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Abstract: In this paper, we discuss working memory, reading and math fluency in children with the Human
Immune Virus (HIV). Several studies have been conducted to investigate the effects of the Human Immune Virus
(HIV) on cognitive function of individuals. An investigation of the effects of the virus on reading and fluency
skills of children aged 12-14 was conducted using neurocognitive subtests measuring Short-term Memory,
Working Memory, Rapid Automatized Naming (RAN) while Reading and Math Fluency (as measures of
academic function) were assessed using the Woodcock Johnson Test of Achievement. The results show
statistically significant differences in performance between children who were HIV positive (HIV+) compared to
those who were HIV negative (HIV-). While both groups showed poor Reading and Math Fluency skills, the
seropositive sample had poorer performance in Working Memory, Reading and Math fluency. The findings
further demonstrate significant correlations between Working Memory and the academic skills, specifically
reading and math fluency. These findings open possibilities for investigating the specific contributions that
Working Memory can make in improving academic competences, specifically numeracy and literacy skills, of
children.
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1. INTRODUCTION

Working Memory has been used to investigate the stability of neurocognitive function in many
studies. Through many investigations, working memory has been shown to affect several aspects of
daily function including, and more especially, the ability to learn. Several studies have shown how
HIV infection has affected neurocognitive pathways of seropositive individuals (Dawes and Grant,
2007;Vahia et al. 2006; Katherine et. al, 2000). Most of theses studies have been conducted on adult
populations and few studies have focused on paediatric populations. This study was particularly
important as it contributes to an investigation of the effect of HIV on a specific construct, working
memory, which unlike short-term memory, requires the manipulations of stored information. The
importance of this study is anchored on firstly, the fact that the study was conducted in a region with a
different clad of the HIV virus and secondly an emphasis on an investigation on the specific
contribution made by working memory on two academic constructs that determine the success or
failure of children to progress in national examinations. Most examinations are timed such that
examinees are required to store and process information accurately and rapidly in order to pass the
examinations. Working memory, unlike short-term memory plays an important role in this aspect. It is
on this basis that this study was undertaken to investigate the differences in working memory for
seropositive children compared to a control group of seronegative children.

There has been wide-spread debate about the difference between short-term memory and working
memory. Some studies have used these terms interchangeably to mean the same thing.(St-Clair-
Thompson and Allen, 2012). There are other researchers who have argued that the two skills are
different. In this paper, we take the position that the two constructs represent different skills. Short-
term memory has been defined as the capacity to store information without necessarily manipulating
it. Working memory on the other hand, has been defined as the processes that are involved in first
storing and manipulating information simultaneously (Cowan, 2008).
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2. METHODS
2.1. Participants

The study consisted of 75 children (40 HIV seropositive and 35 HIV seronegative) from government
hospitals and schools. These are institutions that are run by government. The seropositive groups were
recruited from the hospitals during their schedule review days, while the children from the schools
were recruited while they schools were in session but the testing was done during the vacation. This
was in order to avoid pupils missing out on learning for the duration of the test taking period. The
mean age for the sample was 12.9 years (with the mean age for the seropositive group 13.1 years and
12.6 years for the seronegative sample). Parental informed consent was obtained and verbal consent
from the children in the study.

2.2.Procedure

Each of the children was assessed in a quiet environment. The children were required to take the test
over a period of 40 to 60 minutes depending on individual test taking skills. The children were tested
at the hospital or school depending on whether they were the seropositive or seronegative group. The
children were tested on memory skills, language, math and reading fluency. The testing was
administered using the standard administration procedures for each child. It was noted during the
study that some children were unable to read and this contributed to the variation in the number of
children taking the different measures. There were children in the study group, as well as those in the
control group who were unable to read and so did not take the fluency tests. In this paper, only the
Memory, Language and achievement skills as represented by the Math and Fluency skills reported.

2.3.Memory Tests

There were 3 memory tasks that were assessed, Digit Recall Forward (DRF), Digit Recall Backward
(DRB) and Verbal Memory (VL). These were from a variety of standardised measures.

Digit Recall: The Digit recall tasks (Forward and Backward) were from the Kaufman’s Assessment
Battery for Children-Second edition (KABC-II). There are 22 combinations of digits ranging from 1-
10. The digits are arranged in random order for each item. The participants are asked to recall digits
after the examiner presents the digits. In the first trial, the participants recall the digits verbatim, as the
examiner presented them. In the second trial, the participants are requested to say the number
presented by the examiner in reverse.

Verbal Learning: Verbal Learning was assessed using the California Verbal Learning Test (CVLT).
This test measures recall and recognition of words presented over a number of times. The words are
representative of everyday items that are familiar to the children. There are 15 items in this test.

2.4.Language Tests

Language was assessed using a subtest from the Neuropsychological Assessment Tool-Second
Edition (NEPSY-II).

Random Automatized Naming: Speeded Naming subtest of the NEPSY was used to assess the
participants’ ability to was used to assess the language skills of the participants. This task has been
shown in literature to contribute to the individuals’ future success in reading.

2.5.Reading Fluency

This was assessed using the Woodcock Johnson Test of Achievement-Third edition (WJ-III).
Participants were required to read sentences and decide whether the sentence was correct or not. The
participant is given 3 minutes in which to answer as many questions as possible.

2.6. Math Fluency

The participants’ fluency in math was also measured using the Woodcock Johnson Test of
Achievement-Third edition (WJ-111). The Children were required to solve simple math problems
within 180 seconds. The participant is given 3 minutes in which they are required to solve as many
problems as possible. The questions are simple addition, subtraction, division and multiplication.

3. RESULTS AND DISCUSSION

Sample size, means and standard deviations are for dependent and independent variables are reported
in Table 1.
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Tablel. Descriptive statistics for Working Memory, Random Automatized Naming, Reading and Math Fluency

Variable n Mean Standard Deviation Range
Age 75 12.90 .90 12-14
Grade Level 75 6.58 .66 4-8
Literacy and Numeracy
Reading Fluency 64 18.6 10.29 0-40
Math Fluency 75 31.63 14.79 1-79
Verbal Learning
Verbal Learning Immediate 70 4.96 1.60 0-8
Verbal Learning Delayed 70 7.81 2.19 3-13
Speeded Naming Completion Time (RAN) 70 59.87 28.32 9-199
Digit Recall
Forward 73 6.22 1.98 2-11
Backward 73 2.77 1.98 0-7

Note: Although the total sample size was 75, sample sizes for different tests varied. The lowest being the
Reading Fluency as some of the participants stated that the cannot read and therefore could not take the test.

The data in this study yielded Kaiser-Meyers-Olkin (KMO) measure of sampling adequacy of .69
which is an acceptable value. The Bartlett’s test of sphericity was also calculated and yielded
statistically significant values, x* (55) =165.705, p=0.000.

3.1. Group Comparison

The HIV status was associated with poorer performance in all variables that were investigated in the
present study with the seropositive group performing poorly compared to the seronegative group. To
test the hypothesis that seropositive group (n=40) had significantly lowerscores on all variables
compared to the seronegative group (n=35), the independent samples t-test was performed. The results
indicate that while there appears to have been differences in mean scores between the HIV+ and HIV-
groups, the differences in mean scores for the variables did not reach statistical significance (p<.05)
for all the variables under investigation, except in the Speeded Naming Time (measuring the Random
Automatized Naming speed) and the Digit Recall Backward (measuring Working Memory) tests. T-
test results are presented in table 2.The mean completion time for Speeded Naming for the HIV+
group (M = 69.33; SD = 33.47) was significantly higher than that of the HIV- group (M =51.00; SD
= 15.35): 1(49) = 2.709; p = 0.01. Cohen’s d = .64, a ‘medium’ effect. These findings agree with those
of Fellows et al (2014) who found that information processing skills in persons living with HIV were
poorer for than controls who where HIV negative.

The Digit Recall Backward, as a measure of Working Memory yielded a mean score for the HIV+
group (M = 2.33; SD = 1.74) significantly lower than the HIV- group (3.26; SD = 1.21): t (71) =
2.618; p=0.01) Cohen’s d = .11 a ‘minimal’ effect. These findings are consistent with the findings of
Martin et al, (2001) that HIV-related working memory deficits are evident and affect many different
aspects of information processing in persons living with HIV. All the statistics were calculated with a
confidence interval of 95%.

Table2. T-test results for the dependent and independent variables

Mean (SD) t p
Seropositive (HIV+) | Seronegative (HIV-) Group
RF 16.21(11.55) 20.66(8.77) 18.64(10.29) -1.75 .08
MF 29.22(16.13) 34.37(12.76) 31.63(14.88) -1.52 13
VL 7.81(2.38) 7.82(2.00) 7.81(2.19) 40 989
SN(time) 69.33(33.48) 51.00(15.35) 60.43(27.68) 2.71 .00*
DRF 6.05(2.11) 6.44(1.86) 6.23(1.99) .65 409
DRB 2.33(1.74) 3.26(1.24) 2.78(1.58) 2.62 0.01*

Notes: RF: Reading Fluency; MF: Math Fluency; VL: Verbal Learning; SN Speeded Naming Completion time;
DFR: Digit Recall-Forward; DRB: Digit Recall-Backward.

*p=0.01.
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3.2.Correlations
The Correlations matrices are shown in table 3.

The variables were correlated with each other to investigate the relationships that existed among them.
There were inter-correlationships in the neurocognitive variables and the academic variables. Our
main variable under investigation, working memory, reading and math fluency, were correlated with
Age, Gender, Grade level, Verbal Learning and Naming Speed.

The results show that working memory was correlated with grade level (r=.43, p<.01); Reading
Fluency (r=.43, p<.01); Math Fluency (r=.52, p<.01); Naming Speed (r=-.54, p<.01) and Short-Term
Memory (r=.40, p<.01). These correlations of the variables of interest ranged from medium (.43) for
Reading Fluency and to large for Math Fluency (.52).We performed a bivariate correlation of the
Reading and the Math Fluency tests with the Verbal Learning test. The results did not reach statistical
significance.

Table3. Correlations of variables under study

2 3 4 5 6 7 8 9
1 Age -19 29** -.04 .19 .07 -.24* -.08 -.02
2 Gender - -.07 .09 .10 12 -.07 .06 .03
3 Grade - 31* 53** 18 -.31** ,19 A3**
4 Reading - 54** 15 -.63** .26* A3**
5 Math - .20 -.61** .29* 52**
6 Verbal - -.01 11 .00
7 Naming - - 31** -.54**
8 Digit-F - A40**
9 Digit-B -

Notes: *p<.05; **p<.01
4. CONCLUSION

The study investigated the role of Working Memory in Reading and Math Fluency in HIV+ Children.
The findings have demonstrated the role of working memory in good reading and math skills. The
study compared short-term memory and working working memory for children who were seropositive
and those that were negative with mean age of 12.9 years.

The study has shown how working memory correlates with academic skills specifically Reading
Fluency and Math Fluency. The correlations was higher for math fluency(r=.43) than it was for the
reading fluency (r=.52).

This study presents possibilities for further investigations to show how that working memory can be
enhanced in children so as to improve their skills in reading and writing. Further the study has shown
the significant mean differences in performance in the the Working Memory and and the speed of
information processing as measured by the Speeded Naming Test from the NEPSY.
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