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Abstract

The present study aims to introduce a new Egyptian version of the general nutrition knowledge
questionnaire (E-GNKQ) for adults by assessing its validity and reliability in an Egyptian context.
The study relied on the revised version of the general nutrition knowledge questionnaire,
performed by Kliemann et al. in 2016. The questionnaire was translated and adapted into a seventy-
eight-item Arabic version. The questionnaire was subjected to five validation studies that were
carried out for content validity; face validity; internal reliability and external reliability; construct
validity between participants with nutrition knowledge and with little nutrition knowledge, and
without nutrition knowledge; and convergent validity for correlation between nutrition knowledge
and demographic characteristics. The study targeted two groups of students (students of the
Department of Nutrition and Food Science at Menofia University (n 163), and students of the
Faculty of Tourism and Hotels at the University of Sadat City (n 91). The seventy-eight-item
Egyptian General Nutrition Knowledge Questionnaire had an acceptable construct, content and
face validity, internal consistency, test-retest reliability, and convergent validity. So, it has been
shown that the E-GNKQ is a valid and reliable way to measure how much college students in
Egypt know about nutrition.
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Introduction

Nutrition is an important element in people's growth and maintaining their performance in daily
life, especially if their food contains the basic nutrients that benefit them (Desbrow et al., 2014).
The relationship between food and health has received great attention from those interested in
nutrition, as proper nutrition based on nutrition knowledge can prevent and treat many illnesses
(Pefia-Romero et al., 2018). Nutrition knowledge is considered one of the most important factors
associated with health awareness, as it has been found that many harmful health problems are
associated with a low level of health awareness among individuals. Studies show that people with
a low level of health awareness are less likely to deal with chronic diseases, such as obesity (Spronk
etal., 2014). Some studies proposed that the deficiency of nutrition knowledge among people may
be involved in the higher rates of overweight and obesity among low-income communities (Rose
& Bodor, 2006; Townsend, 2006). While raising individuals' nutrition knowledge level may partly
decrease the health variation that exists among low-income communities (Townsend, 2006).

Individuals' nutritional knowledge is very important. Inconvenient nutrition knowledge is
considered a hurdle to fostering healthful behaviors and preserving wellness (Worsley, 2002;
Nanayakkara et al., 2018). Based on the integrated theory of Health Behavior Change,
modification of health and nutritional behavior can be effectively enhanced through knowledge
and beliefs about a certain topic, especially when used in intervention contexts. Therefore, it is
assumed that exposing individuals to intervention or knowledge means (i.e., nutrition education)
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that improved nutrition knowledge may contribute to enhancing their nutritional behavior and
eating habits (Sharma et al., 2008; Ryan, 2009). Adequate nutritional knowledge is associated with
improving dietary behaviors and decreasing the rates of malnutrition diseases (Bonaccio et al.,
2013; Grosso et al., 2013).

Studies have shown that people with higher levels of nutrition knowledge tend to have higher self-
efficacy about nutrition. This is significant when considering that increasing a person's self-
efficacy can enhance the ability of a person to overcome obstacles and can be a significant
predictor of changing nutritional behavior (Boulanger et al., 2002; Fitzgerald et al., 2008).
Recently, many questionnaires have been developed to measure the level of nutrition knowledge
in the population. Among these questionnaires, the General Nutrition Knowledge Questionnaire
(GNKQ), developed by Parmenter and Wardle in the 1990s, is the most prominent. The GNKQ
has been adopted and validated in many studies in different countries with some adjustments for
each country. By reviewing previous studies conducted in this field, it was found that some studies
(i.e., Kliemann et al., 2016; Mo’ath & Attlee, 2020) did not clarify how content validity and face
validity were tested. Additionally, the expert panel that participated in these studies consisted of
more than 10 persons, which contradicts the desirable number (6-10 persons) of the expert panel,
as Yusoff (2019) clarified that it is undesirable to include more than 10 people in the expert panel
so that they have sufficient control over the chance agreement.

It was indicated that it is a necessity to develop a nutrition knowledge questionnaire for each
country individually. This is because each country has its own food culture and dietary habits
(Parmenter & Wardle, 1999). Dietary habits and food culture vary from country to country. This
difference is attributed to many factors, such as folk customs and traditions, religion, economic
conditions, and natural resources (Mintz & Du Bois, 2002). Egyptian culture, the population’s
eating habits, and dietary recommendations are different from those of European countries
(Hassan-Wassef, 2004; Da Silva et al., 2009: Abdel-Hady et al., 2014; Aljefree & Ahmed, 2015;
Ali, 2018; Muhammad, 2019). To the best of the authors’ knowledge, no one has measured the
validity and reliability of GNKQ in the Egyptian context until now. Subsequently, the present
research aims to develop a general questionnaire on nutrition knowledge for Egyptian adults. So,
this study aims to validate an Arabic version of a general nutrition knowledge questionnaire on
university students in Egypt.

Review of Literature

Nutrition Knowledge

Over time, nutrition knowledge has developed to comprise everything from the preparation of
foods, one's skills, and the evolution of knowledge and behaviors that enhance a healthy diet and
well-being (Vidgen & Gallegos, 2014; Nanayakkara et al., 2018). It has been found that nutritional
knowledge has a remarkable role in following optimum nutrition behaviors (Alaunyte et al., 2015).
Nutrition knowledge is the comprehension and capability that are required to enable individuals to
meet their nutritional needs, including nutritional knowledge that fosters a healthy diet besides
food purchasing and preparation skills (Fordyce-Voorham, 2011; Nanayakkara et al., 2018).
Nutrition knowledge may also be known as the comprehension of fundamental facts about diets
and nutrition (Alaunyte et al., 2015). Nutrition knowledge refers to “knowledge of concepts and
processes related to nutrition and health including knowledge of diet and health, diet and disease,
foods representing major sources of nutrients, and dietary guidelines and recommendations”
(Miller & Cassady, 2015, p 209). At the practical level, nutrition knowledge must comprise two
of the following concepts at least during evaluation; food groups, balanced diets, current dietary
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guidelines, sources of nutrients, storage, and preparation of food, use of food labels, and the
relationship between nutrition and disease (Parmenter & Wardle, 2000; Alaunyte et al., 2015).

Assessment of Nutrition Knowledge

Various questionnaires were developed or modified to evaluate individuals' general nutritional
knowledge (Zinn et al., 2005). These nutritional knowledge assessment questionnaires have also
been used to explore the possibility of deeming good nutritional knowledge as a cognitive factor
in improving individuals' eating habits (Spronk et al., 2014; Bradette-Laplante et al., 2017). There
was a need for a valid tool to assess nutrition knowledge among individuals, which is considered
critical for developing nutrition education interventions (Mo’ath & Attlee, 2020). Community-
based organizations advanced many forms of evaluations to determine nutrition knowledge in
adults, which act as guidelines for the review. Popular questionnaires that were developed to
measure individuals' nutrition knowledge comprise the General Nutrition Knowledge
Questionnaire (GNKQ), the Consumer Nutrition Knowledge Scale (CONKS), and the Dietary
Knowledge Test (NKT) (Kliemann et al., 2016). Parmenter and Wardle developed the GNKQ in
Europe during the 1990s to evaluate general nutrition knowledge among populations and the
questionnaire was lately updated by Kliemann et al. in 2016 (Mo’ath & Attlee, 2020). The GNKO
consisted of 75 questions divided into 5 main sections: “the understanding of terms; awareness of
dietary recommendations; knowledge of food sources related to the advice (practical food choice);
and awareness of diet-disease associations” (Parmenter & Wardle, 1999, p299). The validity and
reliability of the GNKQ questionnaire for evaluating nutrition knowledge in adults were proved in
many studies in different countries, with different questions about dietary guidelines and
recommendations from those in the GNKQ of the UK population, like Australia (Hendrie et al.,
2008; Thompson et al., 2021), Turkey (Alsaffar, 2012), United Kingdom (Kliemann et al., 2016),
Japan (Matsumoto et al., 2017), Canada (Bradette-Laplante et al., 2017), Uganda (Bukenya et al.,
2017), Romania (Putnoky et al., 2020), and the United Arab Emirates and Jordan (Mo’ath &
Attlee, 2020).

Methodology

Participants

Participants in this study were a convenient sample of senior students. The participants are enrolled
in the fourth year of the Department of Nutrition and Food Science at Menofia University, who
studied nutrition (n 163), and students in the fourth year of the Faculty of Tourism and Hotels at
the University of Sadat City (n 91). The students of the Faculty of Tourism and Hotels were
selected as a group that was supposed to have little (studied some nutrition courses) or no
nutritional education (have not any nutrition courses). The questionnaire was distributed to all
participants in two delivery styles: online (through Google forms) and in hard copies, from
December 2020 to March 2021.

Instrument

The study relied on the revised version of the general nutrition knowledge questionnaire performed
by Kliemann et al. in 2016. GNKQ-R was designed to assess nutrition knowledge through four
parts. Part one of the questionnaire relates to nutrition advice or recommendations from
health/nutrition experts, part two is about groups of food and their content of nutrients, part three
is about distinguishing and choosing healthy foods, and part four is about health issues related to
diet and weight.
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The original English questionnaire was translated into Arabic and linguistically revised to avoid
any mistakes in terminology errors after translation. Then, it was back translated into English. The
first draft of the Egyptian general nutrition knowledge questionnaire (E-GNKQ) consisted of 48
questions; the questions were in the form of multiple-choice, dichotomous, and checkmarks. Based
on the evaluation of the expert committee, two questions were excluded during assessing content
validity qualitatively, because they did not fit with Egyptian dietary habits or the Islamic religion.
One of these questions in section one (Approximately how many alcoholic drinks is the maximum
recommended per day "The exact number depends on the size and strength of the drink™?), the
other one in section three (Traffic lights are often used on nutrition labeling, what would amber
mean for the fat content of food?). There are also some food and ingredients that are excluded
based on the same reasons, such as Yorkshire pudding, ham, plantains, and rapeseed oil, and
replaced with other common ingredients in Egypt.

The final version of the E-GNKQ distributed to participants consisted of 45 questions representing
78 points and was divided into four parts after omitting three questions in the content validity stage
in addition to the part about demographic characteristics. The first part (recommendations from
health/nutrition experts) consists of 7 questions with a total of 9 points. The second part (food
groups and nutrients) consists of 10 questions with a total of 36 points. The third part
(distinguishing and choosing healthy foods) consists of 12 questions with a total of 12 points, while
the fourth part (health issues related to diet and weight) consists of 16 questions with a total of 21
points. Students' answers were scored by giving 1 to the correct answer and zero to the wrong or
not sure answers for each question of the questionnaire. Subsequently, the scores of the four parts
of the questionnaire were calculated together to obtain the overall score of general nutrition
knowledge score of the students.

Data Analysis

The IBM SPSS software version 26 was used to analyze the study data due to the lack of some
tests such as Fleiss' Kappa in the lower versions of the program. Data were displayed in the form
of means and standard deviations to ensure that differences between groups were easy to identify.
The Content Validity Index (CV1) approach was used to determine the level of agreement between
the expert panel, whether at the element level (I-CV1) or the scale level (S-CV1), in addition to the
Fleiss' Kappa coefficient to measure inter-rater reliability beyond the chance agreement. Face
validity was estimated using the CVI approach using the method of average agreement (CVI/Ave)
and universal agreement (CVI/UA) for each part of the questionnaire and the questionnaire.
Cronbach's alpha coefficient was employed to determine the level of internal reliability, while the
paired sample t-test and the intra-class correlation to determine the degree of external reliability.
For construct validity, the independent t-test and one-way ANOVA were used to determine the
differences between groups in nutritional knowledge scores. In addition, using Cohen's d
coefficient and Eta squared to determine the effect size. The independent t-test and one-way
ANOVA were used to determine the convergent validity by analyzing the relationship between the
nutritional knowledge scores of the groups and the demographic characteristics (gender, age,
college, section, and nutritional background). In addition, Tukeys' post-hoc test was used to
determine the differences between groups and Cohen's d and Eta squared coefficient to measure
the effect size. To verify the validity of the Egyptian General Nutritional Knowledge Questionnaire
(E-GNKQ), a process of five studies was carried out, namely: Content Validity, Face Validity,
Internal and External Reliability, Construct Validity, and Convergent Validity respectively.
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Study 1: Assessment of Content Validity

Content Validity Index (CVI)

The content validity index is one of the most widely used methods for assessing the content validity
of a measurement tool. The content validity index is evaluated in two ways; the first is at the
element level, which is called the item content validity index (I-CVI), while the second method is
at the scale level, and is known as the scale validity index (S-CVI) (Polit & Beck, 2006). To
guarantee that the tool has sufficient content validity, it has to be reviewed by a panel of experts.
This panel should include experts specialized in the field of research, such as nutritionists or
dietitians. It is preferable to engage experts who work in the academic, governmental, or private
sectors (MacKenzie et al., 2011). For the appropriate number of experts on the panel, it was
suggested to use six people as a minimum number of experts to have adequate control over chance
agreement. Although a maximum number of experts has not been set, it is unlikely to engage more
than 10 persons in the panel (Yusoff, 2019).

Kappa coefficient

Most researchers use the CV1 to measure the validity of the content for its ease of performing and
understanding, although the CVI does not consider the probability of inflated values due to chance
agreement between the raters. The Kappa weight ranges from -1 to one. If the value is negative, it
indicates less than chance agreement. But if the value is zero, then it shows agreement was no
better than chance. While if the value is positive, it means better than chance agreement. For
interpreting the value of Kappa, 0.40 to 0.59 are deemed fair, between 0.60 to 0.74 is good, and
more than 0.74 is considered excellent (Polit & Beck, 2006; Rodrigues et al., 2017).

A group of experts, consisting of 10 individuals specialized in the field of nutrition, was selected
based on their field of work, whether academically or professionally. Three academic professors
specialized in nutrition and food science working at the Faculty of home economics, three
academic professors specialized in nutrition and food science working at the faculty of Agriculture
(3) three working as private dietitians (3), and one dietitian working at one of the government
hospitals were invited to engage in the expert panel. A hard copy of the questionnaire containing
the questions and its answers options was submitted to the expert committee for review and
evaluation in terms of relevance, simplicity, and clarity. A four-point Likert scale was used to
evaluate the questions, with approval ratings ranging from 1 (very irrelevant) to 4 (very relevant).
The experts' answers regarding relevancy were used to create the content validity index for each
item, section, and the whole questionnaire (see Table 1). The experts’ answers were dichotomized
into 0 and 1, where zero refers to degrees of rejection (1,2) and 1 indicates degrees of agreement
(3,4). This process took two weeks from the time of distribution until obtaining the experts'
responses.

Study 2: Assessment of Face Validity

The term face validity refers to the extent to which the test/questionnaire covers the concepts that
it aims to measure at face value. Does the scale contain all the required questions? and use the
appropriate vocabulary? (Fink, 2010). In this step, a small group of the target study population
ranging from 10 to 20 individuals is usually used to fill out the questionnaire before applying it to
the final research sample. This step aims to ensure the ease of completing the questionnaire and
the clarity of the instructions to answer the questions, with the absence of technical problems when
answering the questionnaire electronically. (Mokkink et al., 2010; MacKenzie et al., 2011). An
electronic version of the questionnaire was distributed to 20 students to ensure the clarity of the
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questions and the ease of the instructions to answer the questionnaire. After the students completed
the answer to the questionnaire, they were interviewed to know their opinions about the questions.
The students indicated that all the questions are clear and there are no ambiguous terms, whether
they know the correct answer or not, in addition to the fact that the instructions for answering the
questionnaire are also clear and understandable.

Study 3: Test-Retest Reliability (Internal and External Reliability).

In the field of nutritional knowledge, temporal stability is known as external reliability. The test-
retest approach is regarded as the most widely used method for evaluating external reliability. The
temporal stability is carried out by implementing the test in two separate times, separated by a
period not less than two weeks, and then evaluating the difference between the scores of
individuals at both times. The correlation must achieve a ratio greater than or equal to 0.7 to be of
acceptable external reliability (Parmenter & Wardle, 2000; Zinn et al., 2005). The values of intra-
class correlation are ICC= < 0.5 point out to a poor reliability, ICC= 0.5 and < 0.75 declare a
moderate reliability, ICC= 0.75 and < 0.9 indicates a good reliability and ICC > 0.90 refer to an
excellent reliability (Koo & Li, 2016). The term internal consistency refers to the degree of
coherence between the components of the scale so that all the items are consistent with each other
and measure the same point. Coefficient Alpha is the most widely used test for measuring internal
consistency (McCrae et al., 2011). The Cronbach’s alpha coefficient () is used to discover the
degree of internal consistency between the items that make up the measurement tool. Cronbach’s
alpha has a single value for any specific collection of data, so it is considered the most preferable
and usable test for estimating internal reliability among researchers. The value of Cronbach's alpha
(o) ranges from O to 1, if the value of Cronbach's alpha is close to 1, it indicates the robustness of
the reliability and validity of the measuring tool and vice versa. The measuring tool must achieve
a ratio greater than or equal to 0.7 to be reliable and valid (Weiner et al., 2017).

A general sample of 254 participants from the Faculty of Home Economics and the Faculty of
Tourism and Hotels was used to determine the level of internal reliability using Cronbach's alpha
coefficient. This is after adopting the final version of the questionnaire based on the experts' panel
reviews. Three weeks after the first response time, the questionnaire was sent to the students to
answer again to determine the level of external reliability using the test-retest approach. 104
responses were obtained from the participants for the second time.

Study 4: Construct Validity

Construct validity refers to the ability of the questionnaire or measuring tool to measure the
variable or subject that is intended to be validated. To determine the construct validity, a
comparison based on participants’ nutritional knowledge scores was made between final-year
students. The Department of Nutrition and Food Science (99 students) at the Faculty of Home
Economics - Menofia University, and students of the Faculty of Tourism and Hotels (Hotel Studies
(28 students), Tourism Studies (32 students), and Tourist Guidance (24 students)), University of
Sadat City. The students of the Faculty of Tourism and Hotels were selected as a group who are
supposed to have little or no nutritional education.

Study 5: Convergent Validity

Convergent validity is regarded as a subordinate category of construct validity. It indicates the
degree of correlation between the scale and other variables of the same construct (Krabbe, 2017).
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Convergent validity was assessed by analyzing the relationship between participants' nutrition
knowledge scores and sociodemographic factors (gender, age, education).

To determine the convergent validity, the data of all participants in the third study (n 254) and the
fourth study (n 183) were used and combined. In this study, it was verified whether there is a
relationship between nutritional knowledge scores and demographic characteristics, as indicated
by previous studies.

Results

Study 1: Assessment of Content Validity

The CVI indicator as shown in Table 1, reveals that all the items had an acceptable I-CV1 that was
> 0,79 except question number one in section one which achieved I1-CVI= 0,5 Therefore, this item
was deleted. The I-CV1 of acceptable items ranged from 0,8 to 1. All sections of the questionnaire
achieved an excellent CVI/Ave ranging between 0,91 to 0,97. Section 4 (health issues related to
diet and weight) obtained the highest percentage of CVI/Ave (0,97) among all sections. Based on
CVI/UA method, the CVI value ranged from 0,50 to 0,75. Sections 1 and 3 had a moderate
CVI/UA= 0,62 and 0,66 respectively, section four had a good CVI/UA= 0,75 while section 2 had
a fair CVI/UA= 0,50. At the level of the scale, the questionnaire had an excellent S-CVI/Ave=
0,97. It had a moderate S-CVI/UA= 0,63. Based on the Kappa coefficient, the questionnaire had
excellent validity, where it achieved k= 0,802. The Kappa value differed between the sections.
Among all sections, sections 1 and 2 had the lowest Kappa values k= 0,022 and = 0,081
respectively, while section 4 had the highest value k=0,920 followed by section three k= 0,867.

Table 1: Content validity index I-CVI, and S-CVI of the expert panel

Items I-CVI | Interpretation | CVI/Ave | CVI/UA | Kappa Sig.
Q.1 0,5 Eliminated
Q.2 0,9 Appropriate
Q.3 1 Appropriate
Section 1| Q.4 1 Appropriate 0,91 0,62 0,022 0,312
(7,3/8) Q.5 0,9 Appropriate
Q.6 1 Appropriate
Q.7 0,9 Appropriate
Q.8 1 Appropriate
Q.9 0,8 Appropriate
Q.10 1 Appropriate
Q.11 0,9 Appropriate
Q.12 1 Appropriate
Section 2| Q.13 0,9 Appropriate
(9,4/10) Q]_4 0,9 Appropriate 0,94 0.50 0,081 0,000
Q.15 1 Appropriate
Q.16 1 Appropriate
Q.17 1 Appropriate
Q.18 0,9 Appropriate
Q.19 0,9 Appropriate
Q.20 0,9 Appropriate
Q.21 1 Appropriate
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Q.22 0,9 Appropriate
Section 3| Q.23 1 Appropriate
(11,6/12) | Q.24 1 Appropriate 0,96 0,66 0,867 0,000
Q.25 0,9 Appropriate
Q.26 1 Appropriate
Q.27 1 Appropriate
Q.28 1 Appropriate
Q.29 1 Appropriate
Q.30 1 Appropriate
Q.31 1 Appropriate
Q.32 1 Appropriate
Q.33 1 Appropriate
Q.34 0,9 Appropriate
Q.35 1 Appropriate
Section 4 | Q.36 0,9 Appropriate 0,97 0,75 0,920 | 0,000
(15,6/16) | Q.37 0,9 Appropriate
Q.38 0,9 Appropriate
Q.39 1 Appropriate
Q.40 1 Appropriate
Q.41 1 Appropriate
Q.42 1 Appropriate
Q.43 1 Appropriate
Q.44 1 Appropriate
Q.45 1 Appropriate
Q.46 1 Appropriate
Overall (44,9/46)
S-CVI/Ave High 0,97 0,802 0,000
S-CVIIUA Moderate 0,63

Study 2: Assessment of Face Validity

Based on the participants' point of view, the CVI of item clarity, as displayed in Table 2,
demonstrates that all sections had an excellent CVI/Ave and CVI/UA ranging from 0,98 to 1 and
0,83 to 1 respectively. Section 1 and 4 had the highest value (CVI/Ave=1; CVI/UA=1) among all
sections followed by section 2 and 3 (CVI/Ave=0,99 - CVI/Ave=0,98; CVI/UA=0,99 -
CVI/UA=0,83) respectively. At the scale level, the questionnaire had an excellent S-CVI/Ave and
S-CVI/UA equal to 0,99 and 0,93 respectively. At the item level, all items had an excellent I-CVI
value that was higher than the recommended criteria. Where the 1-CV1 value ranged between 0,99

to 1.
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Table 2: CVI of item clarity based on participants’ viewpoint

Items CVI/Ave CVI/UA Interpretation
Section 1 (7/7) 1 1 Clear
Section 2 (9,9/10) 0,99 0,99 Clear
Section 3 (11,8/12) 0,98 0,83 Clear
Section 4 (16/16) 1 1 Clear
Overall (44,7/45)
S-CVI/Ave 0,99 0,93 Excellent
S-CVI/UA

Study 3: Assessment of Internal and External Reliability

The demographic characteristics of participants in this study are shown in Table 6. Most
participants in the internal reliability study were female representing 53,5% (136 students) of the
total sample (254 students), while males represented 46,5% of the participants. Although in the
external reliability study most participants were men (68,3%) and females (31,7). As the study
relied on final-year students, most of the participants (68,5%) in the internal reliability study were
21 years old and 20,9% were 22 years old. A little percentage of participants (7,1%- 3,5%) were
23 and 24 years old, respectively. While in the external reliability study most participants (71,2)
were 21 years old, and the rest (28,8) were 22 years old. The percentage of participants based on
their main topic of the study were 64,2% - 39,4% (Nutrition and Food Science), 10,2% - zero
(Hotel Studies), 12,2% - 27,9% (Tourist Guidance), and 13,4% - 32,7% (Tourism studies) in
internal and external reliability study respectively. The participants were divided based on their
nutrition background and it was found that most participants (74,4%) specialized in nutrition or
studied some nutrition curriculums. While in the external reliability study most participants
(60,6%) had no nutritional background.

Data in Table 3, illustrate that the questionnaire had excellent internal reliability. Where it
produced Cronbach's a= 0,97 for the whole questionnaire. The sections of the questionnaire also
obtained a higher Cronbach's a value than recommended standards. Sections four and two had
excellent internal reliability, as Cronbach's a value for these sections ranged from 0,91 to 0,93
respectively. While sections one and three had good internal reliability, as their Cronbach's a
values were 0,87 and 0,89 respectively.

The paired sample t-test analysis was used to detect the reliability of the test and the retest, which
was deemed as good external reliability for the whole questionnaire and single sections.
Differences between groups' nutritional knowledge scores were found not significant for the whole
questionnaire and single sections. Based on the comparison between the participant's scores in the
first and second rounds, it was found that the t-value was equal to -0,649 and the sig-value was
equal to 0,518 for an overall guestionnaire that is higher than the 5% level of significance. All
sections of the questionnaire also had a t-value ranged from -0,906 to 0,271and sig-value from
0,367 to 0,787 (higher than the 5% level of significance). Furthermore, the questionnaire achieved
a high value in an intra-class correlation coefficient of 0,859 overall between the first and second
rounds. At the level of the section, Section 2 attained the highest value of 0,817 among sections

followed by Section Four at 0,795 then 0,746 - 0,700 for Sections Three and one respectively.
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Table 3: Internal and external reliability

Section of Nutrition Knowledge (maximum score)

Test Overall Section 1(9) | Section 2(36) | Section 3(12) | Section 4(21)

(78)
Internal
Reliability 0,973 0,870 0,931 0,890 0,913
Cronbach's a
External Reliability
Time 1
Mean 44,85 4,90 23,15 6,21 10,58
SD 22,957 3,00 9.22 4,33 7,85
Time 2
Mean 45,88 4,83 23,43 6,46 11,15
SD 22,953 2,89 9,08 4,65 7.87
T value -0,649 0,271 -0,393 -0,628 -0,906
Sig. 0,518 0,787 0,695 0,531 0,367
95% ClI -4,173 -0,486 -1,864 -1,039 -1,840

2.115 0,640 1,127 0,539 0,686
ICC 0,859 0,700 0,817 0,746 0,795
P value of 0,000 0,000 0,000 0,000 0,000
ICC
* Note:
ICC= < 0.5 indicates poor reliability, ICC= 0.5 and < 0.75 indicates a moderate reliability,
ICC=0.75 and < 0.9 indicates a good reliability, and ICC > 0.90 indicate an excellent
reliability (Koo & Li, 2016).

Study 4: Assessment of construct validity

The demographic characteristics of participants in the fourth study are presented in Table 6. Most
of the participants (62,2%) in this study were male. Although females represent 37,8% of the total
number, they were more than males at the level of participants from the nutrition and food science
department. The greater part of the participants (61,1%) was 21 years old followed by 36,7% of
the participants who were 22 years old and then a very small percentage (2,2%) who were 23 years
old. Most of the sample (69,4%) had a nutritional background while the rest had not. Based on the
statistics presented in Table 4, it is explicit that students of the nutrition and food science
department achieved higher nutrition knowledge scores than students of the faculty of tourism and
hotels in overall scores and single sections. An Independent sample t-test was used to detect the
difference between the two groups. The difference in total scores mean was 28,43 with a t-value
of 39,44 and sig= 0,000 between the two groups. At the level section, the highest difference in
mean (of 12,35) was in section two, while the lowest (3,75) difference was in section 1 between
the two groups. Cohen’s effect size for the overall score was 0,89 which means a large effect size.
Section four attained the highest value of Cohens'd’ of 0,83. Although sections 1 and three had a
medium effect size since Cohen’s values were 0,65 and 0,72 respectively.

The one-way ANOVA was used to generate the difference in nutrition knowledge scores between
students of all departments. The lowest mean difference in nutrition knowledge (22,24) was
between participants studying nutrition and food science and participants studying hotel studies.
Although the highest mean difference in nutrition knowledge (31,65 - 31,44) was between
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participants studying nutrition and food science and participants studying tourist guidance and
tourism studies, respectively. The Eta (n2) effect size was high with the overall score and in single
sections. For the overall score, it was 0,93 and for single sections, the value ranged from 0,75 to
0,85 which means a large effect size.

Table 4: Comparison between two different groups of students based on their nutrition
knowledge scores

Nutrition Knowledge section

Test | Overall (78) | Section 1(9) | Section 2(36) | Section 3(12) | Section 4(21)
Food Science (n=99)
Mean 71,28 7,99 32,16 10,76 20,37
SD 3,28 1,04 2,05 1,13 0,67
Max score 76 9 36 12 21
Mini score 63 5 28 6 18
T&h (n=84)
Mean 42,85 4,29 19,81 6,49 12,31
SD 6,22 1,66 3,86 1,48 2,55
Max score 53 8 29 10 17
Mini score 28 1 12 2 7
T 39,44 18,55 27,57 22,02 30,23
Df 181 181 181 181 181
Sig. 0,000 0,000 0,000 0,000 0,000
D 0,89 0,65 0,80 0,72 0,83
Mean 28,43 3,75 12,35 4,26 8,06
Difference
Hotel Studies (n= 28)
Mean 49,04 5,93 22,96 7,11 13,04
SD 3,04 0,85 3,13 1,66 2,80
Max score 53 8 29 10 17
Min score 41 4 15 5 8
Tourism Studies (n= 32)

Mean 39,84 3,56 17,59 6,59 12,09
SD 4,82 1,50 2,69 0,79 2,27
Max score 51 7 24 9 17
Mini score 29 1 12 5 9
Tourist Guidance (n= 24)
Mean 39,63 3,17 19,08 5,63 11,75
SD 5,24 0,86 3,59 1,61 2,48
Max score 48 4 24 8 17
Mini score 28 1 12 2 7
F 858,86 212,35 366,45 182,55 316,63
Sig. 0,000 0,000 0,000 0,000 0,000
Eta (nh?) 0,93 0,78 0,85 0,75 0,84
* Cohen’s d: d= 0.01 indicates a very small effect; d= 0.20 indicates a small effect; d= 0.50 a medium effect; d=
0.80 a large effect; and d= 1.20 indicates a very large effect (Sawilowsky, 2009).
* Eta (n?): n2 = 0.01 indicates a small effect; n2 = 0.06 a medium effect; and n2 = 0.14 a large effect (Pituch &
Stevens, 2016).

Study 5: Assessment of Convergent validity
The demographic characteristics of the participants in the fifth study are presented in Table 6. Most
of the participants (53%) in this study were male, while the female (47%) formed the rest of the
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percentage with a difference of 6% less than males. Most of the participants (65%) were 21 years
old followed by 27% of the participants who were 22 years old then a small percentage (5% - 3%)
of participants who were 23 and 24 years old, respectively. The main part of the sample (72%) had
a nutritional background while the rest had not. As shown in Table 5, results revealed that there is
a significant relationship between nutrition knowledge scores and demographic characteristics.
Independent-sample t-test analysis indicates that women achieved high nutrition knowledge scores
than males scores at the level of total scores and single sections scores. Cohen’s effect size for
overall scores was 0,10 and for single sections ranged from 0,05 to 0,16 which means a very little
effect size. Students who were 21 years old obtained higher scores than older students who were
22 to 24 years old as revealed by one-way ANOVA and Tukeys' post hoc analysis. The Eta (12)
effect size for the overall scores was 0,14 which indicates a large effect size. At the level of single
sections, sections one (2= 0,09) and three (n2= 0,06) had a medium effect size, while sections
two (n2=0,15) and four (n2= 0,16) their effect size was large. The nutrition knowledge scores of
students who studied nutrition and food science were higher than the scores of students who study
in the faculty of tourism and hotels as revealed by the one-way ANOVA and Tukeys' post-hoc
analysis. The Eta (n2) effect size for the overall scores was 0,91 and at the level of single sections,
it ranges from 0, 77 to 0,87 which indicates a large effect size. Furthermore, the nutrition
knowledge scores of hotel studies were higher than the scores of nutrition knowledge of tourism
studies and tourist guidance. Independent-sample-test analysis indicated that students with a
nutritional background gained higher scores than students without nutritional backgrounds in the
total scores and every single section. Cohen’s d-effect size for overall scores was 0,76 and for
individual sections ranged from 0,60 to 0,73 which implies a medium effect size.

Table 5: Correlations of the mean nutrition knowledge scores with the demographic
characteristics

Nutrition Knowledge section (maximum score)
Test | Overall (78) | Section 1(9) | Section 2(36) | Section 3(12) | Section 4(21)
Gender
Male
Mean 50,17 4,75 24,75 7,03 13,65
SD 22,00 3,05 9,15 4,40 6,48
Female
Mean 63,20 7,06 28,77 9,61 17,76
SD 15,66 1,99 6,65 2,79 5,53
T -6,38 -8,36 -4,70 - 6,54 -6,42
Df 356 356 356 356 356
Sig. 0,000 0,000 0,000 0,000 0,000
D 0,10 0,16 0,05 0,10 0,10
Age
21 years
Mean 60,85 6,39 28,46 8,87 17,14
SD 19,19 2,74 7,67 3,90 5,45
22 years
Mean 48,90 4,83 23,82 7,11 13,14
SD 19,87 2,86 8,26 3,81 7,21
23 years
Mean 31,61 3,50 15,17 5,39 7,56
SD 8,42 1,54 3,79 3,01 4,64
24 years
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Mean 49,33 4,78 25,78 7,22 11,56

SD 14,68 2,43 7,01 2,81 4,53
Sig. 0,000 0,000 0,000 0,000 0,000
F 19,70 12,01 21,91 8,20 23,26
Eta (n?) 0,14 0,09 0,15 0,06 0,16
Departments

Home Economics

Mean 73,09 8,01 33,35 11,24 20,49

SD 3,48 ,97 2,31 1,03 ,69
Tourism & Hotels

Mean 34,12 2,97 17,77 4,29 9,10

SD 8,72 1,75 3,81 2,66 4,48
T 57,97 34,61 47,86 33,98 35,75
Df 356 356 356 356 356
Sig. 0,000 0,000 0,000 0,000 0,000
D 0,90 0,77 0,86 0,76 0,78
Mean 38,97 5,04 15,58 6,95 11,39
Difference
Hotels Studies

Mean 42,19 3,42 21,08 6,00 11,69
SD 6,66 1,36 4,72 1,38 2,37
Tourism Studies
Mean 32,18 2,82 17,00 3,72 8,63
SD 7,93 1,82 3,15 2,70 4,33
Tourist Guidance

Mean 32,82 2,93 17,20 4,18 8,50
SD 8,50 1,82 3,32 2,76 4,98
Sig. 0,000 0,000 0,000 0,000 0,000
F 1323,77 402,59 861,27 423,86 462,27
Eta (n?) 0,91 0,77 0,87 0,78 0,79
Nutrition Background
Yes
Mean 69,60 7,49 31,97 10,64 19,50
SD 10,57 1,77 4,73 1,98 2,97
No
Mean 32,48 2,88 17,09 3,94 8,57
SD 8,17 1,81 3,22 2,73 4,63
T 34,39 23,37 31,69 26,70 27,13
Df 356 356 356 356 356
Sig. 0,000 0,000 0,000 0,000 0,000
D 0,76 0,60 0,73 0,66 0,67

Table 6: Demographic characteristics of participants in the studies

Study 3 Study 4 Study 5

Internal External Food Hotel Tourism Tourist Convergent
reliability reliability | Science Studies Studies Guidance | Validity

N % N % |N | % N | % N | % N | % N %

Number (N) 254 104 99 28 32 24 437
Gender

46 | 25,2 |24 | 13,1 |25 | 136 |19 | 10,5
Male 118 | 46,5 | 71 | 68,3 114 622 232 | 53
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53 1289 |4 |22 7 |38 5 |27

Female 136 | 535 | 33 | 31,7 59 378 205 | 47
Age
67 | 36,6 |8 43 21 (11,3 |16 | 8,9
21 years 174 | 685 | 74 | 71,2 12 611 286 | 65
53 | 209 | 30 | 28,8 | 28 | 15,3 | 20 | 11 11 | 6,1 8 43 120 | 27
22 years &7 367
23 years 18 7,1 - - 4 2,2 - - - - - - 22 5
24 years 9 3,5 - - - - - - - - - - 9 3
Faculty
Home 163 | 64,2 | 41 | 394 |99 | 541 |- - - - - - 262 | 60
Economics
Tourism & 91 | 358 |63 | 60,6 |- - 28 | 153 [ 32 | 174 |24 | 13,2 | 175 | 40
Hotels
Department
Food Science 163 | 64,2 | 41 | 39,4 |99 | 54,1 | - - - - - - 262 | 60
Hotel Studies 26 | 10,2 | - - - - 28 | 15,3 | - - - - 26 12
Tourism 34 | 134 | 34 | 32,7 | - - - - 32 | 174 | - - 68 15
Studies
Tourist 31 | 122 | 29 | 279 | - - - - - - 24 | 13,2 | 60 13
Guidance
Nutrition Background
Yes 189 | 74,4 | 41| 39,4 |99 [541 |28 | 153 |0 0 0 |0 316 | 72
No 65 | 256 | 63 | 60,6 | O 0 0 0 32 | 174 |24 | 13,2 | 121 | 28
Discussion

The present study aimed to assess the validity and reliability of the E-GNKQ in a sample of
Egyptian university students. Both two approaches of CVI (CVI/Ave & CVI/UA) were used to
assess content validity quantitatively, besides Fleiss’s Kappa analysis. The E-GNKQ was found to
have excellent content validity at the items and scale level based on the average agreement
approach (CVI/Ave). Where all items of the questionnaire achieved a higher I-CVI than the
recommended standards. Which stipulated the acceptance of any item that gets the approval of the
experts' panel with a percentage equal to 79% or more (Zamanzadeh et al., 2015). At the level of
the scale, the questionnaire had an excellent S-CVI/Ave= 0,97. It had a moderate S-CVI/UA=
0,63. The difference in the value of each method is due to the different systems of their calculation.
This is because the universal agreement (UA) approach counts only those elements that have been
unanimously approved by the expert panel. Furthermore, the questionnaire had excellent inter-
rater agreement reliability among the panel members, as the overall Kappa was 0,802 which
complies with recommended standards (Rodrigues et al., 2017).

Most of the previous studies conducted in this field, including the most recent study that was
conducted in Australia by (Thompson et al., 2021) did not indicate how to assess the content
validity, except for the study that was carried out by (Bukenya et al., 2017) in Uganda. Bukenya
et al. (2017) used the content validity index but did not specify the type of approach they followed,
whether the average agreement (Ave) or the universal agreement (UA) approach. Additionally,
they used Gwet’s AC1 analysis to estimate the inter-rater reliability.

The E-GNKQ was found to have excellent face validity at the item and scale level based on both
approaches of CVI. Where S-CVI/Ave was 0,99 and S-CVI/UA was 0,93, which is considered, an
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excellent value based on reference criteria. It was noted that previous studies did not perform
quantitative analysis for face validity.

Based on Cronbach's a analysis, E-GNKQ was proven to have excellent internal reliability and
good external reliability, which is consistent with other versions of the general nutrition knowledge
questionnaire (see Table 7). The Canadian study is considered the least studied in terms of both
internal and external reliability, followed by the Romanian study in terms of internal reliability.
While the latest Australian study accomplished the highest degree of external reliability. Compared
to other relevant studies, the overall internal reliability was 0,97 which is the highest percentage
achieved in all studies. Besides, the external reliability was also high and equivalent to other related
studies. Moreover, every single section of the E-GNKQ registered good internal reliability besides
external reliability, which means that E-GNKQ is consistent in measuring nutrition knowledge
over time.

The E-GNKQ showed high construct validity, comparable to all GNKQ versions that were
validated in various countries with a large effect size of d=0,89. The differences in nutrition
knowledge scores between groups of students with (nutrition and food science majors) and
students (with tourism, hotels, and tourist guidance major) were highly significant. These
significant differences certainly support the assumption that E-GNKQ has good construct validity
like other validated versions.

The significant correlation between students' Nutrition knowledge scores and their demographic
characteristics (gender, age, education major, and nutrition background) with an effect size
coefficient ranging from very little to large proves that the E-GNKQ has good convergent validity.
Along the lines of other previous studies, female participants achieved the highest scores in
nutritional knowledge at the overall score and individual sections (Kliemann et al., 2016; Putnoky
et al., 2020; Mo’ath & Attlee, 2020). Although the high nutrition scores of females, the effect size
was very small (d= 0,10). While Kliemann et al. (2016) revealed a large effect size (d=0,9) and
Mo’ath & Attlee (2020) indicated that the effect size was small (d=0,45).

The study revealed a large effect size association between participants' nutrition knowledge scores
and their ages. As the 21-year-old participants achieved higher nutrition knowledge scores in the
overall score and in every single section than the older participants who were 22 to 24 years old
with a large effect size of 12=0,14. This result is consistent with (Kliemann et al., 2016; Mo’ath
& Attlee, 2020) in the presence of an association between age and nutritional knowledge scores,
but differs from them in the size of the effect. As they had reported a small effect size of d= 0,10
- d= 0,34 respectively.

There is also a large effect size association between participants' nutrition knowledge scores and
their study majors. Since participants who are studying nutrition & food science major achieved
higher nutrition knowledge scores in the overall score and in every section than the participants
who study other majors (hotel studies, tourism studies, and tourist guidance) with a large effect
size of 12=0,91. It is notable also that participants' nutrition knowledge scores in the hotel studies
department were higher than the scores of their colleagues in other departments (tourism studies,
and tourist guidance). This difference is because the students of the hotel studies have studied some
of the nutrition curriculums. This means that there is a relationship between nutritional knowledge
and education, as indicated by Sharma et al. (2008) and Ryan (2009).

In the same context, the study also reported a significant effect size association between
participants’ nutrition knowledge scores and their nutritional background. Meanwhile, participants
with a nutritional background achieved higher nutrition knowledge scores than participants
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without a nutritional background on the overall scores and individual sections. Cohen's coefficient
for this relationship was about 0,76 which means that the effect size of the correlation is large.

Table 7: Comparison of internal and external reliability in some related studies

Studies Internal reliability | External reliability
Egypt (Current study) 0,97 0,85
Australia (Hendrie et al., 2008) 0,92 0,87
Turkey (Alsaffar, 2012) 0,89 0,87
United Kingdom (Kliemann et al., 2016) 0,93 0,89
Japan (Matsumoto et al., 2017) 0,95 0,75
Canada (Bradette-Laplante et al., 2017) 0,73 0,59
Uganda (Bukenya et al., 2017) 0,95 0,89
Romania (Putnoky et al., 2020) 87 0,88
United Arab Emirates & Jordan (Mo’ath & 0,91 0,84
Attlee, 2020)

Australia (Thompson et al., 2021) 0,92 0,96

Conclusion and Implication

Findings revealed that the seventy-eight-item Egyptian General Nutrition Knowledge
Questionnaire had acceptable construct, content and face validity, internal consistency, test-retest
reliability, and convergent validity. Therefore, it has been proven that the E-GNKQ can be
considered a valid and reliable tool for assessing nutrition knowledge among college students in
Egypt. Additionally, each section demonstrated a sufficient degree of validity and reliability that
qualifies them to measure nutritional knowledge in specific areas. Further research is needed to
examine the possibility of applying and generalizing the E-GNKQ to different groups of society
like children, adolescents, the elderly, athletes, nonathletic, and so on. Although the questionnaire
is not expected to increase the nutrition knowledge of the population, it can be used as a
measurement tool to identify the level of nutrition knowledge adults have. The resulting E-GNKQ
can be used as a measurement tool to assess the proficiency of specialists working in the nutrition
field. It can also be used to promote or change the dietary habits of people and in turn control
nutrition-related problems in the Egyptian context.
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