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AlIDS-related knowledge and stigma are key issues in combatting the HIV/AIDS pandemic, primarily
because of their relationship with HIV/AIDS testing behavior. Previous studies exploring these issues in
southern Africa have employed the 11-item AIDS-related knowledge scale and the 9-item stigma scale, but
there has been limited psychometric testing of these scales. Using Item Response Theory (IRT), the two
scales were investigated within the context of construction workers in South Africa. The IRT evaluation of
these scales offers advantages over classical test theory (CTT) tests as they permit more nuanced
understanding of the performance of individual items. Survey data from 512 construction workers in the
Western Cape, South Africa, were used for the evaluation. Based on the tests, a revised 9-item AIDS-
related knowledge scale and revised 8-item AIDS-related stigma scale were developed. The slope
estimates and threshold parameters for the knowledge scale indicated a robust scale which is most
reliable for respondents with low to moderate levels of AIDS knowledge, and less so for those with high
knowledge levels. Similar estimates for the stigma scale indicated good reliability at moderate to high
levels of AIDS-related stigma, declining when stigma was at low levels. The analysis indicates that the
scale items are most precise/reliable when used in populations with (1) lower levels of education, (2)
who are more likely to adhere to more traditional or non-scientific beliefs about the origin and causes of
HIV and AIDS, and (3) and as a consequence of the first two, who are more likely to exhibit high levels
of stigma towards those with HIV/AIDS. The results have various policy and programmatic implications
for epidemiological efforts at addressing the pandemic, particularly interventions intended to boost
serostatus testing behaviour, such as voluntary counselling and testing (VCT). Greater measurement
integrity for applied scales improves the overall rigour of such interventions, thereby ensuring better
targeting of high risk populations and more focused allocation and utilization of health financial,
technical and human resources, two critically important factors in addressing the pandemic in
resource-poor contexts.

Key words: HIV/AIDS, AIDS-related knowledge and stigma, measurement scales, item response theory (IRT),
construction workers, South Africa.

INTRODUCTION

Against the backdrop of the sub-Saharan region ravaged by HIV/AIDS, the construction industry in South Africa is



identified as one of the sectors most adversely affected
by the pandemic (Ambert, 2002; BER, 2003; Bowen et
al., 2014; Harinarain and Haupt, 2014). This is largely
due to the fragmented nature of the construction industry
(Meintjes et al., 2007), overwhelmingly comprised of
small firms and a migratory workforce (IOM, 2010); the
geographical spread of construction work; and the
diversity of project types (Johnson and Budlender, 2002).
It is also one of the sectors least responsive to the
pandemic (Meintjes et al., 2007). Construction workers
thus constitute a high-risk group for HIV/AIDS.

In order to control disease transmission and provide
proper care, HIV testing is essential (Denison et al.,
2008; Kaufman et al., 2015). Workers’ attitudes to testing
(their testing behavior) are therefore important. This
behavior is positively influenced by workers’ level of
AIDS-related knowledge (MacPhail et al., 2009; Shisana
et al., 2014; Abiodun et al., 2014). Conversely, AIDS-
related stigma is a major barrier to willingness to test, to
take preventative measures, or undergo treatment
(Mahajan et al., 2008; Deacon et al.,, 2009; Mbatha,
2013).

Several measurement scales have been developed to
investigate HIV/AIDS stigma in southern Africa (Nyblade
and MacQuarrie, 2006; Siyam’kela Project, 2003;
Maughan-Brown, 2004; Kalichman et al., 2005; Holzemer
et al., 2007; Uys et al., 2009). Of these, we consider the
9-item stigma scale developed by Kalichman et al. (2005)
to be particularly useful in that: (1) it was developed for
use in the general South African population, (2) is brief,
and (3) is available in three of the South African official
languages.

Earlier work by Kalichman and Simbayi (2004) resulted
in an 11-item AIDS-related knowledge scale for use in
South Africa. A variety of studies in the general
population have used the Kalichman and Simbayi (2004)
knowledge scale and the Kalichman et al. (2005) stigma
scale as the bases for their studies (Pitpitan et al., 2012;
Scott-Sheldon et al.,, 2013). Bowen et al. (2014) have
employed variations of these scales in application to
workers in the construction industry.

Despite their extensive use, little evidence exists for
proper evaluation of the psychometric properties of these
scales, and none specifically in the context of the
construction industry. Moreover, where such evaluation
occurs, it is based mainly on methods derived from
Classical Test Theory (CTT). While these have merit for
establishing scale properties, they say very little about
the specific items that constitute these scales. In this
study, Item Response Theory (IRT) was used to evaluate
the psychometric properties of the items that constitute
these two scales using data from a survey of construction
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workers in the Western Cape province of South Africa.

Item response theory: A brief overview

Item Response Theory (IRT) is a cluster of methods and
techniques used in the development, evaluation,
improvement, and scoring of multi-item scales
(Embretson and Reise, 2000). Unlike CTT methods, IRT
methods focus specifically on the individual items,
examining their properties within and across individuals
and generating rich item-level information which enables
scalar assessment at a much more granular level than is
possible using CTT methods (Hambleton and
Swaminathan, 1985).

The analytic basis of IRT is the item characteristic curve
(ICC), which indicates the relationship between the
probability of a person’s response to an item and his/her
level on the construct /trait being measured by the item
(such as knowledge or stigma). For dichotomous data,
one-parameter (1PL), two-parameter (2PL), or three-
parameter (3PL) logistic IRT models may be used;
although the 2PL model is most frequently applied.

A 1PL model only estimates the difficulty of the items,
and assumes that all scale items are invariant (constant) in
terms of differentiating across individuals with varying
degrees of knowledge/competency. In a 2PL model, both
item difficulty and differentiation are assumed to be variant
and thus estimated. In a 3PL model both these parameters
as well as a third which relates to guessing are estimated.

Overall, the utility of a scale is measured by examining
its reliability, which is an indication of its measurement
precision. This precision is depicted graphically by the
Item Information Curve (IIC), which indicates the range of
levels of the latent trait at which the item is operating
most reliably and thus most effectively.

Purpose of this study

The aim of this study was to assess, using IRT, the
psychometric properties of the AIDS-related knowledge
and stigma scales, within the context of construction
workers in South Africa.

METHODS
Background to the AIDS knowledge and AIDS stigma scales
In examining traditional beliefs about the cause of AIDS and AIDS-

related stigma, Kalichman and Simbayi (2004) developed an 11-
item HIV/AIDS knowledge scale (hereafter called the knowledge

*Corresponding author. E-mail: Paul.Bowen@uct.ac.za.

Author(s) agree that this arficle remain permanently open access under the terms of the Creative Commons Atfribution

License 4.0 International License



http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

14 J. AIDS HIV Res.

scale). This scale, developed specifically for use in South Africa,
was an adaptation of an 18-item measure (HIV-KQ-18) reported by
Carey and Schroder (2002). All items collect information about
respondent knowledge of HIV casual contagion, HIV
transmission/prevention, and HIV disease processes and are
scored for the number of correct answers (response options are
‘Yes’, ‘No’, or ‘Don’t know’, with ‘Don’t know’ responses scored as
incorrect). Items for the 11-item scale are shown in Table 1.

Kalichman et al. (2005) also developed a scale to measure AIDS-
related stigma in South Africa (hereafter termed the stigma scale).
An initial pool of items was adapted from measures described by
Pequegnat et al. (2001), Bauman et al. (2002), and Herek et al.
(2002), together with three scale items drawn from a National
Institute of Mental Health (NIMH) International Collaborative
HIV/ISTD Prevention Trial. The initial pool of 24 items was
subsequently refined to a 9-item scale, with dichotomous response
options as either ‘Agree’ or ‘Disagree’. Higher scores indicated
higher levels of AIDS-related stigmatizing attitudes. Items for this
scale are shown in Table 1.

Survey data participants

A survey was administered to 512 site-based unskilled and skilled
workers and office-based staff from 6 firms on 18 sites in the Western
Cape, South Africa. Respondents were workers and staff who were
available for participation on the day of the site visit by the field
researchers. Most participants were male (91%) and almost two-
thirds (62%) were ‘African’. Participant age ranged from 18 to 69
years (mean = 36, SD = 10.86), with most being in the 21-30 year
age group. Over a quarter (29%) had at most primary level education,
whilst 52% had secondary level education. Sixty-two per cent were
permanent employees, as opposed to contract and occasional
employees. In terms of the language versions of the questionnaires
that were administered, 41% of the questionnaires administered were
in English, 14% were in Afrikaans, and 46% in isiXhosa (an
indigenous African language). Regarding HIV/AIDS status, 27%
reported never having been tested, and 7% reported being HIV+.

DATA ANALYSIS
Missing values

To begin with, missing value analysis was performed on
the original dataset comprising 512 cases. Little’s MCAR
test (x° = 202.61, df = 146, p = 0.001) indicated that the
knowledge item missing values were not missing
completely at random (range 0.8 - 2.0%). Similarly, for
the stigma items, missing values ranged from 2.5 to 3.3%
and Little’s MCAR test (x° = 146.28, df = 101, p = 0.002)
indicated that the stigma item missing values were also
not missing completely at random. The extent of missing
values was low for both scales (less than 5%), and
accordingly list wise deletion (Graham, 2012) was
adopted. This produced a 457-case final dataset with
demographic characteristics almost identical to the
original set, and this was the basis for the IRT analysis.
IBM SPSS Ver. 22.0 for Mac (IBM Corporation, 2013a)
was used for the base statistical analysis. IBM AMOS
Ver. 22.0 for Mac (IBM Corporation, 2013b) was used for
the confirmatory factor analysis and IRTPRO 2.1 for
Windows (Cai et al., 2011) was used for IRT testing.

Testing IRT model assumptions

The validity of IRT models is contingent upon satisfaction
of a number of assumptions, such as appropriate
dimensionality, model calibration and functional form.
These assumptions were tested during the IRT modeling
process.

Assessing dimensionality

The initial basis of all IRT analysis is unidimensionality,
that is, a single latent trait measured by all scale items. To
evaluate the assumption of unidimensionality, both the
knowledge scale and the stigma scale were subject to
confirmatory factor analysis (CFA) using structural
equation modelling. The following indices were used to
assess the fit of the CFA models: ledf ratio (less than 4);
Bentler CFl (comparative fit index) (0.95 and greater);
RMSEA (root mean square error of approximation) (0.05
and less); and Hoelter (critical N (CN) index) (200 and
greater).

The CFA model for the knowledge items showed a weak
fit to the data, x2 /df ratio = 8.39, CFl = 0.75, RMSEA =
0.127, 90% CI [0.12, 0.14], and Hoelter (95%) =75,
though all factor loadings were significant (p<0.01). The
modification indices indicated the need to correlate the
error terms of the ‘men-to-women’ and ‘women-to-men’
transmission items, as well as for the ‘sharing kitchens’
item with both the ‘touching’, and ‘kissing’ items. With all
three paths specified, the model fit was substantially
improved, x2/df ratio = 1.94, CFl = 0.97, RMSEA = 0.04
and Hoelter (95%) = 328.

Good model fit was found for the 9 stigma items, x2 /df
ratio = 2.12, CFl = 0.95, RMSEA = 0.049, 90% CI [0.03,
0.07], and Hoelter (95%) = 321, and all factor loadings
were significant (p<0.01) except for item 4 (‘safe to work
with others, including children’). Inspection of the
modification indices revealed that the error terms of the
‘dirty’ and ‘cursed’ items needed to correlate. Specification
of this path led to a significant improvement in the model:
(sz(l) =13.22, p<0.01). The factor loading for Item 4 was
once again not statistically significant. Further testing
revealed that a CFA model with the item deleted was not
significantly different from the model with the item included,
suggesting the item was of minimal value to the scale. This
issue will be explored further in the IRT analysis.

Based on the CFA results, the 11-item knowledge scale
and the 9-item stigma scale were both considered to
satisfy the assumption of unidimensionality, and hence
deemed appropriate for IRT analysis.

IRT model calibrations

To begin with, the 1PL and 2PL IRT models were fitted to
the 11-item knowledge and 9-item stigma scales (Table 2).



Table 1. AIDS knowledge and stigma scale items.
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Iltem

AIDS Knowledge Items

. Is AIDS spread by kissing? (No)

. Can men give AIDS to women? (Yes)
. Can women give AIDS to men? (Yes)

O© 00O ~NO O WNPR

10. Is HIV the virus that causes AIDS? (Yes)
11. Is there a cure for AIDS? (No)

AlIDS-related Stigma Items

. People who have AIDS are dirty

. People who have AIDS are cursed

. People who have AIDS should be ashamed

. People who have HIV should be isolated

O© 0O ~NO UL WN P

. 1 do not want to be friends with someone who has AIDS
. People who have AIDS should not be allowed to work

. Can a person get AIDS by sharing kitchens or bathrooms with someone who has AIDS? (No)
. Can you get AIDS by touching someone who has AIDS? (No)

. Must a person have many different partners to get AIDS? (No)
. Does washing after sex help protect against AIDS? (No)

. Can a pregnant woman give AIDS to her baby? (Yes)

. Can a person get rid of AIDS by having sex with a virgin? (No)

. It is safe for people who have AIDS to work with others, including children (R)
. People who have AIDS must expect some restrictions on their freedom
. A person with AIDS must have done something wrong and deserves to be punished

Correct responses indicated in italics in parentheses against each knowledge question. (R) indicates item is reverse coded.

Dealing first with the knowledge scale, the threshold
parameters for the 1PL model ranged from b = -1.52 to
+0.02, while for the 2PL model, the slope parameters
ranged from a = 0.84 to 2.40, and the threshold
parameters ranged from b = -1.36 to + 0.01. Based on
observed ranges for the threshold parameters, it appeared
as though the knowledge scale is likely to perform
optimally with persons possessing low levels of AIDS-
related knowledge.

The slope and threshold parameters for item 6 (‘a
person must have many different partners to get AIDS’) of
the knowledge scale were notably different to those
associated with the other items in this scale — indicative of
differential reliability. This issue is explored more fully later.

For the stigma scale, the threshold parameters for this
1PL model ranged from b = 0.28 to 2.34 while for the 2PL
model the slope parameters ranged from a = 0.22 to 2.74,
and the threshold parameters ranged from b = 0.42 to
3.52. The threshold parameter ranges described above
suggested that the stigma scale was likely to perform best
on persons presenting higher levels of stigma. The
exception was for ltem 4 (‘safe for people who have AIDS
to work with others, including children’), which indicated
notably different slope and threshold parameters.

For the knowledge scale, the 1PL model appeared to
cover a wider range of the threshold parameters than did

the other model, whereas for the stigma scale the 2PL
model covered a wider range. Final choice of the model
and scale was influenced by the item characteristic curves
(ICC plots) and model-data fit statistics.

Functional form

To evaluate whether or not the response option choice for
each item in the two scales conformed to the 1PL and 2PL
models, the Item Characteristic Curve (ICC) for each item
was inspected. Figure 1 shows the ICC for Item 5
(women-to-men transmission’) for the 2PL model fit to the
knowledge scale. Similarly, Figure 2 depicts the ICC for
Item 2 (‘people who have AIDS are cursed’) for the 2PL
model fit to the stigma scale. These ICCs were typical of
the other ICC plots within their respective scales.

For Item 5 of the knowledge scale (Figure 1), the 50%
probability level (the point at which the “switch” from an
incorrect answer to correct answer regarding whether
women can give AIDS to men) aligned with a trait
(knowledge) level of roughly -1.35. In other words, a fairly
low level of knowledge was required for a participant to
select the correct answer. All other items in the knowledge
scale displayed similar profiles. The item with the highest
level of knowledge required to ‘switch’ to a correct answer
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Table 2. 1PL and 2PL models for the AIDS-related knowledge and stigma scales.

1PL model 11-item knowledge scale

1PL model 9-item stigma scale

Item a b S-X? p a b S-X? p
1 1.62 (.09) -0.62 (.09) 9.66 0.3803 1.32 (.09) 2.06 (.19) 16.58 0.0109
2 1.62 (.09) -0.83 (.09) 8.79 0.4585 1.32 (.09) 2.34(.21) 12.37 0.0541
3 1.62 (.09) -1.10 (.10) 9.87 0.3627 1.32 (.09) 1.69 (.16) 5.66 0.4639
4 1.62 (.09) -1.22 (.11) 10.31 0.3279 1.32 (.09) 0.76 (.12) 107.65 0.0001
5 1.62 (.09) -1.52 (.12) 15.35 0.0814 1.32 (.09) 0.28 (.11) 32.71 0.0001
6 1.62 (.09) 0.02 (.08) 35.41 0.0001 1.32 (.09) 1.71 (.17) 13.17 0.0403
7 1.62 (.09) -0.72 (.09) 10.22 0.3344 1.32 (.09) 1.92 (.19) 15.25 0.0184
8 1.62 (.09) -0.57 (.09) 7.01 0.5366 1.32 (.09) 1.73 (.17) 7.93 0.2452
9 1.62 (.09) -1.26 (.12) 13.21 0.1528 1.32 (.09) 1.47 (.15) 8.29 0.2170

10 1.62 (.09) -1.21 (.12) 6.19 0.7215 - - - -

11 1.62 (.09) -0.53 (.09) 8.34 0.4028 - - - -

2PL model 11-item knowledge scale 2PL model 9-item stigma scale

a b S-x? p a b S-x? p
1 1.49 (.21) -0.66 (.11) 7.30 0.6068 2.74 (.52) 1.47 (.12) 5.79 0.4484
2 2.34 (.33) -0.71 (.09) 3.96 0.8614 2.19 (.40) 1.79 (.17) 8.63 0.1949
3 2.40 (.35) -0.93 (.10) 7.46 0.5906 1.75 (.29) 1.45 (.15) 3.83 0.7009
4 1.82 (.28 -1.15 (.12) 10.71 0.2980 0.22 (.13) 3.52 (2.08) 5.32 0.6221
5 2.03 (.34) -1.36 (.13) 15.15 0.0866 0.77 (.16) 0.42 (.15) 11.74 0.0679
6 0.84 (.14) 0.01 (.13) 8.46 0.4896 2.38 (.42) 1.29 (.11) 10.35 0.1104
7 2.32 (.32) -0.63 (.08) 2.98 0.9357 2.63 (.49) 1.39 (.12) 5.18 0.5225
8 1.49 (.21) -0.61 (.10) 5.83 0.7570 1.84 (.31) 1.44 (.15) 4.92 0.5551
9 2.08 (.32) -1.13 (.11) 13.57 0.1383 1.43 (.24) 1.40 (.17) 6.93 0.3291

10 1.47 (.22) -1.28 (.14) 5.29 0.8089 - - - -

11 1.30 (.18) -0.61 (.11) 3.60 0.9357 - - - -

a = item slope (discrimination) parameter; b = item threshold (difficulty, location) parameter; S-X* = item-fit statistic; p = p-value associated with

item-fit statistic; Values in parentheses are item parameter standard error estimates.

was Item 6, which considered whether a person must have
had many different partners to get AIDS. For this item the
required knowledge level was very close to 0.00 on the
trait continuum. The relatively high (albeit still low overall)
level of knowledge required to answer this question
pointed to possible confusion on the part of participants,
namely, that one has to be ‘promiscuous’ to become
infected.

For Item 2 within the 9-item stigma scale (Figure 2), the
50% probability level (switching from disagreeing to
agreeing with the statement that persons with AIDS are
cursed) aligned with a trait (stigma) level of roughly 1.45. In
other words, a comparatively high level of stigma was
required for a participant to agree with the statement. All
items of the stigma scale displayed similar profiles, with the
exception of Item 4, where the trace lines did not intersect
in the acceptable range. This indicated a potential problem
with this question.

The item with the lowest level of stigma required to
‘switch’ to an ‘in agreement’ answer was Item 5, which
contended that persons who have AIDS must expect
restrictions on their freedom.

Assessing IRT model-data fit

Item level fit

To evaluate the absolute fit of the models to each item,
the S-x2 item-fit statistic for dichotomous data was
examined (Table 2).

For the knowledge scale, the item-fit statistics indicated
a satisfactory fit, in that only one (Item 6: different
partners’) of the eleven items was not well represented
by the estimated parameters for the 1PL model. All items
were well represented for the 2PL model.

For the stigma scale, the item-fit statistics indicated a
poor fit, in that five of the nine items were not well
represented by the estimated parameters for the 1PL
model. In contrast, the 2PL model was a good fit, with all
items well represented.

In summary, the analyses provided support for the use
of the 2PL model for both the 11-item knowledge scale
and the 9-item stigma scale, and this was adopted
hereafter. For the stigma scale, item 4 was clearly
problematic and required deeper investigation.
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Figure 1. ICC for item 5 (Can women give AIDS to men?) — knowledge scale.

Model level fit (comparison)

To compare the relative fit of the models to the sample
data, the following methods were employed: The
Likelihood Ratio Test (LRT); the Bayesian Information
Criterion (BIC); the Akaike Information Criterion (AIC);
and the M, limited information goodness-of-fit statistic, its
associated p-value, and the RMSEA index. The various
fit statistics are given in Table 3.

For the knowledge scale, the LRT results suggested
that the omission of items 5 and 6 improved the
explanation of the item responses over that of the scale
with all eleven items by 17.9% (XAZ (22 — 18) = 4852.34 -
3983.71 = 868.63, p <0.01). This result was reflected by
the BIC, AIC and M, statistics, confirming that the
reduced knowledge model without items 5 and 6 should
be the model of choice.

For the stigma scale, the LRT results suggested that
the omission of item 4 yielded a 17.9% better fit than a
scale with all nine items, y” (18 - 16) = 3268.91 -
2700.69 = 568.22, p <0.01. The other fit statistics further
confirmed the argument for exclusion of Iltem 4 from the
stigma scale.

As determined above, the model assumptions were
tenable, and hence a description of the item properties,

including the extent of psychometric information
(precision) available, could be made for each item and
the scales. The model parameter estimates for a 9-item
knowledge scale and an 8-item stigma scale are provided
in Table 4.

For the reduced knowledge scale, slope estimates
ranged from 1.35 (item 4) to 2.68 (item 2), indicating that
most items have a similar relationship with knowledge.
The item threshold parameters ranged from -1.36 (item 4)
to -0.60 (item 11), with the majority located around an
underlying knowledge level of -0.65, indicating that the
knowledge scale was most useful/reliable for
respondents with relatively low levels of knowledge about
AIDS.

For the reduced stigma scale, the slope estimates
ranged from 0.79 (item 5) to 2.69 (item 1), suggesting
most items had a similar relationship with knowledge.
The majority of the item thresholds were located around
an underlying stigma level of 1.50, indicating that this
stigma scale was most useful in distinguishing individuals
with moderate/high rather than extreme (low) levels of
stigma.

Examination of the Item Information Function (lIF)
curves for the nine items in the reduced knowledge scale
(Figure 3) revealed item 2 (‘can a person get AIDS by
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Figure 2. ICC for item 2 (People who have AIDS are cursed) - stigma scale.

Table 3. Model level fit statistics for the 2PL models for the Kalichman et al. AIDS-related knowledge and stigma scales.

Model -2LL (LRT) BIC AIC M df p-value RMSEA
Knowledge scale

11-item scale (all items) 4852.34 4896.34 4987.08 228.41 44 0.0001 0.10
Scale without item 5 4567.87 4607.87 4690.37 74.76 35 0.0001 0.05
Scale without items 5 & 6 3983.71 4019.71 4093.96 65.58 27 0.0001 0.06
Stigma scale

9-item scale (all items) 3268.91 3304.91 3379.15 36.68 27 0.1010 0.03
Scale without item 4 2700.69 2732.69 2798.69 29.29 20 0.0819 0.03

-2LL = -2log Likelihood, or Likelihood Ratio Test (LRT); BIC = Bayesian Information Criterion; AIC = Akaike Information Criterion;
M, = the M; limited information goodness-of-fit statistic; p = the p-value associated with the M fit statistic; and RMSEA = root mean square error of
approximation.

sharing kitchens or bathrooms with someone who has AIDS to women?’) provided the least amount of
AIDS?’) as providing the most amount of information information (note that item numbering from the original
(precision) to the scale, whereas item 4 (‘can men give 11-item scale was retained).



Table 4. Final 2PL AIDS-related knowledge and stigma scales.
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tem a b S-X? p a b S-X? p
2PL model 9-item final Knowledge scale 2PL model 8-item final Stigma scale
1 1.57 (.22) -0.64 (.10) 4.37 0.7366 2.69 (.51) 1.47 (.12) 5.68 0.4612
2 2.68 (.41) -0.69 (.08) 3.87 0.6949 2.17 .40) 1.80 (.17) 5.65 0.4645
3 2.45 (.38) -0.94 (.09) 4.57 0.7127 1.74 (.29) 1.45 (.15) 5.94 0.4318
4 1.35(.21) -1.36 (.16) 8.96 0.2574 - - - -
5 - - - - 0.79 (.16) 0.41 (0.15) 4.80 0.4416
6 - - - - 2.37 (.42) 1.29 (.11) 6.85 0.2334
7 2.40 (.36) -0.63 (.08) 3.74 0.7122 2.63 (.48) 1.39 (.12) 3.34 0.6485
8 1.45 (.20) -0.63 (.10) 6.45 0.4897 1.83 (.31) 1.44 (.15) 6.95 0.3269
9 2.10(.33) -1.13(0.10) 17.25 0.0158 1.41 (.24) 1.41 (.17) 7.79 0.2557
10 1.39 (.21) -1.32 (.15) 5.16 0.6419 - - - -
11 1.36 (.19) -0.60 (.10) 5.01 0.6590 - - - -

a = item slope (discrimination) parameter; b = item threshold (difficulty, location) parameter; S-X? = item-fit statistic; p = p-value associated with
item-fit statistic; Values in parentheses are item parameter standard error estimates.
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Figure 3. ltems’ IIFs for reduced knowledge scale.

The IIF curves for the eight items in the reduced stigma
scale (Figure 4 — all original item numbers retained)
indicated that item 1 (‘people who have AIDS are dirty’)
provided the most information while the item providing
the least information was item 5 (‘people who have AIDS
must expect some restriction on their freedom’).

To comprehend the workings of the scale as a whole,

the area under each I|IF can be summed together to
create a total information function (TIF). Figures 5 and 6
depict the TIFs for the reduced 9-item knowledge and 8-
item stigma scales, respectively.

The TIF for the reduced 9-item knowledge scale
(Figure 5) indicated that this scale did not provide
relatively uniform information. Rather, the TIF provided
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the most information in the knowledge range of around -
2.00 to 0.25. In essence, this reduced knowledge scale
was most useful when administered to participants with
low to poor levels of AIDS-related knowledge (range
-2.00 to 0.25) but was not very useful where participants
possessed either very low levels of AIDS-related
knowledge (less than -2.00) or good to very good levels
of knowledge (greater than 0.25). The marginal reliability
for the 9-item reduced knowledge scale was 0.71.

The TIF for the 8-item reduced stigma scale (Figure 6)
indicated that this scale also did not provide relatively
uniform information for the range above -0.50, but rather
provided the most information in the stigma range of
around 0.50 to 2.50. In essence, this reduced stigma
scale was most useful with participants exhibiting
moderate to high levels of AIDS-related stigma (range
0.50 to 2.50), but was not very useful where participants
exhibited very low levels of AIDS-related stigma (less
than 0.00). The marginal reliability for the 8-item reduced
stigma scale was 0.56.

Conclusions

This study examined the psychometric properties of the

AlDS-Related Stigma (©)

11-item knowledge scale and the 9-item stigma scale.
We have argued for the use of IRT analysis as a logical
extension of, and enhancement to, psychometric
validation of scales by the application of CTT. The CTT
and IRT analyses both demonstrated the uni-
dimensionality of the knowledge and stigma scales. The
CTT analysis indicated that item 4 was problematic for the
stigma scale (‘safe to work with others, including children’),
and this was confirmed by the IRT analysis. Regarding the
knowledge scale, the IRT analysis supported the removal
of item 5 (‘women-to-men’ transmission) and item 6
(‘different partners’). The removal of these items resulted
in statistically significant improvement in both scales.

The 2PL model worked best for both scales, with both
item differentiation and discrimination being variable
across items. The location parameters for both scales
indicated each is reliable, though over a defined range of
the applicable latent trait. The knowledge scale was most
reliable for lower levels of AIDS-related knowledge, with
marginal reliability of 0.71. Conversely, the AIDS-related
stigma scale was most optimal in the higher levels of
stigma trait, with marginal reliability of 0.56. These
findings have important implications for application of the
scales in different populations and socio-cultural con-
texts. The knowledge scale appears to work best/most
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Figure 5. TIF and Expected SEE Function — reduced knowledge scale.

reliably for individuals with low levels of AIDS knowledge,
suggesting it has greater application in similar
populations. There are a variety of reasons why AIDS
knowledge might be low or moderate in any community.
Firstly, and as indicated in the extant Iliterature
(Kalichman and Simbayi, 2004; Agyemang et al., 2012),
there is a significant relationship between levels of formal
education and AIDS knowledge, with higher levels of
education being associated with better AIDS knowledge.
Secondly, there is evidence to suggest that greater
adherence to traditional/supernatural/non-scientific beliefs
about HIV and AIDS is associated with lower levels of
AIDS knowledge (Aggleton and Chase, 2001; Kalichman
and Simbayi, 2004). Taken together, there is reason to
conclude that the current knowledge scale would work
best in populations with low levels of formal education
and high levels of adherence to traditional/non-scientific
and even supernatural explanations for the origins and
transmission of HIV/AIDS. This would make it an
arguably good fit in communities that are already at high
risk as a result of the fact that their risky sexual behaviour
is not attenuated by valid AIDS knowledge. In contrast, in

communities where AIDS knowledge is high as a result of
better education and exposure to media, and/or where
there is diminished currency for traditional/non-scientific
explanations about HIV/AIDS, the scale would possibly
be of reduced reliability.

Regarding the stigma scale, the analysis suggests that
the scale would work best in communities where AIDS
related stigma is moderate to high. As there is an
established inverse relationship between education and
stigma and between AIDS knowledge and stigma
(Kalichman et al., 2005; Mall et al., 2013), this suggests
that the scale would work most reliably in populations for
which the knowledge scale would be applicable.
However, in contexts where stigma is less obvious and
blatant and more nuanced, the scale would undoubtedly
lose some reliability. Likewise, in a measurement context
where the social desirability was a greater factor, and
hence stigma beliefs more attenuated, the scale would
arguably be weaker.

It is generally acknowledged that voluntary counselling
and testing is pivotal to properly addressing the preva-
lence and incidence of the HIV pandemic. As has been
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demonstrated elsewhere, the testing behaviour of
individuals — that is, their propensity for serostatus testing
— is affected by a number of factors such as their gender,
education, employment status, level of AIDS knowledge,
adherence to customary/non-scientific beliefs, and levels
of AIDS-related stigma (Stein and Nyamathi, 2000;
Anderson and Beutel, 2007; Scott-Sheldon et al., 2013).
Of these, AIDS knowledge and stigma have been shown
to be particularly notable, and accordingly have received
considerable attention as a means towards improving
testing behaviour. There is thus considerable merit in
ensuring that the scales used to measure these factors
are robust enough for application in the contexts in which
they are applied, and that they are sufficiently reliable for
the specific demographic and socio-cultural characteris-
tics of the specific communities for which they are
designated.

The current study utilized a sample of construction
workers in South Africa, but there are numerous key
populations outside the construction sector which share
similar demographic and socio-cultural characteristics,

and for which there is heightened concern about HIV
prevalence and incidence. One example of this is truck
drivers, while another would be mine workers
(Department of Public Works (DPW), 2004). The current
analysis would suggest that the tested knowledge and
stigma scales would have considerable currency for
these key populations as well, alongside a range of other
populations.

Finally, greater measurement integrity for applied
scales improves the overall rigour of programmatic
interventions for which these are used, thereby ensuring
better targeting of high risk populations and more focused
allocation and utilization of health financial, technical and
human resources, two critically important factors in
addressing the pandemic in resource-poor contexts. To
the best of our knowledge, no IRT analyses of AIDS-
related knowledge and stigma scales for application
within either the construction industry or the general
population were found during the study. It is thus hoped
that this work will contribute towards reducing this eviden-
tiary deficit and help enhance current epidemiological



efforts in South Africa and other low to middle income
countries with populations of similar socio-cultural and
HIV risk features.

Limitations

There are several limitations to this study that proscribe
the applicability of its findings. Firstly, the study relied on
a sample which is quite sharply defined in terms of
various demographic and attitudinal and behaviourial
characteristics, some of which are arguably very specific
to the construction industry. While other populations may
share similar characteristics, the specific configuration
found in this sample may constrain generalisability of the
results more than is hoped by the authors. Secondly, the
issue of differential item functioning was not explored in
this study. Such an examination is arguably important for
various reasons, not least of all the use of the survey
instrument in three distinct languages. It is thus likely that
item functioning might be variant given the specific
language applied, and this issue would be that much
more important for use of the scales in diverse multi-
lingual populations. Thirdly, the knowledge and stigma
scales rely to some extent on localized understandings
and representations of AIDS, and may not necessarily
transfer to other contexts and populations where non-
scientific beliefs about AIDS are similarly widespread but
which are of a very different social, cultural or religious
character.

Conflict of Interests

The authors have not declared any conflict of interest.

ACKNOWLEDGEMENTS

The authors wish to express their appreciation to the
HSRC for permitting them to draw on relevant HSRC
guestionnaires in the compilation of the construction
worker survey questionnaire employed in this study.
Grateful thanks are also extended to Professor Michael
Toland, College of Education, University of Kentucky,
USA, for his guidance and patience in providing
assistance for this IRT analysis and for making his lecture
materials available.

Funding

This work is based on research supported by the National
Research Foundation of South Africa under Grant (UID)
85376. The Grantholder acknowledges that opinions,
findings and conclusions or recommendations expressed
in any publication generated by the NRF supported
research are those of the authors, and that the NRF
accepts no liability whatsoever in this regard.

Govender et al. 23

REFERENCES

Abiodun O, Sotunsa J, Franklin A, Jaiyesimi E (2014). Knowledge of
HIV/AIDS and predictors of uptake of HIV counseling and testing
among undergraduate students of a privately owned university in
Nigeria. BMC Res. Notes 7:639.

Aggleton P, Chase E (2001). Stigma, HIV/AIDS and Prevention of
Mother-to-child Transmission: A pilot study in Zambia, India, Ukraine
and Burkina Faso. United Nations Children’s Fund (UNICEF).
London: The Panos Institute. Available at:
http://www.unicef.org/evaldatabase/index_14340.html

Agyemang S, Buor D, Tagoe-Darko E (2012). The extent of knowledge
about HIV/AIDS among young people in the Ejura-Sekyedumase
district of Ghana. J. AIDS HIV Res. 4(11):241-247.

Ambert C (2002). Economic impact of HIV/AIDS on the construction
sector: Supply side implications for housing policy. S. Afr. J. Econ.
70(7):1235-1261.

Anderson KG, Beutel AM (2007). HIV/AIDS prevention knowledge
among youth in Cape Town, South Africa. J. Soc. Sci. 3(3):143-150.
Bauman LJ, Camacho S, Silver E, Hudis J, Draimin B (2002).
Behavioral problems in school-aged children of mothers with

HIV/AIDS. Clin. Child Psychol. Psychiatry 7(1):39-54.

Bowen PA, Govender R, Edwards PJ, Cattell KS (2014). An integrated
model of HIV/AIDS testing behaviour in the construction industry.
Const. Manag. Econ. 32(11):1106-1129.

Bureau for Economic Research (BER) (2003). The Economic Impact of
HIV/AIDS on Business in South Africa, 2003. Stellenbosch, South
Africa:  Bureau for Economic Research. Available at:
http://www.commissionoceanindien.org/fileadmin/resources/AIRIS%2
Odocuments/South_Africa_Business_Coalition_Report.pdf

Cai L, Thissen D, du Toit SHC (2011). IRTPRO for Windows (Computer
software), Ver. 2.1. Lincolnwood, IL: Scientific Software International.

Carey MP, Schroder KE (2002). Development and psychometric
evaluation of the brief HIV knowledge questionnaire (NIV-KQ-18).
AIDS Educ. Prev. 14(2):174-184.

Deacon H, Uys L, Mohlahlane R (2009). HIV and Stigma in South
Africa. In: HIV/AIDS in South Africa 25 Years On: Psychological
Perspectives, Rohleder P, Swartz L, Kalichman SC, Simbayi LC
(eds.). New York: Springer. pp. 105-120.

Denison JA, O'Reilly KR, Schmid GP, Kennedy CE, Sweat MD (2008).
HIV voluntary counseling and testing and behavioral risk reduction in
developing countries: A meta-analysis, 1990-2005. AIDS Behav.
12(3):363-373.

Department of Public Works (DPW) (2004). HIV/AIDS Awareness
Programme: Training Manual. Available at:
http://www.publicworks.gov.za/PDFs/consultants_docs/HIVAIDS_TR
AINING_MANUAL.PDF

Embretson SE, Reise SP (2000). Item Response Theory for
Psychologists. Mahwah, NJ: Lawrence Erlbaum. Available at:
http://www.amazon.com/Response-Theory-Psychologists-
Multivariate-Applications/dp/0805828192

Graham J (2012). Missing Data: Analysis and Design. New York:
Springer. Available at:
http://www.springer.com/us/book/9781461440178

Hambleton RK, Swaminathan H (1985). Item Response Theory:
Principles and Applications. Boston: Kluwer-Nijhoff.
http://www.psicothema.com/pdf/647.pdf

Harinarain N, Haupt TC (2014). Drivers for the effective management of
HIV and AIDS in the South African construction industry - A Delphi
study. J. AIDS Res. 13(3):291-303.

Herek GM, Capitanio JP, Widaman KF (2002). HIV-related stigma and
knowledge in the United States: Prevalence and trends, 1991-1999.
Am. J. Public Health 92(3):371-377.

Holzemer WL, Uys LR, Chirwa ML, Greeff M, Makoae LN, Kohi TW,
Dlamini PS, Stewart AL, Mullan J, Phetlhu RD, Wantland D, Durrheim
K (2007). Validation of the HIV/AIDS stigma instrument — PLWA
(HASI-P). AIDS Care 19(8):1002-1012.

IBM Corporation (2013a). IBM SPSS Statistics for Macintosh, Version
22.0. Armonk, NY: BM Corp..

IBM Corporation (2013b). IBM AMOS for Windows, Version 22.0.
Armonk, NY: IBM Corp.

International Organization for Migration (IOM) (2010). Regional


http://www.unicef.org/evaldatabase/index_14340.html
http://www.publicworks.gov.za/PDFs/consultants_docs/HIVAIDS_TRAINING_MANUAL.PDF
http://www.publicworks.gov.za/PDFs/consultants_docs/HIVAIDS_TRAINING_MANUAL.PDF
http://www.amazon.com/Response-Theory-Psychologists-Multivariate-Applications/dp/0805828192
http://www.amazon.com/Response-Theory-Psychologists-Multivariate-Applications/dp/0805828192
http://www.springer.com/us/book/9781461440178
http://www.psicothema.com/pdf/647.pdf

24 J. AIDS HIV Res.

assessment on HIV-prevention needs of migrants and mobile
populations in Southern Africa, Construction Sector Report. Pretoria.
Available at: http://southafrica.iom.int/system/files/drupal-
private/2010_02_11_Regional%20Assessment_Report.pdf

Johnson L, Budlender D (2002). HIV risk factors: A review of the
demographic, socio-economic, biomedical and behavioural
determinants of HIV prevalence in South Africa. CARE Monograph
No. 8. Cape Town: Centre for Actuarial Research, University of Cape
Town. Available at:
https://www.commerce.uct.ac.za/Research_Units/CARE/Monographs
/Monographs/mono08.pdf

Kalichman SC, Simbayi LC (2004). Traditional beliefs about the cause
of AIDS and AIDS-related stigma in South Africa. AIDS Care
16(5):572-580.

Kalichman SC, Simbayi LC, Jooste S, Toefy Y, Cain D, Cherry C,
Kagee A (2005). Development of a brief scale to measure AIDS-
related stigma in South Africa. AIDS Behav. 9(2):135-143.

Kaufman MR, Massey M, Tsang SW, Kamala B, Serlemitsos E, Lyles E,
Kong X (2015). An assessment of HIV testing in Tanzania to inform
future strategies and interventions. AIDS Care 27(2):213-217.

MacPhail C, Pettifor A, Moyo W, Rees H (2009). Factors associated with
HIV testing among sexually active South African youth aged 15-24
years. AIDS Care 21(4):456-467.

Mahajan AP, Sayles JN, Patel VA, Remien RH, Sawires SR, Ortiz DJ,
Szekeres G, Coates TJ (2008). Stigma in the HIV/AIDS epidemic: A
review of the literature and recommendations for the way forward.
AIDS 22(Suppl. 2):s67-s79.

Mall S, Middelkoop K, Mark D, Wood R, Bekker L-G (2013). Changing
patterns of HIV/AIDS stigma and uptake of voluntary counseling and
testing services: The results of two consecutive community surveys
conducted in the Western Cape, South Africa. AIDS Care 25(2):194-
201.

Maughan-Brown B (2004). Measuring HIV/AIDS Stigma. CSSR Working
Paper No. 74. Cape Town: Centre for Social Science Research.
Available at:
http://cssr.uct.ac.zalsites/cssr.uct.ac.zalfiles/pubs/wp74.pdf

Mbatha B (2013). AIDS-related stigma as a barrier to HIV and AIDS
prevention, care and treatment in South African public universities.
Mediter. J. Soc. Sci. 4(14):517-524.

Meintjes |, Bowen PA, Root D (2007). HIV/AIDS in the South African
construction industry: Understanding the HIV/AIDS discourse for a
sector specific response. Constr. Econ. Manag. 25(3):255-266.

Nyblade L, MacQuarrie K (2006). Can we measure HIV/AIDS-related
stigma and discrimination: Current knowledge about quantifying
stigma in developing countries. Report, United States Agency for
International Development (USAID), January, 21p. Available at:
https://www.icrw.org/files/publications/Can-We-Measure-HIV-Stigma-
and-Discrimination.pdf

Pequegnat W, Bauman LJ, Bray J, DiClemente R, Dilorio C, Hoppe S,
Jemmott L, Krauss B, Miles M, Paikoff R, Rapkin B, Rotheram-Borus
M, Szapocznik J (2001). Measurement of the role of families in
prevention and adaptation to HIV/AIDS. AIDS Behav. 5(1):1-19.

Pitpitan EV, Kalichman SC, Eaton LA, Cain D, Sikkema KJ, Skinner D,
Watt MH, Pieterse D (2012). AIDS-related stigma, HIV testing, and
transmission risk among patrons of informal drinking places in Cape
Town. Annu. Behav. Med. 43(3):362-371.

Scott-Sheldon LAJ, Carey MP, Carey KB, Cain D, Simbayi LC,
Mehlomakhulu V, Kalichman SC (2013). HIV testing is associated
with increased knowledge and reductions in sexual risk behaviours
among men in Cape Town. S. Afr. J. AIDS Res. 12(4):195-201.

Siyam’kela Project (2003). Siyam’kela: Measuring HIV/AIDS related
stigma - HIV/AIDS stigma indicators. Cape Town: Policy project.
Centre for the Study of AIDS, USAID and the Department of Health,
South Africa. Available at:
http://pdf.usaid.gov/pdf_docs/Pnacy685.pdf

Shisana O, Rehle T, Simbayi LC, Zuma K, Jooste S, Zungu N,
Labadarios D, Onoya D, and the Implementation Team (2014). South
African National HIV Prevalence, Incidence and Behaviour Survey,
2012. Cape Town: HSRC Press.

Stein JA, Nyamathi A (2000). Gender differences in behavioural and
psychosocial predictors of HIV testing and return for test results in a
high-risk population. AIDS Care 12(3):343-356.

Uys LR, Holzemer WL, Chirwa ML, Dlamini PS, Greeff M, Kohi TW,
Makoae LN, Stewart AL, Mullan J, Phetlhu RD, Wantland DJ,
Durrheim KL, Cuca YP, Naidoo JR (2009). The development and
validation of the HIV/AIDS Stigma Instrument - Nurse (HASI-N). AIDS
Care 21(2):150-159.


http://southafrica.iom.int/system/files/drupal-private/2010_02_11_Regional%20Assessment_Report.pdf
http://southafrica.iom.int/system/files/drupal-private/2010_02_11_Regional%20Assessment_Report.pdf
https://www.commerce.uct.ac.za/Research_Units/CARE/Monographs/Monographs/mono08.pdf
https://www.commerce.uct.ac.za/Research_Units/CARE/Monographs/Monographs/mono08.pdf
http://cssr.uct.ac.za/sites/cssr.uct.ac.za/files/pubs/wp74.pdf
https://www.icrw.org/files/publications/Can-We-Measure-HIV-Stigma-and-Discrimination.pdf
https://www.icrw.org/files/publications/Can-We-Measure-HIV-Stigma-and-Discrimination.pdf
http://pdf.usaid.gov/pdf_docs/Pnacy685.pdf

Journal of

AIDS and HIV Research

| ——— .
™

Related Journals Published by Academic Journals

Clinical Reviews and Opinions

Journal of Cell Biology and Genetics

Journal of Clinical Medicine and Research

Journal of Diabetes and Endocrinology

Journal of Medical Genetics and Genomics

Medical Case Studies

- —. . ~= R

h = _




	JAHR-Front Template
	Govender et al
	JAHR-Back Template

