around two thirds of children had breast feeding for 10
months and more. These results indicated that the majority of children included in the
study had good healthy practices with adequate breast feeding during infancy.
Breast feeding has been related to infant health and nutrition, and associated with
enhancement of later cognitive ability in childhood as well as educational achievement in
adulthood (Oddy et al., 2003; Victora et al., 2005). A randomized trial carried out in
Belarus showed that children who received adequate breast feeding earlier in their life had
significantly higher IQ scores at the age of 6.5 years (Kramer et al., 2008).
Concerning the children's parents, the results reflected that the vast majority of fathers and
mothers had low level of education and only between 6 – 8% of parents had university
education. Moreover, the results indicated that the majority of children came from poor
families with low income. These results reflected that the children who participated in this
study were from low socioeconomic class, and that may affect their school achievements.
Anthropometric measures
The results of the study showed that the mean weight (wt) for study participants was
28.187 kg and SD 5.552. comparing this result with standards of WHO (2007) mean Wt
for children at age of 10 years is 31.158, which indicated that the children included in our
study were below Wt for age. In addition, the mean height (ht) for our study participants
was 1.29 m, and the standards of WHO (2007) was 1.37 m which indicated that children
included in our study were below Ht for age. These results reflected that the children
participated in our study were below Wt and Ht for their age, which means that they could
have poor nutrition during their childhood and this may affect their neurological and
cognitive growth and development and their low school achievement. In this regard,
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studies included malnourished children from South Africa and children from Mexico
showed improvements in learning and cognitive performance with long chain (LC)ω-3
supplementation (Dalton et al., 2008; Portillo-Reyes et al., 2014). These results raise the
need for further studies to examine the children's nutritional status especially during this
sensitive stage of growth and development.
Consumption of selected foods
The results indicated that the vast majority of children eat vegetables and chips in high
frequency, but eat fish in low frequency, while the majority of them do not eat nuts and
Flax oil.
Good nutritional status is important for proper brain development and maintenance of
normal cognitive function. Eating vegetables and fruits frequently is very important to
maintain health and proper function of the individual. Epidemiological and experimental
studies have demonstrated that a diet rich in fruit and vegetables has a beneficial effect on
cognitive function because these food groups are rich in antioxidants that act as free radical
scavengers that protect the brain from neuronal damage. An observational study included
2533 healthy participants conducted to investigate the effect of nutrition especially fruit
and vegetables on the quality of aging. Participants were invited to provide a 24-h dietary
record every two months for a total period of two years that was successively analyzed in
combination with the cognitive assessments. The results showed that vegetables and fruits
that contain Vit E were positively associated with better cognitive performance (Peneau et
al., 2011).
Eating fish as a source of LC ω-3 FAs is very important for proper brain and cognitive
development. Oken et al., (2005) reported that eating fish during pregnancy has benefits
for infants such as higher novelty preference on visual recognition memory, and longer
term benefits like higher scores of verbal intelligence quotient in the children up to eight
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years of age. Furthermore, Innis et al., (2002) found that higher DHA status at two months
led to better language production and comprehension at 14 and 18 months of age, and
children of lactating mothers given a daily DHA supplement had significantly better scores
in psychomotor development (Jensen et al., 2005). A double-blind randomized control
study carried out by Fontani et al., (2005) found that subjects who consumed 4 g fish
oil/day (providing 1600 mg EPA and 800 mg DHA) marked improvements in sustained
attention and a significant reduction in errors on the attention test, significant
improvements were also found on physiological measures, improvement in reaction time
which revealed that changes in brain activity were consistent with the notion that ω-3 FAs
have a direct action on the central nervous system which then leads to improved cortical
function. Another study found that consumption of fish providing the recommended
amount of EPA and DHA of ~0.45 g/day was associated with more advanced vocabulary
and higher end term grades. However (De Groot et al., (2012). Furthermore, a study
carried out on Swedish school children showed significantly higher school grades among
those who consuming fish more than once a week compared to less than once a week (Kim
et al., 2010).Furthermore, consumption of fish decrease the rate of cognitive decline among
older persons as evidenced by a study conducted in Chicago by Morris et al (2005) which
showed that fish intake was associated with lower rate of cognitive decline after
adjustment for age, sex, race, education, cognitive activity, physical activity, and the rate
of decline was 10% slower among those who eat one fish meal per week and the rate of
decline was 13% slower among those who eat two fish meals per week.
Effect of omega-3 supplement on school achievement and cognitive abilities
The results of our study showed that there were statistically significant improvement in
school achievement among study participants after receiving ω-3 and Vit E for 16 weeks.
Changes in school achievement was evidenced by improvement in scores obtained in the
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first term before receiving the supplement (mean scores was 57.53, median score was
60.12), and after receiving the supplement the scores increased in the second term (mean
score was 64.74, median score was 66.41), and P value was 0.001. The results also showed
statistically significant improvement in cognitive abilities and that was evidenced by
changes in scores obtained on cognitive abilities test. Initially, scores obtained in cognitive
test were (mean scores was 65.61, median score was 64.00) and after receiving the
supplement for 16 weeks the scores increased to be (mean scores was 77.43, median score
was 80.00), and P value was 0.001. The improvement in school achievement and cognitive
abilities was among all the children from UNRWA and governmental schools. These
results were in accordance with previous studies. A study conducted in Sweden found that
children who received capsules of high-DHA fish oil showed improvement in reading
speed, general schoolwork, and overall perceived benefit (Lindmark & Clough, 2007). In
addition, an experimental study indicated a positive influence of n-3 on cognitive
functions, and ω-3 supplementation was associated with an improvement of attentional and
physiological function, particularly those involving complex cortical processing (Fontani et
al., 2005). Another study showed a direct link between DHA and brain activation.
(McNamara et al., 2010). Moreover, Richardson et al., (2012) reported that DHA
supplementation improved reading in children who underperformed in reading. Another
study carried out in Australia found significant improvements with EPA and DHA on
cognitive development with a larger effect in the 7–12 year old children, but there were
unable to show improvements in academic achievement (Parletta et al., 2013).
Different results were obtained by Kennedy et al., (2009) and Kirby et al., (2010) who did
not prove any benefit of consuming DHA on cognitive performance and learning, also, the
results did not show statistically significant changes in school achievement and cognitive
abilities between male and female children. Different results were obtained by Lassek and

55

Gaulin (2011) which showed that positive relationship between dietary ω-3 PUFA and
cognitive test scores and this relationship was twice as strong in girls compared to boys,
and these differences could be explained in the context that girls may respond differently to
LC ω-3 PUFA supplementation.
Effect of vitamin E supplement on school achievement and cognitive abilities
Vit E is an important antioxidant that primarily protects cells from damage associated with
oxidative stress caused by free radicals. The brain is highly susceptible to oxidative stress,
which is considered a major contributor to neurodegeneration. In addition, high plasma Vit
E levels were repeatedly associated with better cognitive performance (La Fata et al.,
2014). It is noticed that the vast majority of studies were conducted on elderly people, but
our study was conducted on children which would make it a novel study in GS and
complement this study with other studies.
Several studies showed that Vit E consumption in diet or as a supplement had positive
effect on brain and neurological function. A 7-year study included 2,889 patients at the
Rush-Presbyterian-St. Luke's Medical Center in Chicago showed that those who had high
Vit E intake from diet and supplements had 36 percent less decline in cognitive function
than those whose Vit E intake was low (Zimmerman, 2016). Another study showed that
subjects with high plasma levels of Vit E had a reduced risk of developing Alzheimer's
disease in comparison to persons with lower levels of Vit E (Mangialasche et al., 2010). A
large population-based observational study found that healthy older adults who used antioxidants including Vit E were 50% less likely to experience cognitive decline at 5 years
follow-up compared with those who did not (Maxwell et al., 2005).
In this study the researcher gave the participants a combination of ω-3 and Vit E
supplementation for 16 weeks. Some authors reported additional benefits of this
combination. According to the Linus Pauling Institute, there may be additional benefits to
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combining ω-3 FAs with an increased intake of Vit E. This is because vitamin E can play
an important role in preventing PUFAs in fish oil from becoming oxidized or rancid. For
this reason, small amounts of Vit E are often included in fish oil supplements to prevent
spoilage(www.livestrong.com).
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Chapter 6
Conclusion
This study aimed to examine the effects of combined n-3 and vitamin E supplement on
cognitive function and school achievement among students in the 4th class in Rafah
province. This study is the first interventional study to be carried out to examine the
benefits of this supplement. The study included 96 students from both UNRWA and
government schools. The majority of children included in the study had good health status
without chronic disease, and had adequate breast feeding during infancy, but the vast
majority of fathers and mothers had low level of education.
The children participated in this study were below Wt and Ht for their age, which could
raise the possibility of poor nutrition during their childhood, and this may contribute to
slower neurological and cognitive growth and development.
When assessing food consumption, it was evidenced that most of the children do not eat
fish or eat fish in low quantity, and they do not take fish oil supplement.
Assessment of children reflected significant improvement in school achievement and
cognitive performance after receiving a combination of ω-3 and Vit E supplement for
consecutive 16 weeks, and there were no significant differences in these improvement
related to gender or type of school.
In conclusion, evidence emerged from the current study and previous studies suggesting
that consumption of LC ω-3 PUFA, particularly DHA, by healthy school-aged children,
may enhance cognitive performance particularly in those who habitually consume diets
low in LC n-3 PUFA in GS.
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Chapter 7
Recommendations
In the light of study results the researcher recommends the following:
-

Emphasize the use of ω-3 and Vit E supplements in the schools to improve and
maintain good cognitive functions.

-

Performing screening campaigns to identify children who are below normal in regard
to weight and height, and assess their nutritional status.

-

Encourage good dietary habits with adequate intake of fish and fish products.

-

Afford laboratories with facilities to check DHA levels because it is an important factor
that may determine cognitive functions among children.

-

Establishing an omega-3 index for mental health and mental well-being.
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االختبارات اإلدراكية الدمعية والبصرية

أوال  :اختبارات اإلدراك انبصزي
.1

اختبار انتمييز انبصزي

.2

اختبار انتذكز انبصزي

.3

اختبار انتحهيم انبصزي

.4

اختبار انتكامم وانتداعي انبصزي انحزكي

74

اسم انتهميذ :
أوال  :اختبارات اإلدراك انبصزي
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
 -1اختبار التمييز البصري

( )1 / 1ضع عالِح عٍ ٝاٌشىً أ ٚاٌىٍّح اٌّخرٍفح ف ٟوً طف

األٚي:

اٌثأ:ٟ

اٌثاٌث:

ب

ب

ب

ن

اٌشاتع:

6

9

6

6

اٌخاِظ:

دفع

دفع

رفع

دفع

اٌذسجح
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5

اسم انتهميذ :
أوال  :اختبارات اإلدراك انبصزي
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
تابع -1 :اختبار التمييز البصري
( ٍ٠ ) 1 / 2رمط اٌطفً األصٚاج اٌّرشاتٙح ِٓ ِجّٛعح إٌّارج اٌر٠ ٟعشضٙا اٌفادض
نماذج يعرضها الفاحص أمام الطفل

المجموعة
األولى

دائرة

مثمث

دائرة

مربع

الثانية

أسد

نمر

أسد

ذئب

الثالثة

5

2

5

3

الرابعة

س

ص

س

ط

الخامسة

8

3

9

8

اٌذسجح
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5

اسم انتهميذ :
أوال  :اختبارات اإلدراك انبصزي
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
تابع -1 :اختبار التمييز البصري
( )1 / 3ضع عالِح عٍ ٝاٌىٍّح اٌر ٟذرطاتك ِع اٌىٍّح اٌر٠ ٟعشضٙا اٌفادض (ف ٟوً ِجّٛعح)

1

يمعب

تمعب

نمعب

2

سعيد

صعيد

بعيد

3

نخيل

نحيل

بخيل

4

وحيد

وريد

وعيد

5

رقيق

رفيق

رحيق

اٌذسجح

5

-------------------------------------------------------------------------------------------تطالاخ اٌىٍّاخ ٠عشضٙا اٌفادض ِرغٍغٍح " ٌالخرثاس اٌفشع ٟسلُ ( " ) 1 / 3
2

1
تمعب

بعيد

3

4
نحيل

77

5
وحيد

رحيق

اسم انتهميذ :
أوال  :اختبارات اإلدراك انبصزي
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
 -2اختبار التذكر البصري
(٠ )2 / 1عشع اٌفادض وً طف ِٓ طفٛف تطالاخ اٌظٛس ِشج  ..ثُ ٠ع١ذ عشضٙا ِشج أخشٜ
تعذ (  ) 5ثٛإٔالظح طٛسجٚ ،عٍ ٝاٌطفً أْ ٠زوش تطالح اٌظٛسج إٌالظح.
–1

–2

–3

–4

–5

اٌذسجح

78

5

اسم انتهميذ :
أوال  :اختبارات اإلدراك انبصزي
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
تابع -2 :اختبار التذكر البصري
(٠ )2 / 2عشع اٌفادض وً طف ِٓ طفٛف اٌظٛس  ..ثُ ٠رُ إخفاءٖ
ٚاٌّطٍٛب ِٓ اٌطفً أْ ٠غّ ٟاٌظٛس اٌر ٟشا٘ذ٘ا ( د ْٚاٌرم١ذ تاٌرغٍغً ).
–1

–2

–3

–4

–5

–6

اٌذسجح
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5

اسم انتهميذ :
أوال  :اختبارات اإلدراك انبصزي
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
تابع -2 :اختبار التذكر البصري
(٠ - )2 / 3عشع اٌفادض عٍ ٝاٌطفً وً طف ِٓ طفٛف اٌظٛس ٌّذج ( )5ثٛاْ  ..ثُ ٠رُ إخفاؤٖ.
 ٠مذَ اٌفادض ٌٍطفً تطالاخ اٌظٛس غ١ش ِشذثح ٠ٚطٍة ِٕٗ أْ ٠شذثٙا تٕفظ ذشذ١ثٙا عٕذِاعشضد عٍ.ٗ١
–1

–2

–3

–4

–5

اٌذسجح

80

5

اسم انتهميذ :
أوال  :اختبارات اإلدراك انبصزي
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
 -3اختبار التحليل البصري

ٕ٠ظش اٌطفً إٌ ٝاٌشىً اٌّشع َٛداخً اٌّشتع  ،ثُ ٠م َٛتشعُ ٔفظ اٌشىً ف ٟاٌّشتع اٌّٛجٛد أعفٍٗ
عٓ طش٠ك ذٛط ً١إٌماط.
1

2

3

4

5

6

7

8

9

11

اٌذسجح
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اسم انتهميذ :
أوال  :اختبارات اإلدراك انبصزي
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
 -4اختبار التكامل والتداعي البصري الحركي
( )4 / 1اٌرىاًِ اٌثظش ٞاٌذشوٟ
ٕ٠ظش اٌطفً إٌ ٝاٌشىً اٌّشع َٛداخً اٌّشتع ،ثُ ٠م َٛتشعُ ٔفظ اٌشىً ف ٟاٌّشتع اٌّٛجٛد أعفٍٗ
1

3

2

4

6

5

8

7

10

9

<

×

اٌذسجح

10

( )4 / 2اٌرذاع ٟاٌثظش ٞاٌذشوٟ
اٌذشٚف

اٌّفراح

اٌشِٛص

+

اٌفمشاخ اٌرجش٠ث١ح

○
أغخ اٌشِض إٌّاعة ذذد وً دشف ِغرششذاً تّفراح اٌشِٛص
ق

ح

خ

ح

خ

ق

ق

ح

ق

اٌذسجح
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ثانيا  :اختبارات اإلدراك انسمعي
 -1اختبار انتمييز انسمعي
 -2اختبار انتذكز انسمعي
 -3اختبارانتفسيز انسمعي نهتعهيمات
 -4اختبار انتزابط انسمعي انصوتي
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اسم انتهميذ :
ثانياً :اختبارات اإلدراك انسمعي
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
 -1اختبار التمييز الدمعي
( )1/1يستمع الطفل إلى مجموعة من األصوات من مسجل ،وعميه أن يتعرف عمى الصوت الذي يسمعه:
1

صوت طفل يضحك

6

صوت مواء قطة

2

صوت جرس

7

صوت نباح كمب

3

صوت سيارة

8

صوت عصفور

4

صوت طيارة

9

صوت تصفيق

5

صوت طفل يبكي

10

صوت إسعاف
الدرجة

10

( )1/2ينطق الفاحص أزواج الكممـات عمى التعاقب ،وعمى الطفـل أن يقول "نعم" إذا كانت الكممتـان
متطابقتان في النطق ،ويقول "ال" إذا كانتا تختمفان:
مثال 1

قطة  /بطة

سوق  /سوق

مثال 2

1

رفع  /رفع

6

سور  /سور

2

كمب  /قمب

7

هتف  /هدف

3

حديقة  /حديقة

8

نحمة  /نخمة

4

لعب  /تعب

9

بيت  /بيض

5

سيف  /صيف

10

ص َور
ُس َور ُ /
الدرجة

مالحظة :مطموب تسكين الحرف األخير عند النطق
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اسم انتهميذ :
ثانيا  :اختبارات اإلدراك انسمعي
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
تابع -1 :اختبار التمييز الدمعي
( )1 / 3ضع عالِح عٍ ٝاٌظٛسج اٌر٠ ٟثذأ اعّٙا تٕفظ تذا٠ح طٛخ اعُ اٌظٛسج اٌر ٟعٍ ٝآٌ١ّ١
مثال

–1

–2

–1

–2

–3

–4

–5

اٌذسجح
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اسم انتهميذ :
ثانيا  :اختبارات اإلدراك انسمعي
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
 -2اختبار التذكر الدمعي
( )2 / 1ينطق الفاحص كممـات كل صف دون تكرار بفاصل ( )2ثانية بين كل كممـة ،وعمى
الطفل أن ينطقها بعد الفاحص بأي ترتيب:

مثال 1

ضرب  -حصان

1

قطة

-

رجل

2

كيس

-

ظفر

3

جرس

-

كتاب

مثال 2

4

قمم

-

بصل

-

قدم

5

كرة

-

نحل

-

كمب

6

طحين

-

ماء

-

شهر

7

ذراع

-

مطبخ

-

حذاء

-

طريق

8

مخزن

-

حزام

-

غذاء

-

مسمار

9

قارب

-

شريط

-

إصبع

-

شاطئ

10

سيارة

-

نخمة

-

عمم

-

ساعة

سكين  -أسـد

الدرجة

10

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
يوقف الفاحص التطبيق إذا فشل الطفل في تذكر سمسمتين متتاليتين.
86

اسم انتهميذ :
ثانيا  :اختبارات اإلدراك انسمعي
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
تابع -2 :اختبار التذكر الدمعي
( )2 / 2ينطق الفاحص األرقام " دون تكـرار " بفاصل ( )2ثانية بين كل رقم وعمى الطفل أن
ينطقها بعد الفاحص وبنفس الترتيب:

ِثاي 1

3–5

1

2–5

2

4–6

3

1–3

4

9–4–7

5

5–9–6

6

9–6–2

7

4–9–3–8

8

3–7–1–5

9

9–4–8–3

10

3–7–2–4

ِثاي 2

1 -4

اٌذسجح
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ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
ٛ٠لف اٌفادض اٌرطث١ك إرا فشً اٌطفً ف ٟذزوش عٍغٍرِ ٓ١رراٌ١رٓ١
87

اسم انتهميذ :
ثانيا  :اختبارات اإلدراك انسمعي
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
 -3اختبار التفدير الدمعي للتعليمات

٠عط ٟاٌفادض أِشاً٠ٚ ،م َٛاٌطفً ترٕف١زٖ عٓ طش٠ك اٌذشوح اٌر ٟذث ٓ١ف:ّٗٙ
تعميمات ( أوامر ) ينطق بها الفاحص
1

لف

6

اجٍظ

2

الفض ألعٍٝ

7

افرخ اٌىراب

3

اسفع ٠ذ٠ه

8

اغٍك اٌىراب

4

ار٘ة إٌ ٝاٌشثان

9

خز ٚسلح ٚالطعٙا ٔظفٓ١

5

اغٍك اٌثاب

 10خز لٍُ سطاص ِٓ اٌظٕذٚق ٚاسعُ شخظا ً

اٌذسجح
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اسم انتهميذ :
ثانيا  :اختبارات اإلدراك انسمعي
ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
 -4اختبار الترابط الدمعي الصوتي
٠مشأ اٌفادض اٌعثاسج ٠ٚ ...طٍة ِٓ اٌطفً أْ ٠ىًّ شفا٘ح تاٌىٍّاخ إٌّاعثح
مثال 1

مثال 2

أحمد ولد ،ونورة ...

1

أٔا أجٍظ عٍ ٝاٌىشعٚ ،ٟأٔاَ عٍ... ٝ

2

اٌعظفٛس ٠ط١ش ف ٟاٌٛٙاءٚ ،اٌغّىح ذغثخ ف... ٟ

3

ف٠ ٟذ ٞأطاتع ٚف ٟسأع... ٟ

4

اٌذذ٠ذ ثمٚ ،ً١اٌش٠ش ...

5

آوً ِٓ اٌطثكٚ ،أششب ِٓ ...

6

األسٔة عش٠عٚ ،اٌغٍذفاج ....

7

اٌّمض ٠مضٚ ،اٌمٍُ ...

8

اٌمٛٙج ِشجٚ ،اٌغىش ...

9

ألشأ ف ٟاٌىرابٚ ،أورة ف... ٟ

10

أٌعة ف ٟاٌذذ٠محٚ ،أدسط ف... ٟ

الفيل كبير ،والنممة ...

اٌذسجح
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Annex (2): Helsinki Committee approval
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Annex (3): Approval from UNRWA
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Annex (4): Approval from Ministry of education
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Annex (5): Questionnaire (personal information)

93

Annex (6): Approval from parents.
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