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OPSOMMING 
 
Die doel van hierdie studie was om 'n toets te ontwik-
kel met dieetvesel as die kennisveld ten einde die gel-
digheid- en betroubaarheidskwessies rakende voe-
dingkennisbepalings te oorkom. Veertig veelkeusige 
items is opgestel. Dertien items is tydens die beoor-
deling van die voorkomsgeldigheid uitgegooi. Dit het 
die veselterminologie-items ingesluit, sowel as die 
meeste items wat met veseleienskappe, die funksies 
van vesel en die dieetaanbevelings verband gehou 
het. Tien bykomende items is daarna opgestel. Die 
vraelys het grootliks op voedselbronne wat vesel be-
vat en praktiese keuses daarvan gefokus en tot 'n 
mindere mate op siektes wat met veselinname ver-
band hou. Dit is gedoen op aanbeveling van die pa-
neel wat die voorkomsgeldigheid van die items beoor-
deel het en met ondersteuning uit die literatuur. Al die 
items is volgens die reëls vir itemkonstruksie opge-
stel. Die vraelys, wat uit 37 items bestaan het, is deur 
twee groepe hoëronderwysstudente (n=99 en n=87 
onderskeidelik) beantwoord. Die veronderstelling was 
dat die groepe sou verskil wat voedingkennis betref 
vanweë hulle ingeskrewe programme. Sewentien 
vrae is ná die item-analise behou. Ses items het on-
derskeidelik nie die moeilikheidsindeks en die kriteria 
vir item-tot-totale-korrelasie geslaag nie, sewe items 
nie die onderskeidingsindeks-kriteria nie en 13 items 
nie die veranderlike kriteria nie. Die 17-item-toets is 
as 'n geldige en betroubare kennismeetinstrument be-
vestig. 'n Betekenisvolle verskil (p < 0,001) in kennis 
is in die verwagte rigting tussen die twee groepe stu-
dente aangedui deur van die Mann-Whitney-toets 
gebruik te maak. Die betroubaarheidskoëffisiënt, be-
paal deur die Kuder-Richardson-formule 20 (interne 
konsekwente metode), was 0,9147. Items is volgens 
hulle moeilikheidsindekse in die toets gerangskik. Die 
kennistoets kan in 'n groep of individueel gebruik 
word en die inligting wat ingewin word, kan van waar-
de wees vir die ontwikkeling van voedingkennis-
toetse. 
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INTRODUCTION 
 
Public health nutrition education accentuates fibre con-
sumption to reduce chronic disease risk (Colavito et al, 
1996). However, fibre intake of Southern African popula-
tions has fallen to 20-25 g and 15-20 g daily in rural and 
urban areas respectively (Walker et al, 2001). A greater 
number of those respondents from the Cancer Control 
Supplement of the 1987 National Health Interview Sur-
vey who indicated that they had made dietary changes 
for health reasons reported eating more vegetables 
(44,5%) and fruit (24,9%), than eating less refined grain 
products (6,5%) (Cotugna et al, 1992).  An institution 
based food product development project was initiated to 
determine the sensory acceptability of bakery products 
with increased fibre contents due to the belief that fibre 
has a negative impact on taste  (Colavito et al, 1996). As 
part of this project, the fibre knowledge of the target 
population of young adults, represented by higher edu-
cation students, had to be determined as nutrition knowl-
edge is a factor linked to eating behaviour (Steenhuis et 
al, 1996; Pirouznia, 2001) that may influence product 
acceptability. 
 
Reported results on eating behaviour and its relation to 
nutrition knowledge are, however, inconsistent 
(Steenhuis et al, 1996; Pirouznia, 2001). One of the 
reasons suggested for the inconsistency is that the nutri-
tion knowledge could have been poorly assessed 
(Kristal et al, 1990; Parmenter & Wardle, 1999). Par-
menter et al (2000) indicate that the use of measures 
with little consideration of reliability and validity issues 
has limited the understanding of nutrition knowledge 
amongst the United Kingdom (UK) public. Nutrition 
knowledge questionnaires generally have limitations in 
the psychometric measures (Axelson & Brinberg, 1992; 
Steenhuis et al, 1996; Parmenter & Wardle, 1999). The 
consequence of measuring knowledge by means of a 
questionnaire of unknown validity or reliability is that it is 
impossible to know whether it actually measures what it 
claims (i.e. knowledge) (Parmenter & Wardle, 2000). 
Accurate assessments of the nutrition knowledge-
dietary behaviour relationship require use of valid and 
reliable nutrition knowledge measures (Sapp & Jensen, 
1997).  
 
Although Parmenter and Wardle (2000) indicate that a 
new knowledge measure should only be developed 
when an instrument cannot be found, they also indicate 
that investigators often develop their own question-
naires. The advantage provided by this action is that the 
questions asked could be exactly relevant to the study 
(Axelson & Brinberg, 1992; Parmenter & Wardle, 2000). 
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Axelson and Brinberg (1992) emphasise that knowledge 
will be a good predictor of behaviour if the knowledge 
measure represented those nutrition aspects that corre-
spond with the dietary behaviour under study. 
 
Parmenter and Wardle (2000) further indicate that a 
questionnaire developed and validated in one country 
may not be valid in another due to variations in eating 
habits and specific dietary recommendations (Parmenter 
& Wardle, 1999). The decision to develop, rather than 
obtain, a test was also based on additional factors, such 
as the knowledge domain selected (i.e. dietary fibre and 
not general nutrition), the length of the test (i.e. number 
of questions included should not be too time-consuming 
to complete), familiarity of examples used for items and 
answers (i.e. South African), and the inclusion of con-
temporary fibre nutrition-health issues (i.e. soluble fibre 
and heart disease). The objective of this study therefore 
was to develop a valid and reliable test with dietary fibre 
as the knowledge domain. 
 
 
METHODOLOGY 
 
Domain and content selection 
 
Dietary fibre formed the content domain. Items that 
measure the same learning outcome (Gronlund, 
1993:97) or deal with the same content (Thorndike et al, 
1991:239; Parmenter & Wardle, 2000) are usually 
grouped together. Items that belonged to the same fibre 
topic were grouped together either as terminology (types 
of fibre), characteristics, functions, dietary recommenda-
tions (guidelines and goals), food sources or diet-
disease associations. These topics were used by other 
researchers who determined fibre knowledge (Resnicow 
& Reinhardt, 1991; Auld et al, 1998). As education 
stands out as the most important predictor of knowledge 
scores (Levy et al, 1993), the inclusion of questions on 
terminology and characteristics was seen as justified 
because the study group would be higher education 
students. 
 
Test item construction 
 
Selection-type items, which include multiple-choice, 
true-false and matching formats and exclude supply-
type items such as short answer or fill-in and essay for-
mats (Thorndike et al, 1991:210; Gronlund, 1993:28), 
were chosen as the item type. The multiple-choice for-
mat was chosen for the type of response because such 
items are less time-consuming and easier to complete, 
and scoring and processing simpler (Babbie, 1975:107; 
Gronlund, 1993:29). Furthermore, this format is consid-
ered objective and reliable as the scoring procedure can 
be stated in advance of testing and is usually clear (i.e. 
there is only one correct answer) (Nunnally, 1972:155; 
Gronlund, 1993:46). It is indicated as the most highly 
regarded and useful selection-type item (Gronlund, 
1993:60) and is strongly recommended for use in objec-
tive tests (Nunnally, 1972:172). The multiple-choice for-
mat was chosen rather than the true-false format to 
eliminate guessing (Nunnally, 1972:171; Gronlund, 
1993:46). Nunnally (1972:160) does not recommend 
true-false items for general use and indicates that the 

only way to lower measurement error due to guessing is 
to make the test long – more than 60 items. Matching 
items were also not considered. This format is usually 
utilised when the same alternatives are repeated in sev-
eral multiple-choice items (Gronlund, 1993:69), which in 
this case was not apparent. On the other hand, supply-
type items take more time to complete and process 
(Nunnally, 1972:159; Gronlund, 1993:80), the spelling 
ability of respondents could introduce subjectivity 
(Gronlund, 1993:79) and response uniformity would not 
be provided (Babbie, 1975:107). 
 
An item must have at least three answers or distracters 
to be classified as multiple-choice (Thorndike et al, 
1991:223). Although three answers are acceptable to 
decrease guessing (Gronlund, 1993:41), four answers 
were included. Thorndike et al (1991:223) indicate that 
the typical pattern is to have four or five answers to re-
duce guessing. Nutrition textbooks and test banks con-
sulted also included four answers. The choice of distrac-
ters is important as it permits control of item difficulty 
(Thorndike et al, 1991:229). The use of "none of the 
above", "all of the above" and other such alternatives 
were not included as its use is not recommended 
(Nunnally, 1972:178; Thorndike et al, 1991:233). The 
stems of the items were constructed as questions and 
incomplete statements (Nunnally, 1972:169; Thorndike 
et al, 1991:223; Gronlund, 1993:41). Comprehension 
and application type items, which provide the basic 
means of understanding (Thorndike et al, 1991:227; 
Gronlund, 1993:45), were included. 
 
It was decided that the final test should consist of ap-
proximately 20 items as interpretations based on fewer 
than 10 items are considered tentative (Gronlund, 
1993:38), and to ensure that the test is not too long and 
time-consuming to complete. Forty items were drafted 
because it is recommended that twice the number of 
items required should be formulated so that enough 
items are retained after the item analysis (Huysamen, 
1986:46; Parmenter & Wardle, 2000). According to 
Gronlund (1993:37) and Parmenter and Wardle (2000), 
writing more items than required makes it possible to 
discard weak or inappropriate items during the item re-
view. Increasing the number of items may also increase 
test reliability (Nunnally, 1972:156; Gronlund, 1993:176). 
Although some items were taken from existing question-
naires and the literature, most were adapted or new 
items generated. 
 
The rules for item construction were applied in drafting 
the items. Clarity, precision and relevance of items and 
avoiding double-barrelled and biased items were some 
of the requirements that had to be met (Nunnally, 
1972:172-181; Babbie, 1975:108-110; Thorndike et al, 
1991:225-233; Gronlund, 1993:47-60). Some negatively 
formulated items (n=3) were included, although not rec-
ommended for inclusion as they can be misinterpreted 
(Babbie, 1975:132). According to Gronlund (1993:51), 
negative wording can be used if it is required for the 
measurement of an important learning outcome. These 
negatively worded items followed the construction rules 
of negative items (Nunnally, 1972:179; Gronlund, 
1993:51). The negative wording was emphasised (in 
bold print) to draw the respondent's attention to it 
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(Thorndike et al, 1991:227). The items were also con-
structed in a manner to ensure that information given in 
one did not provide an answer to another (Nunnally, 
1972:179; Thorndike et al, 1991:240; Gronlund, 
1993:37). The distribution of answers to the four alterna-
tives was also positioned randomly (Nunnally, 1972:175; 
Gronlund, 1993:58) to ensure that each alternative was 
equally represented as the correct answer (Thorndike et 
al, 1991:241). 
 
Test item review 
 
The items were drafted by a dietician and reviewed for 
content validity by two registered dieticians with re-
search experience who are actively involved in the field 
of nutrition training, and two higher education food sci-
ence lecturers. Dieticians or nutritionists are qualified in 
nutritional matters to give advice in this regard 
(Parmenter & Wardle, 2000). Content validity (referred 
to by Sapp & Jensen (1997) as representative validity) is 
a concern in knowledge testing. It refers to how well the 
items represent the content domain measured 
(Gronlund, 1993:175). Content validity is evaluated by 
careful logical analysis (Gronlund, 1993:163) based on 
the professional judgement of subject-matter experts 
(Thorndike et al, 1991:145). As the analysis is rational 
and judgemental, this process has been referred to as 
rational or logical validity (Thorndike et al, 1991:124). 
The items were reviewed in terms of accuracy, appropri-
ateness or relevance (Babbie, 1975:109), representa-
tiveness of topics covered, suitability and mutual exclu-
siveness of answers (Babbie, 1975:107), as well as item 
clarity (Babbie, 1975:108) and format (Huysamen, 
1986:40; Nunnally, 1972:29).   
 
The four higher education lecturers, who represent the 
food science and nutrition fields, and four final-year stu-
dents, who are knowledgeable about food and nutrition, 
and who are familiar with the study group they repre-
sent, reviewed the drafted items for reasonableness. 
This appearance of reasonableness is called face valid-
ity. Face validity relates to the reasonableness of the 
test from the respondent's point of view (Thorndike et al, 
1991:126) – that is, that items may be regarded as ei-
ther too easy or too difficult (Huysamen, 1986:41). 
 
Face validity was a major concern. The review panel 
agreed that those items related to fibre terminology, 
characteristics, functions and recommended dietary 
intake were possibly too difficult and would not be con-
sidered reasonable from the respondent's point of view. 
To obtain support, the four final-year student panel 
members each interviewed three students, representing 
the study group, in small-group discussions. Two stu-
dents received formal nutrition instruction, while the ma-
jority (n=10) did not. These discussions confirmed that 
the respondents would not be competent to answer 
most of these drafted items. Gronlund (1993:37) empha-
sises that the difficulty level of items should match the 
intended learning outcome and the use to be made of 
the results. All items related to fibre terminology and 
most items related to fibre characteristics, functions and 
recommendations were therefore discarded (n=13). It 
was decided beforehand that if three or more panel 
members judged an item to be inappropriate, it would be 
deleted from the item pool. 

Considerations during test item review based on 
literature     In the study by Parmenter and Wardle 
(1999), the understanding of terms was also removed as 
these items were judged too scientific and not relevant 
to behaviour. The review panel in this study also used 
comments like “too advanced”, “too scientific”, “too tech-
nical” and “too physiological” to describe these items, 
and questioned their relevance. Buttriss (1997) further 
found that, although more than 95% of UK respondents 
had heard of the term fibre, only 70% felt confident ex-
plaining what the term meant. Regarding the exclusion 
of the fibre characteristics and functions, a survey deter-
mining nutrition knowledge of primary care Canadian 
physicians indicated that only 39% knew that soluble 
fibre was the dietary fibre that lowered blood cholesterol 
(Temple, 1999).  
 
Parmenter et al (2000) found that although more than 
90% of their sample of the English public was aware of 
the recommendation to increase fibre intake, indicating 
that this basic message was being conveyed success-
fully, 70% did not know that the recommended daily 
intake of fruit and vegetables was as many as five serv-
ings. Just over 50% believed one to three portions to be 
adequate. In this context, 78% and 52% of urban white 
and black adult South African samples respectively were 
aware of eating (more) high-fibre foods, but also respec-
tively indicated that on average three and two-and-a-half 
servings of fruit and vegetables should be consumed 
per day, which is far below the recommended five serv-
ings (Peltzer, 2004). These results imply that, although a 
large number of people might be aware of the recom-
mendation, many might not be well informed about it. 
Harnack et al (1997) also indicate that many Americans 
are confused by the dietary recommendations. 
 
The review panel suggested that the items should focus 
largely on food sources and practical food choices, and 
to a small extent on fibre-disease associations. This 
decision was supported by the study by Peltzer (2001), 
who found that South African university students 
seemed to have above-average knowledge on the food 
sources of fibre (5,06 ± 0,10 out of 10).  The 13 items 
deleted were replaced with 10 items covering fibre food 
sources and practical food choices.  The questionnaire 
now consisted of 37 items of which most (75 to 80%) 
were related to food sources and practical food choices. 
 
Some concern, however, still remained regarding the 
inclusion of these food-based items. Parmenter et al 
(2000) found that the section on fibre in their question-
naire was generally answered well by their sample of the 
UK public. These findings represented an improvement 
on those of Buttriss (1997), who found that the UK public 
was generally poor at identifying foods containing starch 
and even worse at knowing which foods contained fibre. 
Although nine of ten respondents in this 1992 sample 
had heard of the term fibre, 35% were unable to identify 
even three of six fibre-containing foods. When this ques-
tion was repeated in 1995, the situation had worsened 
as 42% of the sample failed to identify half of the fibre-
rich foods. Cremer and Kessler (1992) also indicated 
that Americans appear to lack an understanding of the 
fibre content in foods. Only one of the four high-fibre 
foods, bran flakes, was mentioned as such by their re-
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spondents. The researchers indicated the wide advertis-
ing of high-fibre cereals as the likely reason for this. 
Despite the high level of fibre awareness found in the 
United States (US) and Geneva population samples 
reported by Girois et al (2001), a substantial proportion 
of the respondents in both populations also lacked the 
ability to rank common foods as high or not high in fibre. 
In contrast, a relatively high percentage (76.1 to 93.5%) 
of the respondents could identify the high-fibre choice 
correctly in five pairs of food items in the 1989 and 1990 
Continuing Survey of Food Intake of Individuals (CSFII) 
and the companion Diet and Health Knowledge Survey 
(DHKS), but only 58% could identify kidney beans as 
the correct choice in the lettuce/kidney beans pair 
(Variyam et al, 1996).  Furthermore the South African 
nutrition knowledge study by Peltzer (2004) found that 
all participating groups had low scores on choosing eve-
ryday healthy foods despite reasonable knowledge of 
sources of nutrients. 
 
Other adjustments made to the items included the fol-
lowing: some changes to grammar and wording; using 
simpler and more familiar terminology such as vitamins 
and minerals (replacing micronutrients), starch 
(replacing carbohydrates), bran (replacing cellulose), 
blood sugar (replacing blood glucose), etc.; clarifying the 
term "legumes", which was seen to be an unfamiliar 
word, by explaining that it includes dried beans, peas 
and lentils; shortening distracters in which foods were 
ranked from the highest to the lowest fibre contents from 
four to three to simplify answering; changing distracters 
to include either food or beverages or examples from 
the same food grouping to provide more uniformity; and 
replacing some distracters with foods more representa-
tive of South African eating habits. 
 
The 37 items retained after the content and face validity 
review formed the knowledge questionnaire. Two edu-
cation specialists also reviewed these items for reading 
level, vocabulary, grammar (Gronlund, 1993:36), and 
item construction rules (Nunnally, 1972:172-181; Bab-
bie, 1975:108-110; Thorndike et al, 1991:225-233; 
Gronlund, 1993:47-60). 
 
Knowledge questionnaire development and testing 
 
A self-administered questionnaire was developed as the 
respondents could read and write and were familiar with 
answering questions. Demographic questions were 
placed at the end of the questionnaire, as advised by 
Parmenter and Wardle (2000), as respondents might 
dislike answering them, seeing them as intrusive or 
threatening. Besides gender and age, the section cov-
ered formal nutrition education and other nutrition in-
struction received, and perceived nutrition knowledge 
level. 
 
Brief instructions for completion were clearly and promi-
nently indicated (Thorndike et al, 1991:240; Parmenter 
& Wardle, 2000). An introductory comment was pro-
vided to explain the purpose of the questionnaire ad-
ministration. To ensure that the questionnaire did not 
intimidate respondents, it was not referred to as a 
"test" (as advised by Parmenter & Wardle, 2000). Par-
ticipants had to circle the letter (a, b, c or d) preceding 

the appropriate answer on the questionnaire to indicate 
their choice. Babbie (1975:112) sees this as a favour-
able method to indicate responses. The use of letters is 
also preferable to numbers, since numerical answers in 
numbered items may be confusing (Gronlund, 1993:59). 
On completion of the questionnaires, each one was 
reviewed for omissions. The answers were scored di-
chotomously (0 or 1).  
 
The questionnaire was administered to five times more 
respondents than the number of items (37) (as recom-
mended by Huysamen, 1986:46). The students (n=186) 
who attended the classes allocated to the study were 
invited to participate. Two groups of undergraduate 
higher education students participated voluntarily and 
anonymously.  The first group of 99 first- and second-
year National Diploma (ND): Consumer Science: Food 
and Nutrition and ND: Somatology students, who have 
nutrition as a subject, were expected to have a higher 
level of nutrition knowledge and formed the knowledge-
able group. The second group of 87 first- and second-
year ND: Environmental Health and General Education 
and Training students were expected to have a low level 
of knowledge in the field of nutrition as these pro-
grammes do not include nutrition as a subject. This 
would ensure that one group had a greater knowledge 
of nutrition than the other, while other variables such as 
gender, age and educational level were fairly similar for 
the groups. The number of students participating also 
met the number indicated by Nunnally (1972:194) as at 
least 40 and preferably 100 for efficient item analysis 
(that is, that there should be at least 40 students tested 
to obtain the difficulty index and the distribution of per-
centages for alternatives on multiple-choice items; and 
80 students for the discrimination index). 
 
Item analysis 
 
Item analysis involves the statistical analysis of the re-
sults of a test administration to identify which items can 
be retained and which need to be either revised or dis-
carded (Nunnally, 1972:186). The data of the completed 
questionnaires were entered on a spreadsheet. The 
item analysis was done using MS Excel and Stata 8. 
Only those items meeting the analysis criteria were re-
tained for the final test. Gronlund (1993:102) indicated 
that the item analysis procedure for norm-referenced 
tests should provide information on item difficulty, dis-
crimination power of item and effectiveness of each al-
ternative.  
 
Item difficulty index     The item difficulty index indi-
cates the percentage of respondents who answer an 
item correctly (Nunnally, 1972:186; Thorndike et al, 
1991:212). It was calculated so that only items with suit-
able difficulty indices were included in the test (Nunnally, 
1972:187). Although this statistic is frequently referred to 
as the item difficulty rating, Nunnally (1972:186) sees 
this as a misnomer because the higher the percentage, 
the easier – rather than more difficult – the item is 
(Nunnally, 1972:186). Thorndike et al (1991:212) argue 
that it should be called the "easiness" of an item. For 
example, an item that 75% of respondents answer cor-
rectly would have a difficulty index of 0,75 (Thorndike et 
al, 1991:212). 
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Items for which the difference is not at least 20 percent-
age points (Nunnally, 1972:192) or which have a dis-
crimination index of below 0,20 are poor discriminators 
(Thorndike et al, 1991:251) and were eliminated. 
 
Item-to-total correlation     Each student has a score 
on each item (e.g. pass or fail) and on the test as a 
whole. Correlation coefficients can be computed from 
these results. In addition to the discrimination index, the 
most popular statistical index to determine the internal 
consistency of a test is the item-to-total correlation 
(Nunnally, 1972:193). The Pearson's correlation was 
used to calculate the item-to-total test correlations. Only 
items that met the correlation of 0,20 and higher were 
retained as Parmenter and Wardle (2000) indicate this 
as the minimum suggested correlation. 
 
Final knowledge test 
 
Those items that met the item analysis criteria formed 
the final knowledge test. The two most important consid-
erations of a well-constructed knowledge test are validity 
and reliability (Gronlund, 1993:34). 
 
Validity     This is the most important quality to consider 
and refers to the appropriateness, meaningfulness and 
usefulness of score interpretations (Gronlund, 
1993:159). There are two aspects to validity, namely, 
what is measured and how consistently it is measured. 
Consistency refers to the reliability of the scores. Reli-
ability is therefore a necessary ingredient of validity, but 
it is not sufficient to ensure validity. Validity has to do 
with the meaning of scores, i.e. do test scores measure 
what the test user intends them to measure (Ebel & 
Frisbie, 1991:100) and how are the scores used to make 
decisions (Ebel & Frisbie, 1991:101). The traditional 
view that there are several types of validity has been 
replaced by the view that validity is a single, unitary con-
cept based on various forms of evidence. The former 
types of validity (content, criterion-related and construct) 
are now referred to as content-related, criterion-related 
and construct-related evidence. For some test score 
interpretations only one or two types of evidence may be 
critical, but an ideal validation includes evidence from all 
three categories. In many situations this ideal is not ac-
complished (Gronlund, 1993:161). 
 
Criterion-related validity refers to the degree to which 
test scores are related to some other valued measure 
called a criterion. There are two types of studies used in 
obtaining criterion-related validity. The first is concerned 
with predicting future performance (called a predictive 
study) and the other with estimating current performance 
(called a concurrent study as both test and criterion are 
obtained at the same time) (Gronlund, 1993:163). Crite-
rion-related validity is typically expressed by a correla-
tion coefficient as it indicates the degree of relationship 
between two sets of measures, i.e. the test scores and 
the criterion (Gronlund, 1993:164). In some cases, ap-
propriate criterion measures are simply not available 
(Ebel & Frisbie, 1991:107). Criterion validation of nutri-
tion knowledge measurement instruments is difficult 
because no "gold standard" is available to compare in-
struments with (Steenhuis et al, 1996; Parmenter & 
Wardle, 2000). 

Although it is better to avoid items that most respon-
dents will answer correctly or incorrectly, it is possible to 
have an item that many respondents will answer incor-
rectly because it may assess some useful information, 
or an easy item that covers a particularly important point 
that everybody should know (Thorndike et al, 1991:245). 
A good rule is to use few items that are either above 
0,80 or below 0,20. For a multiple-choice test consisting 
of four or more alternatives, items in the range between 
0,35 and 0,85 should be selected (Nunnally, 1972:189).  
This criterion was used in this test. All items found to be 
too easy (answered correctly by more than 85% of re-
spondents) or proved to be too difficult (answered cor-
rectly by less than 35% of respondents) were excluded.  
 
The item difficulty indices were used to rank the items 
from the easiest to the most difficult (Nunnally, 
1972:189) in the final test. Placing easier items at the 
beginning provide respondents with an optimistic start 
and placing more difficult items near the end prevent 
respondents from spending too much time on difficult 
items early in the testing period (Nunnally, 1972:188). 
 
Distribution of answers to alternatives     The per-
centage of respondents who indicated each of the alter-
natives (in this case a, b, c or d) as their answer were 
computed to determine the distracting ability of the alter-
natives. A useful standard to apply, regardless of the 
number of alternatives, is to replace those alternatives 
which were not chosen by at least 5% of the respon-
dents by a more plausible alternative, as that alternative 
could not be regarded as a good distracter (Nunnally, 
1972:190). Items in which alternatives were indicated by 
5% or less of the respondents were discarded. 
 
Discrimination index     This index is used to determine 
the extent to which each item measures the same as-
pect as the total test in which it was included. There are 
several ways to do this. One of the simplest methods is 
the discrimination index. It can be described as follows: 
First find the top and the bottom 25% of the respondents 
in terms of total test scores (Note: Test results of the 
middle group are set aside and not used). Next, deter-
mine for each item the percentage of students in the top 
and the bottom groups who answered the item correctly. 
Finally, subtract the percentage for the bottom group 
from the percentage for the top group (Nunnally, 
1972:192). The discrimination index can also be deter-
mined by subtracting the number of students who an-
swered the item correctly in the lower group, from the 
number of students who answered it correctly in the 
upper group, and dividing the difference by the respon-
dent number in one group (Thorndike et al, 1991:250). 
The larger the difference, the better the item as it could 
discriminate the top from the bottom respondents. If the 
difference is small, the item failed to discriminate be-
tween good and bad performers. Although it may be 
desirable to use the top and bottom 25% if the group is 
large (or the upper and lower halves if the group is 
small), selecting the top and bottom 27% is recom-
mended for a more refined analysis (Gronlund, 
1993:105). Thorndike et al (1991:249) also indicate 27% 
that was used in this test . 
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Construct validity (referred to by Axelson & Brinberg 
(1992) and Sapp & Jensen (1997) as discriminant valid-
ity) requires that the construct presumed to be reflected 
in test scores actually does account for the difference in 
test performance (Gronlund, 1993:166). This can be 
achieved by comparing scores of known groups to de-
termine whether the scores differentiate the groups as 
predicted (Thorndike et al, 1991:142; Gronlund, 
1993:167). Construct validity was chosen above crite-
rion-related validity as it did not require a criterion. The 
use of sub-populations with expected differences in nu-
trition knowledge in order to determine construct validity 
had been used in the development of nutrition knowl-
edge tests (Steenhuis et al, 1996; Parmenter & Wardle, 
1999). The Mann-Whitney test was used to determine 
the construct validity. If the test scores between the stu-
dent groups were significantly different in the expected 
direction, it could be said that the test measured what it 
was suppose to measure, namely a nutrition knowledge 
dimension, and that it was possible to obtain a certain 
degree of discrimination between groups that were ex-
pected to differ in nutrition knowledge (Steenhuis et al, 
1996). 
 
Reliability     Reliability refers to the consistency of test 
scores – that is, how consistent they are from one meas-
urement to another (Gronlund, 1993:169) or how error 
free the measurements are (Gronlund, 1993:176). Reli-
ability is typically reported by means of a reliability coeffi-
cient, which is also a correlation coefficient (Ebel & Fris-
bie, 1991:77; Gronlund, 1993:169). This could be ac-
complished by administering the same test to a group 
twice, with a time interval in between (test-retest 
method), administering two equivalent forms of the test 
with a time interval in between (equivalent-forms 
method), or administering the test once and computing 
the consistency of the responses within the test 
(internal-consistency method) (Ebel & Frisbie, 1991:81-
82; Gronlund, 1993:170). Each one of these methods 
measures a different type of consistency (e.g. over time, 
over different samples of items and over different parts 
of the test) (Gronlund, 1993:176). 
 
The simplest means to estimate internal-consistency of 
test scores from a single test administration is to use the 
Kuder-Richardson (K-R) formulas (Gronlund, 1993:171). 
The K-R formulas are the most widely accepted meth-
ods for estimating reliability (Ebel & Frisbie, 1991:83). 
The K-R formula 21 (K-R21) requires information on the 
test mean/average score (Gronlund, 1993:171). If items 
do not vary widely in difficulty, computing the mean is 
reasonable, but when items vary in difficulty, as they 
almost always do, the K-R formula 20 (K-R20) that re-
quires information about the difficulty (proportion of cor-

rect responses) of each item should be considered. The 
K-R20 is applicable to tests scored dichotomously (0 or 
1) (Ebel & Frisbie, 1991:85). The Cronbach's alpha reli-
ability coefficient may be used in the place of the K-R 
formulas for estimating the reliability of scores from tests 
not scored dichotomously (Ebel & Frisbie, 1991:98). 
 
The test-retest method was not chosen as the time-
interval between test administrations is an important 
factor. A short interval can lead to overestimation of 
reliability, while a longer interval can lead to an underes-
timation (Steenhuis et al, 1996). The equivalent forms 
method was also not considered as it is difficult to con-
struct two very similar forms of the same test with items 
the same or equal in difficulty, and respondents may 
become tired and/or bored during completion. Par-
menter and Wardle (2000) argue that this practice is 
rarely, if ever, applied. Applying the split-half method 
again does not consider the possibility that there are 
numerous methods besides on even and uneven num-
bered items by which the test could be split. The K-R20 
considers this possibility (Ebel & Frisbie, 1991:84) and 
was chosen to determine the reliability or internal consis-
tency of the test. 
 
There are no absolute standards to determine if a reli-
ability coefficient is high enough. Some standards have 
evolved over time. The generally accepted minimum is 
0,65 if scores of a group of individuals are to be deter-
mined (Ebel & Frisbie, 1991:87). Fanslow et al (1981) 
consider 0,75 as acceptable and Pirouznia (2001) 0,70. 
 
 
RESULTS AND DISCUSSION 
 
Demographic data of respondents 
 
The gender and age profile of the respondent groups 
are indicated in Table 1. The respondents were pre-
dominantly female and homogeneous with regard to age 
within the groups.  
 
Test item analysis 
 
Seventeen of the 37 items (46.0%) were retained after 
the item analysis. The results of the item analysis are 
indicated in Table 2. Six items did not meet the difficulty 
index criterion of 0,35 to 0,85 (or 35 to 85%), of which 
five items were found to be too difficult (questions 7, 11, 
17, 23 and 29) and one item (question 5) too easy. The 
questions found to be too difficult related to the fibre 
content of different vegetables (question 7), fruit (apple 
processed differently, i.e. raw, baked, dried, juice) 
( question 11) and meat (question 17), as well as the 

Demographic characteristic Knowledgeable group 
(n=99) 

Less knowledgeable group 
(n=87) 

Gender 
 Female 
 Male 

  
95 (96%) 
4 (4%) 

  
76 (87%) 
11 (13%) 

Age in years 
 Median 
 Average 

  
19 – 20 

20 

  
19 – 20 

20 

TABLE 1: DEMOGRAPHIC CHARACTERISTICS OF RESPONDENT GROUPS 
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Item Difficulty 
index* 

Discrimina-
tion index** 

Item-to-total 
correlation*** 

Distribution of answers to alternatives **** 
a b c d 

1 0,64 0,61 0,524 62,9% 7,5% 6,5% 23,1% 
2 0,68 0,48 0,493 15,6% 67,7% 9,1% 7,5% 
3 0,64 0,55 0,512 9,7% 62,4% 10,8% 17,2% 
4 0,76 0,40 0,559 8,1% 7,5% 77,4% 7,0% 
5 0,88 0,27 0,501 1,6% 9,1% 2,2% 87,1% 
6 0,39 0,28 0,338 16,7% 30,1% 39,8% 13,4% 
7 0,32 -0,02 0,107 29,6% 18,3% 24,2% 28,0% 
8 0,58 0,21 0,280 8,6% 20,4% 10,2% 60,8% 
9 0,36 0,18 0,142 34,4% 10,8% 31,7% 23,1% 
10 0,59 0,35 0,291 22,6% 6,5% 11,3% 59,7% 
11 0,20 0,15 0,181 8,1% 19,4% 8,1% 64.5% 
12 0,62 0,10 0,230 3,8% 31,2% 60,2% 4,8% 
13 0,85 0,31 0,435 87,6% 1,1% 6,5% 4,8% 
14 0,46 0,43 0,471 18,3% 44,6% 18,3% 18,8% 
15 0,74 0,34 0,462 73,7% 18,3% 5,4% 2,7% 
16 0,56 0,47 0,391 59,1% 20,4% 13,4% 7,0% 
17 0,32 0,52 0,450 9,1% 29,0% 30,6% 31,2% 
18 0,55 0,49 0,467 15,6% 19,4% 10.8% 54,3% 
19 0,67 0,49 0,562 64,0% 14,0% 9,1% 12,0% 
20 0,84 0,38 0,523 7,0% 2,7% 5,9% 84,4% 
21 0,59 0,61 0,588 25,3% 10,8% 58,1% 5,9% 
22 0,63 0,30 0,457 9,7% 68,8% 20,4% 1,1% 
23 0,30 0,18 0,134 37,6% 25,8% 16,1% 20,4% 
24 0,82 0,34 0,535 82,3% 8,6% 2,7% 6,5% 
25 0,66 0,32 0,369 7,0% 14,0% 12,4% 66,7% 
26 0,76 0,32 0,551 11,3% 76,3% 3,8% 8,6% 
27 0,40 0,26 0,266 11,3% 12,9% 37,1% 38,7% 
28 0,35 0,26 0,320 25,3% 16,7% 22,0% 36,0% 
29 0,28 0,27 0,238 32,8% 28,5% 18,3% 20,4% 
30 0,44 0,19 0,176 19,9% 34,4% 43,0% 2,7% 
31 0,80 0,34 0,578 5.4% 81,2% 10,8% 2,7% 
32 0,77 0,36 0,578 76,3% 12,9% 3,2% 7,5% 
33 0,66 0,41 0,455 12,9% 6,5% 65,6% 15,1% 
34 0,48 0,33 0,312 12,9% 4,8% 50,0% 32,3% 
35 0,37 0,40 0,389 37,1% 10,2% 36,6% 16,1% 
36 0,55 0,47 0,412 53,8% 35,5% 6,5% 4,3% 
37 0,59 0,10 0,153 22,0% 11,8% 8,6% 57,5% 

Values in bold print: Item does not meet specific item analysis criteria: 
  * Item difficulty index: 0,35 - 0,85 
  ** Item discrimination index: ≥ 0,20 
  *** Item-to-total-correlation: ≥ 0,20 
  **** Distribution of answers to alternatives: ≥ 5% 

TABLE 2: RESULTS OF TEST ITEM ANALYSIS 
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food source of soluble fibre (question 23) and the rec-
ommended servings of fruit to be eaten daily to ensure 
good health (question 29). Girois et al (2001) also report 
that both the US and Geneva populations were less 
likely to recognise that red meat was not high in fibre. 
The question found to be too easy (question 5) related 
to the choice of bread containing the highest fibre con-
tent, of which the response "breads baked with whole 
wheat flour" was the correct answer. "Breads baked with 
cake flour" and "breads baked with self-raising flour" 
were found not to be good response distracters in this 
question (discussed below). 
 
Seven items (questions 7, 9, 11, 12, 23, 30 and 37) did 
not meet the discrimination index criterion of equal to 
and larger than 0,20 (or 20%). Most of these items re-
lated to choosing the food item providing the most fibre 
per portion at the same weight. The items covered differ-
ent vegetables (question 7) and fruits (question 9), fruit 
(apple processed differently) (question 11) and breakfast 
cereals (question 12). Three of these items found to be 
poor discriminators were also found to be too difficult 
(questions 7, 11 and 23). Six items (questions 7, 9, 11, 
23, 30 and 37) did not meet the item-to-total correlation 
criterion of equal to or larger than 0,20. All these items 
also did not meet either the difficulty index or discrimina-
tion index criteria or both. Thirteen items did not meet 
the criterion that a variable (in this case either a, b, c or 
d) had to be indicated as the correct answer by at least 
5% of the respondents; either one variable (n=10 items; 
questions 15, 20, 22, 24, 26, 30, 31, 32, 34 and 36) or 
two variables (n=3 items; questions 5, 12 and 13) did not 
meet this criterion . For example, breads baked with 
cake flour and breads baked with self-raising flour 
(question 5 referred to above), and Rice Crispies and 
cornflakes as breakfast cereal choices to increase die-
tary fibre intake (question 12) were too infrequently se-
lected as responses. Where foods high in fats and oils 
were indicated as response options, they were also not 
selected frequently enough as responses (questions 13, 
15, 20, 24, 26 and 34). 
 
The face validity concern in the item review caused the 
exclusion of items related to fibre terminology, in addi-
tion to most items related to fibre functions, characteris-
tics and recommendations. This led to the 37-item test 
being made up of 75% food-related questions (75,7%; 
n=28 items) and 25% food- and health-disease-related 
questions (24,3%; n=9 items). In the final test, only three 
of these food- and health-disease-related questions 
were retained (three of the nine items) because they met 
the item analysis criteria. These items are related to the 
function of fibre to aid stool elimination (question 33), the 
potential harmful effect of reduced mineral absorption 
when consuming too much fibre (question 35) and oat 
bran as the fibre containing food with the greatest cho-
lesterol-lowering effect (question 27). 
 
The final test consisted of approximately 80% of the 
items relating to food (82%; n=14 items) and approxi-
mately 20% relating to the food and health-disease rela-
tionship (18%; n=3 items). Crawford and Baghurst 
(1990) indicate that there was uncertainty in their Austra-
lian population survey about the role of fibre in disease 
despite widespread media discussion of this topic. Only 

42% of men and 53% of women reported that they were 
aware of any health problems related to the amount of 
fibre consumed. Twenty-one per cent of men and 
women respectively indicated bowel cancer and bowel 
diseases and 15% constipation. Reporting on the 1989 
and 1990 CSFII and the companion DHKS, Variyam et 
al (1996) show that the proportion of the sample that 
had heard about health problems related to how much 
fibre a person eats was equally split between yes 
(50,2%) and no (49,8%). In the study by Parmenter et al 
(2000), participants were asked whether they knew of 
any links between eating more or less of particular foods 
and major health problems. Approximately two-thirds of 
the respondents (62,1%) knew of health risks associ-
ated with a low fibre intake, with the majority being 
aware of the specific risk of cancer. Bowel problems 
were also associated with insufficient fibre by many peo-
ple, with the most commonly mentioned disorders being 
bowel cancer and constipation. In the South African 
study, 38,2% and 28,9% of the urban adult white and 
black population samples respectively knew that a low 
fibre intake was related to major health problems, of 
which stomach problems/constipation were the most 
frequently mentioned (Peltzer, 2004). 
 
Final knowledge test 
 
The test consisting of the 17 items retained after the 
item analysis was found to be reliable. The reliability 
coefficient determined by the K-R20 (internal-
consistency) was 0,9147, which met the criterion of 0,75 
identified by Fanslow et al (1981) as acceptable where 
groups are compared. The test was also found to be 
valid as a significant difference (p < 0,001) in knowledge 
was found in the expected direction between the two 
student groups utilising the Mann-Whitney test (z = - 
9,7473). The median scores of the knowledgeable and 
less knowledgeable groups were 12 (mean = 12) and 6 
(mean = 6,75) respectively. 
 
The test validity thus established could be explained by 
the fact that the majority of respondents in the knowl-
edgeable group (n=93; 94%) indicated that formal lec-
tures in their academic programme are a major source 
of nutrition information; most of these students (n=86; 
87%) also indicated that they were more knowledgeable 
about nutrition in comparison to other young adults. In 
contrast, most of the less knowledgeable group indi-
cated that they are as knowledgeable and/or less knowl-
edgeable about nutrition in comparison to other young 
adults (n=62; 71%). More than half of this group also 
identified printed material, such as magazine articles, lay 
books, advertisements, brochures and public lectures, 
radio talks and television programmes (n=24; 28%), and 
family and friends (n=22; 25%) as their major sources of 
nutrition information. 
 
The remaining 17 items were ranked according to their 
difficulty indices (see Table 2) from the easiest to the 
most difficult items in the final test. Question 4 was 
placed first and question 28 last. A standard score was 
also calculated for future use as the norm. The norm 
score could be used to differentiate between respon-
dents at different levels of achievement: as average, a 
score of 9 (average median score = 9; average mean 
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score = 9,37); as above average or good, a score of 12 
(median score and mean score of knowledgeable group 
respectively equalled 12) and above; and below aver-
age  or poor, a score of 6 (median score and mean 
score of less knowledgeable group equalled 6 and 6,75 
respectively) and below. Tests which interpret each stu-
dent's relative standing among other students or can 
compare a student's performance with that of others are 
norm referenced (Gronlund, 1993:12; Thorndike et al, 
1991:195). 
 
 
CONCLUSION AND RECOMMENDATIONS 
 
If health promotion is to be successful, it must address 
the needs of the target audience and take into account 
their current behaviour, as well as their knowledge and 
attitudes (Barker et al, 1995). Lack of knowledge might 
be a barrier to healthy eating (Berg et al, 2002). To se-
lect a healthy diet, consumers must ignore advertisers' 
coaxing and taste appeal, and draw on complex scien-
tific and technical knowledge concerning nutrients, foods 
and health. At a minimum, they need to know the nutri-
tional recommendations, be able to apply those to the 
food products they are considering and combine recom-
mendations to make the best food choices (Parmenter 
et al, 2000). Buttriss (1997) concludes that many con-
sumers do not have the knowledge to translate healthy 
messages into food choices. Among the public, there is 
a high awareness of buzzwords (such as fibre), but their 
knowledge is insufficient to enable them to translate it 
into healthy food choices (Buttriss, 1997). Health profes-
sionals also overestimate the public's knowledge about 
nutrition issues. For instance, Buttriss (1997) reports that 
only 22% of professionals consider the public's level of 
knowledge to be a barrier to changing their eating hab-
its. In addition, there are worrying gaps in health profes-
sionals' own knowledge of what the different terms 
mean. There is also broad scepticism about the media's 
role in providing healthy eating advice (Buttriss, 1997). 
Although it might be argued that knowledge plays a lim-
ited part in food choice (Parmenter et al, 2000), it is an 
obvious precondition for exercising an informed choice 
(Barratt, 2001). 
 
There is an evident lack of information about the current 
level of knowledge about fibre amongst South Africans 
as the major concern in the test development was re-
lated to face validity. In the final test, a minimal number 
of the food- and health-disease-related questions were 
retained (only three of the nine items evaluated), which 
emphasises that the concern may have been warranted. 
One of these three items retained related to the function 
of fibre to aid stool elimination (question 33). This item 
had a difficulty index of 0,66, which indicated that only 
about two-thirds of the respondent group was aware of 
this major role of fibre although it is widely used in 
breakfast cereal advertising. Although the term 
"constipation" was not used in this item, it was used in 
another item (question 31) that had a difficulty index of 
0,80, indicating that 80% of the respondents could an-
swer the question correctly when the term constipation 
was used, but that they could not maintain this level of 
correctness when the description ”aid stool elimination” 
was used. This may indicate that the role of fibre in the 
prevention of constipation may not be fully understood. 

The knowledge measure developed yielded an instru-
ment that can be useful to others. The final test consist-
ing of the 17 items retained after the item analysis was 
found to be a valid and reliable measure to determine 
fibre knowledge related to food items and health-
disease associations. The reliability coefficient (0,9147) 
met the criterion of 0,75 indicated by Fanslow et al 
(1981) as acceptable where groups are compared. The 
test can therefore be used to compare the fibre knowl-
edge scores of groups, but also for the scores of indi-
viduals as it met the reliability coefficient of at least 0,85 
informally agreed upon by experts in educational meas-
urement to make decisions about individuals (Ebel & 
Frisbie, 1991:86). The high reliability may be due to the 
thorough process of item review and the difficulty indi-
ces of most of the retained items being between 0,40 
and 0,70 (13 of the 17 items). Extremely easy or ex-
tremely difficult items add little information as they only 
differentiate a few respondents from others (Nunnally, 
1972:187). 
 
The major loss of items occurred due to responses not 
being selected often enough as answers (13 of original 
37 items; approximately 35%). In a number of items 
where foods high in fats and oils were indicated, they 
were not selected frequently enough as answers 
(questions 13, 15, 20, 24, 26 and 34). This may suggest 
that these student respondents understand that foods 
high in fats and oils are not correct fibre food choices. It 
is therefore recommended that in the drafting of multi-
ple-choice questions to determine fibre knowledge care-
ful consideration should be given to the responses, and 
that foods high in fat and oils should not be included. 
 
Studies found women to be more knowledgeable about 
fibre than men are (Variyam et al, 1996; Buttriss 1997; 
Auld et al, 1998; Parmenter et al, 2000; Girois et al, 
2001), generally to be better in middle aged than older 
or young people  (Auld et al, 1998; Parmenter et al, 
2000), and to increase with education  (Variyam et al, 
1996; Auld et al, 1998; Parmenter et al, 2000; Girois et 
al, 2001), and higher socio-economic status (Variyam et 
al, 1996; Parmenter et al, 2000). As this student sample 
was biased in favour of women who tend to have better 
nutrition knowledge, it is probable that the test may esti-
mate the level of knowledge of females more favourably 
than that of males. It may also favour older respondents 
who tend to have better nutrition knowledge than 
younger respondents. 
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