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Abstract

Objective: This study aimed to validate a nutrition knowledge questionnaire appro-
priate for use in Australia.

Design: Nutrition knowledge is essential in establishing and maintaining strategies
that reduce the burden of disease and promote wellbeing. The General Nutrition
Knowledge Questionnaire (GNKQ) was developed in the United Kingdom in 1999
and validated for Australia in 2008. Changes in national nutrition recommendations
and food availability prompted the redevelopment and revalidation of the UK
questionnaire in 2016. However, the Australian questionnaire had not been sub-
sequently updated.

Setting: Australia.

Participants: Content validity was determined using a sample of academic dieti-
tians in Australia (72 8). Face validity was undertaken with retail employees (72 11)
whose highest level of education was secondary school. Ninety-three under-
graduate nutrition and engineering students at Queensland University of
Technology completed the questionnaire for construct validity, and nineteen
students were contacted a week later for test-retest reliability.

Results: In the 117-scored questionnaire, nutrition students scored consistently
higher in each of the four sections and overall (87 %, M 102, IQR 95, 107) com-
pared with engineering students (77 %, M 82, IQR 76, 87-25, P< 0-01). Internal
reliability of the questionnaire was high (@ =0-92) as was test-retest reliability
(r;=0-96,ICC, 1 = 0-99). AUS-R NKQ determined significant differences between
individuals with known higher levels of nutrition knowledge and obtained high
validity, reliability and consistency within an Australian sample.

Conclusions: AUS-R NKQ refined through this research is valid and would
be an appropriate questionnaire for assessing the effectiveness of nutrition
knowledge-based interventions for public health programmes, clinicians and
researchers.
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Nutrition knowledge is a construct that ranges from a
basic understanding of nutrients in food to decisions
regarding everyday food choices’®. The concept is
multifactorial in its association with behaviour change
and is impacted by environmental and intra-individual
factors such as socioeconomic status, cultural back-
ground, age, living and working conditions“~". Higher
levels of nutrition knowledge have been associated with
more frequent purchasing of healthy foods, increased
consumption of fruit and vegetables, more nutritious
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food choices and a lower consumption of nutrient-poor,
energy-dense foods®12.

Nutrition programmes at population and community
levels often focus on the development of nutrition knowl-
edge to influence dietary habits and behaviours!39.
Determining the effectiveness of these interventions
requires a measurement of change in knowledge, which
is most commonly assessed with a questionnaire. In
order to be effective, a nutrition knowledge questionnaire
needs to reflect current public health guidelines around
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dietary patterns and food beliefs that are targeted within an
intervention™'®, If the questionnaire fails to cover all
aspects of nutrition knowledge, it is unlikely to be a valid
measure, which can impact legitimacy of results when
evaluating the effectiveness of these interventions, or
identifying areas for further activity' V. In turn, associations
are more likely to be observed when using a thoroughly
validated questionnaire®.

In the UK, Parmenter and Wardle"'” developed a stand-
ardised psychometrically valid and reliable questionnaire to
test nutrition knowledge, the General Nutrition Knowledge
Questionnaire (GNKQ)”. This questionnaire was specific
to dietary recommendations within the UK at the time and
did not have assumed validity outside of the student
population or country in which it was validated. Over the
ensuing 20 years, the GNKQ was subsequently validated
in at least sixteen countries worldwide including the US,
Turkey, Italy, Germany, Portugal, Brazil, South Africa and
Lebanon"®2. In Australia, a modified version of this
questionnaire was validated in 2008*”, Changes in dietary
guidelines and national nutrition messaging since the origi-
nal publication of the questionnaire have resulted in the
redevelopment and revalidation of the GNKQ in the UK
in 2016%7,

Public health nutrition guidelines in Australia have also
experienced change, with the National Health and
Medical Research Council (NHMRC) releasing Nutrient
Reference Values (NRV) in 2006, with subsequent revisions
in 2017%3%, The NRV underpinned revisions to the 2003
Dietary Guidelines for all Australians®” in the form of the
Eat for Health Australian Dietary Guidelines (ADG)®% and
supporting food selection guide, ‘Australian Guide to
Healthy Eating’, in 2013, Changes to the nutrition land-
scape in Australia during this time included shifts in dietary
patterns and the food supply as shown through the national
nutrition survey®®, suggesting that Hendrie et al.’s®
dated questionnaire may no longer reflect contemporary
nutrition knowledge and guidance in Australia®>39,

A preliminary review of the literature indicated a lack of
current, validated nutrition knowledge questionnaires for
Australia since the Hendrie et al.?® questionnaire. Given
the changes to public health nutrition guidelines and the
nutrition landscape, a validated questionnaire to assess
the outcomes and effectiveness of nutrition education strat-
egies and programmes is needed. Therefore, the purpose
of this study was to validate a contemporary nutrition
knowledge questionnaire appropriate for an Australian
audience.

vali-

Method
A stepwise approach was used in this study, with the

research conducted in two phases. Phase 1 was a critique
of current validated nutrition knowledge questionnaires,
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which informed phase 2, the development and validation
of a revised Australian nutrition knowledge questionnaire.

Pbhase 1: critique of validated nutrition knowledge
questionnaires

A literature review was undertaken in April 2018. This
review aimed to determine the extent to which general
nutrition knowledge questionnaires had been developed
and validated internationally. The following search terms
(‘nutrition knowledge’ and ‘question’ or ‘survey’ and
‘valid’) informed the literature search. Databases searched
included ERIC, Web of Science, Scopus, Medline,
PubMed, Cochrane, ProQuest and Science Direct. Any
type of research study conducted on an adult population
in the English language, with no date limitations, were
included for review. Studies were excluded if they did
not use a previously validated questionnaire as a basis
for their study. Data on country, population, sample size
and validation techniques from eligible studies were
extracted. The articles were reviewed and critiqued by
the research team to determine the most commonly used
nutrition knowledge questionnaires and validation tech-
niques that informed the development of a questionnaire
for study 1.

Phase 2: study 1 — content validity

Participants

A convenience sample of fifteen academic dietitians at each
university with a nutrition and dietetic academic pro-
gramme, Australia-wide, were approached via e-mail.

Questionnaire design

An online questionnaire was developed for distribution
based on nutrition knowledge questions derived from
the literature review. Comparable items between identified
questionnaires from the literature review were matched,
and participants were asked to select and clarify the ques-
tions they preferred. Remaining items from the identified
questionnaires were collated and participants were asked
to identify inclusion or exclusion of the question with a
rationale.

Analysis

The quantitative and qualitative data from participants
were analysed by the first author. These results were then
presented and discussed by all authors with reference to
key Australian nutrition documents such as the ADG®?,
NRV® | Australian Food Composition Database®”,
Australian Health Survey®® and the Australian Dietary
Guidelines Review of Evidence®”. An iterative process
was used; if participant’s comments aligned with the key
documents, suggestions were actioned accordingly and
items that did not reflect contemporary Australian eating
and public health messages were reviewed and updated
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accordingly. This questionnaire informed the basis for the
next stage of validation in study 2.

Pbhase 2: study 2 - face validity

Participants

A convenience-based sample of twelve workers from a
retail store in Brisbane were approached to complete the
questionnaire online. The aim was to obtain the perspec-
tive of individuals aged >18 years, whose highest level of
education was year 12 or equivalent, to determine the read-
ability, ease of understanding and length of time taken to
complete the questionnaires. Participants were offered a
coffee voucher for participation.

Questionnaire design

The questionnaire developed in study 1 was reviewed by the
participants who provided feedback through cognitive
interviewing on their understanding of the questions, con-
text, wording and readability of the overall questionnaire?,
These interviews took place in a location that was familiar
and convenient to the participants and lasted between 15
and 30 min.

Analysis

Participant feedback was collated into a spreadsheet and
reviewed by all authors. The recommendations from partici-
pants on the readability of the questionnaire were actioned
accordingly. On completion, the questionnaire was distrib-
uted for validation.

Pbhase 2: study 3 — construct validity and
test-retest reliability

Participants

University undergraduate students from any year studying
either a nutrition and/or dietetics degree or an engineering
degree were invited to participate in the study via a student
website post or e-mail to determine construct validity and
reliability of the questionnaire. It was anticipated that the
nutrition/dietetic students would have higher levels of
nutrition knowledge compared with the engineering stu-
dents. The participants were given an opportunity to enter
into a prize draw of four $50 vouchers as an incentive.

Questionnaire design

The online questionnaire developed from study 2 and addi-
tional questions to identify relevant demographics, course
and year of study were distributed online over a 2-week
period. All participants were invited to provide contact
details and approached one week later to complete the
questionnaire for test—retest reliability.

Analysis

Statistical analyses were undertaken using IBM SPSS
Statistics, version 23. Participants’ responses were down-
loaded into a spreadsheet and coded for correct and
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incorrect responses. Statistics were run on each of the four
questionnaire categories and the questionnaire as a whole,
which included frequency of missing data, missing value
patterns analysis and Little’s Missing Completely at
Random (MCAR) test“!=#®_ Data cleaning was then under-
taken to remove invalid or incomplete responses, which
were identified by cells that did not contain any data.
Multiple imputation was undertaken using the Markov
Chain Monte Carlo algorithm known as fully conditional
specification =40,

Total and section scores were assessed for normality
using Shapiro-Wilks statistic. Demographic information
was analysed using y? test to determine if there were any
significant differences in characteristics between the
cohorts at baseline. Descriptive statistics were used to
describe the scores obtained by nutrition and engineering
students to assess construct validity. Normally distributed
data were reported using mean (£sD), and non-normal data
using median (IQR). Independent samples ¢ test for nor-
mally distributed data and Mann—Whitney U test for non-
normally distributed data were used to determine if there
was a statistically significant difference (P = 0-05) between
responses by nutrition and engineering students. Internal
reliability was analysed for the questionnaire, whereby a
Cronbach’s a value >0-7 indicated high reliability*”.
Cronbach’s @ was also analysed to determine which items,
when removed, either improved or reduced the reliability
of the questionnaire to highlight items valuable in measur-
ing the construct of nutrition knowledge. Item discrimina-
tion was measured to indicate whether individual items
are a good determinant of knowledge using item-total
correlation >0-2, which indicates good correlation?”4®,

Test-retest reliability was measured using Pearson’s cor-
relation coefficient for normally distributed data, Spearman
rank-order correlation for non-normally distributed data
and intraclass correlation coefficient. Overall, 0-7 and
0-75 are considered indicators of strong positive correla-
tions and consistency and reliability, respectively“®5%.
Paired sample ¢ tests for normally distributed data and
Wilcoxon signed-rank tests for non-normally distributed
data (P=0-05 for statistically significant differences in
mean or median between groups) are also reported.

A power analysis was conducted in GPower using a
two-tailed test to determine a sufficient sample size, with
a=0-05, power = 0-8 and effect size () = 0-96. The desired
sample size for the two groups was eighteen nutrition stu-
dents and eighteen engineering students20:50.

Results

Questionnaire development

Twenty-eight validated nutrition knowledge question-
naires were identified in the literature; fifteen used the
GNKQ in its Australian or UK form as a basis for their study,
five used other questionnaires, five did not specify where
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they obtained their questions from, and three self-
developed all the questions. Therefore, this literature
review informed the extraction of three valid and reliable
questionnaires that have been used most frequently and
consistently by researchers worldwide7-2027_ The three
questionnaires contained a similar structure, with items
aligning to four sections of nutrition knowledge: dietary
recommendations, sources of nutrients, food choices,
and diet—disease relationship. The four sections were
retained based on their relevance to assessing the construct
of nutrition knowledge. A review of each questionnaire’s
content found strong similarities between items, answer
options and nutrition information presented in both
Parmenter and Wardle"” and Kliemann et al.*” question-
naires. To avoid repetitiveness and to include items that
more accurately reflected the most current nutrition infor-
mation, only questions from Hendrie et al®® and
Kliemann et al.*” were included in this study. Refer to
‘study 1’ in Table 1 for the breakdown of questionnaire
distribution.

Study 1: Content validity

Eight participants from the fifteen universities (72 8, 53 %)
completed the preliminary questionnaire, which included
participants from each Australian state with a nutrition
and dietetic academic programme. The questionnaire con-
sisted of ninety-three items across four sections, forty-five
of which were recommended for inclusion, thirty-five for
exclusion and thirteen did not reach consensus. A qualita-
tive analysis was undertaken on items that were recom-
mended for exclusion and lacked consensus, with
common themes emerging such as items not reflecting cur-
rent key nutrition documentation®®3237-3% relevant to an
Australian audience, terminology not reflecting current
Australian language and foods not reflecting the current
Australian food supply. The forty-five items recommended
for inclusion were categorised into the four sections used in
Hendrie et al?® and Kliemann et al.*” questionnaires
and allocated to a component within the key Australian
nutrition documents. As per feedback, all demographic
questions were sourced exclusively from the National
Nutrition and Physical Activity Survey®® and the Census
of Population and Housing®?.

Where the quantitative and qualitative components
were inconsistent or multiple questions were allocated to
a single key nutrition message, the question was either
removed or combined with other existing questions to form
a single item addressing the topic. If there was not an
appropriate question or answer options from the available
pool to meet an aspect of the key nutrition documentation,
other validated nutrition knowledge questionnaires were
consulted. Nine questions from other validated question-
naires were included on topics such as breastfeeding®?,
food safety®, menu and kilojoule reading®, health
star rating®®, sources of vitamins/minerals®” and foods
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high/low in added sugar®®. Two questions were devel-
oped by the research team, on waist circumference®
and water recommendations®?.

Overall, twenty-nine questions were retained from
either Hendrie et al.*® or Kliemann et al.?”, nine ques-
tions were included from other questionnaires or online
materials, and two questions were developed. Questions
that did not originate from Hendrie et al.?® or Kliemann
et al®” were specifically asked for comment by the retail
workers in study 2. This informed the questionnaire that
was distributed as part of study 2 (face validity), the break-
down of which can be seen under ‘study 2’ in Table 1.

Study 2: Face validity

Eleven of the twelve employees completed the question-
naire (n 11, 92%). The participants described a lack of
clarity regarding terminology for two concepts: the answer
option ‘discretionary foods” was removed and replaced
with individual food items, and the definition of CVD
was included. Foods that were not well understood or
common in the Australian context included ‘mackerel’
(changed to ‘tuna’) and ‘bok choy’ (changed to ‘green leafy
vegetables”). The wording of concepts was also adjusted to
reflect participants’ understanding, such as reducing the
range of answer options for food safety temperatures (six
to five), including both cups and litres in the question on
water consumption, and changing exclusive ‘breast milk’
to ‘breastfeeding’ as per the ADG recommendation.
Please refer to ‘study 3’ under Table 1 to review the final
questionnaire breakdown.

Study 3: Construct validity and test-retest
reliability

Approximately 250 nutrition and 2500 engineering under-
graduate students were approached, with 143 students
accessing the questionnaire (response rate estimate 5 %).
Responses were categorised as 0= incorrect/not sure,
and 1 = correct, and summed for each section. The ques-
tions and answer options are in the supplementary
material, Supplemental Fig. 1. The total number of ques-
tions with maximum scores can be seen in ‘study 3’ in
Table 1.

Frequency of missing data, missing value patterns analysis
and Little’s MCAR test using expectation maximisation (EM)
were undertaken. For sections 1 (P=0-78), 2 (P=0-78),
3 (P=0-57) and 4 (P=0-99), the results were non-significant,
and therefore the missing data were completely at random.
Respondents with >20 % of the data missing were removed
(n 50), and multiple imputation was undertaken for random
missing data®”. Overall, forty-seven nutrition students and
forty-six engineering students (72 93) had data eligible for
analyses.

The demographic characteristics of participants are pre-
sented in Table 2. With the exception of the course of study
(e.g. nutrition or engineering), no significant differences
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Table 2 Demographic characteristics of study 3 participants* (n 93)

Nutrition Engineering
students students
(n47)t (n 46)
Characteristics n % n %
Age (years)
18-24 28 61 34 74
25-34 11 24 09 20
35-44 07 15 03 06
Indigeneity and place of birth
Australian 28 61 27 59
Aboriginal 00 00 00 00
Torres Strait Islander 00 00 01 02
English 03 06 05 11
Chinese 06 13 01 02
Vietnamese 00 00 01 02
Maori 00 00 01 02
Other 09 20 10 22
Current employment status
Employed (paid) 35 76 34 74
Not employed 11 24 12 26
Education (highest achieved)
High school 26 57 25 54
Trade/certificate 04 09 04 09
Diploma 01 02 06 13
Degree 13 28 10 22
Postgraduate degree 02 04 01 02
Health status (self-reported)
Excellent 10 22 04 09
Very good 18 39 15 32
Good 14 30 21 46
Fair 04 09 05 11
Poor 00 00 01 02

*2, no significant differences between nutrition and engineering students.
1One student was missing all demographic data.

were noted between students across all categories
(P> 0:05).

Construct validity

Descriptive statistics were undertaken to analyse the distri-
bution of the data (Table 3). The minimum and maximum
scores obtained by nutrition students were higher than
those of engineering students in all categories, excluding
section 3 where participants in both cohorts obtained a
score of 9 out of 10. The differences in results obtained
by nutrition and engineering students were significant
across all sections of the questionnaire (P < 0-01). Overall,
nutrition students obtained a median score of 102 out of
117 (87 %), compared with engineering students who
scored 82 (77 %). This resulted in a reported difference
of 20 marks, which was significant (U= 114, P< 0-01).

Internal reliability and item discrimination

Overall, the questionnaire reported a high Cronbach’s a
(0-92) for reliability (Table 4). Cronbach’s a for each section
was also analysed to indicate whether items within the ques-
tionnaire would improve or reduce the reliability of the
questionnaire. Cronbach’s & for section 2 ‘nutrients in foods’
(a = 0-86) and section 4 ‘diet—disease relationships’ (@ = 0-83)
was above the acceptable value of 0-70-0-95 for reliability.
Section 1 ‘dietary recommendations’ was just below the
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Table 3 A comparison of nutrition knowledge questionnaire scores obtained by participants in study 3 (n 93)
Nutrition students (n 47) Engineering students (n 46)
All students
Score Score (93)
Questionnaire sections 25th, 75th
(total score per section) Mint Maxt Median percentiles Mint Maxt Mean SD P-valuet
Section 1 (19): Dietary 12 19  18-008§ 17,18 10 17 <0-01**
recommendations
Median 14.008
25th, 75th percentiles 12,15
Section 2 (53): Nutrients in 26 50 44.00§ 40, 48 20 45 33.67% 5.44 <0-01**
foods
Section 3 (10): Food choices 07 10  09-00§ 9,10 06 10 09-00§ 8,10 <0-01*
Section 4 (35): Diet—disease 25 35 05 32 25.00§ 22,275 <0-01**
relationships
Mean 30-62%
SD 2-19
Overall (117) total 79 111 102-00§ 95, 107 55 101 82.00§ 76, 87-25 <0-01**
tDescriptive statistics.
}Mann-Whitney U test, significance: *P < 0-01, **P < 0-001.
§Non-normally distributed scores reported as median and IQR: 25th, 75th percentiles.
|INormally distributed scores reported as mean with standard deviation.
Table 4 Questions identified in AUS-R NKQ that if removed would alter reliability
Improve reliability Reduce reliability Number of items
per section
Questionnaire sections Cronbach’s  Cronbach’s Question Cronbach’s Question with high
(number of questions) a a number a number correlation§
Section 1 (10): Dietary 0-67 0-70 16 0-61 02 11/19
recommendations
Section 2 (9): Nutrients in foods 0-86 0-87 10 0-85 15 35/53
Section 3 (10): Food choices 0-36 0-40 07 0-23 10 04/10
Section 4 (9): Diet—disease 0-83 0-84 34 0-82 17 28/35
relationship
Overall (38) total 0-92 0-93 16, 108, 104 0-92 2, 20, 32, 93/117
34, 49, 97, 98

1Questions that when removed improved or reduced the reliability of the questionnaire.
tltem—total correlation.
§ltems in a section of the questionnaire with correlation >0-2.

minimum cut-off (a = 0-67) and section 3 ‘food choices’ was
below an acceptable value (a=0-37). Section 1 would
improve above a significant Cronbach’s a (0-67-0-70) if
question 16 was removed; however, sections 24 and the
questionnaire as a whole would only improve marginally if
the selected items were removed. Item—total correlation
was used to measure item discrimination by reviewing each
question to see whether it obtained a correlation value
>0-2, indicating that it was a good determinant of nutrition
knowledge. For each section of the questionnaire, between
6 and 18 questions were considered to have a ‘low level of
correlation’ with other available items in that section. When
the sections were analysed individually, a total of thirty-nine
questions were not well correlated; however, when the
questionnaire was analysed as a whole, only twenty-four
questions were not well correlated. Consequently, all ques-
tions were retained.

0.1017/51368980019005135 Published online by Cambridge University Press

Test—retest reliability

Twelve nutrition students and seven engineering students
provided data eligible for inclusion in the test-retest analy-
sis. Paired sample ¢ tests and Wilcoxon signed-rank tests
were conducted to analyse the consistency of the nutrition
knowledge questionnaire. Each section of the question-
naire was assessed for statistical significance in separate
cohorts. There was no significant difference in responses
obtained by nutrition (111 =-0-10, P = 0-92) or engineering
(Z=-0-85, P=0-40) students between the first and
second administrations of the questionnaire. The analysis
of Pearson’s correlation coefficients and Spearman’s rank-
order correlation found a strong, positive correlation for
the average reliability coefficient of nutrition (r=0-89,
P <001 and engineering students (r=0-83, P<0-05).
The correlation coefficient for the questionnaire as a
whole was high (r=0-96, P < 0-01). All section values were
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Table 5 Correlation and agreement at time 1 and time 2 of test-retest scores

Nutrition students

Engineering students

(n12) (n7) All students (n 19)
Questionnaire sections (total score per section) rt/rst ICC§ rt/rst ICC§ rt/rst ICC§
Section 1 (19): Dietary recommendations 0.77**% 0-81*** 0-98"**t 0-99*** 0-94***% 0-98***
Section 2 (53): Nutrients in foods 0-90***f 0.98*** 0-82***t 0-84*** 0-94***¢ 0.97***
Section 3 (10): Food choices 0-85***f 0-87*** 0-57***t 0-74*** 0-86***t 0-83***
Section 4 (35): Diet—disease relationships 0-51***t 0-69*** 0-91**¢ 0-95*** 0-85"**t 0-96***
Overall (117) total 0-89***t 0-94*** 0-83*f 0-99*** 0-96***% 0-99***

Non-normally distributed scores reported as significance: *0-05, **0-01, ***0-001.
tNormally distributed scores reported as Pearson’s correlation coefficient (r).

FNon-normally distributed scores reported as Spearman rank-order correlation coefficient (rs).

§Non-normally distributed scores reported as ICC.

>0-7 and, therefore, were strong and positively correlated®®
(Table 5). Intraclass correlation was undertaken using a two-
way mixed effect with absolute agreement, and the average
rater measure is reported throughout (Table 5). A high cor-
relation among nutrition (ICC,; 0:94, 95% CI 0-81, 098,
P<0-01) and engineering students (ICC,; 0:96, 95% CI
0-96, 0-99, P<0-01) was reported. Overall, strong correla-
tions were found between the two questionnaire administra-
tions (ICCz 1 0:99, 95 % C10:98, 0-99, P < 0-01). All sections of
the questionnaire obtained an ICC >0-75 indicating good-to-
excellent reliability (0-83-0-98), as seen in Table 5“9

Discussion

Our study has developed the AUS-R NKQ, a thirty-eight-
item questionnaire that assesses the four sections of nutri-
tion knowledge: dietary recommendations, nutrients in
foods, food choices, and diet-disease relationships. This
questionnaire is able to discern significant differences
between nutrition knowledge scores obtained by nutrition
and engineering student cohorts. This is consistent across
sections and the overall questionnaire, indicating that the
developed questionnaire accurately distinguishes between
individuals with differing levels of nutrition knowledge.
While university-educated students were the focus of the
current validation study, the initial findings suggest that
the questionnaire is able to distinguish between individuals
with higher or lower levels of nutrition knowledge®®®. The
research thus far is promising for the future use of the pro-
posed questionnaire in diverse populations in Australia.

Questionnaire validation

The results obtained in AUS-R NKQ were similar to those
obtained by Hendrie et al®® and Kliemann et al??,
where differences between two groups were statistically
significant. Overall, the questionnaire was able to measure
nutrition knowledge consistently over time, which is an
important component when evaluating the effectiveness
of nutrition interventions®. The questionnaire obtained
a high overall reliability with Cronbach’s a equivalent to

9/10.1017/51368980019005135 Published online by Cambridge University Press

that of Hendrie et al’s* questionnaire and only margin-
ally below Kliemann et al.’s*”. Sections 1, 2 and 4 obtained
a high reliability independently; however, section 3 was
below an acceptable internal reliability and, therefore,
should not be used separately. This section consisted of
ten questions with the highest possible score, a total of
10 marks, which is lower than all other sections within
the questionnaire, indicating that section 3 may have a
lower degree of correlation between items. A comparison
of reliability and validity across AUS-R NKQ, Hendrie
et al.?® and Kliemann et al.*” questionnaires is presented
in supplementary material, Table 2. AUS-R NKQ obtained
the same level of internal reliability as Hendrie et al.%®
(a=0-92) with Kliemann et al.’s*” internal reliability only
slightly higher (¢ =0-93) than that of AUS-R NKQ, indicat-
ing that the revised questionnaire performed well in com-
parison to existing tools. AUS-R NKQ also reported a higher
intraclass correlation coefficient for the questionnaire
overall (ICC=0-99) compared with Kliemann et al’s*”
questionnaire (ICC = 0-89).

Item discrimination was undertaken; however, all items
were retained as the questionnaire intended to cover a
range of nutrition constructs, as indicated by key nutrition
documentation. There was no relationship between
questions across the four constructs that would improve
or reduce the reliability of the overall questionnaire.
Sections 2 and 4 can be distributed separately to measure
these aspects of nutrition knowledge, while the removal of
a single question in section 1 would also allow its individual
distribution; however, no question on water recommenda-
tions would then exist within this component. Therefore, it
is important to understand which items most effectively
measure nutrition knowledge in order to develop a ques-
tionnaire that retains high validity and reliability while
using the minimum number of items possible to reduce
time-associated barriers with the questionnaire’s future use.

The construct of nutrition knowledge

The AUS-R NKQ found that participants (both nutrition and
engineering students) tended to score lower on section 2
‘nutrients in foods’ but scored well on section 4 ‘diet—disease
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relationships’. This contrasts with Hendrie et al?® who
reported that participants scored consistently poorer on
questions relating to diet-disease relationships. Current
research indicates that nutrition science is tending to shift
more towards a ‘food and dietary pattern’ focus as opposed
to ‘knowledge of individual nutrients’, which may explain
the lower levels of reported knowledge ©9?.

Engineering students tended to score higher in section 3
‘food choices’, which included questions on menu reading,
food label interpretation and the ‘health star rating’. The
Australian government initiatives such as the ‘health star
rating’ campaign have utilised online advertising since
2014. The ‘kilojoules on the menu’ campaign adopted by
five of the seven Australian states and territories advertised
via Facebook since 2016©%%Y The strong media presence
of these campaigns may have assisted in improving individ-
uals’ knowledge on choosing healthier options. Nutrition
and engineering students’ scores showed less differentia-
tion in this section, which may be a reflection of areas
where major public investments and successful social mar-
keting campaigns have raised awareness of these topics
among the general public.

Environmental and personal factors are ever-changing,
and the revised Australian questionnaire is a static measure
of nutrition knowledge that is relevant based on current
national nutrition recommendations and guidelines™.
Health beliefs advertised in the media were a common dis-
cussion point when evaluating the longevity of AUS-R
NKQ. Relevance to the current population resulted in the
inclusion of commonly consumed meals and fad foods
(such as coconut oil). Some participants believed limiting
the consumption of fruit, milk, yoghurt and cheese was rec-
ommended by the ADG, which is a common nutrition
misconception®26,

This questionnaire used a scoring system to rate an indi-
vidual’s nutrition knowledge where a higher score assumed
a higher level of knowledge. However, the baseline score in
which an individual would be said to have adequate nutri-
tion knowledge is unknown. Therefore, a lower score within
the questionnaire may not be associated with a level of nutri-
tion knowledge that would contribute to sub-optimal dietary
behaviours®. It is important to use this questionnaire to
compare results as part of an intervention while considering
a variety of environmental and intra-individual factors when
assessing the relationship between nutrition knowledge
and, for example, dietary intake‘?.

This study has provided insights into the process of
developing and validating a questionnaire, and highlighted
the complexity in the dynamic field of nutrition knowledge.
The construct of nutrition knowledge is subjective, which
was highlighted by the varied responses and lack of con-
sensus among the academic dietitians and difficulty in final-
ising items to form the basis of AUS-R NKQ. These insights
reiterate the complexity of a concept such as nutrition
knowledge.
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Limitations

Limitations of the research include sample size and charac-
teristics. A post hoc power analysis of the mean differences
between groups from the test-retest study determined the
study to have a small to medium effect size (d=0-48). To
obtain statistical power at the recommend level of 0-8, the
sample size needed to be around thirty-six participants.
Participants in studies 2 and 3 were not necessarily repre-
sentative of their respective populations and do not reflect
the Australian population as a whole. Research has shown
that individuals with higher levels of education tend to
demonstrate higher levels of nutrition knowledge, indicat-
ing that findings from a general public sample may tend to
be lower than those obtained by this study'®®. Therefore,
results obtained by this study are limited to the context in
which it was undertaken, and require further validation
before being administered on more diverse samples, for
example, children, elderly and mixed socioeconomic and
cultural groups®®”. Another limitation is the potential for
participants to guess or search for correct responses due
to the online format of the questionnaire. To reduce this
limitation, individuals were asked to select ‘not sure’
instead of searching or guessing as per the Kliemann
et al®” questionnaire; however, if this occurred the results
from this study did not appear to be impacted.

The process used in the development of AUS-R NKQ
reflected agreement with the definitions and four sections
of nutrition knowledge established in the original
Parmenter and Wardle'” questionnaire and replicated in
Hendrie et al®® and Kliemann et al*” questionnaires.
Due to time restraints associated with the study, only items
from the GNKQ tools were used to underpin the develop-
ment of AUS-R NKQ. However, it would be recommended
to review items and include a more representative pool of
questions prior to conducting validity studies.

The short timeframe between the first and second
administrations of the questionnaire was initially believed
to explain the results obtained in the test-retest reliability
statistics. However, research indicates that there has been
no significant differences in results between a 2-d v. a
2-week test administration® and that a 1-week time inter-
val between administrations is enough to avoid recall
bias®”. Time spent completing the questionnaire was
not recorded, and estimated based on the face validity
study with retail workers. It was not possible to record
times via the online questionnaire; however, this may be
important in determining ways in which participant burden
can be reduced. Kliemann et al.*” reported no significant
differences by sex when assessing the validity and reliabil-
ity of the questionnaire in a university sample, and was thus
considered to lack relevance in comparison to questions on
age, ancestry or education status when developing the
revised Australian questionnaire. However, when develop-
ing future questionnaires, it is recommended to include sex
in order to account for the associated bias in populations
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outside of a university sample. While this questionnaire
was developed online, it may not be appropriate for all
demographics or socioeconomic groups within Australia
due to issues associated with internet access and self-
selection methods””. The questionnaire was, however,
developed online in a format that can be easily transferred
to a paper version. The concept and priorities of nutrition
knowledge are ever-evolving and a revision of the defini-
tion with expert consensus may change what essential
components need to be measured. While the nutrition
knowledge of a group within the Australian population
has been analysed, this questionnaire does not explain
where individuals obtain their nutrition information from,
how this may influence their food supply or its relationship
to dietary intake7",

Further validation of AUS-R NKQ is required to test its
usability in practice, for example, measuring changes in
nutrition knowledge among student cohorts or testing
the effectiveness of nutrition interventions. This will assist
in refining particular items and sections within the ques-
tionnaire to improve overall validity and reliability.

Conclusion

This is the first questionnaire to be redeveloped for an
Australian audience since the original publication of
Hendrie et al’s?® questionnaire. AUS-R NKQ is based
on the synthesis of items from two nutrition knowledge
questionnaires, with their alignment and adherence to
the Australian nutrition recommendations. This question-
naire is able to distinguish between individuals with known
nutrition knowledge levels with high reliability and consis-
tency within an Australian sample.
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