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Abstract

Objective: The objectives of the present study were to (i) develop and validate a
norm-referenced performance-rating scale to interpret a nutrition knowledge test
developed for urban adolescents and (ii) develop a prototype for other
researchers to follow when developing nutrition knowledge tests.
Design: For norm development the nutrition knowledge test (questionnaire) was
administered to a sample representative of the questionnaire target group,
referred to as the norm group. These included 512 adolescents in grades 8 (n 158),
10 (n 149) and 12 (n 205) at three randomly selected schools in Soweto and
Johannesburg. The performance scores (in percentages) obtained by the norm
group were transformed to Z-scores which were categorised into stanines using
established Z-score cut-off points. For validation purposes the questionnaire was
completed by 148 volunteers: sixty university dietetics students, nineteen non-
nutrition university students and sixty-nine primary-school teachers.
Results: As required of an ideal norm group, the Z-scores formed a normal dis-
tribution (a bell-shaped curve). To facilitate interpretation of the results, the Z-score
cut-off points for these categories were transformed back to performance scores
(percentages) so that the performance of a testee could be interpreted directly from
his/her performance in percentage. As is recommended, the nine stanine categories
were reduced to five: very poor, fair/below average, good/average, very good/
above average and excellent. The discriminatory validity of the norms was sub-
stantiated by showing that groups with known nutrition knowledge levels were
rated appropriately and that the performance ratings of these groups differed
significantly, with university dietetics students scoring 98?3 %, primary-school
teachers 20?3 % and non-nutrition university students 31?6 %.
Conclusions: The norm-referenced performance-rating scale can be used with
confidence to interpret the performance score achieved by a testee on the
nutrition knowledge test developed for urban adolescents in South Africa. The
methodology used in the study serves as a prototype for other researchers who
are developing knowledge tests.
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The importance of the use of reliable and valid instruments

in research cannot be sufficiently emphasised, especially

when evaluating knowledge(1–3). In South Africa, a sixty-

item test questionnaire was developed in 2004 to measure

the nutrition knowledge of 13–14-year-old adolescents

taking part in a longitudinal study known as the Birth to

Twenty study (BTT)(4). The BTT study, initiated in 1990,

follows a cohort of African urban children in Soweto–

Johannesburg from birth to 20 years of age and investigates

the biological, environmental, economic and psychosocial

factors that are associated with the health of children born

and living in urban areas in South Africa. The nutrition

knowledge questionnaire was developed because no reli-

able and valid questionnaire was available to assess the

nutrition knowledge of South African adolescents living

in urban areas. The developed instrument ensured face,

content and construct validity and it had an internal con-

sistency (Cronbach’s alpha) of 0?77. The final sixty-item

questionnaire includes true/false and multiple-choice

question options that are largely based on the South African

food-based dietary guidelines(4).

Following on from the development of the ques-

tionnaire it was realised that, in order to facilitate effective

and accurate interpretation of the scores obtained by
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testees, the development of a performance-rating scale

was necessary.

Performance-rating scales are developed by transform-

ing the actual scores of a large representative population

into a standard scale to which the performance of a similar

group or an individual can be compared(5). Performance-

rating scales can be criterion-referenced, content-referenced

or norm-referenced(6). A criterion-referenced performance-

rating scale rates a person’s performance in relation to

mastery levels(6), which is the testee’s ability to perform a

given set of competencies independently of other test-

takers(7). Content-referenced performance-rating scales are

based on a range of objectives for developmental skills and

therefore rate the number of objectives that have been

accomplished by a person(6). A norm-referenced perfor-

mance-rating scale rates a person’s performance in relation

to that of others(7,8). The scale is therefore based on a set of

scores that were derived from a large group of individuals

(norm group) that is representative of a given population(9).

To develop this type of scale, the norm group is tested

and the actual scores obtained on the questionnaire

manipulated to produce reference scores such as stanines,

percentiles, T-scores, grade equivalents, age equivalents or

age-standardised scales(5,6,10). These reference scores can

then be used to rate the performance of other groups

or individuals after the same test has been administered

to them.

Since the aim of the BTT cohort study was to compare

and monitor nutrition knowledge levels over a period of

time (year 13 to 20 of the study), the questionnaire

developers decided that a norm-referenced performance-

rating scale would be the most appropriate rating scale to

use for interpreting and monitoring the test scores of

participants.

The first step in the development of a norm-referenced

performance-rating scale (from hereon referred to as a

‘norms’) involves administering the questionnaire to a

large representative group referred to as the ‘norm

group’. The norm group’s scores are then ranked from the

lowest to the highest performance. To be acceptable as

norms, these scores should graphically form a normal

distribution (bell-shaped) curve, according to which 50 %

of the norm group should score below the average and

50 % above the average(10). The resulting norms can then

be used to determine whether a group or an individual

performed below or above the average for their country,

age or gender(11).

Finally, the question of validity of the norms arises.

Most published articles on the development of norms do

not refer to this issue. However, to ensure a high standard

of research, we decided that assessment of the validity of

the developed norms should also be undertaken. Validity

in this context can be described as the ability of the norms

to accurately reflect the performance of the testees.

The aim of the current paper is to describe the develop-

ment (stage 1) and validation (stage 2) of norms for the

nutrition knowledge questionnaire developed by Whati

et al.(4) for the purpose of comparing and monitoring

nutrition knowledge levels in the BTT study.

Stage 1: development of norms

Methods

Study design and study population

For the purpose of developing norms, the nutrition

knowledge questionnaire had to be administered to a

study population representative of the proposed target

group(11). In the present study the target group included

urban adolescents participating in the BTT study. The

questionnaire was to be administered to the BTT cohort

group for the first time at age 13–14 years, and then every

second year thereafter until the group reached age 20

years, to track changes in nutrition knowledge over the

6-year period. Scholars in grades 8, 10 and 12 in urban

schools in the Soweto–Johannesburg area were seen

as most representative of the mentioned age groups

and thus an appropriate study population to use for the

formulation of norms.

Four high schools in Johannesburg and Soweto were

randomly selected from the Department of Education’s

list of public schools in the area. Three schools (75 %

response rate) gave consent for their scholars to partici-

pate in the study. Two of the schools (A, B) are in Soweto

and are attended by black scholars only. One of the

schools (C) is multiracial and situated in Johannesburg.

All learners in the designated grades who were present on

the test day completed the questionnaire. The final study

population comprised 512 scholars in grades 8 (n 158),

10 (n 149) and 12 (n 205). The norm group was highly

representative of the BTT cohort since children were from

the same geographical area of Soweto–Johannesburg,

with the result that they attended similar schools in

terms of location and available educational facilities.

Consequently the composition of the norm group was

similar to that of the BTT group in terms of race, gender

and socio-economic background(12).

Ethical approval

The study was approved by the Ethics Committee of the

University of The Witwatersrand as part of the BTT pro-

tocol. Oral consent was obtained from principals of the

schools included in the sample and written informed

consent was obtained from each learner.

Data collection and analyses

All of the scholars (n 512) completed the questionnaire

under supervised test conditions. For all items in the

nutrition knowledge questionnaire, whether true/false or

multiple choice, there was only one correct answer. Each

correct response was allocated one point and an incorrect

or no response was allocated zero points. Items to which
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a participant failed to respond (blank values) were also

regarded as incorrect responses. The resulting scores

were used for data analysis using the SAS System for

Windows statistical software package version 8?2 (SAS

Institute, Cary, NC, USA). The first step in data analysis

involved testing the normal distribution of the scores

(from hereon referred to as ‘performance scores’)

obtained by the norm group, using the Shapiro–Wilk test.

The performance scores represent the score (in percen-

tage) for each individual obtained after completing the

nutrition knowledge test.

The second step involved converting the performance

scores (percentages) for the total study population to

Z-scores by transforming the scores into variables that

have a mean of ‘0’ and a standard deviation of ‘1’ so that

scores are expressed in standard deviation units. The

following equation was used for this purpose(13,14):

Z ¼
X � �X

SD
:

However, Z-scores are generally not easy to use in

interpreting scores. Therefore, the resulting Z-scores were

divided into nine numerical categories of equal length

referred to as stanines (Table 1). These categories repre-

sent a range of performance ratings starting from the

lowest (stanine 1) to the highest (stanine 9). A repre-

sentative norm sample should provide a performance-

rating distribution curve similar to that shown in Fig. 1.

This figure indicates that 4 % of the norm group should

achieve Z-scores that will place them under stanine 1 and

another 4 % under stanine 9, 7 % of Z-scores should be

under stanines 2 and 8, 12 % under stanines 3 and 7, 17 %

under stanines 4 and 8, and 20 % under stanine 5. The

interpretation of each stanine, based on the five cate-

gories suggested by Miller(13), is also illustrated in Fig. 1.

For example, if a subject’s Z-score places him/her under

stanine 5, his/her performance is rated as average. The

performance is rated as above average if under stanines 6,

7 or 8, and as outstanding if under stanine 9. A Z-score

that places a subject under stanine 2, 3 or 4 indicates

below average performance and under stanine 1 as very

poor performance. To ensure easy and effective inter-

pretation of each testee’s performance, the stanine cut-off

points were transformed from Z-scores back to percen-

tage scores using the equation:

Z ðSDÞ þ �X ¼ X :

Results and discussion of Stage 1

The Shapiro–Wilk test for normality resulted in a P value

of 0?03, which could be interpreted as an indication that

the distribution of the sample was normal (plus a nor-

mally distributed plot) using a reference probability of

0?01 (90 % CI). The stanine distribution of the Z-scores for

the total norm group is presented in Fig. 2. The stanine

distribution for the norm group is very close to the bell-

shaped curve illustrated in Fig. 1, which is indicative of a

normal distribution. This indicates that the population

selected for the purpose of developing norms for the

nutrition knowledge questionnaire developed for the

BTT cohort was suitable, as an acceptable range of scores

ranging from poor to outstanding was evident.

Figure 3(a) to 3(d) represents the stanine distributions

of grade 12 children at the different schools. The same

pattern was followed for all the grades; hence only grade

12 is shown. It is evident that the distributions were dif-

ferent from the normal curve obtained for the total norm

group (Fig. 2) and displayed a shift to the left or right

Table 1 Z-score cut-off points for stanines (adapted from Miller(13))

Z-score range Stanine category Z-score range Stanine category

Below 21?75 1 20?25 to ,0?25 5
21?75 to ,21?25 2 0?25 to ,0?75 6
21?25 to ,20?75 3 0?75 to ,1?25 7
20?75 to ,20?25 4 1?25 to ,1?75 8

1?75 or higher 9

Lower

Stanine

Percentile

1 2 3 4 5 6 7 8 9

4 11 23 40 60 77 89 96

Below

average

Average

Above

average

Higher

4% 7% 12% 17% 20% 17% 12% 7% 4%

Fig. 1 Application of stanines in performance rating (adapted
from Miller(13))
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Fig. 2 Stanine distribution based on the Z-scores of the norm
group (n 512)
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depending on the school attended. For grade 8–12 scholars

from school C, the curve was shifted towards the right with

more scholars falling under stanines 5, 6 and 7 than under

the lower stanines, indicating that adolescents attending

this particular school performed at or above average on the

nutrition knowledge questionnaire. However, the opposite

applied in the case of grade 8–12 scholars from schools A

and B: more of these adolescents fell under stanines 3, 4

and 5 and few under stanines 8 and 9, indicating that most

of the adolescents performed at or below average.

To understand these trends it is important to consider

the backgrounds of the different schools. School C is a

historically and economically advantaged white school,

while in contrast schools A and B are historically and

economically disadvantaged schools where the injustices

of South Africa’s apartheid policy government are still in

the process of being corrected. From the results it is clear

that those attending the more affluent school performed a

lot better than those attending the poorer/less affluent

schools, indicating that socio-economic status could

have played a role in the differences in performance by

scholars from the two sets of schools.

This trend is supported by the findings of other

researchers. Thomas-Tate et al.(8) highlighted the negative

effect poverty has on the amount of home training first

graders from a low-income families receive. This was

seen to contribute to such children’s poorer language

development, resulting in a poorer vocabulary and

poorer reading skills in later grades. Willie(15) also refer-

red to social scientists’ belief that differences in achieve-

ment between minority and white groups are due to the

higher incidence of poverty in families of minority groups

in urban areas of the USA. In that study, black and white

students in poverty-concentrated, socio-economically

mixed and affluent-concentrated school contexts were

evaluated. The research showed that a higher proportion

of students who scored below the national norm were

from poverty-concentrated schools, irrespective of racial

group. Low-income black Americans were also found to

exhibit delayed language skills and use of few conceptual

categories and abstractions(16). This phenomenon was

found to be linked to their cultural heritage, political

background of slavery, discrimination and socialisation

that resulted in their preference to intuitive rather than

deductive reasoning; approximation of concepts such as

space, number and time rather than striving for exactness;

and dependence on non-verbal rather than verbal skills

and being object-orientated.

All of these studies implicate socio-economic status as

one of the main cause of disparities in academic perfor-

mance found between black and white students. Within

the framework of the findings by the above-mentioned

researchers, it can be speculated that the inequalities

associated with past and current socio-economic back-

grounds of scholars attending school C on the one hand

and schools A and B on the other hand could explain the

differences in performance displayed by the scholars.

When the performance of scholars attending the

schools was compared based on grade levels (not

shown), both similarities and differences were found.

Overall, the performance of the grade 8 scholars from

schools A and B was mostly below or at average levels,

with a large percentage of the scholars falling under sta-

nines 1 to 5. The performance of grade 10 scholars was

better than that of the grade 8 scholars, with most scholars

falling under stanine 5 and above. The latter trends

remained similar for the grade 12 scholars. This pattern

was expected since grade 8 scholars can be expected to
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Fig. 3 Stanine distribution of the Z-scores of grade 12 children:
(a) at school A (n 41); (b) at school B (n 110); (c) at school C
(n 54); and (d) all grade 12 black adolescents (n 205)
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perform poorer than their older counterparts who have

more life experience (among other factors) and have

gone though more years of school education, which

includes the Life Orientation subject that covers a wide

range of nutrition topics from primary school level up to

grade 9(17).

To determine whether the difference in performance of

scholars attending school C compared with schools A and B

could be linked to race, black scholars from all three

schools were grouped together and their performance

assessed. The results depicted in Fig. 3(d) show that com-

bining black scholars from the three grade levels and three

schools resulted in a more ‘normal’ stanine distribution

when compared with Fig. 1. A possible explanation for this

finding could be that, like the white scholars in school C,

the black scholars at school C have better knowledge than

those attending the other two schools. This then moved

the total curve to the right, resulting in a more normal

distribution. This finding also supports the possibility that

the scholars’ performance was influenced more by their

socio-economic background than by race.

The fact that the results of the total norm group reflect a

normal curve very similar to the ‘prototype’ depicted in

Fig. 1, despite the apparent difference in socio-economic

backgrounds and educational levels of the scholars,

indicates that the norms are relevant for use among all

urban South African adolescents.

Finally, to ensure optimal application of the norms in

the assessment of the nutrition knowledge of urban

adolescents using the questionnaire by Whati et al.(4), cut-

off points for levels of knowledge in percentage scores

were identified and the nine stanine categories were

reduced to five categories as suggested by Miller(13): very

poor, fair/below average, good/average, very good/

above average and excellent. These scores reflect the final

norm-referenced performance-rating scale and are

depicted in Table 2.

When using this scale it should be remembered that

the scale compares the performance of an individual or

group with that of urban South African adolescents in

the Soweto–Johannesburg area. When using the ques-

tionnaire and norms among other adolescent groups, the

applicability of the norm group used for the development

of the norms should be considered.

Stage 2: assessing the validity of the norms

Methods

Study design and study population

As a measure of validity it was decided to administer the

nutrition knowledge questionnaire to groups with known

nutrition knowledge levels ranging from excellent to

average and to determine the following: (i) whether rat-

ing of the nutrition knowledge of each group using the

norms was in line with performance expectations based

on their known knowledge levels; and (ii) whether the

performance rating of the different knowledge groups

differed significantly. If the groups performed according

to expectations and the ratings differed significantly from

each other, it would be a strong indication that the norms

have discriminatory validity(18).

For the purpose of the validity assessment of these

norms, the questionnaire was administered to fourth year

university dietetics students, non-dietetics university stu-

dents and primary-school teachers. The dietetic students

were completing their final year of tertiary education

with nutrition as a major subject and therefore they

were expected to have excellent nutrition knowledge.

They were regarded as the ‘expert nutrition group’. The

non-dietetic male university students were expected to

perform above average compared with their younger

adolescent counterparts based on the assumption that

these students were 3–8 years older than the adolescents

and thus had more life experience. Primary-school

teachers were also expected to have more nutrition

knowledge than the adolescents because, like the non-

dietetic students, they were older and may have been

exposed to nutrition information during their life

experience as well as in their capacity as educators.

Four universities offering dietetics training in South Africa

were approached to participate in the study. The dietetics

departments of the University of Stellenbosch (US), Uni-

versity of Natal (UN), University of Cape Town (UCT) and

University of the Western Cape (UWC) gave consent

for their students (n 60) to complete the questionnaire.

Non-dietetics male students (n 19) residing in a university

residence agreed to participate and completed the knowl-

edge test. The males came from a variety of faculties and

were enlisted if they were not in health and nutrition

sciences. The primary-school teachers came from three

randomly selected schools in the Cape Town metropolis.

Their permission was requested and sixty-nine agreed to

participate. Primary-school teachers require a teaching

diploma to teach and few have university degrees.

Informed written consent was obtained from all partici-

pants and the final study population included 148 subjects.

Ethical approval

This part of the study was also approved by the Ethics

Committee of the University of The Witwatersrand. Volun-

teers were informed about the study and completion of the

nutrition knowledge questionnaire denoted consent.

Table 2 Norm-referenced performance-rating scale for the nutri-
tion knowledge questionnaire developed by Whati et al.(4)

Stanine Performance score (%) Interpretation

1 ,34 Very poor
2–4 34–51 Fair/below average
5 52–57 Good/average
6–9 58–75 Very good/above average
9 761 Excellent
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Data collection, processing and analyses

All participants completed the questionnaire under super-

vision and the data were processed as was described for the

norm group using the SAS System for Windows version 8?2.

The performance scores (in percentages) for each group

were rated using the newly developed performance-rating

scale (Table 2). The x2 test was used to test for significant

differences between groups (P , 0?05).

Results and discussion of Stage 2

The stanine distributions of the Z-scores of the validation

groups are presented in Fig. 4(a) to 4(d), with the norm

group curve included for comparison purposes. All three

validation groups performed as expected. The university

dietetics students’ performance was ‘excellent’, with most

students falling under stanine 9 and a few under stanine

8. The male university students performed from levels ‘at

and above average’ up to ‘excellent’, thus definitely better

than the adolescents but not as well as the dietetics

students. Primary-school teachers achieved performances

that ranged from a small percentage with ‘poor and below

average performance’ but with most of them performing

‘at and above average’ up to ‘excellent’. The performance

rating of the three validation groups also differed signifi-

cantly, as shown in Table 3. These results clearly indicate

that the norms have discriminatory validity because the

validation groups performed as indicated when the norms

were applied and the performance ratings of the three

groups differed significantly.

Conclusion

The present article provides a simple and clear method

for developing norms for knowledge tests. This metho-

dology serves as a prototype for other researchers who

are developing nutrition knowledge tests.

The nutrition knowledge test is available from the main

author.

(d)

1·45
0

2·90 2·90

17·39
14·49

18·84
21·74

20·29

0

5

10

15

20

25

1 2 3 4 5 6 7 8 9

Stanine

P
e

rc
e

n
ta

g
e

(c)

0 0 0 0

10·5310·53

26·32

21·05

31·58

0

5

10

15

20

25

30

35

1 2 3 4 5 6 7 8 9

Stanine

P
e

rc
e

n
ta

g
e

(a)

3·68
6·01

14·15 15·50

21·51

15·50
12·60

6·01 5·04

0 

5 

10

15

20

25

1 2 3 4 5 6 7 8 9

Stanine

P
e

rc
e

n
ta

g
e

(b)

0 0 0 0 0 0 0 1·67

98·33

0

20

40

60

80

100

1 2 3 4 5 6 7 8 9

Stanine

P
e

rc
e

n
ta

g
e

Fig. 4 Stanine distribution of the Z-scores of the validation
groups: (a) norm group (n 512); (b) final-year university
dietetics students (n 60); (c) university non-dietetics students
(n 19); and (d) primary-school teachers (n 69)

Table 3 Column percentages for performance ratings in stanines by validation group*

Stanine Interpretation
University students
(final-year dietetics)

Primary-school
teachers

University students
(non-dietetics) Norm group-

1 Very poor 0 1?45 0 3?68

2 Fair/below average 0 0 0 6?01
3 0 2?90 0 14?15
4 0 2?90 0 15?50

5 Good/average 0 17?39 10?53 21?51

6 Very good/above average 0 14?49 10?53 15?50
7 0 18?84 26?32 12?60
8 1?67 21?74 21?05 6?01

9 Excellent 98?33 20?29 31?58 5?04

*x2 5 85?55, df 5 8, P , 0?0001.
-Not included in the x2 analysis, presented for comparative purposes only.
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