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SUMMARY 

 

The last trimester of pregnancy is the period during which the fetal brain is growing at 

its greatest velocity, particularly the frontal lobes and hippocampus. This is also the 

peak period for the accumulation of omega-3 long chain polyunsaturated fatty acid 

(LCPUFA) docosahexaenoic acid (DHA) in neural tissues. The amount of DHA required 

by the fetus is thought to exceed the DHA intake of women of child-bearing age who 

consume a Western-style diet. This has led to the belief that maternal DHA 

supplementation during pregnancy will enhance child cognitive development in these 

populations. Cohort studies have supported this belief by linking intake of foods rich in 

DHA (primarily seafood) during pregnancy to enhanced child cognitive development. 

However, only randomised controlled trials (RCTs) can establish causality.  

 

In this thesis I report a comprehensive systematic review of the current RCTs of DHA 

supplementation during pregnancy (Chapter 1) using procedures described by the 

Cochrane collaboration and the PRISMA statement. Results of globalised standard 

assessments in the reviewed RCTs were compared in meta analyses. No effect of DHA 

supplementation was found in any age group, except in the 2-5 year-olds where the 

LCPUFA group was advantaged. A risk of bias assessment revealed that the majority 

of the trials were of poor quality, particularly those in which there was a finding of 

significance. Furthermore the majority of trials used standardised tests of global 

development or cognition. Fetal DHA availability is thought to primarily effect the 

frontal lobes and hippocampus, which are responsible for higher order cognitive skills 

known as Executive Functions (EFs). The global assessments used in the RCTs capture 

performance across multiple neural systems simultaneously and lack the sensitivity to 

detect development in specific areas of cognition. Thus, global tests may not be 

suitable for detecting subtle effects of DHA supplementation on neurodevelopment. 

There has been a call for nutrition researchers to use specialised measures of 

cognitive functions that are appropriate for assessing the specific neural systems 

thought to be effected by an intervention, rather than global measures. 
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I addressed the need for a specialised measure of frontal lobe and hippocampus 

development in a RCT of DHA supplementation during pregnancy. The systematic 

review identified the DOMInO Trial as being a high-quality trial with a lower risk of 

bias compared with the other published RCTs. No one task can represent overall 

executive functioning abilities so I applied a range of specialised, age-appropriate 

assessments of EFs in two-year-old children. Attention, working memory (WM) and 

inhibitory control (IC) were the EFs selected for assessment in a subgroup of healthy, 

term-born toddlers (aged 27-months) from the DOMInO Trial. Two tests, the Attention 

Assessment involving three measures of attention, and the Working Memory and 

Inhibitory Control (WMIC) Assessment were identified from the developmental 

psychology literature. The Attention Assessment involved providing the child with toys 

to play with and measuring their attention (looking) to the toy(s) in three different 

scenarios; 1. the child had one toy to play with and their attention to the toy was 

measured in the absence of any competition for attention or distractions, 2. The child 

had five toys to play with and the number of times their attention switched between 

the toys competing for attention was measured, 3. The child had one toy to play with 

while a television in the periphery offered a distraction, and the time the child took to 

be distracted, from the toy, by the television was measured. The WMIC Assessment 

involved training a child to search for a hidden figurine in a specific location in a large 

box of lentils, and then hiding the figurine in an alternate location and delaying them 

from retrieving the figurine. Accuracy of searching for the figurine hidden in the 

alternate location was measured.  

 

There was no effect of supplementation on the primary outcomes; latency to be 

distracted during Focused attention (Attention Assessment), and accuracy of 

searching for a hidden figurine during Test Trials (WMIC Assessment). The majority of 

the secondary outcomes supported the findings of null effect in the primary outcomes. 

There was one outcome in which there was a possible benefit of supplementation, but 

the effect was small and is likely to be due to chance. I conducted a large number of 

comparisons (n=18 pre-specified) on a relatively small sample (n=~152 per task) 

which increases the risk of a Type I error (finding a difference that is the result of 

chance). Furthermore, no other benefit was shown in any other outcomes, primary, 

secondary or exploratory. Associations between cord plasma DHA and outcomes of the 

Attention and WMIC assessments were inconsistent, indicating no true association. 
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Overall, the results of the two assessments I used suggest no effect of DHA 

supplementation during pregnancy on the cognitive development of healthy, otherwise 

well-nourished term-born children.  

 

The findings of the specialised attention and WMIC assessments used in my study 

support the findings of global tests used in other RCTs of DHA supplementation during 

pregnancy. Increasing fetal exposure to DHA may not enhance cognitive development 

because growth of the brain is protected during in-utero development. Maternal stores 

of DHA, up-regulation of DHA synthesis and preferential transfer of DHA across the 

placenta during pregnancy may protect neurological structures from suboptimal 

development so that greater fetal exposure to DHA does not enhance child cognitive 

development. 

 

Future research will be needed to determine whether specific at-risk sub-groups, such 

as children from pregnancies with placental insufficiency or who are growth restricted 

in utero, benefit from DHA supplementation during pregnancy.  
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CHAPTER 1: LITERATURE REVIEW 

 

OVERVIEW OF THE REVIEW 

 

During the last trimester of pregnancy the fetus has a large demand for omega-3 long 

chain polyunsaturated fatty acids (LCPUFA), particularly docosahexaenoic acid (DHA). 

Much of the DHA is accreted by neural tissues as this is the peak time of fetal brain 

growth, particularly in the frontal lobes and hippocampus.1,2 The amount of DHA 

required by the fetus is thought to exceed the DHA generally intake of women of 

child-bearing age consuming a Westernised diet. The belief that pregnant women are 

consuming inadequate amounts of DHA has lead to concerns for detrimental effects on 

fetal brain development. Animal studies of deprivation of omega-3 fatty acids (FAs) 

have demonstrated links between insufficient DHA and sub-optimal brain functioning.3-

6 Of particular importance is the compensatory increase of omega-6 FAs in neural 

tissues when omega-3 FA supply is insufficient7 particularly in the frontal lobes8,9 and 

hippocampus8,10 with deficits in abilities that reflect frontal lobe and hippocampus 

functioning.5,9-11 Observational studies of maternal intake of DHA-rich foods during 

pregnancy have found associations with beneficial cognitive outcomes in the 

offspring.12-17  

 

Randomised controlled trials (RCTs) involving supplementation of pregnant women 

with DHA or a placebo have examined whether fetal brain development can be 

optimised by supplementation. I conducted a comprehensive systematic review and 

meta analyses of the available RCTs and concluded that the current evidence neither 

supports or refutes the belief that DHA supplementation during pregnancy enhances 

offspring cognitive development. Results of RCTs were inconsistent, possibly due to 

the choice of tests used to assess cognitive development; the majority of RCT’s used 

standardised global tests of cognition.18-26 Fetal DHA exposure is primarily thought to 

effect the frontal lobes and hippocampus, therefore an effect of supplementation 

should be evident in the functioning of these neural areas. Global tests, such as those 
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used in the trials reviewed, capture performance of multiple neural systems 

simultaneously and lack the sensitivity to detect frontal lobe or hippocampus 

functioning. Furthermore, global tests of child development were developed for 

detecting children with developmental delay in a clinical setting in order to 

recommend treatment.27-29  

 

As a result, I propose a new study in which specific measures of the frontal lobes and 

hippocampus are used, in a high-quality RCT, to assess the effect of DHA 

supplementation during pregnancy on cognitive development. I discuss the functions 

and tests of the frontal lobes and hippocampus in order to identify assessments which 

can be used to measure their functioning in early childhood. 
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REVIEW OF DHA IN THE DEVELOPMENT OF THE BRAIN 

 

FATTY ACIDS  

 

FAs are a constituent of many lipids. They are essential elements in the human body 

for maintaining the structure and functioning of cells and cellular components.30 FAs 

consist of a methyl group at the omega end of a carbon chain and a carboxylic acid 

group at the other end (Figure 1). The carbon chain is made up of carbon atoms 

bonded together in a row with two hydrogen atoms attached to the sides of nearly 

every carbon atom. Where there are two hydrogen atoms attached to a carbon atom, 

the molecules become densely packed and make the carbon chain inflexible. When 

there is a double bond between the carbon atoms, only one hydrogen atom can attach 

to the carbon atom so that the molecules are less dense and the carbon chain is able 

to bend at this point. Therefore, the greater the number of double bonds along the 

carbon chain, the more flexible, and thus versatile, the FA. 

 

Figure 1. Simplified representation of the molecular structure of a fatty acid 

FAs can be classified as unsaturated, monosaturated or polyunsaturated depending on 

the number of double bonds. Polyunsaturated FAs (PUFA) are the most flexible as 

they have two or more double bonds. PUFAs with 20 or more carbons on their carbon 

chain are known as LCPUFA’s. The last carbon in the carbon chain of an LCPUFA is 

known as an omega and the position of the first double bond at the third (omega-3 

LCPUFA), sixth (omega-6 LCPUFA) or ninth (omega-9 LCPUFA) carbon from the 

methyl end determines the category of LCPUFA.  
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Omega-3 LCPUFA’s are considered to have the widest range of health benefits with 

the least adverse effects. The precursor of the omega-3 LCPUFA is alpha-linolenic acid 

(ALA). ALA is an essential dietary component as it cannot be synthesised by the 

mammalian body.30 Omega-3 LCPUFA’s can also be gained through diet but it is 

possible for the liver to elongate and desaturase ALA to form omega 3 LCPUFAs.31 

However, the enzymes and substrates necessary for the biosynthesis of omega-3 

LCPUFA’s are preferentially used to metabolise omega-6 PUFA so that diet is still the 

main source of omega-3 LCPUFAs. The metabolic pathway for biosynthesis is 

simplified in Figure 2.    
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∆-6 desaturase 

 

C25:5n-6 
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22:6n-3 

Figure 2. Simplified schematic representation of the biosynthesis pathway for the 

production of the omega-3 and omega-6 long chain polyunsaturated fatty acids in the 

human body 
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DOCOSAHEXAENOIC ACID (DHA) 

 

DHA is the most unsaturated of the omega-3 LCPUFAs. The high concentration of 

double bonds along its carbon chain make DHA flexible and versatile in comparison to 

similarly sized FAs. The carbon chain has 22 carbon atoms with 6 double bonds and 

32 hydrogen atoms (Figure 3).  

32 

Figure 3. Simplified representation of the molecular structure of omega 3 long chain 

polyunsaturated fatty acid docosahexaenoic acid. 

 

ROLE OF DHA 

 

DHA is a structural component of the phospholipid bilayer of cell membranes where it 

plays an integral role in membrane fluidity.33 Although present in all human cell 

membranes, DHA is most concentrated in the cells of the central nervous system 

(CNS), particularly the brain, where it is one of the most prominent FAs.34,35 Being one 

of the primary constituents, DHA is essential for the growth and development of the 

CNS and brain,34,36,37 particularly within the grey matter perisynaptic membranes and 

neural synapses.38 At the cellular level DHA functions in neurogenesis and 

neurotransmission39 and can enhance synaptic functions,40 protect neural cells from 

apoptotic death41 and oxidative stress,39 induce synaptic growth cones during 

neuronal development,42,43 influence neuron size,10,44 stimulate neurite outgrowth in 

PC12 cells45 and regulate nerve growth factor,46 membrane-bound enzymes,47 ion 

channels48 as well as dopaminergic and serotinergic neurotransmission.49,50 DHA also 

influences the function of the blood-brain barrier51 and alters signal transduction 

through effects of inositol phosphates, diacylglycerol and protein kinase C.52  
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DHA AND THE DEVELOPING BRAIN 

 

The human brain starts to develop within the first few weeks of conception with the 

formation of the neural tube, the precursor to the CNS. The neural tube produces 

neural stem cells from which all other cells in the brain are derived. The process of 

differentiation from the progenitor cells is complete by birth. Neural cell maturation, 

which involves dendrite growth and myelination, occurs primarily during the fetal 

period, particularly in the last trimester,1,2 although maturation continues throughout 

childhood. Dendrites are long branched extensions of neural cells that detect 

electrochemical stimulation from other cells (Figure 4). The signal is conducted to the 

nucleus of the cell and then through the axon to the next cell. The axon is a long 

extension of the neuron body which ends in branching terminal fibres that form 

junctions known as synapses through which it communicates with other neurons 

dendrites. During fetal development a growth cone rich in DHA at the distal tip of the 

axon facilitates axonal growth. The axon is covered with a phospholipid-based sheath 

known as the myelin sheath. Myelin increases the speed of transmission of a signal 

from the nucleus of a cell, along the axon, to the dendrites of the next cell. 

Myelination is the process by which the myelin sheath is formed around the axon.  
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Figure 4. Simplified anatomy of a neuron 

 

By 5 weeks gestation, the bottom of the neural tube has grown into the spinal cord 

while the top has differentiated into zones containing neural stem cells. These cells 

migrate to relevant zones of the brain which grow as the neurons continue to develop 

slowly until week 27 gestation. After 27 weeks, rapid growth and differentiation into 

the various neural structures seen in adult brains starts to occur, particularly within 

the frontal lobes and hippocampus. Individual neurons start to grow, extending 

dendrites and axons to connect with other neurons. The grooves and fissures seen on 

the surface area of the brain emerge and the brain continues to grow in size, 

constantly establishing connections between neurons.54 See Figure 5 for an illustration 

of the stages of the developing brain.  

 

Nucleus  
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55 

Figure 5. Development of the fetal brain  

 

DHA accumulates in neural tissues throughout fetal, neonatal, infant and childhood 

development but is accrued at the greatest velocity during the last trimester of 

pregnancy.56,57 The last trimester of pregnancy is also the peak period of rapid and 

intense brain growth1,2 and accretion of DHA into neural cortex tissues.56,57 During the 

last trimester of pregnancy the brain roughly doubles in size from an estimated 125g 

to 375 g.2 The frontal lobes and hippocampus in particular undergo intense growth 

during this period, leading to the belief that fetal DHA availability effects the 

development and functioning of these neural areas. Findings from animal studies that 

optimal DHA concentrations are essential for the cognitive processes that require the 

frontal areas of the brain58-61 support the belief. In the absence of sufficient omega-3 

PUFA, brain tissue accumulates compensatory higher levels of omega-6 PUFAs, such 
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as docosapentaenoic acid (DPA) which alters membrane characteristics leading to 

reduced dendritic arborisation,62 impaired gene expression for the regulation of 

neurogenesis and connectivity63 as well as mental retardation in conditions of severe 

DHA deprivation, such as Zellweger disease and peroxisomal disorders.64,65 

Interestingly, DHA supplementation in Zellweger disease patients results in increased 

myelination.66  

 

FRONTAL LOBES 

 

The frontal lobes are located at the front of each cerebral hemisphere of the brain 

(Figure 6). They are the most recent neural structures to have evolved, are largest, 

relative to body and brain mass, in humans (compared with the animal kingdom) 

(see67,68 for reviews) and are the last region of the brain to mature (see68,69 for  

reviews). They develop rapidly in utero and increase quickly in size from birth to two 

years of age with continued slower growth until young adulthood (see68 for review). 

Much of the growth is due to increases in the size and complexity of the nerve cells as 

myelination in the frontal lobes is almost complete by two years of age (see68 for 

review). The cognitive functions of the frontal lobes have emerged by 12-15 months 

of age but continue developing into adolescence as the neural tissue develops.69 The 

frontal lobes contain most of the dopamine-sensitive neurons in the cerebral cortex. 

Dopamine is a neurotransmitter, associated with attention, working memory, planning 

and motivation, whose biosynthesis is effected by DHA.70 The frontal lobes are 

responsible for cognitive activity of the highest order, such as planning and executing 

purposeful behaviour (see68 for a review).  
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Figure 6. Positioning of the frontal lobes within the brain 

 

HIPPOCAMPUS 

 

The hippocampus is part of the limbic system (responsible for drives such as hunger, 

and emotions such as fear) and is located in the medial temporal lobe of the brain 

(Figure 7).72 It consists of two parts: Ammon’s horn and the dentate gyrus. Ammon’s 

horn, also known as cornu ammonis, is a horn-shaped gyri. The Dentate gyrus 

controls the flow of information within the hippocampus. The hippocampus plays a 

role in spatial awareness and orientation as well as converting information from short-

term memory to long-term memory.72 Specifically the hippocampus is where the brain 

registers and temporarily stores the smells, feels, sounds and place of a remembered 

episode and combines this input to lay down new explicit memories of images, events 

and names.72  
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Figure 7. Location of the hippocampus within the brain  

 

EXECUTIVE FUNCTIONS 

 

Both the frontal lobes and hippocampus are central to higher-order cognitive skills 

known as Executive Functions (EFs). Such skills are meta-cognitive and involve the 

ability to integrate and process information from numerous cortical areas.73 EFs 

involve monitoring and controlling thought and action, planning, problem solving, 

focusing attention and inhibiting task-irrelevant sensory input, working memory, 

inhibitory control, delay of responding, mental flexibility, judgment as well as self-

regulation of attention and behaviour.73 EFs are implicated in planning complex 

cognitive behaviour, decision making and moderating behaviour. EFs relate to the 

abilities to differentiate among conflicting thoughts (such as differentiating between 

good and bad, better and best, same and different), determine future consequences 

of current activities and work towards a defined goal.  

 

EFs emerge at around two years of age and functionally mature at six years of age,74 

although they continue to develop throughout childhood. EF skills have recently 

become of interest to developmental researchers as it is possible to conduct 

behavioural assessments of EFs from a young age and there is a belief that EFs play a 

role in the development of cognition and social skills.75-78 Some have even shown that 

variation within the (hypothesised) normal range of development of EF skills can be 

predictive of meaningful outcomes such as children’s theory of mind (ability to reason 

about the mental states of others and self),76,77,79 which has been implicated in 
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preadolescent social competence.80 Rabbitt et al found that the individual results of a 

number of different EFs assessments in an elderly population (60-86 years) were 

closely related to performance on an intelligence test.73  

 

SUPPLY OF DHA DURING GESTATIONAL DEVELOPMENT 

 

The human fetus acquires ~70 mg of omega-3 LCPUFA, largely as DHA, per day.81 

The enzyme system of a developing fetus is immature, so that the rate biosynthesis of 

DHA is slow and may not meet the above requirement.31 Therefore, the fetus relies on 

maternal circulation to supply DHA for in-utero development and to build up reserves 

for postnatal growth.  

 

Maternal arteries deliver oxygen and nutrients to the fetus via umbilical arteries. The 

DHA level in fetal blood is higher than that in maternal blood82,83 as the placenta 

actively and preferentially transfers DHA to the fetus (see84 for review).85 There are 

several mechanisms through which this is thought to take place. The fetus has 

increased levels of free albumin which captures passing free FAs from the maternal 

circulation.86 Additionally, lipoprotein lipases on the microvilli of the placenta can also 

capture maternal circulating FA triglycerides and separate the FA from the triglyceride 

molecule. Furthermore, binding proteins on the maternal surface of the placenta have 

a preference for FAs, particularly DHA.85 

 

SUPPLY OF MATERNAL DHA DURING PREGNANCY 

 

DHA synthesis from precursor FAs increases during pregnancy due to regulatory 

effects of oestrogen87,88 although the amount synthesised by the mother and fetus is 

unknown.87 Women are able to store DHA in adipose tissues, however the amount of 

DHA stored and it’s availability during pregnancy is also unknown. Multiple studies 

have found a strong link between human dietary intake of DHA during pregnancy and 
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maternal circulating DHA89,90 and maternal dietary and circulating DHA is a predictor 

of  fetal blood concentrations of DHA19,90-93 suggesting that maternal diet may be the 

primary source of DHA available to the developing fetus. 

 

DIETARY SOURCES OF DHA 

 

Seafood and fish are the main natural sources of DHA. Oily fish, such as salmon, is 

the richest source of DHA. Other DHA-rich fish include tuna, bluefish, mackerel, 

swordfish, anchovies, herring, sardines and caviar.94 DHA is also present in some 

animal products, such as liver, kidneys and eggs; however current farming practices 

have reduced the amounts of omega-3 LCPUFAs in animal products. In Westernised 

countries, some supermarket products, such as bread, are now fortified with DHA and 

a variety of supplements are marketed to pregnant and breastfeeding women.  

 

DHA INTAKE OF PREGNANT WOMEN 

 

The World Health Organisation (WHO) recommends pregnant women consume at 

least 200 mg DHA daily95 in order to provide the fetus with the estimated requirement 

of 70 mg. However, women from industrialised countries who consume a typical 

Western diet generally have low dietary intakes of DHA that fall well below this 

recommended level. The mean intake of DHA for Australian women of child bearing 

age is 106 mg/day, although consumption is right skewed and median intake is 

15mg/day.96 In the United States the mean intake is approximately 80 mg/day,97-100 

while in Canada the mean ranges from 126-169 mg/day101,102 and in the United 

Kingdom the mean intake is 140 mg/day.103 Most countries with Western diets 

consume, on average, one-third to one-half of the amount of DHA recommended by 

the WHO pregnancy guidelines but there are many women who consume much less 

than this, particularly in Australia.  
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Fish is a rich source of DHA,94 however many government advisory bodies recommend 

that pregnant women restrict consumption of specific long-lived predatory fish that 

may contain high levels of methyl mercury. In the USA women are advised to restrict 

fish intake to ≤340g/week104 and Australian and New Zealand authorities have made 

similar recommendations.105 Epidemiological data indicate that pregnant women 

reduce their intake of all fish species in response to these messages106 even though 

adverse developmental effects from methyl mercury exposure from seafood intake 

have not been observed.107,108  
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REVIEW OF DHA INTAKE DURING PREGNANCY AND INFANT 
NEURODEVELOPMENT: OBSERVATIONAL AND ANIMAL STUDIES 

 

DHA DURING PREGNANCY AND OFFSPRING DEVELOPMENT IN 
ANIMAL STUDIES 

 

High concentrations of DHA have been shown to accumulate in the cerebral cortex and 

synapses of mice, rats, baboons and other mammals.109-111 Depriving animals of 

omega-3 FAs leads to reduced brain tissue DHA3-6 and compensatory increases in 

omega-6 FA levels3,7 particularly in the frontal lobes8,9 and hippocampus8,10 where 

neuron size decreases,10 compared with animals fed omega-3 FA sufficient diets. 

Deprivation of omega-3 FAs during gestation impacts the amount of DHA incorporated 

into the fetal rat growth cone,42 modifies catecholamine biosynthesis in the brain and 

induces behavioural disturbances and decreased learning in the offspring.112 

Catecholamines are neurotransmitters such as dopamine, norepinephrine 

(noradrenalin) and epinephrine (adrenalin) which are essential for learning, attention 

and mood. Omega-3 FA deficient rats in this study indicated significantly lower 

learning scores compared with controls.112 Other animal studies have linked omega-3 

FA deprivation to poorer orientation and motor skills,11 losses in spatial memory, 

lower cognitive and learning abilities5 as well as lower performance on memory tasks 

and complex learning behaviours.9,10 Animal model findings show that DHA and 

omega-3 FA deficiency results in reduced neural tissue DHA, particularly within the 

frontal lobes and hippocampus, with notable effects on the functioning of these 

structures. It is worthwhile to note that some of the animals were deprived before and 

after birth for two9 or three5,10 generations and the same level of deprivation is 

unlikely to occur in human populations.  
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DHA DURING PREGNANCY AND INFANT DEVELOPMENT IN 
OBSERVATIONAL STUDIES  

 

The most compelling data linking maternal DHA intake during pregnancy with 

neurological benefits for the offspring comes from a high-quality cohort study of 5,449 

mother-child pairs in the Avon Longitudinal Study of Pregnancy and Childhood 

(ALSPAC).12 The researchers found that fish and seafood intake above the level 

recommended by the US government (340 g seafood/week) was associated with a 

decreased risk of being in the lowest quartile for verbal intelligence quotient (IQ) as 

well as suboptimum prosocial, behaviour, fine motor, communication and social 

development scores at 8 years of age.12 These results are supported by other smaller 

cohort studies reporting child developmental benefits associated with fish and seafood 

intake during pregnancy including advanced novelty preference on the Fagan Test of 

Intelligence and better mental and motor development scores on the Bayley Scales of 

Infant Development (BSID) at 11 months,13 motor development, social 

development14,15 and language skills at 18 months,14 higher receptive vocabulary at 3 

years,113 higher IQ, language and motor development scores at 4 years16 as well as 

reduced hyperactivity and higher verbal IQ at 9 years.17 Similarly, a cohort study in 

which blood DHA concentration was measured at the end of pregnancy reported an 

association between higher DHA status, better motor development and fewer 

internalising behaviour problems at 7 years.114  

 

One study has shown a link between maternal DHA status and outcomes of an 

assessment of EFs.115,116 Pregnant women were supplied with either DHA 

supplemented eggs (135mg DHA/egg) or normal eggs (35mg DHA/egg).83 Women 

were asked to record the number of eggs consumed daily but due to variability in egg 

intake there was a high level of overlap between the high DHA and low DHA groups. 

The sample was combined and new groups were formed based on maternal plasma 

levels of DHA being “higher” or “lower” than the median level.115 The infants 

completed a series of assessments of attention (an EF).115,116 At 4, 6 and 8 months 

infants were assessed with a test of visual habituation involving a psycho-
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physiological measure of heart rate.115 At 12 and 18 months toddlers were assessed 

within a free-play attention and distractibility paradigm. Infants from the high-DHA 

status group showed an accelerated developmental profile for look duration115 and 

enhanced attention functioning116 and were less distractible compared with the low-

DHA status group115. Although this study was originally conducted as an intervention 

trial, the analyses were conducted as a cohort study and results must be interpreted 

as such, however it does establish an association between fetal DHA availability and 

ongoing development of attention in the first 2 years of life.115,116 

 

RELEVANCE AND NEED FOR CONTROLLED CLINICAL TRIALS  

 

LIMITATIONS OF ANIMAL AND OBSERVATIONAL STUDIES 

 

Animal studies are useful for investigating the effect of a nutrient as it is possible to 

control the exact dose to the point of total deprivation and confounding factors such 

as diet and behaviour can be tightly controlled. Deprivation or restriction of a nutrient 

thought to be beneficial is unethical in human studies. The level of control in animal 

studies means that direct links between a nutrient and an effect can be established. 

Differences in the life span of humans and animals also mean that an effect of a 

nutrient can be established much faster in animal models. However, differences in 

genetics and nutritional requirements between human and animals prevent animal 

models from predicting the extent of an effect of an intervention in a human 

population. A nutrient may have different effects in a human compared with an 

animal. Effects on the functioning of the human brain are particularly difficult to 

determine in an animal model. Tests of animal cognition can be performed under 

tightly controlled conditions, however, the cognitive abilities of humans and animals 

differ significantly due to differences in the temporal development and neural 

structures involved.117 Humans evolved with higher order processing skills not present 

in animals so measures of effects to the areas of the brain responsible for such skills 

is significantly different in animals. For example, in humans measures of working 

memory require storing information on a short-term basis and consciously 

manipulating the information in order complete a specific immediate problem solving 
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task, however in animals only the short-term memory aspect of working memory can 

be measured.117  

 

Cohort studies have the advantage over animal studies of indicating possible 

associations in humans; however such studies cannot establish causation. Cohort 

studies are ideal in situations where an intervention would be unethical or for 

identifying risk factors and prognostic indicators, but there is always the possibility 

that residual or unknown confounding influences the results.118 In the case of 

maternal fish consumption in pregnancy, for example, several factors have been 

found to be associated with low fish consumption such as being a single parent, lower 

levels of maternal education, high level of family adversity, crowding in the family 

home and not being a home owner as well as poor lifestyle factors such as not 

breastfeeding, low parenting scores and smoking.12 Many of these factors are also 

believed to have an effect on infant and child development.  

 

Also noteworthy is that it can be difficult to measure exact exposure to a hypothesised 

risk factor or protective nutrient. In cohort studies, fish intake, for example, is 

typically measured with a Food Frequency Questionnaire that requires individuals to 

recall their diet during a specified period of time. These questionnaires rely heavily on 

memory and accuracy of serving size estimate are subject to exaggerated healthy 

habits and underestimation of unhealthy behaviours. Additionally, the DHA content of 

the fish can only be estimated in such studies so that estimated fetal exposure to DHA 

may vary around the true value. Furthermore, women with high fish intakes during 

pregnancy may be more likely to have high fish intakes after pregnancy (such as 

whilst breastfeeding) and their children may be more likely to have a diet that 

includes fish. Therefore, the exposure period is not just during pregnancy but across 

the lifespan. Such an ongoing difference in lifestyle is difficult to adjust for adequately.  

 

Several studies have suggested that cohort studies have a tendency to inflate positive 

effects compared with RCTs. One notable study found 56% of non-randomised trials 

found a positive treatment effect compared with 30% of RCT119 and this finding has 
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been replicated in other studies.119-122 Thus cohort studies are subject to multiple 

sources of bias and can only indicate associations, not causality.  

 

BENEFITS OF RANDOMISED CONTROLLED TRIALS  

 

Randomised control trials (RCTs) are considered the gold standard for evaluating the 

effect of an intervention or treatment whilst minimising the influence of possible 

bias.123 RCTs explore the effect of a treatment or intervention by comparing pre-

defined outcomes of a group exposed to the intervention with the outcomes of a 

group who were not exposed. The only difference between the groups in a well 

conducted RCT is the presence or absence of treatment, thus any differences between 

the groups can be attributed to the intervention.123 Much of the benefit of RCTs is due 

to the randomisation process and concealed intervention allocation.   

 

Randomisation refers to the process by which participants are randomly assigned to 

the treatment group, where they receive the treatment or intervention being 

investigated, or the control group, where they receive a placebo or standard 

treatment and act as a comparison for the treatment group. Proper randomisation 

necessitates that once allocated to a group, a participant cannot be relocated or 

determined ineligible because any deviation from the predetermined randomisation 

schedule implies that the process is no longer random and may increase the risk of 

bias.124 There is a major benefit of randomised allocation;125,126 elimination of 

conscious or unconscious bias in group allocation, known as Selection Bias.127 

Selection Bias is a systematic difference in characteristics (not attributable to the 

intervention) between groups.128 Randomisation ensures that personnel enrolling 

participants cannot assign individuals they think will have a better outcome to the 

treatment group or assign to the control group those that they think would not benefit 

from treatment. Proper randomisation also establishes groups where possible 

confounding characteristics are distributed evenly throughout both study groups so 

that any difference in outcome can be attributed to the intervention.123 Good quality 

randomisation also allows estimation of the probability that any differences between 

the groups arose due to chance.125,126 Minimising the bias associated with possible 
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confounding characteristics of participants (and equality in the handling of participants 

discussed below) allows the use of probability theory to calculate the possibility of 

results arising due to chance and thus determine whether or not there is an effect of 

an intervention.  

 

Concealed allocation prevents participants and investigators from guessing group 

allocation and thus promotes blinding. Blinding inhibits conscious and unconscious 

difference in the treatment of a participant or biased perception of outcomes based on 

expectations of the treatment/placebo and therefore prevents Performance Bias and 

Detection Bias. Performance bias is systematic differences between the groups in the 

treatment of individuals and evaluation of outcomes.128 Detection Bias is systematic 

differences between the groups in the evaluation of outcomes.128 Performance bias 

and detection bias can influence the results of a study and need to be minimised in 

order for study results to be viewed with confidence.  

 

Another important aspect of RCT’s is the intent-to-treat (ITT) principle in which every 

individual assigned to a group is included in the analyses regardless of compliance to 

the intervention or trial protocol.123 Many trials conduct per-protocol or efficacy 

analyses that include individuals who adhered to the trial protocol only. This technique 

will provide information about the effects of a specific dose or time interval but may 

involve bias as the general population doesn’t necessarily adhere to treatment 

protocols, therefore generalisation of an effect is limited.123 Participants who adhere to 

treatment have a tendency for better outcomes compared with those who do not 

adhere, irrespective of group allocation (as reviewed by123,129). Excluding non-

adherent participants disrupts the randomisation schedule, introducing bias and 

exaggerated treatment effects as participants included in the analyses are those more 

likely to have a better outcome.124,130,131  

 

With this background, it is clear that RCTs are needed to evaluate the efficacy of 

maternal DHA supplementation during pregnancy on offspring cognitive development. 

Not surprisingly, a number of RCTs of DHA during pregnancy are increasingly being 
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reported with varying and often complex results. It is therefore vital to have a process 

to comprehensively synthesise and analyse these data.  
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SYSTEMATIC REVIEW AND META ANALYSIS OF RANDOMISED 
CONTROLLED TRIALS OF DHA SUPPLEMENTATION DURING 
PREGNANCY AND EARLY CHILDHOOD NEURODEVELOPMENT 
OUTCOMES 

 

The systematic review and meta analyses reported here have been accepted for 

publication in the American Journal of Clinical Nutrition (see Appendix 14).  

 

RATIONALE FOR THE REVIEW 

 

Systematic reviews of RCT’s are a way of establishing the effectiveness of a health 

intervention. Systematic reviews are meant to present a transparent exhaustive 

summary of the results of all relevant research. There are guidelines for authors 

conducting reviews, particularly for healthcare interventions (the PRISMA statement: 

preferred reporting items for systematic reviews and meta-analyses),132,133 as well as 

the Cochrane handbook.128 These documents provide instructions for searching the 

literature as well as synthesising and analysing data when conducting a 

comprehensive and transparent review.128,132,133 Interestingly, several reviews of DHA 

supplementation during pregnancy have already been conducted recently, however 

they have been standard narrative reviews and have failed to include all the relevant 

studies and outcomes, incorporate adequate assessments of trial quality and none 

were quantitative (included a meta analysis) or conducted according to the PRISMA 

statement or Cochrane Handbook.134-139 Meta analyses are an essential part of a 

literature review as a way of applying methodological rigor to a literature review, 

improving estimates of the size of an effect and resolving uncertainty where results 

are conflicting.  

 

The lack of consistent evidence in human observational studies and RCT’s has resulted 

in advisory bodies and government groups being reluctant to assign a recommended 

daily intake (RDI) of DHA during pregnancy.140-142 The Australian National Health and 
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Medical Research Council (NHMRC) and the New Zealand Ministry of Health have 

adopted an Adequate Intake for all omega-3 FAs during pregnancy (115mg/day).141 

Others have issued guidelines stating that pregnant women should aim for an intake 

of 200 mg/day of DHA143 whilst the Royal Australian and New Zealand College of 

Obstetricians and Gynaecologists advise that pregnant women avoid consuming 

omega-3 LCPUFA supplements due to the lack of high quality evidence.142 

 

A comprehensive systematic review of RCT’s conducted according to the Cochrane 

handbook128 and PRISMA statement132,133 with results quantified in a meta analysis 

would assist in forming evidence-based recommendations for pregnant women. The 

current review aims to evaluate the effect of maternal supplementation with DHA 

during pregnancy, or pregnancy and lactation, compared with a control supplement on 

neurodevelopment of the offspring.  

 

The objective of the review is to explore the effect of maternal DHA supplementation 

during pregnancy on the neurodevelopment of the offspring. The primary outcome is 

developmental standard score (DSS: in infants, toddlers and preschoolers) or IQ (in 

children). DSS and IQ were chosen as they are important indicators of overall 

cognitive development and because they capture some aspects EF as some of the 

underlying processes required to complete many developmental tasks. DSS/IQ 

measures of interest are those with standardised psychometric scales where the mean 

is 100 and standard deviation (SD) is 15. The secondary outcomes include other 

aspects of neurodevelopment, such as language, behaviour and motor development.  

 

METHODS 

 

Methods for this trial were based on the Cochrane Handbook Version 5.0.2128 and the 

PRISMA statement.132,133 
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CRITERIA FOR SELECTING STUDIES FOR THE REVIEW 

 

Relevant studies for the review included all published and unpublished RCTs that 

evaluated the effects of maternal DHA supplementation during pregnancy, or 

pregnancy and lactation, on the neurodevelopment of the offspring. Relevant 

participants for the review were pregnant women and their infants, regardless of 

whether they were born preterm (<37 weeks gestation) or at term. Relevant 

interventions for the review were supplementation with DHA during pregnancy, or 

pregnancy and lactation, compared with an inactive control. Supplementation of DHA 

includes supplements of DHA alone, DHA with other omega-3 LCPUFAs and/or omega-

6 LCPUFA supplements. DHA interventions included fish oil, algal oil and egg 

phospholipids, especially in the form of liquid oil, capsules or foods.  

 

The primary outcome of the review is DSS/IQ scores as they are standardised and 

include aspects of EFs. Secondary outcomes include other neurodevelopment in 

infancy and childhood, such as motor, language, behaviour and the percentage of 

infants and children with developmental delay. Neurodevelopment outcomes were 

analysed separately for infants (<12 months), toddlers (13-24 months), preschool (2-

5 years) and school age children (5-12 years) due to differences in the developmental 

abilities of these age groups. 

 

SEARCH METHODS FOR IDENTIFICATION OF STUDIES 

 

The Cochrane Central Register of Controlled Trials (CENTRAL), EMBASE, MEDLINE, 

PubMed, PsychInfo and CINAHL databases were searched for relevant articles using a 

search strategy tailored to each database based on the PubMed search; 

“Docosahex*enoic acid OR docosahex*enoate OR omega 3 OR n-3 OR LCPUFA OR 

PUFA OR long chain polyunsaturated fatty acid OR fish oil OR marine oil OR algal oil” 

AND “pregnant OR maternal OR prenatal OR transplancental OR placenta OR 

pregnancy OR gestation OR antenatal OR f*etal OR f*etus” AND “randomi*e* OR trial 

OR clinical OR supplement OR treatment OR intervention OR placebo OR control” AND 
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“cognitive OR cognition OR neurologic OR neurodevelopment OR psychological OR 

psychology OR intelligence OR IQ OR intelligent.” No language or date restrictions 

were imposed although searches were limited to studies on humans. The search was 

last conducted in November 2011 and the search engines used were set up to email 

new publications identified by the search on a monthly basis (last update received 

August 2012). The reference lists of eligible articles and review articles identified by 

the search were also checked for other potentially relevant articles.  

 

DATA COLLECTION AND ANALYSIS 

 

Studies were eligible for inclusion in the review if they were a human RCT that 

evaluated the effects of oral omega-3 LCPUFA (as a source of DHA) supplementation 

during pregnancy or pregnancy and lactation on the neurological development of the 

offspring. Non-randomised designs, including cluster trials, were excluded from the 

review. Trials were included if the DHA intervention contained other nutrients as long 

as the difference between the intervention and control groups was the presence or 

absence of DHA. Only studies with neurological (such as IQ and motor development) 

outcomes were of interest. Dr Smithers (PhD supervisor) and I independently 

assessed the titles, abstracts and, when necessary, the full text of the article for study 

eligibility while Prof Makrides (PhD supervisor) was available to review disagreements.  

 

Data from each included study were independently extracted by Dr Smithers and I 

using a modified version of the Cochrane Pregnancy and Childbirth Group Data 

Extraction Template (Appendix 1). Clarification of trial details and unpublished 

outcome data were requested (up to 3 times by email) from the authors of the studies 

by Decsi et al,19,144,145 Ramakrishnan et al,25 Karlsson et al22 and Helland et al20. 

Requested details were provided by Helland et al.  

 

The risk of bias in each study was independently assessed by all reviewers according 

to The Cochrane Collaboration’s tool for assessing risk of bias.128 Trial Quality was 

assessed through review of the domains outlined in Table 1. For each domain, a 
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judgment of risk of bias was given as; + =low risk of bias, – =high risk of bias or, 

? =unclear risk of bias (due to insufficient information to make a judgment). Review 

Manager Software 5.1 was used to generate risk of bias graphs with judgments for 

each of the individual trials and an illustration the proportion of trials judged to have 

low, high and unclear risk of bias for each domain of trial quality (see Results, Figure 

9 and 10).  
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Table 1. Domains for assessing risk of bias* as per the Cochrane Handbook 

Domain of Trial Quality +  
Low Risk of Bias 

–  
High Risk of Bias 

Sequence Generation 
    Selection Bias 

Was allocation sequence 
adequately generated? 

A true random sequence 
generation process was 
used 

A non-random sequence 
generation process was 
used 

Allocation Concealment 
 

Selection Bias 
Was allocation adequately 

concealed? 

Participants and 
investigators enrolling 
participants were unable 
to foresee intervention 
group assignment 

Participants and 
investigators enrolling 
participants were able to 
foresee intervention group 
assignment 

Blinding of Participants, 
Personnel and Outcome 
Assessors 

Performance Bias 
Was knowledge of allocated 

intervention prevented during the 
study? 

Blinding of participants 
and key study personnel 
or, lack of blinding but 
outcome measure 
unlikely to be affected 

Incomplete or lack of 
blinding of participants and 
key study personnel and 
outcome measure likely to 
be affected 

Incomplete Outcome Data  
Attrition Bias  

Was attrition in follow up 
assessments less than 20% of all 

those enrolled? 

Less than 20% of 
participants lost to follow  

20% or more participants 
were lost to follow up 

Incomplete Outcome Data  
 

Selective Reporting Bias 
Were incomplete outcome data 

addressed?  

No missing outcome data 
or, missing outcome data 
not likely to affect 
outcome-results for all 
outcomes reported in full 

Missing outcome data 
likely to affect outcome-
results for all outcomes not 
reported or reported 
incompletely 

Other bias 
Was the study apparently free of 
other problems that could put it 

at a high risk of bias? 

Study appears to be free 
of other sources of bias 

There is at least one 
important risk of bias  

*Domains could be judged to have: + =Low risk of bias, – =High risk of bias or, ? =Unclear risk of 

bias (insufficient information to make a judgment).  

Unclear risk of bias was not included in the table as criteria for this judgment was the same for each 

domain assessed 
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Individual women were the unit of randomisation in the included trials as well as the 

unit of analysis. Review Manager Software 5.1 was used to conduct meta analyses 

where appropriate. Continuous outcomes are reported as a mean difference with 95% 

confidence intervals. Dichotomous outcomes were to be reported as a risk ratio, odds 

ratio and risk difference. We planned to investigate whether there were differential 

effects of DHA supplementation by (a) the period of supplementation (pregnancy only 

or pregnancy and lactation), (b) the type of supplementation (omega-3 LCPUFA or 

omega-3 and omega-6 LCPUFA) and (c) dose of DHA (<250mg, 250-500mg, 

>500mg). Standardised neurodevelopment scores were analysed separately for 

infants (<12 months), toddlers (13-24 months), preschool (2-5 years) and school age 

children (5-12years). Within each age group, different assessments of 

neurodevelopment were included as subgroups due to differences in procedures and 

scoring. Where it was not logically possible to combine results in a meta analysis, 

results were systematically synthesised qualitatively.  

 

Heterogeneity was assessed by comparing the confidence intervals of the results of 

individual studies and the I2 statistic. Poor overlap indicates statistical heterogeneity 

and a X-squared test was used to assess whether the observed differences were due 

to chance alone. Where there was an absence of significant heterogeneity, results 

were pooled using a fixed-effect model. Where substantial heterogeneity was detected 

(I2 >50%), possible causes were explored and a random effects model was used. 

 

RESULTS 

 

The search returned a total of 481 articles, 348 of which remained after duplicates 

were removed (Figure 8). Of these 312 were excluded after the article abstracts were 

reviewed as they did not meet the inclusion criteria. The full text of 36 citations were 

examined in detail and 19 were excluded for not being a RCT (n=3) or not having 

neurological outcomes (n=15). One abstract from a conference146 was excluded as the 

full data was available in a published paper.144 Three studies could not be included in 

the DSS/IQ meta analyses as data were not available in the publications or from the 

study authors.19,22,25,145 Two papers from one trial outlined a DSS assessment at six 
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months19,145 and did not report the result. The other two were abstracts with relevant 

outcomes which did not include data,22,25 although other outcomes from these trials 

have been published in full.25,147-150 A total of 17 papers and abstracts involving nine 

trials were included in the review and seven were included in the meta analysis for the 

primary outcome of DSS or IQ.  
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Figure 8. Progress of randomised controlled trials identified and included in the 
systematic review and meta analysis. 

 

Literature search  
n=466 records from databases 

Literature search  
n=15 from other records 

n=36 full text articles examined for 
eligibility 

n=17 eligible reports from n=9 
RCTs included in qualitative 

synthesis 

Meta-analysis for DQ/IQ    n=7 
Meta-analysis for motor development     n=3 
Meta-analysis for language             n=2 
Other neurodevelopment examination n=10 

Excluded n=312 

Not omega-3 LCPUFA    n=89 
Not an RCT    n=143 
Not human study   n=35 
Not pregnancy study  n=45  

Excluded n=19 

Outcome not neurodevelopment  
    n=15 
Not an RCT    n=3 
Abstract only (full-text available 
elsewhere)   n=1 

n=348 once duplicates removed 
Titles and abstracts screened 
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SUMMARY OF INCLUDED STUDIES 

 

METHODS OF INCLUDED TRIALS 

 

All trials reported a double-blind randomised design (see Table 2 for methods). One 

trial generated the randomisation sequence with coloured marbles to represent trial 

groups,18 one trial used random number tables,19 two used the preferred method of 

computer generated sequences20,21 and five did not report how the randomisation 

sequence was generated.22-26 Concealed allocation was performed with the use of 

independent parties, central web-based or telephone randomisation or opaque 

envelopes.18,20-22,25 Blinding was undertaken in most trials by using treatment and 

control supplements that were identical in appearance19,21,22,26 and keeping research 

staff and outcome assessors blinded to group allocation.18,20-25 The tests used in each 

trial varied greatly as did age of the child at assessment. Where possible, data have 

been combined in meta analyses however these differences make it inappropriate to 

combine many results.  

 

PARTICIPANTS 

 

The trials involved a total of 5,272 participants (Table 2). All but two of the RCT’s 

were conducted in high-income countries. Of the RCTs conducted in low-to-middle 

income countries, one was in a population of healthy women25 whilst the other was in 

a population of undernourished women.26 The main inclusion criteria were women with 

a singleton pregnancy less than 20 weeks gestation, although two trials only included 

women with a history of allergic disease.22,23  
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INTERVENTION 

 

All of the included trials used an oral intervention including functional foods, capsules 

or liquid oil with omega-3 LCPUFA sourced from fish oils or algal oils. The dose of 

omega-3 LCPUFA was between 240-3,300 mg per day while DHA ranged from 200 to 

2,200 mg per day (Table 2), however, in one trial participants were not instructed to 

consume a set amount per day so DHA intake varied.18 Only one trial included a 

supplement with omega-6 LCPUFA.24 All trials included a control group, and most used 

a vegetable oil containing no omega-3 LCPUFA.18,20-26 Two trials involved more than 

two intervention groups so only the omega-3 LCPUFA and control groups were 

reported here and included in the analyses, unless otherwise stated.19,24 Planned 

subgroup analyses by dose of DHA and type of supplement was not possible due to 

lack of data. 

 

The supplementation period commenced between 14 and 28 weeks of gestation and 

ended at birth in eight trials.18,19,21,23,25,26 Three trials supplemented breastfeeding 

women for 3-3.5 months after birth20,22,24 but only one of these also supplemented the 

formula fed infants.20 One trial that ended the intervention at birth used DHA-

supplemented formulas for infants who were not breastfed.19 
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Table 2. Summary of methods and outcomes of trials included in the review  
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RISK OF BIAS  

 

See Figure 9 for a summary of the risk of bias associated with each trial and Figure 10 

for a graph of bias associated with each of the trial quality domains. Most reports 

lacked sufficient clarity or the trials did not have independent processes for generating 

the randomisation sequence.18,19,23,24,26 Furthermore some did not fully report 

concealing the treatment allocation,18,19,24,26 both of which increase the risk of 

selection bias. One trial that did seem to conceal group allocation from study 

personnel supplemented the treatment group with liquid cod liver oil and the control 

group with liquid corn oil20 which distinctly differ in taste so that participants would 

not have been blinded. Follow-up rates and attrition varied between the studies and 

two trials did not report the number of children lost to follow-up or the number of 

participants originally enrolled.22,25 Only one trial had a follow-up rate of ≥80%,21 

which is the minimum follow-up considered acceptable for minimising attrition bias.128 

This trial invited all preterm children and a random subsample of term children to 

complete the cognitive assessment based on a predetermined sample size estimate.21 

The other trials suffered high attrition (between 27-86%),18-20,23,24,26,151-155 two with 

higher attrition from the treatment group compared with the control.23,151,152 While the 

most likely reason for attrition was inability to have participants attend appointments, 

some attrition could be linked to post-randomisation exclusion criteria including non-

compliance with the intervention,26 complications during the pregnancy,18,24,25 preterm 

birth20,23,24 and infant anomalies or disorders likely to effect development.20 Such post-

randomisation exclusion and attrition can contribute to systematic loss to follow-up 

and, in the reviewed trials, increases the risk of bias associated with the already small 

and underpowered samples.18,19,23-26,151,152 Furthermore, publication bias may arise as 

several trials have not been published in full18,19,22,25,145 and most of these have 

reported null findings according to the available abstracts22,25 and doctoral thesis.18 

One trial supplemented breastfeeding women until three months after delivery but did 

not provide formula to those not breastfed.24 The authors stated that none of the 

formulas on the market at the time of the study contained DHA, but did not attempt 

to supplement those from the treatment group who were not breastfed.24 The 

majority of the trials adequately blinded participants and outcomes assessors to 

minimise the risk of performance and detection bias.  
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Figure 9. Risk of bias of trials included in the review assessed according to the Cochrane 
Handbook 
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 25% 50% 75% 100%

Low risk of bias Unclear risk of bias High risk of bias

 

Figure 10. Proportion of trials included in the review judged to have low, unclear and high 
risk of bias for each domain of trial quality according to the Cochrane Handbook 

 

RESULTS OF INCLUDED STUDIES: COGNITIVE OUTCOMES 

 

Nine trials reported 11 cognitive development outcomes measured with a global age-

standardised assessment, although the means and SDs of three of these assessments 

have not been published and were not available from the authors for inclusion in the 

meta analysis.19,22,25 Trials of supplementation during pregnancy or pregnancy and 

lactation resulted in no difference between the treatment and control group for 

cognition measured with standardised psychometric scales for infants (<12 months: 

MD 1.00; 95% CI -0.96 to 2.96; n=249; p=0.32), toddlers (12-24 months: MD -0.08; 

95% CI -1.72 to 1.57; n=801; p=0.93), or school aged children (5-12 years: MD 

0.36; 95% CI -2.61 to 3.32; n=225; p=0.81) although preschool children (2-5 years) 

in the treatment group had a 3.92 point increase in DSS score compared with controls 

(MD 3.92; 95% CI 0.77 to 7.08; n=156; p=0.01) (Figure 11. A). Supplementation 

during pregnancy only showed no advantage for toddlers (12-24 months: MD 0.06; 

95% CI -1.66 to 1.78; n=726; p=0.95), preschool children (2-5 years: MD 3.70; 95% 

CI -1.02 to 8.42; n=72; p=0.12) or school aged children (5-12 years: MD 0.00; 95% 

CI -5.52 to 5.52; n=82; p=1.00) (Figure 10. B). Ramakrishnan et al25 and Decsi et 

al19 conducted 18 month DSS assessments but did not report data although 
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Ramakrishnan et al reported there was no difference between the groups.25 There 

were no data for inclusion in the meta analysis for infants. Only one trial reported the 

proportion of children with delayed cognitive development (DSS<85) and showed that 

fewer toddlers in the treatment group (n=11/351 (2.7%)) had developmental delay 

compared with controls (n=24/375 (6.6%)).21 
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<12 months  

Study or Subgroup
1.1.1 BSID II
Tofail 2006
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.00 (P = 0.32)

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.00 (P = 0.32)
Test for subgroup differences: Not applicable

Mean

102.5

SD

8

Total

125
125

125

Mean

101.5

SD

7.8

Total

124
124

124

Weight

100.0%
100.0%

100.0%

IV, Fixed, 95% CI

1.00 [-0.96, 2.96]
1.00 [-0.96, 2.96]

1.00 [-0.96, 2.96]

Experimental Control Mean Difference Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours control Favours DHA

12-24 months 

Study or Subgroup
1.2.1 BSID II
Van Goor 2011
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.53 (P = 0.60)

1.2.2 BSID III
Makrides 2010
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.07 (P = 0.95)

Total (95% CI)
Heterogeneity: Chi² = 0.28, df = 1 (P = 0.60); I² = 0%
Test for overall effect: Z = 0.09 (P = 0.93)
Test for subgroup differences: Chi² = 0.28, df = 1 (P = 0.60), I² = 0%

Mean

113.7

101.81

SD

13

11.05

Total

41
41

351
351

392

Mean

115.2

101.75

SD

11.6

12.56

Total

34
34

375
375

409

Weight

8.7%
8.7%

91.3%
91.3%

100.0%

IV, Fixed, 95% CI

-1.50 [-7.07, 4.07]
-1.50 [-7.07, 4.07]

0.06 [-1.66, 1.78]
0.06 [-1.66, 1.78]

-0.08 [-1.72, 1.57]

Experimental Control Mean Difference Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours control Favours DHA
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A 
2-5 Years 

Study or Subgroup
1.3.1 Griffiths Mental Development Scales
Dunstan 2008
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.54 (P = 0.12)

1.3.2 K-ABC
Helland 2003
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.89 (P = 0.06)

Total (95% CI)
Heterogeneity: Chi² = 0.02, df = 1 (P = 0.90); I² = 0%
Test for overall effect: Z = 2.44 (P = 0.01)
Test for subgroup differences: Chi² = 0.02, df = 1 (P = 0.90), I² = 0%

Mean

114.2

106.4

SD

9.8

7.4

Total

33
33

48
48

81

Mean

110.5

102.3

SD

10.6

11.3

Total

39
39

36
36

75

Weight

44.7%
44.7%

55.3%
55.3%

100.0%

IV, Fixed, 95% CI

3.70 [-1.02, 8.42]
3.70 [-1.02, 8.42]

4.10 [-0.14, 8.34]
4.10 [-0.14, 8.34]

3.92 [0.77, 7.08]

Experimental Control Mean Difference Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours control Favours DHA

 
5-12 years  

Study or Subgroup
1.4.1 K-ABC
Campoy 2011
Helland 2003
Subtotal (95% CI)
Heterogeneity: Chi² = 0.02, df = 1 (P = 0.88); I² = 0%
Test for overall effect: Z = 0.23 (P = 0.81)

Total (95% CI)
Heterogeneity: Chi² = 0.02, df = 1 (P = 0.88); I² = 0%
Test for overall effect: Z = 0.23 (P = 0.81)
Test for subgroup differences: Not applicable

Mean

110
109.7

SD

11
9.8

Total

37
82

119

119

Mean

110
109.2

SD

14.5
11.2

Total

45
61

106

106

Weight

28.9%
71.1%

100.0%

100.0%

IV, Fixed, 95% CI

0.00 [-5.52, 5.52]
0.50 [-3.02, 4.02]
0.36 [-2.61, 3.32]

0.36 [-2.61, 3.32]

Experimental Control Mean Difference Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours control Favours DHA
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B <12 months 
No data 

12-24 months 

Study or Subgroup
2.1.1 BSID III
Makrides 2010
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.07 (P = 0.95)

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.07 (P = 0.95)
Test for subgroup differences: Not applicable

Mean

101.81

SD

11.05

Total

351
351

351

Mean

101.75

SD

12.56

Total

375
375

375

Weight

100.0%
100.0%

100.0%

IV, Fixed, 95% CI

0.06 [-1.66, 1.78]
0.06 [-1.66, 1.78]

0.06 [-1.66, 1.78]

Experimental Control Mean Difference Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours control Favours DHA

2-5 Years 

Study or Subgroup
2.2.1 Griffiths Mental Development Scales
Dunstan 2008
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.54 (P = 0.12)

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.54 (P = 0.12)
Test for subgroup differences: Not applicable

Mean

114.2

SD

9.8

Total

33
33

33

Mean

110.5

SD

10.6

Total

39
39

39

Weight

100.0%
100.0%

100.0%

IV, Fixed, 95% CI

3.70 [-1.02, 8.42]
3.70 [-1.02, 8.42]

3.70 [-1.02, 8.42]

Experimental Control Mean Difference Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours control Favours DHA

5-12 years 

Study or Subgroup
Campoy 2011

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00)

Mean
110

SD
11

Total
37

37

Mean
110

SD
14.5

Total
45

45

Weight
100.0%

100.0%

IV, Fixed, 95% CI
0.00 [-5.52, 5.52]

0.00 [-5.52, 5.52]

Treatment Control Mean Difference Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours control Favours treatment

Figure 11. Meta analysis forest plots of weighted mean differences for cognitive DSS/IQ 
score measured with a standardised scale (mean x=100, SD=15) after supplementation 
with omega-3 LCPUFA during (A) pregnancy and lactation and (B) pregnancy only. 
Analyses were based on the age of the child at assessment and the subgroup analyses 
were based on instrument used to measure cognition.   
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Motor development (Figure 12 A & B) did not differ between the groups at any age 

regardless of whether supplementation took place in pregnancy and lactation or 

pregnancy only. There was a high degree of heterogeneity in the analyses of motor 

scores of toddlers. This may be explained by the different versions of the BSID used 

(II and III) and/or the quality of the respective trials.21,155 It may not be possible to 

combine these studies in a meaningful way, although both reported no difference 

between the groups.21,155  
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A <12 months  

Study or Subgroup
1.5.1 BSID II
Tofail 2006
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.90 (P = 0.37)

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.90 (P = 0.37)
Test for subgroup differences: Not applicable

Mean

101.7

SD

10.9

Total

125
125

125

Mean

100.5

SD

10.1

Total

124
124

124

Weight

100.0%
100.0%

100.0%

IV, Fixed, 95% CI

1.20 [-1.41, 3.81]
1.20 [-1.41, 3.81]

1.20 [-1.41, 3.81]

Experimental Control Mean Difference Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours control Favours DHA

12-24 months 

Study or Subgroup
1.6.1 BSID II
Van Goor 2011
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.80 (P = 0.07)

1.6.2 BSID III
Makrides 2010
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.07 (P = 0.94)

Total (95% CI)
Heterogeneity: Tau² = 5.24; Chi² = 2.79, df = 1 (P = 0.09); I² = 64%
Test for overall effect: Z = 0.78 (P = 0.43)
Test for subgroup differences: Chi² = 2.79, df = 1 (P = 0.09), I² = 64.2%

Mean

95.8

102.63

SD

11.4

10.17

Total

41
41

351
351

392

Mean

91.7

102.57

SD

8.3

11.5

Total

34
34

375
375

409

Weight

36.1%
36.1%

63.9%
63.9%

100.0%

IV, Random, 95% CI

4.10 [-0.37, 8.57]
4.10 [-0.37, 8.57]

0.06 [-1.52, 1.64]
0.06 [-1.52, 1.64]

1.52 [-2.29, 5.32]

Experimental Control Mean Difference Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favours control Favours DHA

2-5 Years 

Study or Subgroup
1.7.1 Griffiths Mental Development Scales
Dunstan 2008
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.57 (P = 0.12)

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.57 (P = 0.12)
Test for subgroup differences: Not applicable

Mean

112.5

SD

12.2

Total

33
33

33

Mean

107.9

SD

12.6

Total

39
39

39

Weight

100.0%
100.0%

100.0%

IV, Fixed, 95% CI

4.60 [-1.14, 10.34]
4.60 [-1.14, 10.34]

4.60 [-1.14, 10.34]

Experimental Control Mean Difference Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours control Favours DHA

5-12 years  
No data 
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B <12 months 
No data 

12-24 months 

Study or Subgroup
2.3.1 BSID III
Makrides 2010
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.07 (P = 0.94)

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.07 (P = 0.94)
Test for subgroup differences: Not applicable

Mean

102.63

SD

10.17

Total

351
351

351

Mean

102.57

SD

11.5

Total

375
375

375

Weight

100.0%
100.0%

100.0%

IV, Fixed, 95% CI

0.06 [-1.52, 1.64]
0.06 [-1.52, 1.64]

0.06 [-1.52, 1.64]

Experimental Control Mean Difference Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours control Favours DHA

2-5 Years 
No data 

5-12 years  
No data 

Figure 12. Meta analysis forest plots of weighted mean differences for motor 
development quotient measured with a standardised scale (mean x=100, SD=15) after 
supplementation with omega-3 LCPUFA during (A) pregnancy and lactation and (B) 
pregnancy only. Analyses were based on the age of the child at assessment and the 
subgroup analyses were based on instrument used to measure motor development. 

 

There was no difference between groups in the meta analyses for language 

development (Figure 13). One study examined the effect of supplementation x sex on 

language development and found no effect for boys although treatment group girls 

had lower mean language scores and increased risk of delayed language development 

compared with control group girls.21   
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<12 months 
No data 
 
12-24 months 

Study or Subgroup
1.8.1 BSID III
Makrides 2010
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.37 (P = 0.17)

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.37 (P = 0.17)
Test for subgroup differences: Not applicable

Mean

96.47

SD

13.63

Total

351
351

351

Mean

97.94

SD

15.33

Total

375
375

375

Weight

100.0%
100.0%

100.0%

IV, Fixed, 95% CI

-1.47 [-3.58, 0.64]
-1.47 [-3.58, 0.64]

-1.47 [-3.58, 0.64]

Experimental Control Mean Difference Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours control Favours DHA

 

2-5 Years 

Study or Subgroup
1.9.1 Peabody Picture Vocabulary Test
Dunstan 2008
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.65 (P = 0.10)

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.65 (P = 0.10)
Test for subgroup differences: Not applicable

Mean

101.3

SD

9.9

Total

31
31

31

Mean

97.4

SD

9.7

Total

39
39

39

Weight

100.0%
100.0%

100.0%

IV, Fixed, 95% CI

3.90 [-0.73, 8.53]
3.90 [-0.73, 8.53]

3.90 [-0.73, 8.53]

Experimental Control Mean Difference Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours control Favours DHA

 
 
5-12 years  
No data 

Figure 13. Meta analysis forest plots of weighted mean differences for language 
development quotient measured with a standardised scale (mean x=100, SD=15) after 
supplementation with omega-3 LCPUFA during pregnancy only. Analyses were based on 
the age of the child at assessment and the subgroup analyses were based on instrument 
used to measure language development.  

 

Additional standardised measures, which were outcomes of the global psychometric 

tests, generally showed no difference between the groups with the exception of hand-

eye coordination23 (Table 3). Subscales of the Kaufman Assessment Battery for 

Children (K-ABC), used in two trials,149,152 showed no difference between the 

randomisation groups in 6.5 and 7 year olds. Subscales of the Griffiths Mental 

Development Scales (GMDS), used in one trial,23 showed no difference between the 
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treatment and control groups at 2.5 years of age except in the eye and hand 

coordination subscale where the treatment group scored higher by 6 points. One 

trial,21 found no effect on subscales of the BSID III in 18 month old toddlers. Although 

data were not available, benefits of DHA supplementation were reported on an 

executive task and visuo-spatial block design task but not memory or language tasks 

of the Wechsler Preschool and Primary Scale of Intelligence version III (WPPSI-III).22 
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Table 3. Mean differences and 95% confidence intervals between treatment groups in 
randomised controlled trials of DHA supplementation during pregnancy for subscales of 
psychometric tests  

Test: Subscale Trial (s) Age n Mean diff (95% 
CI) 

KABC: Sequential 
Processing 

Decsi 2005 149 
Helland 2001 

152 

6.5 & 
7 yrs 

225 2.00 (-1.62, 5.62) 

KABC: Simultaneous 
Processing 

Decsi 2005 149 
Helland 2001 

152 

6.5 & 
7 yrs 

225 -0.56 (-3.17, 2.05) 

KABC: Non Verbal Helland 2001 
152 

7 yrs 143 -0.10 
(-3.33, 3.13) 

GMDS: Personal Social Dunstan 2008 
23 

2.5 yr 72 3.00 
(-2.43, 8.43) 

GMDS: Speech and Hearing Dunstan 2008 
23 

2.5 yr 72 2.40 
(-4.53, 9.33) 

GMDS: Eye and Hand 
coordination 

Dunstan 2008 
23 

2.5 yr 72 6.00 
(1.03, 10.97)* 

GMDS: Performance Dunstan 2008 
23 

2.5 yr 72 5.10 
(-1.00, 11.20) 

GMDS: Practical Reasoning Dunstan 2008 
23 

2.5 yr 72 0.70 
(-6.13, 7.53) 

BSID III: Social Emotional Makrides 
2010 21 

18 mo 726 -0.95 
(-3.51, 1.61) 

BSID III: Social Emotional Makrides 
2010 21 

18 mo 726 -1.58 
(-3.65, 0.49) 

WPPSI III: NR Karlson 2010 
22 

4  
yr 

NR NR 

KABC: Kaufman Assessment Battery for children 
GMDS: Griffiths Mental Development Scales 
BSID III: Bayley Scales of Infant Development version 3 
WPPSI III: Wechsler Preschool and Primary Scale of Intelligence version 3 
*p =0.02 
 

RESULTS OF INCLUDED STUDIES: NEURODEVELOPMENTAL 
OUTCOMES 

 

No effect was reported on early childhood behaviour measured with the Child 

Behaviour Checklist,23 behaviour scales developed by Wolke,26 the Infant 

Characteristic Questionnaire or the Revised Infant Temperament Questionnaire.18 No 

group differences were found in other non-psychometric measures of 

neurodevelopment, such as an electroencephalogram,20 the Fagan test of Infant 

Intelligence,20,153 neonatal neurological examination (based on motor behaviour)24 and 
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the Hempel neurological examination (based on motor behaviour).144,155 However, one 

of these trials found that the omega-3 LCPUFA group had lower general movement 

quality than the control group at 12 weeks but not at two weeks or 18 months of 

age24 and another found that the treatment group performed better on the Willatts 

problem solving task153 and had fewer arousals during quiet sleep than controls, 

although other aspects of sleep patterning did not differ.154 

 

DISCUSSION 

 

This systematic review and meta analysis included published and unpublished RCTs of 

omega-3 LCPUFA supplementation in pregnancy with cognitive or neurodevelopment 

outcomes. There was no effect on DSS or IQ, except in the 2-5 year age group where 

the LCPUFA group was advantaged. Several important points should be noted when 

interpreting these results. 1) The majority of the trials included in the analyses had 

relatively small samples (n<100 enrolled per group)18,22-24 and were powered to detect 

relatively large differences rather than the modest effects that might be expected 

from a nutritional intervention. 2) The majority of trials were of relatively poor quality 

and did not clearly report the process for generation of the randomisation sequence or 

concealment of allocation18,19,23,24,26 to allow a risk of bias judgement.128 3) Attrition 

was high (up to 86%) in the majority of trials and in two there was selective loss from 

the treatment group20,23 which may also introduce systematic bias. 4) Few trials 

conducted ITT analyses and many had post-randomisation 

exclusions19,20,149,151,152,154,155 which may introduce systematic bias by disrupting the 

randomisation schedule. It is known that complaint participants generally have better 

outcomes (as reviewed by123)129 so the effect measured in those remaining will be 

exaggerated.124,130,131 5) Many of the trials conducted multiple comparisons on small 

samples with no correction to avoid a Type I error.18,19,23 6) Not all known data were 

available from study authors for inclusion in the review.19,22,25,145 Given these 

methodological limitations, the data included in this systematic review cannot be 

viewed with a high degree of confidence. To date there has been only one trial which 

is likely to be free of bias.21 This trial found no effect on mean DSS scores at 18 

months although there were fewer children in the intervention group who had 

developmental delay compared with controls.21 This trial indicates that DHA 
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supplementation may be effective at preventing developmental delay and is consistent 

with a RCT of DHA supplementation in preterm infants156 and the ALSPAC study of fish 

and seafood intake during pregnancy.12  

 

Motor and language development showed no effect of DHA supplementation in the 

meta analyses. Confidence in these results is subject to the same limitations and risks 

of bias as for the cognitive outcomes. Less data were available for motor and 

language quotients compared with the mental/cognitive quotient as these measures 

were generally subscales from the DSS or IQ tests and not all assessments had 

relevant subscales. Other psychometric test subscales showed no difference between 

groups21,149,152 except for eye and hand coordination measured in one trial although 

the authors admit this may be a Type I error due to the number of comparisons in a 

small sample.23 One trial reported group differences on two individual tasks of a 

psychometric test although actual data were not available.22 

 

Non-standardised tests showed no effect of supplementation on behaviour18,23,26 or 

neurodevelopment20,144,153,155 measured with a variety of assessments. Treatment 

group infants had better problem solving abilities153 and less arousal during quiet 

sleep154 than controls but the RCT involved had a small sample (n=29 and n=28, 

respectively) and a high risk of bias.18  

 

Two trials found adverse effects of supplementation;21,24 one found lower language 

scores and increased risk of delayed language development in treatment group girls 

and compared with control group girls, although this was a secondary analysis and 

could be due to chance.21 Furthermore, treatment group girls scored higher than did 

boys in both group.21 The other trial found DHA group children had lower general 

movement quality compared with the control group and 2 and 12 weeks of age,24 

however the effect was not apparent in a later follow up with a more reliable 

assessment.155 Supplementation does not seem to adversely affect offspring 

neurodevelopment.  
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There seems to be a discrepancy between the benefits of fish intake reported in  

cohort studies12,14-17 and the lack of effect found in the majority of RCT’s18-22,24-

26,144,149,152,155. The discrepancy may be due to methodological limitations of many of 

the RCT’s, such as small samples. It is also possible that factors related to fish intake 

have not been sufficiently controlled for in the cohort studies and are influencing the 

result.12,118 A study of the effect of breastfeeding on child cognitive development found 

maternal IQ, maternal education and home environment were the biggest predictors 

of child IQ157 despite numerous previous studies suggesting beneficial effects of 

breastfeeding on child cognitive development (see158 for review and meta-analysis). 

Observational studies have a propensity to inflate positive treatment effects.119-122 

 

More generally, the effect of a DHA intervention is likely to be modest because it is a 

single nutrient. There are physiological mechanisms to maximise delivery to the 

fetus85,86 so a specific effect of an intervention will be difficult to detect, especially in 

otherwise healthy populations who have not been exposed to states of major 

depletion (such as prematurity and fetal growth retardation). Therefore sample sizes 

for omega-3 LCPUFA interventions during the perinatal period need to be large in 

order to detect realistic modest effects. Additionally large sample sizes increase the 

probability that genetic and environmental influences on neurodevelopment are 

balanced between groups and do not confound trial outcomes. However, many of the 

RCTs included in this review had small samples18,22-24 and only two accounted for 

environmental stimulation,21,26 seven for maternal education,18,20,21,23,26,149,155 and 

none measured parental cognition. 

 

The effect of fetal omega-3 LCPUFA is also likely to be specialised to specific areas and 

functions of the brain as indicated by the animal models of deficiency (see reviews 
29,159,117). However, most of the studies reviewed assessed cognitive development 

with global measures such as the outdated Fagan Test of infant intelligence20,153 and 

DSS/IQ tests.19,21-23,25,26,149,151,152,155 Psychometric measures of neurodevelopment 

such as the BSID have the benefit of standardised administration and scoring but are 

designed for detecting children with developmental delay in a clinical setting in order 

to recommend treatment27-29 rather than identifying accelerated development or small 

or specific differences within the normal range.29 A further issue is that global 
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measures provide an aggregate score reflecting abilities across a range of neurologic 

domains so that they lack the sensitivity to detect development in specific areas of 

cognition distinct from overall cognitive development.117 Thus these measures are not 

suitable for detecting subtle effects of omega-3 LCPUFA supplementation on specific 

brain functions in healthy children.117 Non-psychometric measures, on the other hand, 

have large variability in their administration, scoring and interpretation but can be 

designed to target and explore neurological pathways thought to be effected by a 

specific nutrition intervention. Studies are increasingly recommending the use of tasks 

and paradigms that directly reflect neural systems hypothesised to be influenced by 

dietary manipulation and are capable of detecting minor or specific differences within 

the normal range of development rather than global assessments.29,116,117 The trials 

we reviewed predominantly used standardised measures. Future high-quality RCT’s 

will need appropriately specialised assessments to determine whether there is any 

effect of omega-3 LCPUFA supplementation during pregnancy and whether it is of 

clinical significance. If this is ignored it is possible to achieve findings that are 

counterproductive and misrepresentative of the true effect of an intervention.117 

 

This is the first comprehensive systematic review and meta analysis of the effect of 

omega-3 LCPUFA supplementation during pregnancy on child neurodevelopment. 

Unlike past reviews,134-138 I undertook an exhaustive search strategy and contacted 

authors to obtain unpublished data. Previous reviews have not conducted thorough 

searches and have been narrative with an emphasis on positive findings.134-139 By 

using well-established processes for conducting systematic reviews,128,132,133 I have 

determined that many of the trials of LCPUFA supplementation in pregnancy suffer 

from methodological weaknesses, and because of this, it is not possible to draw any 

strong inferences from these trials. This was compounded by the inability to access 

unpublished data from trials that were identified from clinical trial registers and 

conference proceedings.19,22,25,145 Data from these trials may have influenced the 

results of the meta analyses, particularly in the 2-5 year age group where the null 

findings reported in a conference abstract22 appears to contradict the meta analysis 

results. Planned analyses for dose effects and presence of omega-6 LCPUFA 

supplementation were unable to be performed due to lack of data.  

 



 

70 

 

CONCLUSION 

 

I conclude that the evidence does not support or refute the hypothesis that DHA 

supplementation during pregnancy improves child cognitive development. This review 

has highlighted that many trials had methodological problems; particularly that the 

majority of measures used were standardised global tests and therefore not 

appropriate for detecting a minor, neural system specific effect of DHA 

supplementation during pregnancy. Sensitive, valid and reliable measures of the 

specific areas of the brain thought to be effected by fetal DHA availability in well-

powered and high-quality trials such as Makrides et al’s21 are necessary to 

conclusively establish whether DHA supplementation in pregnancy influences 

neurological development in the offspring. The results of specialised assessments in 

such trials will be important to form the basis of evidence based guidelines for 

pregnant women. 
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RATIONALE FOR A NEW ASSESSMENT OF COGNITIVE 
DEVELOPMENT IN A RANDOMISED CONTROLLED TRIAL OF 
MATERNAL DHA DURING PREGNANCY  

 

There has been a cry for nutritional interventions to use appropriate cognitive 

measures sensitive enough to detect nutritional influences.29,117,159 An assessment 

capable of detecting an effect of maternal DHA supplementation on offspring cognition 

would need to target the areas of the brain thought to be effected by fetal DHA 

availability; the frontal lobes and hippocampus.58-61 Given the prolonged physiological 

development and organisation of these neural areas during childhood, tasks that 

involve this region are ideal for investigating the neural bases of cognitive 

development.69 The frontal lobes and hippocampus are responsible for higher-order 

cognitive skills known as EFs which are believed to emerge at the age of 2 years.74 To 

evaluate the effect of DHA supplementation, comprehensive assessments of a range 

of EF skills should be used.160 There are three important EFs skills that can be easily 

measured in young children and which have a well-documented early childhood 

development in the developmental psychology literature; Attention, Working Memory 

(WM) and Inhibitory Control (IC). Furthermore, these three skills have been found to 

be predictive of later outcomes. To ascertain whether these skills are affected by 

supplementation, measures that specifically target attention, WM and IC should be 

used rather than multifaceted measures that may also reflect non-EF skills such as 

general intelligence or language.161 As mentioned above, the RCT in which these tests 

are administered needs to be of high quality so that differences in test performance 

can be attributed to the intervention rather than possible sources of bias. The review 

identified such a RCT21 in which measures of EFs would provide an indication of the 

effect of increased fetal DHA exposure.   
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ASSESSMENT OF THE FRONTAL LOBES AND HIPPOCAMPUS 
 

ATTENTION 

 

Attention is the ability to focus on one important stimulus (sensory stimuli can be 

visual, auditory or somatic) while disregarding or excluding sensory input from other 

less important stimuli. When functioning appropriately, attention is selective to 

important stimuli and is well sustained, even in the presence of distractions.162 

Attention can be divided into selective (identifying sensory input to attend to), 

vigilance (maintenance of attention while resisting distracting events; categorised 

according to depth of processing of the visual input) and control (process by which 

higher levels of the brain direct the activity of lower levels).162-165 The state of 

attention during vigilance can be divided into several distinct states based on 

HR;164,166-169 one phase in which attention is voluntarily focused and there is cognitive 

processing or encoding of the stimulus,164,167-169 and one in which attention is casually 

engaged to a stimulus of interest but processing is not taking place.164,169,170  

 

Measures of attention in infancy and childhood generally measure visual attention are 

useful indicators of future outcomes. Growth in attentional regulation (divide attention 

between stimuli, focus on important stimuli and inhibit distraction) has been found to 

predict growth in emergent literacy, vocabulary and math skills over the pre-

kindergarten year,171 is essential for enhancing and facilitating learning165 and 

contributes to early school success,172 school readiness and improved long-term 

cognition.171,172 Poor attention at the beginning of kindergarten (4 years 10 months to 

5 years 11 months) of age is associated with lower academic achievement and peer 

rejection when entering kindergarten.173,174 Impaired attention is even thought to limit 

ongoing development with some evidence that over time attentional problems may 

result in globally decreased abilities (see165 for a review). Individual variations in 

attention and effortful control have been found to be predictive of later social 

functioning, including moral conduct.78,175 Two reviews have concluded that measures 
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of attention in infancy are closely related to concurrent and later outcomes of 

traditional psychometric assessments of intelligence and language.160,176  

 

Attention in infancy is purely selective as attention is intuitively drawn to stimuli from 

the first day of life.163,166 For example movement in the visual periphery will result in 

the infant reflexively turning their eyes towards the movement. This type of attention 

is orienting and investigative; it is highly governed by novelty preference and 

facilitates infant learning.166 The neural sub-cortical networks responsible for this 

primitive form of attention are intact and functioning around birth but neural 

structures responsible for other forms of attention are immature at birth and mature 

throughout childhood and young adulthood.163,177 Basic attentional control emerges at 

the end of the first year and allows the infant to choose which stimuli to attend.166 The 

ability to sustain attention (and inhibit the impulse to shift the focus of attention) 

develops in toddlerhood, allowing toddlers to engage with complex toys.166 By 24 

months, children are able to plan their play, and modulate their behaviour in 

accordance with the plan, but can still be distracted by novel stimuli.166 Sustained 

visual attention (or inhibition of distraction) is most achievable when the child’s 

attention is concentrated on a toy(s),178-181 particularly when attention is focused 

(concentrated attention).115,167,182,183 The ability to sustain attention for longer periods 

during the preschool years is thought to reflect the maturation of the anterior 

attention subsystem and its control of the reflexive orienting attention subsystem.177  

 

Attention has been linked to frontal lobe functioning in a number of studies. The 

development of the frontal lobes is thought to be related to selective attention, which 

is voluntary (see162 for a review) and sustaining attention (see184 for a review). 

Sustaining attention for periods of time has been linked to frontal lobe functioning via 

studies of split brain, blood flow and lesions of the frontal lobe in adults (see184 for a 

review). A component of sustaining attention involves resisting distractions which is 

also dependent on frontal lobe functioning,185 hence adults with damage to the frontal 

cortex have difficulty maintaining attention to a conversation within a noisy crowded 

room186,187  
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Early attention is typically measured by providing an infant or child with a toy to play 

with freely and recording their eye-contact with the toy and/or heart rate.115,116,180-

182,188,189 Independent play with toys provides an opportunity to observe changes in 

the child’s spontaneous ability to focus attention and resist distraction. Variations of 

the measure include a) providing the child with multiple toys simultaneously so that 

the toys compete for attention, b) measuring the ability to allocate attention between 

numerous competing stimuli as opposed to c) one toy which measures attention span 

to a single stimulus in the absence of competing stimuli or d) placing a television in 

the background to distract the child from a toy(s) to measure their ability to maintain 

attention to a target object in the context of a competing stimulus.  

 

Generally, measures of attention in infants and children have explored the 

development of attention in early childhood,181,182,188,189 the neurological basis of 

attention190 and associations of attention with later developmental outcomes.78,165,171-

175 One study, published in two papers, has used measures of attention in infants and 

toddlers in the context of fetal DHA exposure.115,116 The study used an assessment 

based on various typical measures of infant attention from the developmental 

psychology literature in order to capture multiple attentional abilities in infants 4, 6, 8, 

12 and 18 months old. Furthermore, the authors validated a visual measure of the 

heart rate-defined states of attention in early childhood based on facial expressions 

and behaviours seen in the various states.115 This is a significant aspect of the 

assessment as heart rate monitoring provides an objective measure of the state of 

attention and is an ideal measure in infancy, but problematic in young children who 

find the monitor intrusive 191. The study found an association between favourable 

attention outcomes and maternal blood DHA above the median level.115,116 This 

specific assessment of attention during toddlerhood has demonstrated sufficient 

sensitivity to fetal DHA exposure. Additionally, individual components of the test have 

been linked with subsequent positive outcomes so the test can also serve as a useful 

indicator for future outcomes.  
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WORKING MEMORY AND INHIBITORY CONTROL 

 

Memory refers to the process of storing, retrieving and using information about 

stimuli, events and skills. There are several types of memory; each of which relate to 

specific structures, functions and processes. WM refers to the specific limited-capacity 

processes and structures related to the process of encoding, temporarily storing, 

manipulating and retrieving sensory information in order to complete complex tasks 

such as learning, problem solving, reasoning, attention and language.192 WM has been 

defined as consisting of three components;  

1. Auditory or Phonological loop: a phonological store for verbal and auditory 

based information and an articulatory control process which recycles a limited 

amount of speech based information. 

 2. Visuo-spatial sketchpad: stores and manipulates visual imagery and spatial 

information. 

3. Central Executive: (where the major processes of WM occur) coordinates, 

combines and switches attention between the auditory loop and the visuo-

spatial sketchpad by focusing on specific components of a task whilst 

suppressing irrelevant information. It is thought to have a limited capacity.  

193,194 

These three aspects of WM working together are illustrated by Goldstein (2008, p 

156) in the example of driving to a restaurant in an unfamiliar area with a friend 

reading out directions while the radio plays in the background; the auditory loop takes 

in the directions, the visuo-spatial sketchpad visualises a map of the streets leading to 

the restaurant and the central executive coordinates and combines the auditory 

directions with the visuo-spatial map of the streets, whilst also blocking out the 

radio.194  

 

IC is the ability to inhibit a learned or a habitual but irrelevant response to stimuli185 

as well as impulsivity175 and control or inhibition of the activation, processing or 
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expression of irrelevant information. Inhibition plays a role in temper control, 

repressing impulsive behaviour, delaying gratification, resisting temptation and self 

regulation.76,78 These abilities are fundamental to socialisation and building 

relationships.175 IC requires active, voluntary and conscious effort and involves 

modulating input from several cognitive systems such as memory and language.78  

 

WM and IC have been cited as principle components of executive functioning that play 

a significant role in normal and abnormal development.161,195 WM has been linked to 

school readiness, improved long-term cognition,171,172 emerging mathematical skills in 

preschool children aged 2-5 years196 as well as English and mathematic achievements 

in young school children,74 while poor WM at 5 years predicts poor reading skills at 8 

years.197 Individual differences in adult measures of WM have been linked to many 

aspects of higher order cognition such as reading comprehension, abstract reasoning, 

problem solving and complex learning.198 IC is thought to contribute to individual 

differences, developmental changes, or both in a wide array of cognitive abilities 

including intelligence, attention, memory, reading comprehension and performance on 

a variety of Piagetian tasks.68,185,199 IC has also been implicated in the development of 

emotion regulation, conscience and social competence.175,200 The ability to inhibit 

behaviour201 and control actions and thought202 facilitates social networking, school 

readiness75 and classroom learning in children. 

 

WM and IC (WMIC) can easily be measured in adults but it is problematic to assess 

conscious manipulation of information in animals and preverbal infants.117 In early life, 

WM and IC are also inextricably linked and are unable to be measured independently 

of one another until later in life. A comparison of a series of measures of EFs in 

preschool children concluded that in all age groups (18 months-6 years), the hardest 

tasks for children to perform are those that involve a combination of WM and 

inhibition.203 One task that has been found useful as a measure of individual 

differences in visual WM and IC abilities of infants and young children is the A-not-B 

task.204-206 The A-not-B paradigm stems from Piagets (1954) notion of Object 

Permanence in Infancy; infants are incapable of understanding that an object still 

exists when it is not in sight.207 This notion is easily demonstrated in the Peek-a-Boo 

game commonly played with infants where an adult will cover their face with their 
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hands and then pull them away quickly to surprise the infant. In the typical A-not-B 

task (illustrated in Figure 14), an infant or young child is shown a desirable object, 

which is then hidden from them (in location A) while they watch. After a small delay 

they are allowed to retrieve the object. Once retrieved, the object is hidden from them 

again, in the same location, while they watch and they are asked to retrieve it after a 

short delay. This is repeated several times to train the child or infant to look for the 

hidden object in location A, thus committing the action of searching in location A to 

long-term memory.208 After several repetitions in location A, the object is hidden in a 

new spot, location B, in full view of the child. There is a significantly longer delay, and 

possible distraction, before the child or infant is allowed to retrieve the object. In 

order to do so, they must retain the memory of the new hiding location and inhibit the 

learned response of reaching to location A for the toy.185,208 Locations A and B are 

typically wells cut out of a table in which a toy or reward can be hidden. At the start of 

the delay, infants plan to reach towards location B to retrieve the toy, however the 

intention decays during the delay until the long-term memory of the toy being hidden 

at location A dominates so that when the infant is allowed to retrieve the toy, they 

reach to location A.209 Reaching towards location A when the toy is hidden in location 

B is referred to as an A-not-B error.  
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Figure 14. Sequence of images illustrating the A not B paradigm  

1. Object being hidden in location A whilst child watches 
2. Child searching in location A after a delay of 3 seconds 
3. Object being hidden in location B whilst child watches 
4. Child searching in location A after a delay of 10 seconds (known as an A-not-B error, example of poor 
working memory and/or inhibitory control)  

 

Infants as young as 7½ months tested with the A-not-B task and are able to retrieve 

a toy hidden in location A after a delay of 2-3 seconds but make the A-not-B error 

when it is hidden in location B (see210 for review). This is due to the progressive 

disintegration of memory over longer delays.211,212 As infants age they can 

successfully retrieve a toy from location A and B after increasingly longer delays205,211-

214 as the frontal lobes and hippocampus mature (see215 for a review).  

 

WM is thought to emerge at an early age (see215 for a review) as young infants who 

are unable to reach for a hidden toy (under seven months of age205) can be tested 

with a visual version of the A-not-B task. In the training trials, the researcher hides 

the toy in location A and retrieves it themselves while the infant watches. To test the 

1 2 

3 4 
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infant, the toy is hidden in location B, and after a distraction, the infant is allowed to 

visually look at location A or B.216 Infant looking at location B is interpreted as infant 

knowledge of the toy being hidden at location B, whereas looking at location A is 

considered an A-not-B error.216 Alternatively, when the toy is hidden at location B, the 

researcher retrieves it from location A and measures infant looking.215 Visual attention 

to the violation of infant expectation is interpreted as evidence that the infant retained 

information regarding the toy and its hiding place.215 This version of the A-not-B task 

has been useful to explore infant abilities, although the reaching version (detailed in 

Figure 14) seems to elicit more A-not-B errors. Infants tested with both versions are 

less likely to make the error at location B if they did not retrieve a toy or reward 

hidden at location A.215-217 Furthermore, when gaze and reach was measured for the 

same trial it was common for infants to gaze at the correct location whilst reaching for 

the incorrect location.218 It may be that inhibiting a learned response to visually look 

at location A is easier than inhibiting a learned response to reach to a location.  

 

Generally, the A-not-B phenomenon has been used to explore the development of WM 

and IC in early childhood,185,204,205,208,209,214,219,220 the neurological basis of WM and 

IC,213,220 associations between visual WM, IC and later developmental 

outcomes171,172,175,221 and cognitive development of preterm children compared with 

term-born children.222-224 Infant distress and irritability when completing the A-not-B 

task at 9 months is predictive of symptoms of conduct disorder at 5 and 8 years of 

age, while delayed reaching on B trials is predictive of hyperactive symptoms at five 

years.225 Individual differences and the rate of change across infancy in performance 

on an A-not-B task at 7 and 14 months of age have been associated with global 

cognitive functioning at 14 months.221  

 

A-not-B task performance has been shown to reflect frontal lobe and hippocampus 

functioning via studies of monkeys with surgical lesions and temporary inactivation of 

various brain areas (see 67,184,210,214 for reviews) as well as frontal 

electroencephalography of infants undertaking the A-not-B task.213,226-228 Functional 

magnetic resonance imaging on children and young adults performing WM and IC 

tasks showed activity in the frontal lobes (see 69 for a review). Furthermore, success 

in the A-not-B task strongly correlates with electrical activity in the frontal lobes213,226-
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228 leading the authors to conclude that individual differences in A-not-B task 

performance is related to individual differences in frontal lobe development.184 

Monkeys with frontal lobe lesions were not able to retrieve a reward hidden in location 

A or location B even though they saw where it was hidden, whereas monkeys with 

lesions in the hippocampus were able to find the toy hidden in location A but made the 

A-not-B error when the toy was hidden in location B and the delay was 

increased.219,220 Schacter et al similarly found that patients with amnesia (impairment 

of structures such as the hippocampus) were able to find objects at location A but not 

B.229 Damage to the other areas of the brain does not result in deficits in the A-not-B 

task (see 214 for review). Adult measures of WM also add support the role of the 

hippocampus in remembering objects or features (numbers, colours) and their 

locations after short delays.230-232 Furthermore, smaller hippocampus volumes at term 

equivalent age was associated with poor performance on a similar version of the A-

not-B task (delayed alternation task) in preterm children aged two years whilst other 

areas of the brain had similar volumes to preterm children who performed the task 

adequately.233 

 

Most studies of the A-not-B phenomenon have been conducted with infants although 

the error can be seen at older ages when WM and IC are more developed.209,217 

Diamond et al were able to produce the A-not-B error in infants up to 12 months olds 

by increasing the delay before allowing the child to retrieve the toy.205 Zelazo et al 

found two-year-olds who had successfully retrieved a toy in location A would return to 

location A when the toy was hidden in location B.217 Schutte et al found 3-year-olds 

made the A-not-B error when they delay was sufficient and when there had been 

multiple trials at location A before a trial at location B.234 Spencer et al manipulated 

various conditions of the A-not-B task and found the conditions most likely to induce 

the error in two-year-olds was the use of a homogenous space (a sandbox) in which 

to hide the toys, a 10-inch gap between location A and location B, and multiple trials 

in location A before a 10 second delay on the location B trial.209 Spencer et al’s version 

of the A-not-B task, in which the child reaches for the hidden toys, would be an ideal 

measure of early childhood frontal lobe and hippocampus functioning in the context of 

a DHA supplementation trial.  
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TRIAL OF GOOD METHODOLOGICAL DESIGN AND QUALITY 

 

The Women’s and Children’s Health Research Institute have conducted a RCT of DHA 

supplementation during pregnancy called the DOMInO Trial (DHA to Optimise Mother 

Infant Outcome). The trial was identified in the systematic review to be of high quality 

and have a low risk of bias (Figure 9). The intervention phase has been completed and 

a sample of children were assessed with a global measure at 18 months with a 95.6% 

follow-up rate.21 The DOMInO Trial provides an ideal opportunity to assess the effect 

of increased DHA exposure to the fetus. The high quality design and implementation 

of the trial ensures that the results will reflect the impact of supplementation rather 

than possible bias associated with trials of inferior quality (Figure 9). The trial is also 

particularly well-placed to detect an effect of supplementation as the population from 

which the sample is drawn has a low intake of DHA (mean 106 mg/day, median 

15mg/day.96 The median plasma DHA concentration in cord blood of the control group 

matched the concentration of those in a Dutch cohort of pregnant women with 

biochemical insufficiency,235 thus the sample should be susceptible to any effects of 

increased DHA intake. Such a trial would be difficult to replicate as DHA supplement 

use during pregnancy is common and, even at the time of enrolment (2005-2008), 

approximately half of the women approached for the DOMInO Trial were ineligible due 

to supplement use.21  

 

RATIONALE SUMMARY 

 

A major criticism of the inconsistent findings in RCTS of DHA supplementation during 

pregnancy is that inappropriate measures of cognition have been applied. Thus the 

current body of evidence is incapable of supporting or refuting a benefit of DHA 

supplementation during pregnancy on offspring cognitive development. A high quality 

RCT in which assessments of attention, WM and IC are outcomes measures is 

necessary to determine whether DHA supplementation during pregnancy improves 

important components of cognition. The DOMInO Trial offers a unique opportunity to 

conduct such as assessment in a high quality RCT that would be difficult to replicate. 

Measures of attention have previously been applied in a trial of DHA supplementation 
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during pregnancy and have been identified as assessments capable of detecting an 

effect of supplementation, should it exist. WM and IC have not yet been used to 

investigate effects of DHA. Nonetheless, WM and IC are linked to areas of the brain 

that accumulate DHA during fetal development and to better outcomes in childhood. 

Furthermore, attention, WM and IC are measurable in early childhood and the large 

body of literature suggest that attention, WM and IC tasks have properties that are 

widely known and understood. Thus, my study will be important as it will draw on the 

developmental psychology literature to be the first to measure EFs with specialised 

tests in a high-quality RCT of DHA supplementation during pregnancy in a DHA-low 

population.  
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CHAPTER 2: MEASURES OF ATTENTION, 
WORKING MEMORY AND INHIBITORY CONTROL 
IN EARLY CHILDHOOD IN A RCT OF DHA IN 
PREGNANCY  

 

ASSESSMENTS OF THE FRONTAL LOBES AND HIPPOCAMPUS 

 

DEVELOPMENT OF THE TECHNIQUES FOR MEASURING 
ATTENTION, WORKING MEMORY AND INHIBITORY CONTROL IN 
EARLY CHILDHOOD 

 

Measures of attention, WM and IC have previously been purpose-built to explore the 

development of these abilities during early childhood. Measures of attention involve 

allowing infants and children to play freely with a toy while recording eye contact to 

the toy and/or heart rate. Infant and early childhood measures of WM and IC are 

based on the A-not-B task and involve training an infant or child to look in a particular 

location for a hidden toy and then testing how accurately they can remember a new 

hiding location. Colombo et al adapted techniques used in the developmental 

psychology literature to measure attention, WM and IC after a nutritional intervention 

and validated a technique to code the heart-rate defined states of attention using 

facial expressions and behaviour.169 

 

OBTAINING THE METHODS DEVELOPED BY COLOMBO ET AL 

 

One of my supervisors (Dr Smithers) undertook training in Colombo et al’s method of 

assessment in Dr Susan Carlson’s laboratory in Kansas City, U.S. in 2008. Drs 

Colombo and Carlson supplied a copy of the distractor video used in the Attention 
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Assessment, protocols and data extraction forms for the Attention and WMIC 

assessments, video recordings of seven sample assessments and the corresponding 

completed data extraction forms.  

 

IMPLEMENTATION OF ASSESSMENTS FOR MY STUDY 

 

In February 2009 I used the protocol’s and video recordings provided by the U.S. 

research team to prepare to conduct the assessments in Adelaide. In-depth Standard 

Operating Procedures (SOPs) for conducting the assessment (see Appendices 2 and 3) 

were developed by me under supervision of Dr Smithers and Professor Makrides. 

Since the data extracted from the Attention and WMIC assessments was subjective, it 

was essential that procedures matched those of the developers and that there was no 

drift from the protocol. SOP’s and data extraction forms were developed by me based 

on the documentation provided by Drs Carlson and Colombo to ensure systematic 

data extraction (see Appendices 4, 5, 6 and 7). The data extraction forms provided by 

Dr Carlson’s laboratory were formatted to facilitate the manual calculation of 

outcomes by research staff. For this project, I developed a computer software 

program to use with Microsoft Office Excel 2003® to calculate the outcomes. The 

program reduced the potential for calculation errors and saved time needed for 

manual processing. An Excel spread sheet was programmed to perform the necessary 

calculations so that raw data could be entered and the outcomes automatically 

calculated (please see the additional material in the SOP’s for data extraction in 

Appendices 4-7 for screen shots of the excel file). I worked with Mr David Apps to 

develop a macro that would automatically perform the complex calculations for the 

Distractibility Task of the Attention Assessment. The results of five assessments were 

processed manually (as per the protocol of Dr Colombo et al) and were compared with 

the results of the Excel spread sheet to ensure the calculations were performed by the 

macro correctly. To verify that data extraction procedures were consistent with the 

procedures of Dr Colombo et al, data were extracted from video recordings provided 

by Dr Carlson and data extracted were compared with results provided by Dr Carlson.  
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Dr Colombo offered on-going support for the duration of the study. In addition, he 

visited the research laboratory in Adelaide twice during my PhD candidature; first in 

June 2009 to review the equipment, protocol, stimuli and video recordings of practice 

assessments; and again in July 2011 to review the data and outcomes of the study.  

 

SET-UP OF THE ATTENTION AND WMIC ASSESSMENTS 

 

I organised and set up the equipment for the Attention and WMIC assessments. A 

Channel 7 Children’s Research Foundation grant funded the project. 

 

The Attention and WMIC assessments were conducted in a clinic room where i had 

removed all visual cues so that the child had no visual reference points to aid them in 

locating the hidden figurine during the WMIC Assessment or distract them during the 

Attention Assessment. Both assessments were conducted in the same room with a 

dark grey room divider positioned so that while participating in one assessment, the 

equipment used in the other assessment was out of sight (see Figure 15 and 16).  
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Equipment and Furniture Video Recording equipment 

1. Desk for participant 
2. Chairs for participant 
3. Stools for the student 
4. Television 
5. Drawers to support the 

television  
6. Mirror to reflect television to the 

camera 
7. Drawers to support the video 

recording equipment 
8. Lentil box, table underneath 
9. Room divider 

a) Video cameras  
a.1  Suspended from ceiling 
a.2  On tripod 

b) Tripod 
c) Time Stamp Generator 
d) Pinnacle 
e) External Hard Drive 

Figure 15. Diagram of bird’s eye view of the room and all equipment for assessments of 
Attention, Working Memory and Inhibitory Control 

WMIC Attention 
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Figure 16. Set up of the room and equipment for assessments of Attention, Working 
Memory and Inhibitory Control* 

*video recording equipment for both assessments not in view of the camera  

 

EQUIPMENT FOR THE ATTENTION AND WMIC ASSESSMENTS 

 

ATTENTION ASSESSMENT 

A desk and chair for the participant to sit at, toys to stimulate the child, a television 

and a purpose-built DVD to operate as a distraction from the toys were necessary to 

conduct the Attention Assessment. A video camera and associated equipment 

recorded the assessments for data extraction purposes. The desk was black with a 50 

x 50 cm top. The television was positioned one m away and on a 45 degree viewing 

angle from a seated participant. A 40 x 40 cm mirror was glued to the wall behind the 
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participant so that the video footage would be visible when the distractor was playing 

on the television (Figure 17). Below the mirror a plastic sheet was used to display the 

participant identification number and date of the assessment.   

 

Figure 17. Desk and television reflected in a mirror for the Attention Assessment  

 

The Attention Assessment consisted of three tasks, each with different toys. The toys 

were chosen carefully to ensure that they were appropriate and engaging for a two-

year-old. Effort was made to acquire identical toys to those used in the US. In most 

cases this was achieved although there were a few instances when similar toys were 

used. In the first task, a single toy with buttons and functions of sufficient complexity 

to engage a two-year-old playing freely for five minutes was used; a Leapfrog 

Multifunction play centre (Figure 18). In the second task, five toys (Figure 19) of 

sufficient complexity to engage a child for five minutes of free-play were used; Dora 

the Explorer® Figurine with moveable arms and head; Bob the Builder® Quad Bike 

(known as Scrambler) with spinning wheels and auditory stimulation when the seat 

was pressed; a plastic bowl with handles and lid; a rubber duck (did not squeak); and 

a plastic Mickey Mouse® mobile flip phone with buttons (with batteries removed so 

that there were no auditory effects). In the third task, four toys (Figure 20) of 

sufficient complexity to engage a child for three minutes of free-play each were used 

while a DVD playing in the periphery acted as a distracting stimulus. The four toys 

were a Magnadoodle with a pen and four stamps that could draw on the surface; Little 

Mermaid® building blocks with a blue base containing a small mirror,three figurines 

and four blocks that could be moved around; Shape sorter with a bucket and 

removable lid containing five different shaped holes and 10 shaped, coloured blocks; 
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and a wooden train set with three carriages containing 15 blocks of various colours 

and sizes. 

 

Figure 18. Single Object Task stimulus; the Leapfrog Multifunction Play Centre 

 

Figure 19. Multiple Object Task stimuli; (left to right) Dora the Explorer Figurine, Bob the 
Builder Quad Bike (known as Scrambler), bowl with handles and lid, rubber duck and 
Mickey Mouse mobile flip phone   
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 (a)   (b)  

(c)    (d)  

Figure 20. Distractibility Task stimuli in order of presentation; (a) Magnadoodle, (b) Little 
Mermaid blocks, (c) Shape Sorter and (d) wooden train set  

 

A TEAC (LCDV2655HD) 26 inch flat screen LCD television played the DVD that acted 

as a distracting stimulus intermittently during the third task. The DVD was designed 

by Dr Smithers (based on the video cassette provided by Dr Carlson’s laboratory) and 

was made by the Flinders Medical Centre Media Department. It was a 15 minute DVD 

that comprised of a black, blank screen lasting 5-25 seconds and interspersed with 

seven-second segments of various children’s television programs. The segments 

appeared at pseudo-random intervals so that participants could not predict when the 

next distractor would appear. Consecutive segments were from different programs so 

that there was no story line that a child could anticipate or follow. The programs had 

not been aired on television in Australia for several years (Care Bears, Gumby, 

Watermelon by Justine Clarke, Powerpuff girls) so that it was unlikely that children 
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would recognise the programs. The DVD was set to a low (but clearly audible) audio 

setting.  

 

A JVC Enviro-S memory camcorder (GZ-MS120) was mounted on an adjustable 

Velbon tripod (CX440) directly in front of the participant (on the opposite side of the 

room) to capture their eye movements. Figure 17 is the view captured by the 

camcorder. A stop watch measure of time (00:00:00.00, 

hours:minutes:seconds:frames) was implanted across the bottom of the recording by 

a Horita Time Stamp Generator (VG-50 Desktop BNC UPS). A visual lead from the 

camcorder sent the imagery of the video recording through the time stamp generator 

to a Pinnacle Video Transfer device that combined audio input from the camcorder 

with the visual input from the time stamp generator into a single file that was 

transferred to a Taurus 2 Bay RAID external hard drive for storage. See Figure 21 for 

an illustration of the set-up of the recording equipment. 

  



 

92 

 

 

 
Video Recording equipment 

a) Video camera  
b) Tripod 
c) Time Stamp Generator 
d) Pinnacle device 
e) External Hard Drive 

Figure 21. Video recording equipment for the Attention Assessment 

 

WMIC ASSESSMENT 

A chair for the participant to sit on, a box of lentils on a table and stimuli for the child 

to find were necessary to conduct the WMIC Assessment. A camcorder recorded the 

assessments for data extraction purposes. The lentil box (150 x 40 x 20 cm) was 

painted a similar colour to the lentils and placed on a custom built table that allowed a 

two-year-old sitting on a caregivers lap to see and reach into the box comfortably. A 
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small piece of tape on the each side of the box marked the exact halfway point so that 

the caregiver could align the child’s seating position to be at the centre of the lentil 

box. See Figure 22 for the equipment set up of the WMIC Assessment.  

 

Figure 22. Set up of Working Memory Inhibitory Control Assessment: child sits on parents 
lap on right chair, student sits on left stool  

 

Two figurines, Bob the Builder® and Wendy (see Figure 23), measuring 7.6 cm tall x 

2.5 cm thick and were used as the stimuli for the child to find so that only the top of 

the head would be visible when inserted into the lentils vertically.  
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Figure 23. Figurines Bob the Builder and Wendy used for the learning, training and test 
phases of the Working Memory and Inhibitory Control Assessment 

 

A tape measure along the top of my side of the lentil box (Figure 24) was used to 

gauge the scale in video recordings of the assessments. Small Velcro dots placed 15 

cm either side of the middle of the box on my side marked hiding locations A and B 

(Figure 24). One matching Velcro dot alternated between the locations to indicate 

which side the first hiding location for each assessment would be. 

 

Figure 24. Velcro dot marking a hiding location and the tape measure along the top of the 
student-side of the lentil box for the Working Memory and Inhibitory Control Assessment 

 

A JVC Enviro-S memory camcorder (GZ-MS120) was suspended from the ceiling by a 

metal bracket to capture a bird’s eye view of the child’s hand movements (Figure 25). 

Video recordings were stored on the camera’s memory card and later transferred to a 

Taurus 2 Bay RAID external hard drive for storage. 
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Figure 25. A screenshot from a video recording of a Working Memory and Inhibitory 
Control Assessment  

 

PROCEDURE FOR THE ATTENTION AND WMIC ASSESSMENTS 

 

The assessments took place in a plain, quiet room with no distractions and were video 

recorded. The child was seated on the caregivers lap for both assessments. All 

essential speech was pre-prepared as a standard script. All toys were cleaned with 

sterile wipes between assessments.  

 

ASSESSING ATTENTION 

 

The Attention Assessment consisted of three tasks conducted consecutively in the 

following order 1: Single Object Task, 2: Multiple Object Task, 3: Distractibility Task. 

Each task measured a different aspect of attention. In all of the tasks the child was 

invited to play with a/some toy(s) (Figures 18, 19 and 20) while seated at a desk. 

Prior to conducting the assessment, the caregiver was told that the child would be 

given toys to play with, that they should refrain from interacting with the child to 

avoid influencing the child’s behaviour and that the child’s eye movements would be 
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video recorded. The child was told that there were some toys with which they could 

play.  

 

I presented and removed all toys in the same systematic manner. When not in use, 

the toys were kept out of sight of the child. When introducing each toy, I 

demonstrated a few features whilst saying “I have a/some toy(s) you can play with. 

Look at what it/they can do! Now you have a turn.” Toys were always placed in the 

middle of the desk, well within the reach of the child. When presenting five toys 

simultaneously in the Multiple Object task, I patted each toy briefly before leaving the 

desk so as not to show favouritism to any toy. Each toy was removed when the time 

limit for the task had elapsed with the standard script “was that toy fun? Do you have 

that one at home? It’s time for a new toy now.”   

 

Other than to introduce or remove a toy, I did not interact with the child during the 

assessment. Child’s playing could be observed through the side viewer on the 

camcorder rather than looking directly at the child. If a toy fell from the table I picked 

it up and placed it back on the table without speaking or making eye contact with the 

child. If the toy fell during the Multiple Object Task I patted each of the toys lightly 

before leaving the desk to avoid showing favouritism to any toy.  

 

If a child became obviously disinterested with a toy or tried to leave the caregivers 

lap, I intentionally interfered to re-focus the child’s attention to the toy so that the 

task could be completed. If the child became distressed or would not engage with the 

toy after encouragement the task was aborted. All efforts were made to avoid 

aborting tasks; however it was essential for children to at least attempt each task so 

early cessation of one task was preferred to abandoning the entire assessment.  



 

97 

 

 

SINGLE OBJECT TASK 

The Single Object Task measured the child’s ability to sustain attention to a single 

complex stimulus. The child was presented with one toy (Figure 18) for five minutes 

of free-play.  

 

MULTIPLE OBJECT TASK 

The Multiple Object Task measured the child’s ability to sustain their attention to a 

particular stimulus (any toy) in the presence of continuous competition for attention 

(four other toys). The child was presented with five toys (Figure 19) simultaneously 

for five minutes of free-play.  

 

DISTRACTIBILITY TASK 

The Distractibility Task measured the child’s ability to sustain attention to a target 

stimulus (a toy) when another stimulus (a distracting television) was competing for 

attention. The child was presented with four toys (Figure 20), one at a time, for three 

minutes of free-play per toy. The DVD played on the TV throughout the Distractibility 

Task apart from being paused as each toy was presented to the child. There were 

approximately eight distractor segments per three-minute toy trial. 
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ASSESSING WM AND IC 

 

The WMIC Assessment consisted of three consecutive phases in the following order: 1. 

Learning Trials, 2. Training Trials and 3. Test Trials. All of the phases involved hiding a 

figurine in a box of lentils and asking the child to retrieve the figurine. The 2nd and 3rd 

phases were repeated so that there was a total of five phases in the assessment.  

 

The child and caregiver sat on one side of the lentil box with me seated opposite. 

Before the assessment commenced, the child and caregiver were invited to play with 

the lentils to familiarise the child to the feel of them. The child was then given the 

choice of two figurines (see Figure 23) with which to play a game of hide-and-seek in 

the lentils. The caregiver was asked to verbally encourage the child to find the figurine 

but refrain from looking or pointing to the hiding location and thus avoid influencing 

the child’s ability to locate the hidden figurine. 

 

LEARNING TRIALS 

The assessment commenced with three Learning Trials in which the child learnt to 

look for a figurine hidden in the lentils in location A (15 cm from the centre of the box, 

see Figure 26). First, the figurine was placed on top of the lentils in location A and the 

child was asked to retrieve it with the standard script “can you see where Bob/Wendy 

is hiding? They’re not hiding very well are they? Can you get them for me?” Next the 

figurine was pushed vertically down into the lentils in location A so that only the head 

was visible and the child was asked to retrieve it with the script “look, Bob/Wendy is 

hiding a bit better now, can you still get them out?” Once retrieved, the figurine was 

pushed vertically down just beneath the surface of the lentils, so that a thin layer of 

lentils hid the figurine from view and the child was asked to retrieve it with the script 

“what about now? You can’t even see them now? Can you still get them out?” This 

process familiarised the child to listening to instructions and searching for the toy in 
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the lentils. It also provided an opportunity to re-iterate the instructions to the 

caregiver to refrain from assisting the child.  

 

 

Figure 26. Set up of the lentil box with locations A and B for the Working Memory and 
Inhibitory Control Assessment 

 

TRAINING TRIALS: SET 1 

The child was trained to look for the figurine hidden in the lentils in location A in three 

identical Training Trials. The first trial was started with the script “well done! I think 

it’s time to start hide-and-seek, so you give mum/dad a hug” The figurine was not 

hidden until the child had removed their hands from the lentils. While the child 

watched, the figurine was pushed down into the lentils in location A and the lentils 

smoothed over the top so that it was totally hidden from view. The child’s attention 

was distracted from the hiding location for three-seconds by making eye contact with 

the child, clapping loudly and counting to three, before allowing the child to retrieve 

the toy. The trial was repeated until a total of three Training Trials were completed.  
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TEST TRIALS: SET 1 

Two identical Test Trials tested the child’s WM and IC. While the child watched, the 

figurine was pushed down into the lentils in location B (15 cm from the centre of the 

box on the opposite side to location A, see Figure 26, above) and the lentils were 

smoothed over the top so that it was totally hidden from view. The child’s attention to 

the hiding location was distracted by making eye contact with the child, clapping 

loudly and counting to ten before allowing the child to retrieve the toy. The trial was 

repeated again, with the toy hidden in the same location.  

 

TRAINING TRIALS: SET 2 

A second set of Training Trials were conducted except that locations A and B were 

reversed (Figure 27). The reversal was to remove the possibility of bias in accuracy of 

locating the figurine due to the location of the hiding place. For example, a right 

handed child may locate a figurine hidden to their right more accurately compared 

with a figurine hidden on their left. The figurine was hidden three times in the new 

location A (previously location B) and the child was asked to find it after being 

distracted for three seconds, as above.  
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Figure 27. Set up of the lentil box with locations A and B reversed for the second set of 
Training and Test Trials in the Working Memory and Inhibitory Control Assessment 

 

TEST TRIALS: SET 2 

A second set of Test Trials followed the second set of Training Trials. The figurine was 

hidden in the new location B (previously location A) and the child was asked to 

retrieve it after being distracted for ten seconds, as above.  

 

THROUGHOUT THE ASSESSMENT 

With the exception of the first Learning Trial, the figurine was pushed into the lentils 

vertically with the top of the head showing until lentils were smoothed over the top so 

that there were no dips or mounds that the child could use to help locate the hidden 

figurine. In the instant before the lentils were smoothed over the top of the hidden 

figurine, the exact hiding location of the figurine could be seen by the data extractor 

(me) in the video recording. The child’s attention was directed to the figurine as it was 

hidden with the standard script “down Bob / Wendy goes! Bye-bye Bob/Wendy” The 
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caregiver was asked to hug the child and prevent them from reaching for the lentils 

until it was time to retrieve the figurine. The caregiver was also asked to count, and 

encourage the child to count, along with me to distract the child’s attention. The child 

was asked to retrieve the figurine with the script “where is Bob/Wendy? Can you find 

them?” The child had to at least touch the lentils in an attempt to retrieve the toy, 

without guidance from myself or the caregiver, for the trial to be usable. Once an 

attempt had been made, I could offer assistance if the child was having difficulty 

locating the figurine. If a child was hesitant to find the figurine they were verbally 

encouraged. 

 

The starting positions of locations A and B alternated between assessments so that 

there was no bias due to the initial Training and Test trials consistently being on the 

right or left of the child and the secondary Training and Test Trials consistently being 

on the opposite side of the box. 

 

EXTRACTING DATA FROM THE ATTENTION AND WMIC 
ASSESSMENTS 

 

The video recordings were used to extract the data from the Attention and WMIC 

assessments after the participant had left the appointment. Recordings were viewed 

on a Toshiba Satellite Pro P300 laptop with 17” widescreen display using Pinnacle 

Studio Plus (12th Edition) Video Editing Software and a Contour ShuttleExpress (dial). 

The software and shuttle allowed the video to be viewed at various speeds including 

frame-by-frame (25 frames per second). Frame-by-frame viewing was necessary to 

accurately obtain the rapid shifts in eye movements and estimate the time a child 

spent looking, or not looking, at toys in the Attention Assessment. Frame-by-frame 

viewing was also crucial for determining the exact time point at which the child 

touched the lentils when measuring the distance between the locations of the hidden 

figurine and the child’s search attempt in the WMIC Assessment. The laptop was 

plugged into the television with a VGA cable so that the recordings could be viewed on 

a large screen.  
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Data were extracted manually using purpose built data extractions forms and then 

entered into the pre-programmed Microsoft Excel spread sheet that automatically 

calculated and summarised the outcomes. I extracted all the assessments as well as 

entered and processed the data in Microsoft Excel.  

 

THE ATTENTION ASSESSMENT 

 

Each task of the Attention Assessment had a main outcome as well as other 

outcomes. Outcomes and the specific pieces of data collected were as follows;  

 

SINGLE OBJECT TASK 

Main Outcome 

� Total duration of time spent in attention to the toy (the amount of time spent 

looking at the toy) 

Other Outcomes 

� Percentage of time spent in attention (the proportion of time in the Single 

Object Task spent looking at the toy) 

� Episodes of attention (the number of looks to the toy) 

� Episodes of inattention (the number looks away from the toy)  

� Average duration of an episode of attention (the average length of a look to 

the toy) 
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MULTIPLE OBJECT TASK 

Main Outcome 

� Number of shifts in attention (the number of times the child looked at a 

different toy)  

Other Outcomes 

� Total duration of time spent in attention to the toys (the amount of time spent 

looking at the toys) 

� Episodes of inattention (the number of looks away from the toys) 

� Average duration of an episode of attention (the average length of a look to a 

single toy)  

� Percentage of time spent in attention (the proportion of time in the Multiple 

Object Task spent looking at the toys) 

 

DISTRACTIBILITY TASK 

Main Outcome  

� Average latency to be distracted when the child was engaged in Focused 

attention (length of time it took the child to look at the TV each time a 

distractor came on when the child’s attention had been focused on the toy)  

Other Outcomes 

� Percentage of times the child was distracted when focused on the toy (the 

proportion of times the child was distracted [looked at the television] by a 

distractor segment coming on when their attention had been focused on the 

toy) 
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� Average latency to be distracted when engaged in Casual attention (length of 

time it took the child to look at the TV each time a distractor came on when 

the child’s attention to the toy had been Casual)  

� Percentage of times the child was distracted when casually engaged with the 

toy (the proportion of times the child was distracted [looked at the television] 

by a distractor segment coming on when their attention to the toy had been 

Casual) 

� Total duration of time spent looking at the distractor when it was on and when 

it was off (time spent looking at the television when there was a distractor 

segment and when the screen was blank) 

 

RULES FOR DATA EXTRACTION FROM THE ATTENTION ASSESSMENT 

Exact timings of eye movements to and from the toy were extracted via the data 

extraction form (see Appendices 4 and 5) to calculate the above outcomes for the 

Single and Multiple Object Tasks. In the Multiple Object Task the specific toy(s) the 

child was looking at was also recorded. All outcomes measured in time were extracted 

from the video recording in the format mm.ss.ff (minutes.seconds.frames) and were 

converted to mm:ss.cs (minutes.seconds.centiseconds) based on the recording of 

video footage at 25 frames per second. As per Colombo et al, an individual episode of 

attention (look to the toy) or inattention (look away from the toy) was counted in the 

Single Object Task if it was greater than, or equal to, one second in duration.169 As 

per Kannass et al, an individual episode of attention (look to the toys) or inattention 

(look away from the toys) in the Multiple Object Task was counted if it was greater 

than, or equal, to 0.5 seconds in duration.116 Duration of attention in the Multiple 

Object Task included looks to all toys un-interrupted by an episode of inattention. 

 

Exact timings of eye movements to and from the television, and whether the child’s 

eyes moved between the television and the toy or the television and something else in 

the room, as well as the timing of the distractor segments were extracted from the 
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Distractibility Task. Looks of any duration were included. At the onset of each 

distractor segment, the time was recorded and the child’s state of attention was coded 

as Focused, Casual or Other according to the technique developed by Dr Colombo et 

al.115 “Focused” attention was defined as concentration on the toy that implied 

learning or careful thinking about the toy. To be coded as Focused the child’s eyes 

would be looking at the toy with a serious, interested facial expression (furrowed 

eyebrows, pursed lips) and slowed careful movements and manipulations of the toy. 

“Casual” attention was defined as looking at the toy but not engaged in active 

learning. To be coded as Casual attention the child would be looking at the toy but not 

concentrating so the facial expression would be relaxed and manipulations of the toy 

careless. Focused and Casual states of attention are on a continuum with no defined 

point when one changes into the other. Colombo et al validated the method of coding 

state of attention from facial expressions based on heart rate and found that coders 

were consistent in coding attention states using this method.115 “Other” attention was 

coded when the distractor appeared on the television but the child was not looking at 

the toy (ie. child was looking at the television, parent, lighting). As the purpose of the 

Distractibility Task was to measure how well a child can maintain attention to a toy 

when distraction is present, latency to be distracted during Other attention was not of 

concern as the child was already distracted from the toy prior to the onset of the 

distractor. When a child’s state of attention was indistinctive, the video recording was 

reviewed with Dr Smithers to reach a consensual decision (see Figure 28 for examples 

of each state of attention).  

    

Figure 28. A child in Focused attention (left), Casual attention (centre) and Other 
attention (right) in the Attention Assessment  

A 
NOTE:   

     This figure/table/image has been removed  
         to comply with copyright regulations.  
     It is included in the print copy of the thesis  
     held by the University of Adelaide Library. 
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All extracted data (from the data extraction forms) were entered into the pre-

programmed Excel file for processing.  

 

If the caregiver touched the toy, spoke or otherwise influenced the child’s actions, the 

period of time was coded as “Interference” until the child was playing freely again. 

Interruptions and noises from outside the room were also coded as interference if the 

child was distracted and these incidents were excluded from the total assessment 

time. If interference was so excessive that the data from the specific task was deemed 

by Dr Smithers and I not to be a valid reflection of the child’s free-play, the task was 

excluded from analysis. Assessments that were incomplete (total time <five mins for 

Single and Multiple Object Tasks or total trial time <three minutes for the 

Distractibility Task) due to interference or the task being aborted early were included 

in the analyses if data were available from 80% of the task/trial (ie. four minutes of 

Single Object Task).  

 

THE WMIC ASSESSMENT 

 

Main Outcome 

� Accuracy of finding the figurine during the Test Trials (average distance 

between the location of the hidden figurine and the location of the child’s 

search as measured with a ruler made to scale [in mm]). 

Other Outcome  

� Accuracy of finding the figurine during the Training Trials (average distance 

between the location of the hidden figurine and the location of the child’s 

search as measured with a ruler made to scale [in mm]).  
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RULES FOR DATA EXTRACTION FROM THE WMIC ASSESSMENT 

Exact distances between the hidden figurine and the child’s search attempt were 

extracted using the data extraction form (see the additional material in Appendix 7) to 

calculate the above outcomes. Shorter distances equate to more accurate searching 

and thus indicate better WM and IC abilities. All outcomes were measured in 

millimetres by viewing the video recording frame by frame. The hiding location was 

the middle of the top of the figurine’s head once it had been pushed down into the 

lentils. The search location was the point where the child’s index finger first touched 

the lentils as they searched for the figurine. A transparent plastic sheet was placed 

over the television screen so that the location of the hidden figurine and the child’s 

search could be marked with a non-permanent marker. The distance between the two 

points was measured, with a tape measure made to scale, and recorded on the data 

extraction form. The points were erased from the plastic sheet for the next trial. The 

tape measure on my side of the lentil box was used to ascertain the scale of each 

video recording (Figure 24). The purpose of Learning Trials was to familiarise the child 

with retrieving the figurine from the lentils and following instructions, therefore 

accuracy was not measured. If a caregiver assisted the child in finding the hidden 

figurine before the child had touched the lentils in an attempted search, the trial was 

not counted. If the child would not touch the lentils after encouragement, the 

assessment was abandoned.  

 

OPTIMISATION OF ASSESSMENT TECHNIQUES 

 

Prior to undertaking trial assessments, four practice assessments were conducted with 

two-year-old children who were not participants in the DOMInO Trial. The purposes of 

these practice assessments included rehearsing the assessments and the entire 

appointment, indentifying and rectifying problems as well as refining assessment 

techniques prior to collecting data from trial participants. Dr Smithers conducted the 
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first two practice assessments whilst I watched (out of view of the participant) and I 

conducted the second two assessments whilst Dr. Smithers watched.  

 

OPTIMISATION OF DATA EXTRACTION TECHNIQUES 

 

To initially establish reliability between the two extractors (Dr Smithers and I), the 

three recordings from Dr Carlson’s laboratory as well as the four practice assessments 

were independently extracted and the results were compared. Additionally, strict 

adherence to the data extraction process throughout the project was ensured by 1) Dr 

Smithers independently extracting 25% of assessments extracted by me (including all 

assessments I deemed to be problematic due to excessive interference or ambiguous 

facial expressions) and 2) that comparison of data extracted from study participants 

by Dr Smithers and I met strict criteria to establish reliability of data extraction. The 

minimum reliability criteria for each assessment and task are detailed below. If 

comparison of data extracted by Dr Smithers and I did not meet the reliability criteria 

for an assessment, the assessment in question was reviewed and discussed to achieve 

consensus.  

 

To compare outcomes of practice and study participants extracted by Dr Smithers and 

I, SPSS for Windows [Version 18.0, Chicago, II, USA] was used. The outcomes used 

for comparison between the two coders are listed below for each assessment and 

task. Two-tailed Pearson’s paired samples correlations were used to check that 

extracted data correlated highly between the extractors for both assessments. Paired 

samples t tests were used to check whether extracted data differed significantly 

between the extractors for both assessments. A Kappa calculation was conducted to 

verify that state of attention (Focused, Casual or Other) in the Distractibility Task of 

the Attention Assessment was coded consistently by Dr Smithers and I. 
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CRITERIA FOR ESTABLISHING RELIABILITY OF THE ATTENTION ASSESSMENT 

For reliability of data extraction to be established, pre-specified outcomes from each 

extractor had to be within one second of each other with a correlation r≥0.9. In 

outcome four of the Distractibility Task, the two extractors needed a kappa agreement 

k ≥0.9.  

 

Outcomes used to check reliability of the extraction of the Single and Multiple Object 

Tasks: 

1. Total duration of time of the assessment with correct coding of interference 

2. Total duration of time spent in attention   

3. Total duration of time spent in inattention with correct coding of attention, 

inattention and interference.  

 

Outcomes used to check reliability of the extraction of the Distractibility Task: 

1. Latency to be distracted from Focused attention  

2. Latency to be distracted during Casual attention  

3. Total duration of time spent looking at the distractor when it was on and 

when it was off  

4. Consensus for coding of state of attention (with no systematic difference) 
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CRITERIA FOR ESTABLISHING RELIABILITY OF THE WMIC ASSESSMENT 

The two coders extracted search accuracy had to be within 10 millimetres of each 

other with a correlation r≥0.9 for data extraction to be classified as reliable.  

 

Outcomes used to check reliability of the extraction of the WMIC Assessment 

1. Average distance between hiding location and searching location during 

Training Trials  

2. Average distance between hiding location and searching location during Test 

Trials  

 

RESULTS OF THE RELIABILITY ANALYSES 

 

RELIABILITY OF EXTRACTING DATA FROM THE ATTENTION ASSESSMENT 

A total of 39 Attention Assessments were extracted by Dr Smithers and I to assess 

reliability (25% of the 158 assessments conducted). Reliability results presented 

below were obtained via independent extraction of the assessments, prior to Dr 

Smithers and I reviewing and adjusting data from the assessments that did not meet 

the minimum reliability criteria.  
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SINGLE OBJECT TASK 

Overall the correlations between the extractors results were very high (0.96-0.99, 

p<0.001, see Table 4.1). There were four instances (4/39=10.3%) where the 

extractors violated the <1 second criteria. In all cases this was due to interference 

that could not be seen or heard on the video footage by the second extractor (Dr 

Smithers). Twice an infant sibling outside of the view of the camera distracted the 

participants’ attention and twice the interference was in the form of construction 

workers outside the room. I conducted the assessment and was aware of the 

interference and had noted the timings in all cases; however the second extractor, 

viewing the assessment from the video recording only, was not aware of the 

interferences and therefore coded the looks away from the toy as inattention. This 

caused a systematic discrepancy in the total time spent in inattention and total time of 

the assessment which was reflected in the t test. When Dr Smithers was made aware 

of the interference the results matched mine and the criteria for reliability were met 

for all outcomes (Total time: mean (SD) =-0.1 (0.6) p=0.35, r=1.0 p<0.001; Total 

time spent in attention: mean (SD) =-0.2 (0.7) p=0.09, r=1.0 p<0.001; Total time 

spent in inattention: mean (SD) =0.1 (0.6) p=0.41, r=1.0 p<0.001). As there were 

no differences in the other 35 assessment checked for reliability, Dr Smithers did not 

check more than 25% of the assessments conducted.  

 

Table 4.1. Reliability of data extraction between the two extractors for the Single Object 
Task of the Attention Assessment 

    
 

 

Outcome 
n=39 

Mean Difference 
between coders  

(95% CI) 

P  
value 

Correlation 
 (r) 

P  
value 

Total time  2.4 (-1.1,5.7) .17 0.96 <0.001 

Total time spent in attention 0.1 (-1.7,2.0) .88 0.99 <0.001 

Total time spent in 
inattention 

2.2 (-0.1,4.6) .06 0.97 
<0.001 
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MULITPLE OBJECT TASK 

In the Multiple Object Task, the correlation between coders was high (0.90-0.99, 

p<0.001, see Table 4.2), however the mean difference in Time spent in Inattention 

was >1 second. This was due to the same sources of interference as in the Single 

Object Task and reliability criteria were met after Dr Smithers was made aware of the 

interference (Total time: mean (SD) =-0.1 (0.6) p=0.45, r=1.0 p<0.001; Total time 

spent in attention: mean (SD) =-0.3 (1.3) p=0.13, r=1.0 p<0.001; Total time spent 

in inattention: mean (SD) =0.2 (1.0) p=0.21, r=0.9 p<0.001). The other 35 

assessments checked for reliability met the criteria.  

 

Table 4.2. Reliability of data extraction between the two extractors for the Multiple 
Object Task of the Attention Assessment 

    
 

 

Outcome 
n=39 

Mean Difference 
between coders   

(95% CI) 

P  
value 

Correlation  
(r) 

P  
value 

Total time  2.9 (-0.5,2.6) .10 0.90 <0.001 

Total time spent in attention 1.1 (-1.3,3.4) .35 0.99 <0.001 

Total time spent in 
inattention 

2.0 (0.4,3.7) .02 0.98 <0.001 

 

DISTRACTIBILITY TASK 

Both extractors had to agree on all states of attention (Focused, Casual, Other) prior 

to analysing reliability criteria for the Distractibility Task as several outcomes involved 

the state of attention. Out of the 1,114 instances when the state of attention was 

checked, there were 22 discrepancies (2% differed, kappa agreement k=0.91). The 
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disagreements arose from six assessments where glasses (n=1) or a pacifier (n=2) 

impeded a clear view of the child’s facial expressions or the child had a consistently 

blank (n=2) or serious (n=1) facial expression throughout the assessment. Most 

(n=21) of the discrepancies involved coding Casual attention as Focused attention or 

vice versa. In one instance, state of attention was mistakenly coded as Other rather 

than Focused by Dr Smithers. All discrepancies were resolved upon review. When 

consensus on facial coding was achieved, the extractors results correlated highly 

(0.90-0.99, p<0.001, see Table 4.3) and there were no instances where the reliability 

criteria were not met. 

 

Table 4.3. Reliability of data extraction between the two Extractors for the Distractibility 
Task of the Attention Assessment 

 
Mean Difference 
between coders 

(95% CI) 

  
 

 

Outcome 
n=39 

P  
value 

Correlation 
 (r) 

P value 

Average latency during 
Focused attention 

0.01 (-0.1,0.1) .89 0.98 <0.001 

Average latency during Casual 
attention 

-0.01  (-0.2,0.1) .92 0.96 <0.001 

Total time looking at the TV 
when it was on 

0.9 (-3.5,5.5) .66 0.94 <0.001 

Total time looking at the TV 
when it was off 

0.4 (-0.4,1.2) .30 0.98 <0.001 

 

RELIABILITY OF EXTRACTING DATA FROM THE WMIC ASSESSMENT 

A total of 39 assessments were used to assess reliability of extracting WMIC 

Assessments (25% of the 158 assessments conducted). Reliability results presented 

below were obtained prior to reviewing assessments that did not meet the minimum 

reliability criteria.  
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The extractors results correlated highly (0.90, p<0.01, see Table 5.1) and the mean 

difference was <10 mm; however the paired samples t test showed a small 

systematic difference between extractors. This difference was due to coding on 

different sized screens. I coded from the 26” television screen used in the Attention 

Assessment whilst Dr Smithers coded from a 13” laptop. When Dr Smithers re-coded 

a sample of assessments from the 26” television screen the criteria for reliability were 

met (Table 5.2). 

 

Table 5.1 Reliability of data extraction between the two extractors (prior to reviewing 
discrepancies) for the Working Memory and Inhibitory Control Assessment  

 Difference 
between coders  

 
(95% CI) 

  
 

 

Outcome 
n=39 

mean (±SD) 
mm 

P  
value 

Correlation  
(r) 

P  
value 

Average Training Trials 
distance 

-2.8 (4.4) -4.4, -1.3 <0.01 0.9 <0.01 

Average Test Trials 
distance 

-1.4 (5.5) -3.3, 0.6 0.16 0.9 <0.01 

 

Table 5.2 Reliability of data extraction between the two extractors (when viewing the 
assessment on the same 26” screen) for the Working Memory and Inhibitory Control 
Assessment  

 Difference 
between coders   

 
(95% CI) 

  
 

 

Outcome 
n=25 

mean (±SD) 
mm 

P  
value 

Correlation  
(r) 

P  
value 

Average Training Trials 
distance 

-0.6 (3.7) -2.1, 0.9 0.45 0.9 <0.01 

Average Test Trials 
distance 

0.2 (5.4) -2.0, 2.4 0.86 0.9 <0.01 
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DISCUSSION OF THE RESULTS OF THE RELIABILITY ANALYSES FOR THE ATTENTION 
AND WMIC ANALYSES 

Reliability analyses of the Attention Assessment revealed a systematic bias in the 

Single Object and Multiple Object tasks due to interference during the assessment 

that only I was aware of. When Dr Smithers was notified of the interference all Single 

Object and Multiple Object reliability criteria were met. Assessments extracted by Dr 

Smithers and I that did not have interference met reliability criteria. Results from the 

Distractibility Task met reliability criteria.  

 

Reliability analyses of the WMIC Assessment revealed a systematic difference due to 

Dr Smithers extracting data from a smaller screen than was used by me. When data 

was extracted by Dr Smithers from the same screen as me, all reliability criteria were 

met.  

 

Dr Smithers did not check more than the minimum 25% of assessments necessary to 

establish reliability as I was adhering to the standardised protocol for extracting data 

from the Attention and WMIC assessments throughout the assessment period. The 

results of the reliability analyses imply that I did not deviate from the standardised 

data extraction procedures on assessments not used to establish reliability.  
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A RANDOMISED CONTROL TRIAL OF MATERNAL DHA 
SUPPLEMENTATION DURING PREGNANCY: THE DOMINO TRIAL 

 

The DOMInO Trial was conducted before the commencement of the study described in 

this thesis and the primary findings have been published.21 The methods have been 

summarised here to inform the reader of the details of the design and implementation 

of the intervention phase of the trial in accordance with the CONSORT 

statement.125,126,131,133 

 

INTRODUCTION 

 

RCT’s that have sought to establish whether there is a causal association between 

DHA intake during pregnancy and child development have been inconclusive, possibly 

due to the methodological limitations and inappropriate outcome measures of 

neurodevelopment discussed in Chapter 1. The DOMInO Trial was designed to 

examine the effect of increasing DHA availability during pregnancy on the mother and 

infant with a large, high quality RCT with a high dose of DHA in a population where 

DHA intake is low. The trial was supported by the Australian NHMRC grant #349301 

and the treatment and control capsules were donated by Efamol, Surrey, England.   

 

TRIAL DESIGN 

 

The design was a double-blind multi-centre RCT involving five hospitals around 

Australia. 
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HYPOTHESES AND OUTCOMES 

 

The hypothesis was that maternal DHA supplementation in the last half of pregnancy 

would reduce the point prevalence of depressive symptoms in the postnatal period 

and result in improved cognitive development in the child.  

 

PRIMARY OUTCOMES OF THE DOMINO TRIAL 

1. The point prevalence of symptoms of postnatal depression at six weeks and six 

months (as measured with the Edinburgh Postnatal Depression Scale) 

2. The Mental Development Index scores of children at 18 months of age (as 

measured with the BSID III) 

 

SECONDARY OUTCOMES OF THE DOMINO TRIAL 

Secondary outcomes included infant language and motor development as well as 

duration of gestation and neonatal outcomes. Additional follow-up outcomes include 

visual acuity at four months of age,236 atopic disease at one,237 three and six years of 

age, cognitive outcomes at four and seven years of age and body fat composition at 

three and five years of age.  

 

OUTCOMES AND HYPOTHESIS OF MY STUDY 

The primary outcomes of my study are average latency to turn to the Distractor when 

attention was Focused on a toy during the Distractibility Task of the Attention 
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Assessment and the average distance between the hidden figurine and the child’s 

search attempt on Test Trials of the WMIC Assessment. 

 

Other outcomes from the Attention Assessment and WMIC Assessment are secondary 

outcomes. Child growth was included as a measure of intervention safety. 

 

Also of interest is the association between cord plasma DHA and the main outcomes of 

each of the tasks in the Attention Assessment and the main outcome of the WMIC 

Assessment (see below).  

� Attention Assessment, Single Object Task: association between cord plasma 

DHA and total duration of time spent in attention  

� Attention Assessment, Multiple Object Task: association between cord plasma 

DHA and the number of shifts in attention  

� Attention Assessment, Distractibility Task: association between cord plasma 

DHA and the latency to be distracted when engaged in Focused attention  

� WMIC Assessment: association between cord plasma DHA and accuracy of 

searching for the figurine during the Test Trials.  

 

The hypothesis is that treatment group children will have enhanced outcomes in the 

Attention and WMIC assessments compared with control group children.  

 

PARTICIPANTS 

 

Of the 7,821 pregnant women screened for eligibility while attending routine antenatal 

appointments in five Hospitals around Australia (Women’s and Children’s Hospital, 

Adelaide; Flinders Medical Centre, Adelaide; the Sunshine Hospital, Melbourne; the 

Royal Brisbane & Women’s Hospital, Brisbane; Campbelltown Hospital, Sydney), 2399 

were enrolled in the DOMInO Trial. The majority of the pregnant women that were not 
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enrolled either declined to participate (n=1764) or were ineligible as they were 

already taking fish oil supplements regularly (n=2337). The remaining women 

screened were ineligible to participate in the trial, due to fetal abnormality, poor 

comprehension of English, multiple pregnancy, contraindication of tuna oil, history of 

substance abuse or participation in another FA trial (n=1321)  

 

A sample size calculation stipulated 2,242 pregnant women would be needed to detect 

a reduction in depressive symptoms with 80% power (α=0.05) and 572 children 

would be necessary to detect a difference in cognitive development with 80% power 

(α=0.05). 

 

ENROLMENT 

Women were approached by study nurses and research assistants whilst attending 

antenatal clinics or their routine morphology ultrasound. Recruitment for the trial 

commenced in October 2005 and was completed in January 2008.  

 

INCLUSION CRITERIA 

Women were eligible for the trial if they had a singleton pregnancy between 18 and 21 

weeks gestation, were able to give written informed consent and spoke English at 

home as the child would need to understand instructions from a psychologist in 

English to complete the 18 month BSID III assessment. 
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EXCLUSION CRITERIA 

Women were ineligible if they were already taking a DHA supplement, participating in 

a FA intervention, had a bleeding disorder in which tuna oil was contraindicated, were 

taking anticoagulant therapy or had a known history of drug or alcohol abuse. Women 

were also excluded if their fetus had a known major abnormality. 

 

RANDOMISATION 

 

SEQUENCE GENERATION 

A computer program generated the randomisation schedule with balanced variable-

sized blocks stratified by centre and parity (first birth vs. subsequent birth).  

 

CONCEALMENT 

The randomisation schedule was prepared by an independent statistician and 

allocation to treatment was via a telephone randomisation service. 

 

BLINDING 

Once enrolled, each woman received a unique identification number and a 

corresponding treatment pack containing either the active intervention or the placebo 
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in pre-packaged form. The active intervention and placebo capsules were identical in 

size, shape and colour. Capsules were dispensed by independent parties. All 

participants and study staff remained blinded to the intervention although a higher 

proportion of women in the treatment group (65%) were correctly able to guess their 

group allocation compared with controls (34.2%).  

 

INTERVENTION 

 

Both randomisation groups received capsules to be consumed daily from enrolment 

(~20 weeks gestation) until delivery. Women randomised to the DHA group were 

asked to consume 3 x 500 mg capsules per day (21 per week) providing ~800mg 

DHA/day and 100mg EPA/day. This dose is the estimated threshold for lower risk of 

depressed maternal mood.238 Women randomised to the placebo group were asked to 

consume 3 x 500 mg capsules per day providing no DHA. The placebo capsules 

contained a blend of rapeseed, sunflower and palm oil in proportions that mimic the 

polyunsaturated, monounsaturated and saturated FA profile of the Australian diet.96  

 

ADHERENCE TO INTERVENTION  

 

Participants were telephoned two weeks after study entry and again at 28 and 36 

weeks gestation to monitor and encourage compliance. Participants were supplied 

with an excess number of supplements and asked to return unused capsules at birth 

so that the proportion of unused capsules also served as a measure of compliance. FA 

composition of cord blood collected at delivery and breast milk collected before 

hospital discharge was analysed as a biological measure of compliance and DHA 

bioavailability to the fetus.  

 

Participants in both groups were, on the whole, compliant with the intervention. At 28 

weeks gestation n=856 (35.6%) had missed none of the capsules asked to consume, 

n=827 (34.5%) had missed less than three out of the 21 capsules instructed to 
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consume each week and at the end of the intervention period, fewer than 2% of 

mothers in the treatment and intervention groups had stopped taking capsules. Cord 

plasma DHA (percentage of phospholipid FA) was 7.6% (SD=1.8) in the treatment 

group and 6.3% (1.4) in the control group.  

 

CORD PLASMA DHA ANALYSIS  

 

Cord blood samples were collected at birth for the measurement of plasma 

phospholipid DHA. Plasma samples were stored frozen until transported to the 

laboratory of Professor Gibson for analysis. The method used has been previously 

established.239 Briefly, whole blood was collected into heparinised tubes then 

erythrocyte and plasma fractions were separated by centrifugation. Plasma lipids were 

extracted in chloroform: methanol. The chloroform layer was removed and evaporated 

under nitrogen. The phospholipids were then separated by thin-layer chromatography. 

Phospholipids were methylated in 1% H2SO4 in methanol at 70°C for three hours. The 

resulting methyl esters were extracted into n-heptane and dehydrated in anhydrous 

Na2SO4. DHA, as well as other FAs, were reported as the percentage of total plasma 

phospholipids.  

 

ETHICS  

 

Ethical approval of the study was granted by each hospitals ethics review board and 

all participants gave written informed consent.  
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FOLLOW-UP ASSESSMENT OF EXECUTIVE FUNCTIONING AT 2¼ 
YEARS 

 

The study that comprises this thesis aimed to explore the effect of maternal DHA 

supplementation on offspring cognitive development. To do this, specific assessments 

of the areas of the brain thought to be effected by fetal DHA availability were used in 

a nested follow-up of children born to women enrolled in the DOMInO Trial. Treatment 

group child attention, WM and IC abilities were compared with control group child 

abilities and association between outcomes of the assessments and cord plasma DHA 

were explored.  

 

ELIGIBILITY, INCLUSION CRITERIA AND EXCLUSION CRITERIA 

 

Children were eligible for the two-year follow-up study if they had participated in the 

visual development follow-up assessment at four months of age.236 Children born at 

Flinders Medical Centre between June 2007 and August 2008 (n=271) were screened 

for the visual assessment at four months of age. Only children who were born full-

term (>37 weeks) with a healthy birth weight (≥2.5 kg) and had no diagnoses of 

visual or neurological pathologies from a medical practitioner, were eligible to 

participate in the four-month-old follow-up (n=185). A sample of healthy, typically 

developing children would provide insight into individual differences in attention, WM 

and IC. Children were eligible for the two-year follow-up if they were 27±2 months 

old. Children were ineligible for the two-year follow-up if they were outside of the pre-

specified age range or if their caregivers had withdrawn from the DOMInO Trial. 

Conducting the assessments within a specific age range was important because the 

neurological functions being tested are continually developing in young children and it 

was important to capture participants at comparable stages of development. Inclusion 

and exclusion criteria for the follow-up assessment and the DOMInO Trial are 

presented below in Table 6.  
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Table 6. Inclusion and exclusion criteria of the DOMInO Trial and the 27-month executive 
functioning follow-up assessment  

DOMInO Trial 

Inclusion  18-21 weeks gestation 
Singleton pregnancy 
Good comprehension of English 
 

Exclusion Already taking a DHA supplement 
Already participating in a fatty acid intervention trial 
Bleeding disorder in which tuna oil was contraindicated 
Taking anticoagulant therapy 
Woman had a known history of drug or alcohol abuse 
Fetus had a known major abnormality 

27-month follow-up 

Inclusion Participated in four-month visual assessment 
Normal birth weight (≥2.5 kg) 
Born full-term (>37 weeks) 
Born at Flinders Medical Centre 
No diagnosed visual or neurological pathologies 
Aged 27±2 months (25-29 months) 

Exclusion  Caregivers had withdrawn from the DOMInO Trial 
Caregivers unable to give informed consent 

 

RECRUITMENT AND ENROLMENT 

 

I screened eligible participants using information already collected as part of the 

DOMInO Trial and the four-month visual development follow-up. Contact details for 

participants were recorded as part of the DOMInO Trial and updated during follow-

ups.  

 

I sent invitations to caregivers of eligible children to attend assessments of attention, 

WM and IC when the child turned two-years old. The invitation contained an 

information letter explaining the assessments, my contact details if they had any 
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questions and a consent form with a reply paid envelope that caregivers could return 

if they wished to participate. I followed up the invitation with a telephone call 

approximately two weeks later to ask caregivers if they would participate and/or book 

an appointment. The last given contact number for a participant was called at various 

times throughout the day until the parent was contacted or the number was confirmed 

as incorrect. If participants could no longer be contacted at their last given address or 

phone number, secondary contacts (such as grandparents) and the White Pages 

telephone directory were used to locate eligible participants. 

 

If participants did not attend booked appointments, new appointments were booked 

until the participant attended the appointment, declined participation or the child was 

outside of the pre-specified age range. Assessments were scheduled in the morning or 

when caregivers felt the child was alert and able to perform at their best. 

 

Recruitment was undertaken between April 2009 and August 2010 and follow-up 

assessments were conducted between June 2009 and August 2010. A total of 184 

DOMInO Trial participants were contacted. 

 

ETHICS 

 

This follow-up study was approved by the Human Research Ethics Committees at the 

University of Adelaide and at the Flinders Medical Centre. The caregivers of all 

participants in the follow-up study gave written informed consent. At the end of the 

appointment caregivers were given $20 to reimburse the cost of travel and parking to 

attend the clinic.  
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THE WHOLE APPOINTMENT 

 

All two-year follow-up data were collected in an appointment at the Child Nutrition 

Research Centre (CNRC) in Flinders Medical Centre, Adelaide, South Australia. The 

primary outcomes for the follow-up were outcomes of the Attention and WMIC 

assessments (listed above). Secondary outcomes for the follow-up were other 

outcomes from the Attention and WMIC assessments. Child anthropometrics were 

measured as a safety outcome. Other information that could possibly identify 

covariate or confounding factors related to performance in the assessments was 

collected at enrolment in the DOMInO Trial and at the time of the Attention and WMIC 

assessments.  

 

At the time of the appointment the child undertook the Attention and WMIC 

assessments, child anthropometrics were measured, the parent was asked to 

complete a questionnaire about the child’s home environment and a participant case 

report form (CRF) was completed by me via interview with the parent. The entire 

appointment took 1.5-2 hours to complete, four-to-five hours to extract the data from 

the video recordings and 45 minutes to enter the extracted data into the Excel spread 

sheet. I recruited and enrolled all participants and booked, conducted, extracted, 

entered and analysed data from all appointments. Appointments were conducted in 

the same order (Table 7); however the option of a break or completing one 

assessment per appointment was offered if the child was distressed or fatigued.  
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Table 7. Summary of assessments in order of completion for the two-year follow-up 
appointment 

Order Item Administered by: Completed by: Duration 

1 Written informed consent*   Student Caregiver 2 min 
2 Attention assessment Student Child 35 min 

3 
Working Memory and 
Inhibitory Control Assessment 

Student Child 20 min 

4 Anthropometrics Student Child 10 min 
5 Case Report Form  Student Caregiver 15 min 

6 Home Screening Questionnaire  
Caregiver (self-
administered) 

Caregiver 10 min 

Total Time= ~ 1.5 hours  
*if not already received by mail 

 

The participant characteristics and results of the Attention Assessment and 

anthropometric measures are reported in Chapter 3. Results from the WMIC 

Assessment are presented in Chapter 4.  

 

OTHER INFORMATION COLLECTED FOR THE STUDY 

 

BACKGROUND INFORMATION: CASE REPORT FORM 

 

A CRF was completed via interview with the caregiver to gain information about the 

child’s background (Appendix 8). Socio-demographic data (parental age, education, 

employment, child gestational age, birth weight, birth order, sex etc.) were collected 

for the DOMInO Trial at baseline. Caregiver education and employment details were 

updated at the two-year follow-up as these may have changed. Details about the 

child’s home environment were collected including how many people the child lived 

with, who cared for the child and whether the child regularly attended childcare or 

kinder gym. Caregivers were asked whether the child had been diagnosed with any 
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visual, hearing, learning or behavioural problems, any physical handicaps or chronic 

health conditions and the number of and reason(s) for hospitalisations ≥24 hours. 

Caregivers were asked a series of questions to capture DHA intake from milk 

consumption since birth, including breast milk, infant formula (brand and type) and 

bought milk. A series of questions about food consumption in the last week and 

supplement use were used to capture the child’s current intake of foods that contain 

DHA.  

 

HOME ENVIRONMENT: HOME SCREENING QUESTIONNAIRE  

 

The caregiver was asked to complete a Home Screening Questionnaire (HSQ) for 

children aged 0-3 years.240 The HSQ is used to screen factors within the home 

environment which are associated with child development. The questionnaire 

consisted of 3 x A4 pages with n=30 questions and a list of common toys so that 

caregivers could indicate which toys the child had access to at home (Appendix 9). 

The HSQ was scored after the participant had left the appointment. The maximum 

score is 43 and a score ≤32 indicates a suspect screening result, which may indicate 

that factors within the home environment are not supportive of optimal child 

development. The HSQ has good validity and reliability.241  

 

ANTHROPOMETRICS 

 

Anthropometrics (height, weight and head circumference) were measured as a safety 

outcome and an index of the nutritional well-being of the children. The CNRC, through 

which the study was conducted, developed SOP’s (Appendices 10, 11 and 12) for 

anthropometric measures based on the WHO Multi-centre Reference Growth Study.242 

I was trained in measuring the anthropometry of toddlers prior to commencing the 

study assessments and conducted all measurements although caregivers were asked 

to encourage the child’s cooperation. Height, weight and head circumference were all 

measured twice and the mean of these measurements were used for analysis. If the 

difference between the two measures was greater than 0.5 cm (height, head 
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circumference) or 0.5 kg (weight), a third measurement was taken and the two 

measurements in closest agreement were used to calculate the mean. If it was not 

possible to perform the anthropometric measures at the time of the appointment, 

caregivers were asked to forward recent measurements taken by the child’s GP or 

other health professional and the date the measurement was taken.  

 

Weight was measured using an electronic scale that was calibrated before the 

commencement of the study using standardised iron weights. Children’s weight was 

measured to the nearest 100 grams. Measurements were taken when the child was 

wearing only a shirt/singlet and nappy/underwear. If a child was non-compliant, the 

caregiver was asked to stand on the scales whilst holding the child and without the 

child. The child’s weight was calculated by subtracting the caregiver’s weight from the 

caregiver and child’s combined weight.  

 

Height was measured with a stadiometer to the nearest 0.1 cm. Shoes were not worn 

for the height measurement and hair ornaments were removed so that the head could 

lie flat against the stadiometer. If the child was non-compliant, the measurement was 

demonstrated on the parent, myself and other siblings present at the appointment. If 

the child was still visibly distressed, the measurement was not taken.  

 

Head circumference was measured using non-stretchable disposable paper tapes to 

the nearest 0.1 cm. If the child was non-compliant, the measurement was 

demonstrated on the parent, myself and other siblings present at the appointment. If 

the child was still visibly distressed, the parent was asked to take the measurement 

under my supervision. If this was not possible the measurement was not taken.  

 

SAMPLE SIZE 

 

The Attention and WMIC assessments involved continuous normally distributed 

variables with primary outcomes latency to turn to the distractor during Focused 
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attention (Attention Assessment: measured in time, i.e. as “seconds.centiseconds”) 

and distance between the locations of a hidden figurine and search attempt during 

Test Trials (WMIC Assessment: measured in mm). The power calculation stipulated 

that the available sample of 185 children would be sufficient to detect a difference in 

the primary outcomes; Attention: 0.7 of a second for latency to be distracted during 

Focused attention (SD=1.5) with 89% power; WMIC: 18 mm for accuracy of 

searching during the Test Trials (SD=37 mm)) with 91% power, and 95% 

significance. 

 

STATISTICAL ANALYSES FOR COMPARING INTERVENTION 
GROUPS 

 

Participants were assigned a randomisation number at trial entry for identification 

purposes. Once data collection was complete, randomisation numbers were linked 

with a code (“s” or “t”) representing intervention groups so that data could be 

analysed blind.  

 

Data was entered into Microsoft Office Excel 2003® and then converted to STATA 

(version IC 11) for all analyses. No adjustment was made for multiple comparisons 

and p<0.05 was considered significant. Analyses were conducted according to 

intervention originally assigned using all available data. Children who were eligible to 

participate but who did not attend the appointment were not included in the analyses.  

 

All analyses were conducted unadjusted as well as adjusted for sex, smoking during 

pregnancy and paternal completion of secondary education. Analyses were adjusted 

for child sex as girls and boys have different rates of development,80,243 girls are 

better able refrain from making the A-not-B error after long delays compared with 

boys205 and boys have been shown to attend to a television more than girls.180 Other 

studies of DHA in pregnancy have found treatment x sex effects.21,156,244 Analyses 

were adjusted for smoking during pregnancy as it has been linked to lower 
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developmental outcomes.236,245 Paternal completion of secondary education was 

adjusted for as it differed by >10% between the treatment groups.  

 

The distributions of all variables were checked via Histograms and Box Plots prior to 

analyses. Some variables were transformed to normalise their distribution; however 

as transformations made no difference to the results, untransformed data are 

reported in Chapters 3 and 4 for ease of reader interpretation.  

 

Groups were compared using independent samples t tests. Associations between cord 

blood DHA (as a percentage of the total plasma phospholipids) and outcomes of the 

assessments were analysed using linear multivariable regression, with adjustment for 

covariables. Cord plasma DHA was used as the predictor variable while performance in 

the assessments was the outcome and sex, paternal completion of secondary 

education and maternal smoking during pregnancy were included as covariables. 

Groups were analysed separately because as the trial intended to alter FA status, the 

assumption that the FA profile of the women in the control and treatment groups are 

part of the same population is inappropriate.  

 

Some post-hoc exploratory analyses were conducted on data from both assessments. 

As with the planned comparisons, analyses were conducted unadjusted and adjusted 

for maternal smoking at baseline (~18 weeks gestation), child sex and the father’s 

secondary education. Post-hoc analyses from the Multiple Object Task of the Attention 

Assessment included independent samples t tests and regression analyses. The post-

hoc analysis to determine whether there was a learning effect in the Distractibility 

Task of the Attention Assessment and whether it was present in both groups required 

data to be reshaped. The reshaped data were analysed with a repeated measures 

ANOVA. The association between search accuracy during Training Trials of the WMIC 

Assessment and cord plasma DHA was analysed with linear multivariable regression. 
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CHAPTER 3: INFLUENCE OF DHA 
SUPPLEMENTATION DURING PREGNANCY ON 
ATTENTION AT 2 YEARS OF AGE: RESULTS OF A 
RANDOMISED CONTROLLED TRIAL 

 

ABSTRACT 

 

DHA accumulates rapidly in fetal neural tissues during the second half of 

pregnancy56,57 when the frontal lobes and hippocampus are developing,1 leading to the 

hypothesis that fetal DHA availability effects the functioning of these areas of the 

brain.  

 

In a double-blind RCT pregnant women were supplemented with ~800 mg DHA per 

day (treatment group) or a vegetable oil placebo (control group). When the children 

were 27 (±2) months old they undertook an assessment of visual attention consisting 

of 3 tasks: Single Object, Multiple Object and Distractibility. Measures of attention in 

the treatment group children were compared with the control group children. The 

primary outcome was latency to be distracted during Focused attention in the 

Distractibility Task. Cord plasma DHA was investigated in relation to the main 

outcomes of each of the tasks for the treatment and control groups separately. 

Height, weight and head circumference were compared between the intervention 

groups as an indicator of the safety of the intervention. 

 

Data were collected from n=77 children in the treatment group and n=73 in the 

control group. There was no difference between the groups for the primary outcome 

(main outcome of the Distractibility Task), latency to turn to the distractor when 

attention was Focused (mean diff=-0.2 s, 95% CI -0.7 to 0.4, p=0.58). There was no 

difference between the treatment and control groups in the main outcomes for each of 
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the assessment tasks; total duration of time spent looking at the toy in the Single 

Object Task (mean diff=-12.0 s, 95% CI -27.7 to 3.5, p=0.13) or the number of looks 

between toys in the Multiple Object Task (mean diff=2.7 looks, 95% CI -4.2 to 3.6, 

p=0.89). Overall there were no effects in secondary measures of attention including 

the proportion of times distracted when in Focused or Casual attention, total duration 

of time spent distracted by the television and total duration of time spent not looking 

at the toy(s). There was a positive significant effect on the number of episodes of 

inattention during the Multiple Object Task as treatment group children looked away 

from the toys fewer times than controls, although the magnitude of the effect was 

small (mean diff=-2.0 looks, 95% CI -3.9 to -0.2, p=0.03). However, there was no 

effect of supplementation on inattention during the Single Object Task. The 

intervention increased the cord blood plasma DHA (percentage of phospholipids) in 

the treatment group, but associations between cord plasma DHA and outcomes of the 

Attention Assessment were inconsistent, suggesting no true association. There was no 

difference in height, weight or head circumference between children in the treatment 

and control groups.  

 

In this population of healthy term-born children, increasing fetal exposure to DHA 

during late pregnancy did not influence multiple measures of attention or growth 

measured at 27 months of age. 
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INTRODUCTION 

 

Neural cortex tissues are rich in the omega-3 LCPUFA DHA. The rapid accumulation of 

DHA in the brain during the second half of pregnancy56,57 coincides with the period 

when brain growth is at its maximum velocity, particularly the hippocampus and 

frontal lobes,1 leading to the hypothesis that fetal DHA availability effects the 

functioning of these areas. The frontal lobes and hippocampus are central processors 

of higher-order cognitive skills known as EFs, such as attention, which can be 

measured in early childhood. Global cognitive tests capture EFs and have the 

advantage of being standardised in their administration; however they measure 

multiple neural functions simultaneously and lack the specificity to detect accelerated 

development of executive functioning distinct from overall cognitive development.117 

Exploratory assessments are generally not standardised but can be designed with the 

precision necessary to measure specific abilities and neural systems.29,116,117  

 

The findings of observational analyses after supplementation with DHA enriched eggs 

suggests an association between intrauterine DHA availability and attention.115,116 The 

authors dichotomised a sample of women into a high-DHA group and a low-DHA group 

based on their red blood cell DHA at delivery and measured infant attention at 4, 6, 8, 

12 and 18 months. Accelerated development of attention was found in the high-DHA 

group children compared with children in the low-DHA group.115,116 The association 

between performance on the attention assessment and maternal DHA levels has not 

been replicated in other work or tested in a RCT, which is the gold standard for 

establishing causality. The DOMInO Trial provides an ideal opportunity to examine 

whether high-dose DHA supplementation during pregnancy influences attention in the 

offspring using the same test as Colombo et al and Kannass et al.115,116  
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OUTCOMES AND HYPOTHESIS 

 

The primary outcome is the latency (time taken) to be distracted by a television when 

the child’s attention had been Focused on a toy. The other outcomes are other 

measures of attention, including duration of time spent not looking at toy(s) and the 

proportion of times distracted when attention had been Casual. Also of interest is the 

association between outcomes of the Attention Assessment and cord plasma DHA.  

 

The hypothesis is that term-born children from the DHA group will have a longer 

latency (take a longer time) to be distracted by a television when the child’s attention 

had been Focused on a toy compared with controls. One would also expect that 

children in the treatment group will have enhanced outcomes across a range of 

attention measures compared with controls.  

 

METHOD 

 

My study was a nested follow-up of the DOMInO Trial; trial details are described in 

Chapter 2. To summarise, women were randomised at enrolment (~18 weeks 

gestation) and assigned to consume capsules containing 800 mg of DHA per day 

(treatment group) or a vegetable oil placebo (control group). The cord blood plasma 

DHA (% of phospholipid FAs) was measured as an indicator of bioavailability of DHA to 

the fetus. I conducted a nested follow-up of a subset of 185 children who had 

completed a four-month visual assessment. The parents of eligible term-born DOMInO 

children were invited to bring their child to a visual attention assessment at 27 (±2) 

months and have their child’s anthropometrics measured (Chapter 2). All procedures 

were undertaken with the approval of the Flinders Medical Centre and University of 

Adelaide Human Research Ethics Committees. Participants were blinded to treatment 

group allocation at the time of the appointments and all assessments were scored and 

analysed blind to intervention group.  
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The Attention Assessment consisted of three tasks as previously described (Chapter 

2). Briefly, the child sat on their parents lap and was presented with a series of toys 

while a video camera recorded the child’s eye movements. See Table 8 for a summary 

of the assessment and main outcomes for each task. All outcomes in the Attention 

Assessment that were measured in units of time, for example time spent in attention, 

are reported in seconds.centiseconds (s.cs). Other outcomes reported as a percentage 

are the proportions of times an event took place given the total number of possible 

occurrences.  

 

Height, weight and head circumference were measured using protocols based on the 

WHO Multi-centre Reference Growth Study.246 
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Table 8. Summary of methods and main outcomes for each task of the Attention 
Assessment 

Task Method and Main Outcome 

Single Object   

Method 
 
 

Toy: 1  
Leapfrog Multifunction Play Centre  

Duration: 5 min 

Outcome Total duration of time spent in attention to a toy in the absence of 
competition/distraction 

Multiple Object  
Method 

 

 

Toy: 5 (simultaneously) 
Dora the Explorer Figurine, Bob the Builder Quad Bike (known as 
Scrambler), bowl with handles and lid, rubber duck and Mickey 
Mouse mobile flip phone 

Duration: 5 min 

Outcome Number of times attention shifted between toys when constant 
competition for attention present 

Distractibility  
Method 

 
Toy: 4 (consecutively) 

In order of presentation: 1. Magnadoodle, 2. Little Mermaid 
blocks, 3. Shape Sorter and 4. wooden train set  

Distractor: Television playing 7-second distractor segments  
Duration: 3 min per toy, total 12 min 

Outcome Average latency (time taken) to be distracted by a television when 
attention had been focused on the toy* 

* Primary outcome for the Attention Assessment 

 

All outcomes reported have been analysed unadjusted as well as adjusted for 

maternal smoking at baseline (~18 weeks gestation), child sex and the father’s 

completion of secondary education. Adjusted analyses will be used to draw 

conclusions from the data. Outcomes in the treatment and control groups were 

compared using t-tests. Associations between cord blood DHA (as a percentage of the 

total plasma phospholipids) and outcomes of the Attention Assessment were analysed 

using linear multivariable regression, with adjustment for covariables. Cord plasma 

DHA was used as the predictor variable while performance in the Attention 

Assessment was the outcome and sex, paternal completion of secondary education 
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and maternal smoking during pregnancy were included as covariables (refer to 

Chapter 2 for more details).  

 

RESULTS 

 

SAMPLE AND PARTICIPANT FLOW 

 

Of the n=185 DOMInO Trial children enrolled in the visual development assessment, 

n=184 were eligible to participate in the two-year follow-up assessment (Figure 29) 

as one child died before the age of two. Twenty-four mother-child pairs were not 

enrolled in the two-year follow-up, primarily due to being too busy to attend an 

appointment at the medical centre.  

 

There were n=160 participants enrolled in the two-year follow-up study. Two 

participants repeatedly did not attend appointments. One child was ill on the day the 

appointment was re-scheduled on three occasions and could not be rebooked at a 

later date. The other failed to attend scheduled appointments on six occasions and 

was eventually outside of the pre-specified age range (25-29 months) for the 

assessment. One hundred and fifty eight children (85.4% follow-up rate of the n=185 

from the visual development assessment) attended the appointment although not all 

of the assessments could be included in the analysis. One participant’s data was 

excluded due to a subsequent diagnosis with a neurological disorder. Several other 

participants’ data were excluded from specific tasks due to excessive parental or 

external interference (where interference was judged by the two extractors not to be 

a valid measure of the child’s natural play) or equipment failure where the video 

recording of a task or an assessment was not available.  

 

No child refused to do the Attention Assessment although two (trt n=1, crtl n=1) 

refused complete the weight measurement, three (trt n=2, crtl n=1) refused to 
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complete the height measurement and six (trt n=3, crtl n=3) refused to complete the 

head circumference measurement.  
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 Follow-up (27 months) 
Assessed for eligibility (n=185) Treatment n=91 Control n=94 

Not enrolled (n=17) 
Lost to follow up (n=3) 
Family too busy (n=4) 

Too difficult to attend appointment (n=3) 
Interstate/overseas (n=3) 

Reason not given (n=4) 

Enrolled (n=77) 
Lost to follow up (n=1, child unwell)  
Outcome data obtained (n=76) 

Enrolled (n=160) 

Single Object Task  

Enrolled (n=83) 
Lost to follow-up (n=1, did not attend appointments) 
Outcome data obtained (n=82) 

Not enrolled (n=8) 
Lost to follow up (n=2) 

Infant death (n=1) 
Family too busy (n=3) 

Interstate/overseas (n=2) 

Analysed (n=77), Excluded from analyses (n=5) 
Parental interference (n=2) 

Equipment failure (n=2) 
Neurological diagnosis (n=1) 

Analysed (n=73), Excluded from analyses (n=3) 
Parental interference (n=2) 

Equipment failure (n=1) 

Multiple Object Task  

Analysed (n=74), Excluded from analyses (n=2) 
Parental interference (n=1) 

Equipment failure (n=1) 

Analysed (n=78), Excluded from analyses (n=4) 
Parental interference (n=2) 

Equipment failure (n=1) 
Neurological diagnosis (n=1) 

Distractibility Task  

Analysed (n=76), Excluded from analyses (n=0) Analysed (n=78), Excluded from analyses (n=3) 
Equipment failure (n=2) 

Neurological diagnosis (n=1) 

Weight 

Analysed (n=81), Excluded from analyses (n=1) 
Measurement not completed (n=1) 

Analysed (n=75), Excluded from analyses (n=1) 
Measurement not completed (n=1) 

Height 

Analysed (n=81), Excluded from analyses (n=2) 
Measurement not completed (n=2) 

Analysed (n=75), Excluded from analyses (n=1) 
Measurement not completed (n=1) 

Head Circumference 

Analysed (n=79), Excluded from analyses (n=3) 
Measurement not completed (n=3) 

Analysed (n=73), Excluded from analyses (n=3) 
Measurement not completed (n=3) 

Figure 29. Participant flow diagram for Attention Assessment and anthropometrics at 27-months of age  
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CHARACTERISTICS OF STUDY PARTICIPANTS 

 

The baseline characteristics of the two-year follow-up sample were comparable to 

those of the DOMInO Trial cohort with a few exceptions (Table 9). There were a higher 

proportion of mothers in the two-year follow-up who had completed tertiary education 

compared with the overall DOMInO cohort. Compliance with the intervention was 

slightly better in the two-year follow-up than the overall cohort. This was reflected in 

the higher percentage of DHA in plasma total phospholipid FAs in cord blood in the 

intervention group. Also noteworthy is that controls in the follow up also had a higher 

concentration of DHA compared with controls in the overall sample. The women from 

the Flinders Medical Centre were also slightly more educated than whole DOMInO 

cohort which is also reflected in the percentage of those who completed further 

education in the four-month and two-year follow-ups. Participants enrolled in the two-

year follow-up were similar to eligible participants not enrolled from the four-month 

visual development assessment and were typical of the participants who gave birth at 

Flinders Medical Centre.  

 

Table 9. Characteristics of the participants in the DOMInO Trial cohort, the 4-month 
visual development study and the two-year follow-up study 

 

Characteristics 

DOMInO 

(n=2,399) 

4-month 

(n=185) 

2-year 

(n=158) 

Mothers age at baseline mean (±sd) 28.9 (5.7) 29.1 (5.4) 29.5 (5.2) 
Mother completed secondary education n(%) 1515 (63.2) 114 (61.6) 104 (65.8) 
Mother completed further education n(%) 1640 (68.4) 138 (74.6) 123 (77.8) 
Infant male sex n(%) 1196 (49.9) 89 (48.1) 77 (48.7) 
Missed <3 out of the 21 capsules instructed to consume 
per week n(%) 827 (34.5) 70 (37.8) 62 (39.2) 

Missed < 3 out of the 21 capsules instructed to 
consume per week n(%) 853 (35.6) 88 (47.6) 75 (47.5) 

Intervention group DHA % in plasma total phospholipid 
fatty acids in cord blood mean (±sd) 7.6 (1.8) 8.3 (1.9) 8.4 (1.9) 

Control group DHA % in plasma total phospholipid fatty 
acids in cord blood  mean (±sd) 6.3 (1.4) 6.8 (1.5) 6.7 (1.6) 
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The characteristics of the intervention group were comparable to the control group 

(Table 10.1) except that more fathers in the treatment group had completed 

secondary education compared with controls (68.6% vs. 44.7%). The a priori analysis 

plan was that any co-variable that differed between the groups by more than 10% 

would be included as a covariate in the adjusted analysis. As the fathers’ completion 

of secondary education differed between the groups by more than 10% it was 

included in the analyses as a potentially confounding variable.   

 

Table 10.1 Characteristics of the participants and families in the two-year follow-up 

 
Characteristics 

Treatment 
(n=80) 

Control 
(n=76) 

Maternal age at baseline mean (±sd) 29.7 (5.3) 29.4 (5.0) 
Mother completed secondary education n(%) 53 (66.3) 51 (67.1) 
Mother smoked tobacco at entry (18-21wks) n(%) 8 (10.0) 9 (11.8) 
Mother drank alcohol at trial entry (18-21wks) n(%) 8 (10.0) 9 (11.8) 
Father completed secondary education n(%) 55 (68.6) 34 (44.7) 
Infant male sex n(%) 41 (51.3) 35 (46.1)  
Gestational age at birth (weeks) mean(±sd) 39.5 (1.2) 39.3 (1.2) 
Birth weight (g) mean(±sd) 3585 (473) 3625 (410) 
Birth length (cm) mean(±sd) 50.4 (2.2) 49.8 (3.3) 
Birth head circumference (cm) mean(±sd) 35.2 (1.3) 35.6 (3.3) 

 

The characteristics of the child at the time of the follow-up assessment did not differ 

between the intervention groups (Table 10.2).  
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Table 10.2 Child characteristics at two-year follow-up assessment  

 
Characteristics 

Treatment 
(n=80) 

Control 
(n=76) 

Age at follow up (days) mean(±sd) 834.7 (50.4) 838.6 (65.6) 
Home Screening score mean(±sd)  35.7 (2.8) 35.5 (2.9) 
     HSQ score <32 (suspect score) n(%) 6 (7.5) 9 (11.8) 
Amount of TV watched by child (hours per day) mean(±sd) 1.4 (1.1) 1.5 (1.0) 
Diagnosis with visual, hearing, physical, learning or 
behavioural problem n(%) 

2 (2.5) 2(2.6) 

Diagnosis with chronic health condition* n(%) 11 (13.8) 6 (7.9) 
*Asthma, eczema, allergies  

 

Children’s intake of DHA since birth was comparable between the randomisation 

groups (Table 10.3).  

 

Table 10.3 Child dietary intake of DHA since birth 

 
Dietary Characteristics 

Treatment 
(n=80) 

Control 
(n=76) 

Breast fed for more than 12 months n(%) 19 (23.8) 14 (18.4) 
Fed infant formula contained DHA n(%) 26 (32.5) 20 (26.3) 
Fed milk containing DHA between 1-2 years n (%) 22 (27.5) 17 (22.4) 
Fed milk containing DHA at 2 years n (%) 7 (8.8) 7 (9.2) 
Fed ≥1 fish meal in last week n (%) 48 (60.0) 47 (61.8) 
Fed ≥1 egg yolk in last week n (%) 39 (48.8) 42 (55.3) 
Fed ≥1 DHA enriched serve of food in last week n (%) 23 (28.8) 21 (27.6) 
Taking DHA supplement ≥3 per week n (%) 7 (8.8) 8 (10.6) 
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ATTENTION OUTCOMES 

 

The following are the results of the pre-planned primary, secondary and exploratory 

analyses, as well as post-hoc analyses from each of the attention tasks. 

 

SINGLE OBJECT TASK 

 

Exclusions due to excessive parental interference, equipment failure and neurological 

diagnoses resulted in assessments from 150 of the 158 children being included in the 

Single Object Task analyses (trt n=77/82 (93.9%), ctrl n=73/76 (96.1%)) (Figure 

29). There were 133 children (trt n=66 (80.5%), ctrl n=67 (88.2%)) who completed 

the entire 5 minute task. 

 

The main outcome for the Single Object Task was the total duration of time spent 

looking at the toy (attention to the toy). The total duration of the task was five 

minutes so the maximum length of time spent looking at the toy was 300 seconds. 

Adjusted and unadjusted analyses showed no difference between the groups in the 

duration of time spent looking at the toy (Table 11). There was no difference in any of 

the other outcomes between the treatment and control groups, before or after 

adjustment for potential confounders.   
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Table 11. Outcomes for the Single Object Task* of the Attention Assessment  

 Treatment  
n=77 

Control  
n=73 

Un-adjusted 
Mean 

Difference  
(95% CI) 

 Adjusted † 
Mean 

Difference 
 (95% CI) 

 

Outcome mean 
 (±SD) 

mean 
(±SD) 

P 
value 

P 
value 

Total duration of time spent 
looking at the toy (s.cs) ‡ 

238.8 
(51.1) 

246.6 
(41.0) 

-7.8  
(-22.8, 7.2) 

0.31 
-12.0 

 (-27.7, 3.5) 
0.13 

Percentage of time spent 
looking at the toy (%) 

84.1 
 (11.8) 

86.0 
(9.3) 

-0.02,  
(-0.1, 0.02) 

0.28 
-0.02 

 (-0.1, 0.02) 
0.33 

Average length of look to the 
toy (s.cs)  

27.1  
(19.4) 

27.7 
(21.9) 

-0.5 
 (-7.2, 6.2) 

0.88 
-2.5  

(-9.5, 4.4) 
0.47 

Number of looks to the toy  
11.4 
 (4.6) 

11.6 
(4.6) 

-0.2 
 (-1.7, 1.3) 

0.76 
0.1  

(-1.5, 1.7) 
0.90 

Number of times looked away 
from the toy  

10.0  
(4.5) 

10.4 
(4.3) 

-0.3 
 (-1.7, 1.1) 

0.78 
-0.01 

(-1.5, 1.5) 
0.99 

*Duration of the Single Object task=300 seconds (5 minutes) 
†Adjusted for maternal smoking at baseline (~18 weeks gestation), child sex and the father’s secondary 
education 
‡Main Outcome of the Single Object Task  

 

MULTIPLE OBJECT TASK 

 

Exclusions due to excessive parental interference, equipment failure and neurological 

diagnoses resulted in assessments from 152 of the 158 children being included in the 

Multiple Object Task analyses (trt n=78/82 (95.1%), ctrl n=74/76 (97.4%)) (Figure 

29). There were 143 children (trt n=74 (90.2%), ctrl n=69 (90.8%)) who completed 

the entire five minute task.  

 

The main outcome for the Multiple Object Task was the number of times the child 

looked between the five toys (shifts of attention between toys). There was no 

difference between the groups in the main outcome, looking between the toys, 

regardless of adjustment with potential confounding factors (Table 12). There was 

also no difference in any other measures of attention in the Multiple Object Task 

except that the number of times children looked away from the toys was lower in the 
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treatment group compared with the control group, although the size of the difference 

was small (adjusted mean diff=-2.0 looks, 95% CI -3.9 to -0.2).  

 

Table 12. Outcomes for the Multiple Object Task* of the Attention Assessment  

 Treatment 
n=78 

Control  
n=74 

Un-adjusted 
Mean 

Difference  
 (95% CI) 

 Adjusted † 
Mean 

Difference   
(95% CI) 

 

Outcome mean  
(±SD) 

mean 
(±SD) 

P 
value 

P 
value 

Number of times shifted 
looks between the toys ‡ 

41.6  
(11.8) 

42.0 
(12.4) 

-0.5 
 (-4.4, 3.4) 

0.45 
2.7  

(-4.2, 3.6) 
0.89 

Total duration of time 
looking at the toys (s.cs)  

250.6 
(37.4) 

249.5 
(30.8) 

1.1  
(-9.9, 12.1) 

0.84 
-1.6  

(-13.0, 9.9) 
0.79 

Percentage of time spent 
looking at the toys (%) 

87.8 
 (9.3) 

87.0 
 (7.2) 

0.01 
 (-0.02, 0.04) 

0.54 
0.02  

(-0.03, 0.03) 
0.91 

Number of times looked 
away from the toys  

14.0  
 (5.8) 

15.7 
 (5.6) 

-1.8 
 (-3.6, 0.02) 

0.05 
-2.0  

(-3.9, -0.2) 
0.03 

Average length of a look 
to a toy (s.cs) 

5.3  
(1.4) 

5.2  
(1.6) 

0.1  
(-0.4, 0.6) 

0.78 
-0.1 

 (-0.6, 0.4) 
0.81 

*Duration of the Multiple Object task=300 seconds (5 minutes) 
†Adjusted for maternal smoking at baseline (~18 weeks gestation), child sex and the father’s secondary 
education 
‡Main outcome of the Multiple Object Task 

 

DISTRACTIBILITY TASK  

 

Exclusions due to excessive parental interference, equipment failure and neurological 

diagnoses resulted in assessments from 154 of the 158 children being included in the 

Distractibility Task analyses (trt n=78/82 (95.1%), ctrl n=76/76 (100%)) (Figure 29). 

There were 152 children (trt n=80 (97.6%), ctrl n=72 (94.7%)) who completed the 

entire three minute Mangadoodle Trial, 150 (trt n=78 (95.1%), ctrl n=72 (94.7%)) 

who completed the building blocks trial, 140 (trt n=70 (85.4%), ctrl n=70 (92.1%)) 

who completed the shape sorter trial and 153 (trt n=81 (98.8%), ctrl n=72 (94.7%)) 

who completed the entire wooden train trial. 
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The main outcome for the Distractibility Task, the entire Attention Assessment and 

one of the primary outcomes for the study, was latency to turn to the distractor when 

the child was in Focused attention. There was no effect of supplementation on the 

main outcome (Table 13). There were no differences between the groups in any of the 

other outcomes.  

 

Table 13. Outcomes for the Distractibility Task of the Attention Assessment * 

 Treatment  
n=78 

Control  
n=76 

Un-adjusted 
Mean 

Difference  
(95% CI) 

 Adjusted † 
Mean 

Difference 
(95% CI) 

 

Outcome mean 
 (±SD) 

mean 
(±SD) 

P 
value 

P 
value 

Average latency§to turn 
to the distractor when 
Focused (s.cs) ‡ 

3.5 
 (1.6) 

3.8  
(1.9) 

-0.3  
(-0.9, 0.3) 0.28 -0.2  

(-0.7, 0.4) 0.58 

Percentage of times 
distracted when Focused 
(%) 

66.2 
(0.3) 

59.7  
(0.3) 

0.1 
 (-0.02, 0.2) 0.15 0.04 

 (-0.1, 0.1) 0.34 

Average latency§ to look 
to the distractor when 
Casual (s.cs) 

2.2  
(1.7) 

2.6  
(2.1) 

-0.4  
(-1.0, 0.2) 0.23 

-0.3 
 (-0.9, 
 0.3) 

0.33 

Percentage of times 
distracted when Casual 
(%) 

78.1 
 (0.3) 

74.4 
 (0.3) 

0.04  
(-0.6, 0.1) 0.43 0.04 

 (-0.1, 0.1) 0.44 

Total duration of time 
spent looking at the 
distractor when the 
distractor was on (s.cs) II 

89.7 
 (49.7) 

79.9 
(50.1) 

9.8  
(-6.1, 25.7) 0.23 3.9  

(-11.7, 19.5) 0.62 

Total duration of time 
spent looking at the 
distractor when the 
distractor was off (s.cs)  

26.8  
(23.4) 

24.6 
(21.6) 

2.5 
 (-4.7, 9.7) 0.49 0.8 

 (-6.3, 7.9) 0.82 

* values presented are averages across each of the 4 trials apart from Time Spent Looking at the Distractor 
when it was on or off (total duration across 4 trials)) 
† Adjusted for maternal smoking at baseline (~18 weeks gestation), child sex and the father’s secondary 
education 
‡ Main outcome of the Distractibility Task was primary outcome of whole Attention Assessment 
§maximum latency=7.00 s 
II maximum time distractor was on=224 seconds (~56 seconds per trial)  
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EXPLORATORY OUTCOMES: ASSOCIATIONS WITH CORD 
PLASMA DHA  

 

The associations between the cord blood plasma phospholipid DHA in each group and 

the main outcome of each task of the Attention Assessment were explored using 

scatterplots and regression analyses. Cord plasma was available from n=126 

participants (trt n=66, ctrl n=61). Scatter plots of associations between cord plasma 

DHA and the main outcomes from each of the Attention tasks (Figures 30-32) show 

overlap between the groups and lack of a clear association with any attention 

outcome. Regression analyses showed that for every 1% higher concentration of DHA 

in cord plasma, child duration of attention to the toy (Single Object Task) was 5 

seconds greater in the treatment group, although this did not reach significance 

(p=0.12), and 10.1 seconds greater in the control group (p=0.02). There was no 

association between cord plasma phospholipid DHA and the Multiple Object Task main 

outcome in either group. A 1% higher concentration of DHA in cord plasma was 

associated with an increase of 0.3 seconds in child latency to turn to the distractor 

when attention was Focused (Distractibility Task) in the treatment group (p=0.01). In 

the control group, the higher DHA concentration was associated with a 0.1 second 

decrease in latency to turn to the distractor, although this did not reach significance 

(p=0.38). For each of the analyses, overall fit of the model was poor in both groups 

(Single Object Task: treatment r2=0.15, control r2=0.16; Multiple Object Task: 

treatment r2=0.07, control r2=0.30; Distractibility Task: treatment r2=0.18, control 

r2=0.17). For unadjusted analyses of the cord plasma associations see Table A in 

Appendix 13.  
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Figure 30. Cord blood plasma DHA (percentage of total phospholipid fatty acids) plotted 
against the total amount of time spent looking at the toy during the Single Object Task of 
the Attention Assessment for the treatment group (left; β=5.0, 95%CI -1.4 to 11.2; 
r2=0.15; p=0.12) and control group (right; β=10.1, 95%CI 1.8 to 18.5; r2=0.16; p=0.02) 
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Figure 31. Cord blood plasma DHA (percentage of total phospholipid fatty acids) plotted 
against the number of times the child looked between the toys during the Multiple 
Object Task of the Attention Assessment for the treatment group (left; β=0.5, 95%CI -1.1 
to 2.1; r2=0.07; p=0.53) and control group (right; β=-0.6, 95%CI -2.6 to 1.3; r2=0.30; 
p=0.51) 
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Figure 32. Cord blood plasma DHA (percentage of total phospholipid fatty acids) plotted 
against the latency to turn to the distractor when attention was Focused on the toy 
during the Distractibility Task of the Attention Assessment for the treatment group (left; 
β=0.3, 95%CI 0.1 to 0.5; r2=0.18; p=0.01) and control group (right; β=-0.1, 95%CI   -0.5 to 
0.2; r2=0.17; p=0.38) 
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POST-HOC ANALYSES  

 

The following are comparisons that had not been planned prior to analysing the data.  

 

MULTIPLE OBJECT TASK: DID THE TREATMENT GROUP CHILDREN HAVE LESS 
INATTENTION THAN CONTROLS? 

Further analyses were undertaken to explore the finding that children in the treatment 

group looked away from the toys in the Multiple Object Task less frequently than 

children in the control group. The duration of time spent not looking at the toys during 

the Multiple Object Task was the same in each group (Table 14). Similarly, in the 

Single Object Task the groups did not differ in their inattention to the toy (Table 11). 

 

Regression analyses were performed to evaluate the whether cord plasma DHA 

predicted the number of times the child looked away from the toys and the duration of 

time spent not looking at the toys during the Multiple Object Task. A 1% higher 

concentration of DHA was associated with a decrease in the number of times the child 

looked away from the toys by 0.1 of a look in the control group (p=0.02) and 1.1 of a 

look in the treatment group, although this did not reach significance (p=0.86) (Table 

15). The total time not spent looking at the toys was higher in the treatment group 

(p=0.85) but lower in the control group (p=0.46) with a higher concentration of DHA, 

although this was not significant. For each of the analyses, overall fit of the model was 

poor in both groups (number of times looked away from the toys r2=0.09, control 

r2=0.18; total time not looking at the toys r2=0.05, control r2=0.18). 
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Table 14. Outcomes for the post-hoc comparisons from the Multiple Object Task of the 
Attention Assessment  
 Treatment Control  Un-adjusted Adjusted * 

Outcome n=78 
Mean  
(±SD) 

n=74 
Mean 
(±SD) 

Mean 
Difference 

(95% CI) 

P 
value 

Mean 
Difference 

(95% CI) 

P 
value 

Number of times looked 
away from toys† 

14.0   
(5.8) 

15.7 
 (5.6) 

-1.8  
(-3.6, 0.02) 0.05 -2.0 

(-3.9, -0.2) 0.03 

Total time not looking at 
the toys (s.cs) 

33.6 
 (23.4) 

36.8 
(19.4) 

-3.2 
 (-10.1, 3.7) 0.36  -1.5 

 (-8.7, 5.7) 0.69 

*Adjusted for maternal smoking at baseline (~18 weeks gestation), child sex and the father’s secondary 
education 
†Outcome reported in Table 12 above  

 

 

Table 15. Association between cord plasma DHA in the treatment and control groups and 
the post-hoc outcomes from the Multiple Object Task of the Attention assessment * 
 Treatment  

n=67 
 

Control 
 n=60 

Outcome 
β (95% CI) r2 

P 
value 

 β (95% CI) r2 
P 

value 
Number of times looked 
away from toys  

-0.1  
(-0.8, 0.7) 

0.09 0.86  
-1.1  

(-2.0, -0.2) 
0.18 0.02 

Total time not looking at the 
toys (s.cs) 

5.7  
(-54.9, 66.2) 

0.05 0.85  
-15.2  

(-108.7, 49.6) 
0.18 0.46 

*Adjusted for maternal smoking at baseline (~18 weeks gestation), child sex and the father’s secondary 
education 
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DISTRACTIBILITY TASK: WAS THERE A LEARNING EFFECT ACROSS THE 4 TRIALS 
AND WAS IT PRESENT IN BOTH GROUPS? 

The Distractibility Task involved four trials using a different toy for each trial. It was of 

interest to investigate 1) whether there was a learning effect in the Distractibility Task 

(increase in the latency to be distracted during Focused attention) and 2) whether the 

learning effect was the same in both groups. Latency to be distracted during Focused 

attention significantly (p<0.001) increased across the toy trials in both groups but the 

effect did not differ between groups (Table 16). 

 

Table 16. Latency to be distracted when in Focused attention in each of the Distractibility 
Task trials for each intervention group  
 
Latency* to look to distractor when Focused (s.cs) 

Treatment 
n=78 

mean (SD) 

Control 
n=76 

mean (SD) 

Trial 1: Magnadoodle 2.3(1.9) 2.8 (2.1) 

Trial 2: Little Mermaid building blocks  3.3 (1.9) 3.4 (2.1) 

Trial 3: Shape Sorter 3.4 (2.2) 3.8 (2.3) 

Trial 4: Wooden train set  4.5 (1.9) 4.6 (1.9) 

Average across all 4 trials  3.5 (1.6) 3.8 (1.9) 

*each distractor lasted 7 seconds, therefore maximum latency=7.0  
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ANTHROPOMETRICS 

 

No effect of prenatal supplementation was found on child weight, height or head 

circumference when analyses were unadjusted or adjusted for child sex and age (in 

days) at the time when the measurements were taken (Table 17).  

 

Table 17. Child’s growth at 27-month follow-up assessment  

 
 
 

Outcome 

Treatment 
mean 
(±SD) 

Control 
mean 
(±SD) 

Un-adjusted 
Mean 

Difference 
(95% CI) 

P 
value 

Adjusted 
Mean 

Difference 
(95% CI) 

P 
value 

Weight (kg) 13.5 
 (1.5) 

13.6 
(1.6) 

-0.1 
(-0.6, 0.4) 0.69 0.1 

(-0.4, 0.6) 0.60 

n(%) 81(98.8) 75(98.7)     

Height (cm) 
89.3 
 (3.3) 

89.4 
 (3.0) 

-0.1 
(-1.1, 0.9) 0.80 0.20 

(-0.8, 1.2) 0.67 

n(%) 80(97.6) 75 (98.7)     

Head Circumference 
(cm) 

49.5 
 (1.7) 

49.7 
(1.6) 

-0.2 
(-0.7, 0.4) 0.57 0.2 

(-0.3, 0.7) 0.45 

n(%) 79(96.3) 73(96.1)     
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DISCUSSION 

 

SUMMARY OF THE RESULTS 

 

The primary outcome, latency to be distracted by a television when the child’s 

attention had been Focused on a toy, showed no difference between the groups. The 

main outcomes of the Attention Assessment and the majority of the secondary 

outcomes showed no effect of DHA supplementation, with one exception. The 

associations between the main measures of attention for each task and cord plasma 

phospholipid DHA were not consistent. The intervention groups did not differ in their 

height, weight or head circumference.  

 

EXPLANATION OF THE RESULTS 

 

DHA supplementation during pregnancy was expected to enhance development of 

visual attention at 27-months of age. The hypothesis was that term-born children 

from mothers in the DHA supplemented group would have a longer latency (take a 

longer time) to be distracted by a television when the child’s attention had been 

Focused on a toy compared with controls. It was expected that all measures of 

attention would reflect the hypothesis, and that treatment group children would 

perform better in the other measures of attention compared with controls. The 

Multiple Object and Distractibility Tasks reflected the competition and distraction that 

infants and children experience in their daily lives.116 The Single Object Task of the 

Attention Assessment provided a baseline measure of attention in the absence of 

competition or distraction.115 When functioning appropriately, attention is selective to 

important stimuli and well sustained, even in the presence of distractions.162 If the 

expectation is that children supplemented with DHA during pregnancy have enhanced 

development of attention then their attention to a toy, or toys, should be greater than 

those in the control group162 and they should be better able to withstand distraction 

whilst engaged with a toy, particularly if attention is Focused.167,169,182  
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The lack of effect of DHA supplementation on the primary outcome, latency to be 

distracted when attention was Focused, was supported by the majority of the 

secondary outcomes. Of the 15 pre-specified secondary outcomes, 14 showed that the 

groups did not differ. The primary outcome, supported by the results of the secondary 

outcomes, indicates that DHA supplementation did not enhance attention at 27-

months of age.  

 

One of the 15 secondary outcomes showed a difference between the groups; 

treatment group children looked away from the toys two times fewer than controls 

during the Multiple Object Task. If it were true that children in the treatment group 

looked away from the toy less frequently than controls, it would imply they were 

better able to maintain their attention to stimuli in the absence of a distractor. 

However, the effect in the Multiple Object Task is not supported by improvements in 

the primary outcome, or the majority of secondary outcomes across the attention 

tasks, as was hypothesised. There were no differences between the groups in the 

frequency of looks away from the toy in the Single Object Task, or the total duration, 

or proportion of time spent looking away from the toys during the Multiple Object 

Task. The lack of effect in the other attention outcomes, and the high number of 

comparisons, suggest that the result of significance is probably a false positive (type I 

error) due to chance.247 

 

Associations between plasma DHA and attention outcomes were inconsistent. One 

outcome (total amount of time spent looking at the toy) showed a positive association 

in the control group only, another (number of times the child looked between the 

toys) showed no association in either group, and the last (latency to turn to the 

distractor during Focused attention) showed a positive association in the treatment 

group only. In the post-hoc analyses, there was an association between cord plasma 

DHA and the number of looks away from the toys (Multiple Object Task) that reached 

significance in the control group, however there was no association between cord 

plasma DHA and the duration of time spent looking away from the toys (Multiple 

Object Task). Furthermore there were only two outcomes (total amount of time spent 

looking at the toy in the Single Object Task and number of times looked away from 

the toys in the Multiple Object Task) in which the direction of the association was the 
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same in the treatment and control groups. It does not seem that the lack of effect 

across the groups was a saturation effect of DHA in the treatment group as there were 

positive associations in the treatment group and the scatter plots show substantial 

overlap of cord plasma DHA across the groups. Considering the overlap between the 

groups, it is reasonable to expect a true association would be consistent in both 

groups, and in all outcomes. The lack of consistent association in either group and 

across groups (in the majority of the analyses) suggests that the findings of 

significance may due to chance.247  

 

The Distractibility Task involved four trials, each with a different toy. It was thought 

that the repetition between the trials may result in a learning effect such that children 

would be able to resist looking at the distractor for longer periods. As children are 

least distractible when attention is Focused,167,169 the learning effect was examined by 

comparing latency to turn to the distractor during Focused attention across the trials, 

and between the groups. Latency to turn to the distractor during Focused attention 

increased in duration across the trials, suggesting the presence of a learning effect. 

However, the increase was the same in both groups, indicating that treatment group 

children did not differ from controls.  

 

Height, weight and head circumference were not effected by the intervention. DHA 

supplementation during pregnancy did not seem to adversely effect the growth of the 

offspring.  

 

SITUATING MY STUDY IN THE CONTEXT OF OTHER STUDIES 

 

The null findings of my study support the findings of the systematic review and meta 

analyses of RCTs of DHA supplementation during pregnancy and cognitive 

development outcomes in Chapter 1. One of the biggest criticisms around the lack of 

effect of DHA supplementation in pregnancy on child development is that nearly all 

studies have used global tests of child development. Global assessments lack the 

specificity to detect functioning of the frontal lobes and hippocampus. I used a 
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specialised measure of frontal lobe and hippocampus functioning and also found no 

effect of DHA supplementation on term-born children. It may be that supplementation 

offers no additional benefit to the cognitive development of healthy term-born 

children.  

 

Only one study, published across two papers,115,116 has used the same method to 

measure attention following a DHA intervention involving chicken eggs during 

pregnancy. Colombo et al and Kannass et al did not compare the attention abilities of 

the randomisation groups. Instead, analyses were conducted to explore associations 

between attention and high and low maternal blood DHA at delivery. The study 

reported that high-maternal blood DHA was associated with an accelerated rate of 

attention development between four and 18 months of age compared with low-DHA. 

My results do not support this finding; however, there are several possible 

explanations for the disparity. The key difference between the two trials is the issue of 

the per-group comparisons. Colombo et al and Kannass et al combined the treatment 

and control groups and then dichotomised the sample according to the median 

maternal red blood cell (RBC) DHA level at delivery.115 The high-RBC DHA group was 

compared to the low RBC-DHA group.115,116 I conducted all analyses according to 

randomisation group and found substantial crossover in cord plasma DHA between the 

groups, despite the high-dose of DHA. Colombo et al’s grouping according to maternal 

blood DHA115 eliminated cross over and is representative of DHA from maternal stores, 

biosynthesis and dietary intake as well as DHA from the intervention. Kannass et al 

note that 49% of the variance in maternal RBC DHA at delivery was explained by RBC 

DHA at enrolment.116 Consequentially analyses based on such a measure may be 

confounded by other factors driving maternal blood DHA that would not have been 

balanced between the randomisation groups. Moreover, Colombo et al adjusted for 

age and sex but no other potential confounding factors, such as parental education, 

which are often associated with seafood (and thus DHA) intake, as well as child 

development. Conversely, randomisation in my study ensured that groups were 

balanced for most known confounders and I measured a range of potential 

confounding factors to make adjustments where necessary. Interestingly, Colombo et 

al noted that infant DHA levels at birth were not predictive of infant outcomes in the 

attention assessments.115 Maternal and infant blood differ somewhat in their 

respective levels of DHA.82,83 Infant DHA levels directly reflect the bioavailability of 

DHA to the fetus/infant and therefore (in theory) should be predictive of later 
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developmental outcomes more so than maternal DHA. The results of Colombo et al 

may be reflecting factors related to maternal DHA levels during pregnancy rather than 

fetal DHA availability. Another discrepancy between the two trials is the administration 

and dose of DHA. In the DOMInO Trial, the treatment group consumed a high dose of 

DHA daily (800 mg DHA) and controls received no DHA so that there was a distinct 

difference between the amount of DHA the groups consumed. Colombo et al used a 

much lower dose in the treatment group (135 mg DHA/egg) and controls also 

received some DHA (35 mg DHA/egg).115,116 Furthermore, egg intake varied between, 

and within, the randomisation groups so that there was an overlap of DHA intake from 

the intervention across the groups.83 A further key difference between the studies is 

the size of the sample assessed. The comparatively small sample in Colombo et al’s 

study and the low follow-up rate (n=47/100 [47%] compared with n=126/185 [68%] 

children with cord plasma samples in my study) may have increased the risk of a 

significant finding due to lack of power to correctly accept the null hypothesis.248-251 

The age at which children were assessed differed between the two. Endogenous 

control of attention emerges at the end of the first year of life and develops 

throughout toddlerhood.166 Colombo et al and Kannass et al measured endogenous 

attention shortly after it had first emerged (12 and 18 months).115,116 I assessed 

children at an older age (27 months), however, as endogenous attention is still 

developing at this age,166 an enhanced rate of development at 12 or 18 months should 

be present at 27 months. The effect reported in the study by Colombo et al should 

have been detected by my study with the larger sample size and greater dose of DHA.  

 

Exploratory associations with cord plasma DHA in my study differed to associations 

found by Colombo et al and Kannass et al.115,116 I found inconsistent associations 

between the main outcomes of each of the Attention Assessment tasks and cord 

plasma DHA. The only outcomes in my study for which there seemed to be a true 

potential association with cord plasma DHA was duration of attention to the toy in the 

Single Object Task and number of looks away from the toys in the Multiple Object 

Task post-hoc analysis. Kannass et al similarly found that children whose mothers had 

high-blood-DHA had a fewer number of looks away from the toys in the Multiple 

Object Task compared with the children whose mothers had low-blood-DHA116 but 

found no association between maternal blood DHA and attention, or inattention, in the 

Single Object Task.115 The differences (listed above) between my study and the study 
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by Colombo et al and Kannass et al need to be considered when interpreting the 

discrepancies.  

 

The findings of my study are consistent with the results of studies investigating the 

development of attention in the psychology literature and imply that the Attention 

Assessment was applied correctly. Some studies of the development of attention have 

data that can be compared with mine, although many of the attention development 

measures were investigating the underlying processes of attention as a theory of 

development so the outcomes of the assessments differed even though techniques 

were similar. An assessment of attention in 12-month-olds found that there was less 

Focused attention when multiple toys were present compared with the presence of 

one toy.189. I similarly found that the average length of a look to the toy(s) decreased 

in the Multiple Object Task (~5 seconds) compared with the Single Object Task (~27 

seconds), which supports the presupposition that children find it harder to maintain 

attention to any one toy in the presence of multiple toys competing for attention. 

Moreover, my finding that the average duration of attention to a toy in the Multiple 

Object Task was 5 seconds supports the finding that 5-year-olds playing in a room 

filled with toys shift their attention after 3-14 seconds (average=7 seconds).188 The 

longer mean look duration of the 5-year-olds compared with the 27-month-olds fits 

with the developmental literature which states that attention duration increases from 

1 to 3.5 years of age,189,252 and that duration of attention during competition for 

attention increases between infancy and the preschool years.189 Likewise, my finding 

that children took 1.2 seconds longer to be distracted and were distracted a lesser 

proportion of times during Focused attention compared with Casual attention is 

supported by multiple studies which have reported that children are less distractible 

when their attention is Focused compared with when it is Casual.115,167,178,179,181-183,188  

 

Contrary to expectations, toddlers in my study turned to the distractor more 

frequently compared with toddlers aged 12 and 18 months in the study by Colombo et 

al.115 Twenty-seven month olds in my study turned to the distractor 63% of the time 

when attention was Focused and 76% of the time when attention was Casual, 

compared with ~40% of the time when attention was Focused and ~35-54% 

(respectively) of the time when attention was casual at 12 and 18 months.115 
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However, the latency to turn to the distractor was comparable between the studies.115 

Although other measures of attention generally improve with age,182,189 distractibility 

has shown to be the same in 3 and 5-year-olds180 so it is not unusual for latency to be 

distracted to be the same in 12, 18 and 27 month olds.  

 

The finding that height, weight and head circumference were not affected by 

supplementation in the two-year follow-up is supported by findings in the DOMInO 

Trial and the majority of other RCT’s of DHA during pregnancy. Treatment group 

children had a higher birth weight compared with controls but the difference was not 

present when birth weight was corrected for gestational age and sex.21 Weight, height 

and head circumference showed no effect of DHA supplementation during pregnancy 

at 2.5 years of age,23 or at 6, 1026 and 18155 months, during the first year of life20 or 

at birth83 in other RCTs of DHA supplementation during pregnancy. One RCT found an 

increase in birth weight and birth length after supplementation, but only in children 

born to primigravid women.253  

 

STRENGTHS AND LIMITATIONS  

 

The assessment I used had several advantages for detecting an effect of a DHA 

intervention. The assessment is capable of measuring the functioning of the frontal 

lobes and hippocampus and has been applied extensively in the developmental 

psychology literature to assess attention in early childhood.115,116,180,182,189 My study 

involved multiple measures of attention in order to thoroughly explore the effect of 

DHA supplementation on the development of attention. The size of the sample allowed 

adequate power to detect an effect of the intervention. Thus the assessment used in 

this study can be said to be well positioned to detect an effect of a DHA intervention 

during pregnancy on offspring frontal lobe and hippocampus development, if there is 

one.  

 

Nonetheless, there are a few limitations to keep in mind when interpreting the results. 

The study sample involved a subgroup of the DOMInO Trial infants who were enrolled 
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in the four-month visual development assessment and were born during a pre-defined 

period at one of the DOMInO sites. Furthermore, more treatment group mothers 

correctly guessed their group allocation compared with control group mothers. 

However, selection and response bias were likely to be minimal due to the processes 

for enrolment in the four-month and two-year follow-ups, and all assessments and 

data analyses were conducted blind to intervention group. Other characteristics of the 

two-year follow-up sample were comparable to the four-month sample and overall 

DOMInO cohort, suggesting integrity of the two-year study was retained as 

representative of the overall cohort.  

 

FUTURE RESEARCH  

 

Attention changes throughout childhood, adolescence and early adulthood as the 

frontal lobes mature.165 The ability to focus attention matures in mid-childhood and 

the ability to sustain attention continues to improve into adolescence and early 

adulthood165 while inhibitory skills, such as the ones required to resist distractions, 

show marked improvement by pre-school age compared with younger ages.76,165,175 In 

my study, attention was measured at 27-months of age, when it is still developing. 

Assessments of attention at later ages, particularly once the frontal lobes and 

hippocampus are fully matured, may determine whether supplementation effects the 

prevalence or severity of attention problems. Future research could also explore 

whether cord or maternal blood DHA is predictive of later attention outcomes. 

Moreover, research may be needed to determine whether there are other factors that 

influence both cord plasma DHA and offspring development.  

 

CONCLUSION  

 

My study demonstrates that high-dose DHA intervention from mid-pregnancy until 

birth does not influence multiple measures of attention in 27-month-old children born 
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at term. Furthermore, there were inconsistent associations between cord plasma DHA 

and attention outcomes, indicating that there may be no true association.  
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CHAPTER 4: INFLUENCE OF DHA 
SUPPLEMENTATION DURING PREGNANCY ON 
WORKING MEMORY AND INHIBITORY CONTROL 
AT 2 YEARS OF AGE: RESULTS OF A 
RANDOMISED CONTROLLED TRIAL  

 

ABSTRACT 

 

DHA accumulates rapidly in fetal neural tissues during the second half of 

pregnancy56,57 when the frontal lobes and hippocampus are developing,1 leading to the 

hypothesis that fetal DHA availability effects the functioning of these areas of the 

brain.  

 

In a double-blind RCT pregnant women were supplemented with ~800 mg DHA per 

day (treatment group) or a vegetable oil placebo (control group). When the children 

were 27 (±2) months old they undertook an assessment of visual WM and IC. WM and 

IC in the treatment group were compared with the control group in an A-not-B task. 

Children had to remember a new hiding location after a delay and inhibit a pre-potent 

response to search for a hidden figurine at a previous hiding location (A) in order to 

find the figurine at the new location (B). The primary outcome of the WMIC 

Assessment was the distance (in millimetres) between the location of the hidden 

figurine and the location where the child began searching for the figurine (accuracy) 

during Test Trials. The secondary outcome was accuracy of searching for the figurine 

during Training Trials. Cord plasma DHA was investigated in relation to the primary 

outcome (accuracy of searching during Test Trials) for the treatment and control 

groups separately.  
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Data from n=79 treatment and n=74 control children were analysed. There was no 

effect on the primary outcome (mean diff=8.9 mm, 95% CI -10.6 to 28.3, p=0.37) or 

secondary outcome (mean diff=14.4 mm, 95% CI -0.2 to 29.1, p=0.05). Cord plasma 

DHA was not associated with accuracy of searching during the Test Trials. A post-hoc 

analysis showed no association between cord plasma DHA and the child’s accuracy 

when searching for the figurine during Training Trials.  

 

Increasing fetal exposure to DHA during the last trimester of pregnancy does not 

enhance visual WM and IC at two years of age.  
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INTRODUCTION 

 

Development of the frontal lobes and hippocampus is thought to be effected by fetal 

DHA availability. It has been hypothesised that supplementing pregnant women with 

DHA will improve the functioning of the offspring’s frontal lobes and hippocampus. 

RCTs are the gold standard for establishing causality and several have investigated 

DHA supplementation during pregnancy. However, the majority have measured 

offspring cognitive development with global tests that lack the specificity to detect 

frontal lobe and hippocampus functioning distinct from overall cognitive 

development.117 The frontal lobes and hippocampus are responsible for EFs such as 

WM and IC. In my study an assessment of WM and IC in a high-quality RCT will test 

the effect of DHA supplementation during pregnancy on the development of the 

frontal lobes and hippocampus in early childhood.  

 

OUTCOMES AND HYPOTHESIS 

 

The main outcome is the distance (in millimetres) between the location of the hidden 

figurine and the location where the child begins searching for the figurine (accuracy) 

during Test Trials. The other outcome is accuracy of searching for a hidden figurine 

during Training Trials. The hypothesis is that children from the treatment group will 

have improved search accuracy when locating the hidden figurine compared with 

controls. It is also expected that high percentage of DHA in cord blood plasma 

phospholipid total FA will be associated with improved accuracy of finding the hidden 

figurine during Test Trials.  
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METHOD 

 

The caregivers of eligible DOMInO Trial children were invited to bring their child to an 

assessment of visual attention (see Chapter 3), WM and IC at 27 (±2) months. During 

the appointment the parent completed questionnaires and the child completed two 

assessments (attention and WMIC) and had their growth measured (see Chapter 3). 

All procedures were undertaken with the approval of the Flinders Medical Centre and 

University of Adelaide Human Research Ethics Committees. Participants were blinded 

to group allocation at the time of the appointments and all assessments were scored 

and analysed blind to the intervention group. 

 

The WMIC Assessment (A-not-B task) consisted of five sets of trials in which the child 

had to find a figurine hidden in specific locations in a box of lentils (details in Chapter 

2, summarised in Table 18). The assessment was video recorded from above so that 

the distance between the hidden toy and the child’s attempt to find the figurine could 

be extracted after the assessment. All outcomes were measured in distance and 

reported in millimetres. All outcomes reported have been analysed unadjusted as well 

as adjusted for maternal smoking at baseline (~20 weeks gestation), child sex and 

the father’s completion of secondary education. Adjusted analyses were used to draw 

conclusions from the data. The treatment and control groups were compared using 

independent samples t tests. Associations between cord plasma DHA (as a percentage 

of the total plasma phospholipids) and outcomes of the WMIC Assessment were 

analysed using linear multivariable regression. Cord plasma phospholipid DHA was 

used as the predictor variable while performance in the WMIC Assessment was the 

outcome and sex, paternal completion of secondary education and maternal smoking 

during pregnancy were included as covariables.   
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Table 18. Summary of methods and main outcomes for the Working Memory and 
Inhibitory Control Assessment 

Phase Method and Main Outcome 

1. Learning Trials   

Method Trials: 3 
Location: A 
Distraction delay: None  
Purpose: Child learnt to look in lentils for a hidden figurine 

Outcome Successful/unsuccessful completion of trials 

2. Training Trials Set 1   
Method 

 
 

Trials: 3 
Location: A 
Distraction delay: 3 seconds  
Purpose: Child was trained to look in location A for a hidden figurine 

Outcome Average distance between hidden figurine and child’s attempt to find the 
figurine 

3. Test Trials Set 1   
Method 

 

 

Trials: 2 
Location: B 
Distraction delay: 10 seconds  
Purpose: Test child’s ability to remember new hiding location and inhibit 
response to reach to original hiding location  

Outcome Average distance between hidden figurine and child’s attempt to find the 
figurine* 

4. Training Trials Set 2   
Method & Outcome Same as Training Trials Set 1,  except figurine hidden in location B 

5. Test Trials Set 2   
Method & Outcome Same as Test Trials Set 1,  except figurine hidden in location A* 

*Primary outcome for the Working Memory and Inhibitory Control Assessment (average across Test Trial 
set one and two, n=4 trials)  
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RESULTS 

 

SAMPLE  

 

There were n=158 (follow-up rate 85.4%) participants who attended the assessment 

appointment (see Chapter 3 and Figures 29 and 33 for details). Data from n=5 

participants were excluded and n=153 (trt n=79, ctrl n=74) were included in the 

analyses (Figure 33). One participant’s data were excluded due to a subsequent 

diagnosis with a neurological disorder. Data from n=2 participants were not recorded 

due to equipment failure and n=2 participants refused to touch the lentils or search 

for the hidden toy so the assessments were aborted. Baseline characteristics for the 

sample were reported in Chapter 3. 

 

 

 

 

 

 

 

 

 

 

 Follow-up (27 months) 
Assessed for eligibility (n=185) Treatment n=91 Control n=94 

Not enrolled (n=17) 
Lost to follow up (n=3) 
Family too busy (n=4) 

Too difficult to attend appointment (n=3) 
Interstate/overseas (n=3) 

Reason not given (n=4) 

Enrolled (n=77) 
Lost to follow up (n=1, child unwell)  

WMIC Enrolled (n=160) 

Enrolled (n=83) 
Lost to follow-up (n=1, did not attend appointments) 

Not enrolled (n=8) 
Lost to follow up (n=2) 

Infant death (n=1) 
Family too busy (n=3) 

Interstate/overseas (n=2) 

Assessed (n=82) 
Analysed (n=79) 
Excluded from analyses (n=3) 

Refused to touch lentils (n=1) 
Equipment failure (n=1) 

Neurological diagnosis (n=1) 

Assessed (n=76) 
Analysed (n=74) 
Excluded from analyses (n=2) 

Refused to search for toy (n=1) 
Equipment failure (n=1) 

WMIC Assessed (n=158) 

Figure 33. Participant flow diagram for the Working Memory and Inhibitory Control 
Assessment at 27-months of age 
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ASSESSMENT OUTCOMES 

 

The following are the results of the pre-planned primary, secondary and exploratory 

analyses, as well as post-hoc analyses from the WMIC Assessment.  

 

WMIC PRIMARY OUTCOME 

 

The primary outcome of the WMIC Assessment was accuracy of locating the hidden 

figurine during Test Trials. Adjusted and unadjusted analyses showed no difference in 

accuracy between the groups (Table 19).  

 

Table 19. Primary outcome for the Working Memory and Inhibitory Control Assessment; 
accuracy of locating a hidden figurine on Test Trials  
 Treatment  

n=80 
mean  
(±SD) 

Control  
n=76 
mean 
(±SD) 

Un-adjusted 
Mean 

Difference  
(95% CI) 

P 
value 

Adjusted † 
Mean 

Difference 
(95% CI) 

P 
value Outcome 

Accuracy of locating 
figurine during Test* 
Trials (mm) 

132.6 
(55.5) 

120.0 
(63.4) 

12.6  
(-6.4, 31.6) 0.19 8.9  

(-10.6, 28.3) 0.37 

*Average across all (4) Test Trials  
†Adjusted for maternal smoking at baseline (~18 weeks gestation), child sex and the father’s secondary 
education 
 

OTHER OUTCOME 

 

The other outcome for the WMIC Assessment was accuracy of locating the hidden 

figurine during Training Trials. The adjusted and unadjusted analyses showed no 

difference between the groups accuracy during Training Trials (Table 20), although 

when potentially confounding factors were controlled, the p value approached 

significance.  
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Table 20. Accuracy of locating a hidden figurine on Training Trials of the Working Memory 
and Inhibitory Control Assessment  
 Treatment 

n=80 
mean  
(±SD) 

Control 
n=76 
mean 
(±SD) 

Un-adjusted 
Mean 

Difference 
(95% CI) 

P 
value 

Adjusted † 
Mean 

Difference 
(95% CI) 

P 
value Outcome 

Accuracy of locating 
figurine during 
Training* Trials (mm) 

95.6  
(47.4) 

83.7 
 (39.9) 

11.9 
 (-2.2, 25.9) 0.10 14.4  

(-0.2, 29.1) 0.05 

*Average across all (6) Training Trials  
† Adjusted for maternal smoking at baseline (~18 weeks gestation), child sex and the father’s secondary 
education 

 

EXPLORATORY OUTCOME: ASSOCIATION WITH CORD 
PLASMA DHA  

 

Also of interest was the association between the cord blood plasma DHA (percentage 

of the total phospholipid FAs) in each group and the primary outcome of the WMIC 

Assessment. Cord blood was available from n=128 participants (trt n=68, ctrl n=60). 

Cord plasma DHA was not associated with the primary outcome as shown in the 

scatter plot and the regression analysis in Figure 34. An 1% higher concentration of 

cord plasma phospholipid DHA was associated with a decrease in accuracy of 

searching for the figurine during Test Trials in both groups although the association 

was not significant (treatment p=0.30, control p=0.97). The overall fit of the model 

was poor in both groups (treatment r2=0.07, control r2=0.16). For unadjusted 

analyses of the cord plasma associations see Table B in Appendix 13.  
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Figure 34. Cord blood plasma DHA (percentage of total phospholipid fatty acids) plotted 
against accuracy of locating a hidden figurine in Test Trials for the Working Memory and 
Inhibitory Control Assessment for the treatment group (left; β=-3.8, 95%CI -11.1 to 3.5; 
r2=0.07; p=0.30) and control group (right; β=-0.2, 95%CI -11.6 to 11.2; r2=0.16; p=0.97) 
 

POST-HOC ANALYSIS 

 

The following comparison had not been planned prior to analysing the data. Further 

explorations of the data were sought after adjusted analyses hinted at a potential 

negative effect of supplementation on accuracy of searching for the hidden figurine 

during Training Trials. A post-hoc regression analysis was conducted to investigate 

whether the mean accuracy of locating the hidden toy during Training Trials was 

associated with cord plasma DHA for either group. Adjusted analyses (Table 21) 

showed a 1% higher concentration of cord plasma phospholipid DHA was associated 

with increased accuracy of searching during Training Trials in treatment group children 

but lower accuracy in controls, although in neither groups was the effect significant 

(treatment p=0.31, control p=0.13). For unadjusted analyses of the cord plasma 

associations see Table B in Appendix 13. 
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Table 21. Association between cord blood plasma DHA (percentage of phospholipid fatty 
acids) in the treatment and control groups and accuracy of locating a hidden figurine in 
Training Trials * 

 Treatment  
n=68 

 Control  
n=60 

Outcome 
β (95% CI) r2 

P 
value 

 
β (95% CI) r2 

P 
value 

Accuracy of locating figurine 
during Training† Trials (mm) 

3.4 
 (-3.2, 1.0) 0.07 0.31  -5.6  

(-13.0, 1.8) 0.07 0.13 

*Adjusted for maternal smoking at baseline (~18 weeks gestation), child sex and the father’s secondary 
education 
†Average across all (6) Training Trials 
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DISCUSSION 

 

SUMMARY OF THE RESULTS 

 

The primary outcome of the WMIC Assessment, accuracy of searching for a hidden 

figurine on Test Trials, showed no effect of DHA supplementation. This was supported 

by the null finding on the secondary outcome, accuracy of searching for a hidden 

figurine on Training Trials. There were no associations between cord plasma DHA and 

outcomes of the WMIC Assessment.  

 

EXPLANATION OF THE RESULTS 

 

DHA supplementation during pregnancy was expected to enhance development of WM 

and IC at two years of age. The hypothesis was that term-born children from mothers 

in the DHA supplemented group would have better accuracy (shorter distance) when 

searching for a hidden figurine on Test Trials compared with controls. It was expected 

that treatment group children would also have better accuracy on Training Trials 

compared with control group children. The lack of effect of DHA supplementation on 

the primary outcome, accuracy during Test Trials, was supported by the secondary 

outcome. Furthermore, there were no associations between accuracy of searching and 

cord plasma DHA during Training or Test Trials in either group. My findings suggest 

that maternal DHA supplementation during pregnancy does not enhance the 

development of children’s visual WM and IC at 27-months of age. The lack of benefit 

of DHA supplementation in the WMIC Assessment supports the null finding in the 

primary outcome of the Attention Assessment and the majority of the secondary 

outcomes (Chapter 3). Both assessments were specialised measures of frontal lobe 

and hippocampus development and support the results of global measures of 

cognitive development in other RCTs reviewed in Chapter 1.  
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In the secondary outcome, control group children searched for the hidden figurine 

~12 mm closer to the true hiding location than treatment group children during 

Training Trials, although this did not reach significance. If treatment group children 

truly searched for a hidden figurine less accurately than controls, it would imply that 

maternal supplementation with DHA adversely effected frontal lobe and hippocampus 

functioning. Interestingly, other studies have reported potential negative effects after 

DHA supplementation in secondary or exploratory outcomes although they have not 

been consistent; the DOMInO Trial reported an increase risk of delayed language 

development in treatment group girls compared with control group girls at 18 

months;21 infants (boys and girls) provided with DHA supplemented formula had lower 

language scores compared with controls at two but not 3.5 years of age;254 and 

breastfed infants (particularly boys) whose mothers were supplemented with fish oil 

had lower verbal comprehension compared with controls at 12 but not 24 months of 

age.255 These findings may be due to random error as the studies all involved a large 

number of comparisons21,254,255 however, if they are real, there is some justification 

that the results of the Training Trials in my study are connected to the language 

findings. The production and comprehension of language is undertaken in Broca’s area 

of the brain, which is located within the lower part of the left frontal lobe,72 one of the 

areas of the brain responsible for WM and IC. Moreover, deficits in WM have been 

linked to language delay in a study of preterm infants.256 Potential adverse effects of 

supplementation would need to be verified by further investigations.  

 

SITUATING MY STUDY IN THE CONTEXT OF OTHER WMIC 
STUDIES 

 

My study is the first to use the A-not-B task in the context of a DHA intervention. A 

nutrition intervention where infants were supplemented with zinc, iron and folic acid in 

an undernourished and impoverished population similarly did not improve 

performance on the A-not-B task.257 Other studies have administered the A-not-B task 

to examine abilities of children born preterm222-224 and to investigate the development 

of WM and IC abilities in infancy and early childhood,185,204,205,208,209,214,219,220 and 

therefore have had different outcomes despite using similar assessment techniques. I 
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administered the A-not-B task in a homogenous space (lentil box) in which search 

accuracy is measured as the exact distance between the search attempt and the 

hiding location of the figurine. The majority of other studies have administered the A-

not-B task using a table with wells cut out for locations A and B so that search 

accuracy is measured by whether or not the child searched in the correct well.  

 

Four other studies have applied the A-not-B task with the toy hidden in a homogenous 

space (sand box).209,258-260 One study did not report the distance between search 

attempts and the hidden stimulus so the results cannot be compared with my 

study.259 The other three studies had the same methodology I used, although as they 

were investigating the development of WM and IC abilities, the studies all conducted 

multiple A-not-B assessments, each with slight methodological alterations. Each study 

administered at least one version that matched the methodology I used. Spencer et al 

found that two-year-old search accuracy when the stimulus was in location A was 

accurate (x=9 mm, SD=68 mm)209 compared with Marcovitch et al’s two-year-olds 

(x=56 mm, SD=39 mm)258, Huttenlocher et al’s two-year-olds (x=~53.3 mm, 

SD=~94.5)260 and 27-month-olds in my study (x=89 mm, SD=44 mm). Children in 

the study by Marcovitch et al were more accurate when the stimulus was in location B 

(x=62 mm, SD=29 mm)258 compared with children in the study by Spencer et al 

(x=142 mm, SD=NR)209 and my study (x=126 mm, SD=5 mm). Huttenlocher et al 

did not have a comparable B trial.260 There are some important differences between 

the three studies that could have attributed to the discrepancies in search accuracy; 

most notable is the coding of search accuracy. I was the most accurate as I measured 

accuracy from a video recording of the assessment by marking the location of the 

centre of the figurines head as it was pushed vertically into the lentils and the point 

where the child’s index finger first touched the lentils whilst searching and measuring 

the distance between the two to the nearest mm. Spencer et al and Marcovitch et al 

also measured accuracy from the position where the child’s hand first touched the 

sand whilst searching; one to the nearest cm258 and one to the nearest inch.209 In 

both studies it was not clear what part of the stimulus or hand was used for coding 

and Spencer et al seemed to measure only the horizontal distance from the hidden 

toy.209 It is not clear how Huttenlocher et al measured the distance between the 

child’s search attempt and the location of the hidden stimulus.260 Additionally, 

Marcovitch et al used a transparent container (with candy or toys inside) as the 
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stimulus for children to find.258 The dimensions of the container were not specified, 

however, it is unlikely that a container would offer a similarly small surface for the 

child to locate as was used by me (7.6 x 2.5 cm) or the study by Spencer et al (12.7 x 

7.6 cm).209 The larger stimulus offers a larger surface area for which a child can aim 

their search, decreasing the potential magnitude of an inaccurate search. Moreover, 

Spencer et al had a smaller distance between locations A and B (25 cm)209 compared 

with my study which may have increased accuracy of searching as the smaller 

distance would allow less room for error when searching.  

 

STRENGTHS AND LIMITATIONS  

 

I am the first to administer a measure of WM or IC in the context of DHA exposure. To 

date, no other studies have explored DHA availability during the prenatal or postnatal 

phase in relation to the development of WM or IC. Furthermore the specific 

assessment methodology used had several advantageous features.  

 

The particular assessment and methodology I used had several beneficial features for 

measuring EFs. The WMIC assessment tested WM and IC,204-206 which is the 

combination of EFs that children find hardest to apply when undertaking tasks.203 A 

task that children find difficult is ideal for highlighting accelerated or delayed rates of 

development and thus enabling detection of an effect of an intervention. Furthermore, 

the A-not-B task has been shown to be sensitive to individual differences in WM and 

IC abilities.206 The task is game-like and one that children enjoy. Consequently 

children will tolerate repetition of trials as well as delays before retrieving a hidden 

figurine.209 Also of importance was the use of a homogenous space in which to hide 

the toys; previous trials have used wells where the potential hiding locations are 

salient. In my study, the lentils themselves are homogenous, providing no visible cues 

that specify the hiding location and the box containing the lentils was large making it 

difficult for children to use the edges as frames of reference. An advance from earlier 

A-not-B tasks involving wells is that the homogenous space allowed researchers to 

measure the exact magnitude of a search error rather than simply whether or not a 

child searched in the correct well. The stimulus that children were required to search 
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for has a small surface area for to aim (2.5 cm) and thus allowed more room for 

search error. Furthermore, children were required to reach for the hidden figurine 

during Training Trials, which re-enforced the memory of the figurine being hidden at 

location A and increases the likelihood of eliciting the A-not-B error.215-217  

 

Many of the features of the WMIC Assessment I used increased the difficulty of the 

task; however it is possible that it was still too easy for the 27-month-old children. 

The task could have been made harder by decreasing the gap between locations A and 

B, or increasing the delay before allowing the child to retrieve the toy during Test 

Trials. The specific methods for the A-not-B task I administered were selected to be 

consistent with the methods of others who had demonstrated the A-not-B error in 24-

month-olds.209 The children in my study were aged 25-29 months when the 

assessment was administered. It may be that the development of visual WM and IC 

between 24 and 25-29 months is such that the methods of Spencer et al were easier 

for the children in my study.  

 

A point to consider when interpreting the results of the WMIC Assessment is that the 

power to detect a difference between the groups was less than was originally planned. 

The standard deviation in the search accuracy of DOMInO children (treatment 

SD=55.5 mm, control SD=63.4 mm) was larger than the standard deviation expected 

(SD=37 mm). Thus, the power of the study to detect a difference or reject a false 

positive was lower than was calculated a priori.  

 

FUTURE RESEARCH  

 

Further RCT’s of DHA supplementation should investigate whether supplementation 

affects the A-not-B task as well as other measures of WM and IC. Such studies should 

also investigate whether there is a dose response relationship with DHA 

supplementation. Furthermore, the frontal lobes and hippocampus develop during the 

first six years of life with rapid growth between three and six years of age.175,261,262 An 
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assessment of WM and IC after six years of age when EFs are fully-integrated and 

functioning systems will allow detection of differences in fully developed abilities. 

 

CONCLUSION  

 

The findings from of my study indicate that high-dose DHA supplement from mid-

pregnancy until birth does not enhance offspring visual WM and IC at two years of 

age. Furthermore, there was no association between cord plasma DHA and a measure 

of WM and IC.  
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CHAPTER 5: GENERAL DISCUSSION  

 

SUMMARY OF THE RATIONALE FOR, AND RESULTS OF, MY STUDY 

The peak growth period of the brain is during the last trimester of pregnancy1 when 

the accumulation of DHA in neural tissues is at the greatest velocity.56,57 During this 

period the frontal lobes and hippocampus, responsible for higher order cognitive skills 

known as EFs, undergo an intense period of growth. This has led to the hypothesis 

that fetal DHA availability effects the development and functioning of these neural 

areas. DHA intake in the typical Western diet is low, leading to concerns that fetal 

brain development may be hindered by inadequate DHA availability. Cohort studies 

have augmented these concerns by associating various beneficial neurological 

outcomes of the offspring with intake of seafood (a rich source of DHA) during 

pregnancy.12,14,16,17,113 

 

RCTs are the gold standard for establishing causality as there is always the possibility 

that residual or unknown confounding influence the results of observational studies.118 

I systematically reviewed the literature according to the Cochrane handbook128 

(Chapter 1) and identified nine RCTs involving supplementation of pregnant women 

with DHA and measurements of child neurodevelopment. Contrary to the cohort 

studies, the weight of evidence from the systematic review suggests that there is no 

effect of DHA supplementation during pregnancy on global measures of child cognitive 

development.  

 

However, issues of trial quality, risk of bias and high rates of attrition (up to 86%) in 

many of the RCTs make it difficult to conclusively say that supplementation has no 

effect. Furthermore, the majority of trials were under powered to detect the modest 

effects that might be expected from a DHA intervention. The effects of fetal DHA 
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exposure are likely to be specialised to specific areas and functions of the brain, yet 

the majority of RCTs used globalised tests such as DSS/IQ that measure a range of 

domains simultaneously. Global tests that measure overall development lack the 

sensitivity to detect development of specific areas of cognition.117 Thus, global 

measures may not be suitable for detecting subtle effects of DHA supplementation on 

neurodevelopment.117 Researchers are increasingly recommending that global tests 

are avoided for assessing the efficacy of nutrition interventions, in favour of 

appropriately specialised measures of the function(s) of the specific relevant neural 

system(s).29,117,159,244,263 

 

With this background, I designed my study to measure a range of EFs, namely 

attention, WM and IC. My study was unique as I measured development of specific 

neural systems in a nested follow-up of healthy term-born children from a high-quality 

trial. In the systematic review (Chapter 1) I found the DOMInO Trial to have the 

lowest risk of bias of all available published trials. The subsample of DOMInO children 

followed-up with assessment of EFs was powered to detect a modest difference 

between the DHA-supplemented and control groups. I found no effect of 

supplementation on the primary outcomes; latency to be distracted during Focused 

attention and accuracy of searching for a hidden figurine during Test Trials. The 

majority of secondary outcomes supported the findings of a null effect in the primary 

outcomes. A larger sample may have allowed detection of a smaller difference 

between groups. However, the clinical significance of such a difference is unknown. 

Although both tests are recognised in the developmental psychology literature, neither 

is routinely used in clinical practice. 

 

There was one outcome, however, in which there was a possible benefit of 

supplementation, but the effect was small and is likely to be due to chance. I 

conducted a large number of statistical comparisons (n=18 pre-specified) on a 

relatively small sample (n=~152 per task) which increases the risk of a Type I error 

(finding a difference that is the result of chance).247 No adjustment was made to 

compensate for the number of comparisons as it would increase the risk of a Type II 

error (finding no difference when a difference was present).264 The potential for a Type 

I error is further compounded by the fact that the analyses were not conducted 
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according to ITT and therefore are more likely to result in a false positive.265 

Therefore, the null effect in the primary and other secondary outcomes of the 

Attention Assessment indicate that the finding of significance is likely to be due to 

chance. Furthermore, the means and SDs in the Attention Assessment, together with 

the lack of consistently enhanced performance across all attention tasks, make it 

unlikely that a larger sample would have resulted in a difference in attention between 

the DHA-supplemented and control groups. Overall, the results of the two 

assessments I used suggest no effect of DHA supplementation during pregnancy on 

attention, WM or IC among healthy, term-born children. 

 

SITUATING MY STUDY IN THE CONTEXT OF OTHER FINDINGS IN THE DHA AND 
COGNITIVE DEVELOPMENT LITERATURE 

The null findings of my study are in agreement with the developmental findings of the 

larger DOMInO Trial.21,236 There was no effect of DHA supplementation in pregnancy 

on the primary outcome of cognitive score on the BSID III at 18 months.21 Nor did the 

intervention groups differ in BSID III scores on the language, motor, social-emotional 

and adaptive behaviour subscales.21 Two secondary outcomes of the BSID III 

assessment hinted at possible effects of DHA supplementation: 1) fewer children in 

the treatment group had mild delayed cognitive development compared with controls 

(DSS<85, 2.7% vs 6.6%, RR 0.41, 95% CI 0.22 to 0.78, p=0.007), 2) treatment 

group girls had lower mean language scores (99±14 vs 103±13) as well as an 

increased risk of delayed language development (DSS<85, 12.8% vs 7.0%, RR 1.81, 

95% CI 1.06 to 3.08, p=0.03) compared with girls in the control group.21 As both of 

these outcomes were secondary, further assessments are needed to validate whether 

these effects were due to chance. The intervention groups did not differ in visual 

acuity assessed at four months in the subsample of the DOMInO cohort assessed by 

me.236  

 

My results are also consistent with the findings of the systematic review (Chapter 1) 

that fish oil supplementation during pregnancy did not effect mental/cognitive, motor 

or language DSS/IQ scores from global tests. Nor did DHA supplementation effect 
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outcomes on a range of other neurodevelopmental tests such as the Child Behaviour 

Checklist, the Fagan Test of Infant Intelligence or the Hempel neurologic examination. 

The two trials in which there were positive effects of supplementation suffered from a 

high risk of bias, attrition and small sample size22,23 so their results may be to be due 

to chance. RCTs of maternal supplementation with DHA during pregnancy have not 

enhanced child cognitive or neurologic development.  

 

REFLECTIONS ON THE CURRENT LITERATURE AROUND DHA AVAILABILITY DURING 
FETAL DEVELOPMENT 

Although DHA supplementation during pregnancy does not seem to enhance child 

cognitive development, the potential reduction of developmental delay in the DOMInO 

Trial cannot be ignored.21 No other RCT of supplementation has reported a comparison 

of rates of developmental delay. The DINO Trial (DHA for the Improvement of 

Neurodevelopmental Outcome in preterm infants) enriched the postnatal dietary DHA 

content of preterm children (born <33 weeks’ gestation).156 The supplementation 

period of the DINO Trial coincided with that of the DOMInO Trial and tried to mimic 

the DHA exposure of the DOMInO control group, except that DINO supplementation 

took place ex-utero, while DOMInO supplementation took place in-utero. The DINO 

Trial similarly found a reduction of developmental delay at 18 months in the treatment 

group compared with control children.156 Secondary and exploratory analyses indicate 

that some subgroups of children may benefit from supplementation. For example, 

preterm children born weighing less than 1250g in the DINO trial benefitted from the 

high DHA milk more than those born with birth weights greater than 1250g.156,266 

Additionally in the DOMInO and DINO trials, in the subgroup of children whose 

mothers who did not complete secondary or further education, mental development 

scores were higher in treatment the group compared with controls.267 The proportion 

of children with advanced development in both the DINO and DOMInO trials did not 

differ between the randomisation groups.266 There may not be an advantage of 

supplementation for children from otherwise well-nourished, relatively advantaged 

women. Supplementation of DHA during the period when the fetal brain is developing 

at the greatest velocity may benefit infants who are exposed to environmental 

stressors, disadvantaged families or major states of depletion such as preterm birth, 
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fetal growth retardation or very low birth weight. Importantly in both the DINO and 

DOMInO trials these were secondary and exploratory outcomes and need to be 

confirmed by further studies. 

 

When considering the evidence from the DHA RCTs reviewed in Chapter 1 it is 

important to note that there are few issues regarding the representativeness of the 

sample populations that may limit the generalisability of the findings. The majority of 

the trials were conducted in industrialised high-income countries18-24 with the 

exception of one study conducted in a low-to-middle-income country in a population 

of healthy women25 and one in a low-to-middle-income country in a population of 

undernourished women.26 Furthermore, the majority of the women and infants in the 

RCTs were healthy and well-nourished and therefore may not benefit from increased 

availability of a single nutrient. The only study that involved undernourished women 

had 38% attrition and used a measure of infant development not standardised for use 

in a developing country26 and is therefore not in a position to detect an effect in such 

a population. Additionally, all trials did not include women if there were complications 

with the pregnancy.18-25 Only one trial (the DOMInO Trial) reported inclusion of 

children born preterm in the cognitive outcome assessment.21 Most term born infants 

(in industrialised high-income countries) weigh >2500g at birth, have normal in-utero 

DHA supply and are able to build up fat reserves. The number of preterm children in 

the DOMInO Trial was insufficient to suggest whether there was a difference between 

the cognitive development of preterm children due to maternal DHA supplementation. 

Future RCT’s will need to be inclusive of all mothers and infants, regardless of health 

complications, or specifically target at-risk groups to investigate the effect of 

supplementation in these sub-groups.  

 

RCTs of DHA supplementation during pregnancy may have not found beneficial effects 

on cognitive development because growth of the brain is protected during in-utero 

development. In the DOMInO Trial the dose of DHA in the treatment group (800 

mg/day) was in excess of the typical intake of Australian women (mean=106, 

median=15 mg DHA/day)96 so that usual dietary fluctuations in DHA intake would 

have very little effect on the outcomes on the trial. The high-dose DHA intervention 

resulted in a 20% increase in the mean DHA concentration in cord plasma 
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phospholipid FAs. However, the scatterplots from my study (Figures 30-32 and 34) 

show substantial overlap in cord plasma DHA between the supplemented and control 

groups, suggesting that even with a high dose, it is difficult to shift cord blood DHA, 

despite being a population with a low dietary DHA intake. Maternal stores of DHA, up-

regulation of DHA synthesis88 and preferential transfer of DHA across the placenta 

(see84 for a review) during pregnancy may protect neurological structures from 

suboptimal development. This could explain the discrepancies between studies of 

prenatal supplementation of term infants and postnatal supplementation of preterm 

infants. Preterm infants are denied the intra-uterine supply of DHA during the peak 

neural tissue accumulation period and thus have lower concentrations of DHA in brain 

tissue.57 Preterm infants also have an increased risk of developmental delay,268 

impaired executive functioning,269 attention problems270 and attention 

deficit/hyperactivity disorder271 compared with their term-born counterparts. Preterm 

infants who were supplemented after birth with DHA had more sophisticated 

processing speeds for visual information,272,273 improved visual development236 as well 

as higher scores on the Mental Development Index of the BSID (see274 for a review) 

while children supplemented during the buffered environment of a full-term pregnancy 

have had little, if any, benefit. Preterm infants in the above studies were 

supplemented during the same period of neurological development as the term 

children in the systematic review in Chapter 1; however the preterm children were 

supplemented ex-utero while term children were supplemented in-utero. It may be 

that in utero, mechanisms ensure adequate transfer of DHA to the fetus while pre-

term infants relying on breast milk and/or formula receive a significantly lower 

amount of DHA and are therefore influenced by increased DHA availability.  

 

LIMITATIONS OF MY STUDY, AND THE LITERATURE SURROUNDING DHA 
SUPPLEMENTATION DURING PREGNANCY, AND DIRECTIONS FOR FUTURE 
RESEARCH 

My study provided important information about the development of attention, WM and 

IC at 27-months of age after supplementation with DHA during pregnancy. However 

the neural areas of the brain responsible for these and other EFs are still developing at 

this age so my study is not able to indicate the long term effects of supplementation. 
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The frontal lobes are one of the last areas of the brain to mature (see68,69 for reviews). 

The frontal lobes increase rapidly during the last trimester of pregnancy and the first 

two years of life as individual nerve cells increase in size and complexity (see68 for 

review). After two years the frontal lobes continue to grow slowly until young 

adulthood (see68 for review). EFs are considered to be functionally mature around six 

years of age74 with refinement continuing until young adulthood when the frontal 

lobes and their functions reach full maturity.69 Abnormalities in EFs, such as Attention 

Deficit Hyperactivity Disorder, emerge and can be diagnosed in school-aged children. 

Importantly, assessing children at an older age is more reliable than an assessment at 

two-years of age, which is subject to individual differences in motivation, 

comprehension and temperament. Further assessments of EFs in young adulthood are 

needed to allow for the detection of differences in the fully developed frontal lobes and 

hippocampus and their functions. This would indicate whether supplementation during 

pregnancy confers long-term effects. A standardised measure of EFs, such as the Test 

of Everyday Attention for Children (TEACh),275 in the sample I assessed would also 

allow comparison of performance in the exploratory measures of attention, WM and IC 

at 27-months with later EFs skills. Although essential for resolving the uncertainty 

regarding the importance of fetal DHA availability, a long-term follow-up is planned 

but beyond the scope of this thesis.  

 

The results of my study, when considered in light of the findings reported in the body 

of literature, identify several important issues that need to be addressed. The majority 

of current RCT’s have restricted samples to healthy women and infants so that results 

may not be generalisable to subgroups exposed to environmental stressors such as 

malnutrition, growth retardation and premature birth. DHA supplementation of 

pregnant women has not resulted in a benefit on scores of global assessments of 

cognitive development for the majority of children, although results of the DOMInO 

Trial indicate that supplementation may decrease the risk of developmental delay.21 

The potential to prevent delayed cognitive development and the burden on the 

community needs to be further investigated. An early intervention such as fish oil 

supplementation during pregnancy is far more cost effective than later management 

strategies for cognitive delay.276 Future studies should investigate the possibility that 

DHA supplementation during pregnancy reduces developmental delay.  
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CONCLUDING REMARKS AND RECOMMENDATIONS  

 

The current literature around DHA supplementation during pregnancy points to little, if 

any, benefit for early childhood cognitive development in children who are healthy and 

born at full-term gestation. On the basis of the work presented in this thesis, routine 

supplementation of pregnant women with DHA cannot be recommended for enhancing 

children’s global development (Chapter 1), attention (Chapter 3), WM or IC (Chapter 

4). However, there may be other effects of supplementing pregnancy women with 

DHA that need to be considered when forming recommendations, such as the effect 

on length of gestation, early preterm birth, low birth weight and childhood atopic 

disease. Thus, future trials will need to determine whether DHA supplementation in 

pregnancy will result in other health benefits for the mother and her infant.  
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1. INTRODUCTION AND PURPOSE 

Standardisation in measurement techniques is crucial to ensure consistent and accurate 
results.  

The objective of this SOP is to detail the procedures for assessment of attention and 
distractibility in 2 year olds. These procedures should be followed for all assessments 
associated with CNRC clinical trials.  

2. SCOPE/ APPLICABILITY 

This SOP applies to all clinical research staff and students within the CNRC who are 
expected to perform or assist with attention and distractibility assessments. The procedures 
outlined are a guide for assessments performed in relation to CNRC clinical trials, there may 
be study specific requirements for individual clinical trials which require additional 
procedures, please refer to your trial protocol. 

3. PROCEDURE 

3.1 Equipment 

� Small desk, chair and stool 

� TEAC LCDV2655HD 26” flat screen TV with in-built DVD player and remote 

� Distractor DVD (DVD with 7 segment clips of children’s television shows 
interspersed with random 5-25 seconds of blank, black screen) 

� JVC Everio S Camcorder with 16Gb SD Card 

� Velbon CX-440 Basic Tripod 

� Pinnacle Video Transfer 

� Taurus 2 x 1TB RAID (external hard drive) 

� Horita VG-50 Time Stamp Generator 

� Hand-held stop watch 

� Toys and container to keep them stored in 

� Leap Frog multifunction play station 

� Rubber duckie 

� Scrambler quadbike  

� Bowl and lid 

� Mickey mouse flip phone 

� Dora the Explorer figurine 

� D-Pro Magnadoodle 

� Megablocks Little Mermaid Lego 

� Baby’s First Blocks Shape sorter box 

� Wooden Train 

� Sterile disposable wipes 
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3.2 Preparation 

1.  Assemble Assessment equipment required;  

� Small desk and chair (in corner of room for mother and child to sit at) 

� TV placed 1m away from the child at a 45º viewing angle and remote placed where 
researcher has easy access to it 

� Put distractor DVD in DVD player 

� Set up camcorder on tripod to film the child sitting at the desk 

� Set up stool for researcher to sit on next to the tripod so that they can see what 
the camcorder is recording  

� Mirror placed to shine reflection of TV to the camera 

� Hand held stop watch kept on researcher 

� Plastic sleeve and permanent marker to write participant identification   

� Storage container for toys placed near the tripod 

� Sterile wipes placed nearby  

� Toys (to be given in this order) 

� Task 1 

�  Multifunction play station 

� Task 2-presented simultaneously 

� Rubber duckie 

� Small bike with sound 

� Bowl and lid 

� Mickey mouse flip phone 

� Dora the Explorer figurine 

� Task 3-presented one at a time in this order 

� Magnadoodle 

� Little Mermaid Lego 

� Shape sorter box 

� Wooden Train 
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2.  Assemble recording equipment 

� Plug camcorder into time stamp generator using yellow plug into VIDEO IN plug, 
then use connector cable to go from the VIDEO OUT plug to the pinnacle. Plug red 
and white plugs straight into the pinnacle 

� Plug the Taurus into the pinnacle USB plug. Connect all to power. Should look like 
this: 

 

 

� Turn on Pinnacle (Press MODE once for a few seconds). To set the Pinnacle 
recording quality, keep pressing MODE briefly until all 3 blue LEDs underneath 
MODE button are lit 

� Turn camcorder on. Put into movie mode and make sure EXPORT and UPLOAD are 
both switched to ON (press buttons as labelled on the inside of the camera). LEDs 
on the pinnacle where the camcorder is connected should be blue; if red make sure 
they’re connected securely in the colour coordinated plugs. 

� Turn Taurus on, may need to hold down the power button till it turns on-blue LEDs 
at the front light up. The LED on the pinnacle where the Taurus is connected will go 
red while the pinnacle detects the Taurus then should turn blue. Do not remove 
while red. When camcorder and Taurus are connected and turned on, pinnacle 
should look like this: 

 

� Turn on time stamp generator. Click DISPLAY onto SET. Turn GEN onto SET. Red 
LED in top right hand corner should flash rapidly when working 
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3.3 Directly before an assessment  

� Ensure room is set at a comfortable temperature. 

� Put the participants CRF and travel re-imbursement in an envelope in the room and 
write the participants randomisation number on the plastic sleeves in a white board 
marker. 

�  Turn on the video recording equipment in the order: Pinnacle, then Hard Drive 
then video camera for the Attention assessment. 

� When ready to begin assessment, press REC on the pinnacle. All LEDs where plugs 
are attached should be a steady red, like this:  

 

� Then press record on the camera 

� Explain to the parent in standard script: 

� The assessment that is being undertaken  

� They will be seated at the desk with the child on their lap, facing the camera 

� It is important for them to refrain from interacting with their child during 
play-time as it may influence whether/how they play with the toys 

� The assessment will be video recorded so that the data can be analysed later 

� We will pick up any toys that are dropped 

� We will guide the parents/guardians through the test 

� They are free to ask for clarification of any aspect of the appointment 

� Privacy will be maintained at all times 

� Ie. E welcomes P’s, explains that the assessment measures Attention and 
that “the child will be seated on their lap, given some toys to play with and 
child will be videorecord to measure their eye movements to and from the 
toy. Any questions? “ 

� The parent and child are then taken into the assessment room and asked to sit 
behind the desk with the child on the parents lap and both facing the camera.  

� The AD assessment is explained in more detail: “First I’m going to give child one 
toy to play with for 5 minutes, then 5 for five minutes, then 4 toys for three 
minutes each while the TV goes on and off in the background. We’ll be looking at 
child’s eye movements to and from the toy, between the toys and between the toys 
and TV and we videorecord it to get the split second timings of this. It’s important 
during this assessment not to interact with child as it will influence their behaviour. 
Instead, if they turn around to you, smile reassuringly. If any toys fall down I will 
pick them up so you can sit back and relax” 

� Once the child is settled and ready to receive a toy, E turns on the Time stamp 
generator and switches it to display time and start count down.  
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Note: 20/04/10 the time stamp generator became faulty and was not used for 
approximately 2/3 of the assessments for the DIVA II trial.  

Note: Throughout the assessment tasks, abstain from interaction with the child 

� Note: If the child at any stage throws or knocks one of the toys on the ground, 
pick it/them up and put it/them back on the desk. To encourage the child to 
continue playing with the toy(s) demonstrate one of the features before sitting 
back down. If there is more than one toy on the desk, make sure you touch all of 
the toys with the same hand (to show no favouritism) before sitting down 

3.4 Task 1: Single Object Examination Task 

� Press record on the pinnacle and then press record on the camcorder 

� Once the session is being filmed, E gives the child the first toy-the leapfrog 
multifunction play centre. E turns the toy on before giving it to the child and then 
demonstrates the buttons on the toy, the flip pages and point out some of the 
pictures while saying “I have a toy you can play with. Look at what it can do! Now 
you have a turn.” 

� E removes hand from the toy and sits on the stool. 

� E starts the stop watch timer  

� E watches the child through the viewing monitor on the camera. E does NOT look 
directly at the child. 

� Once the stop watch reaches 5 mins E gets up and approaches the child saying 
“was that toy fun? Do you have that one at home? It’s time for a new toy now” 

3.5 Task 2: Multiple Object Examination Task 

� E gives the child five toys (the quad bike, Dora the explorer, rubber duck, mobile 
phone and bowl and cup) while saying “I have toys you can play with. Look at what 
they can do! Now you have a turn” E touches each toy lightly on the top so as not 
to show favouritism to any toy. 

� E removes hand from the toy, sits on the stool and starts stop watch timer.  

� Once the stop watch reaches 5 mins E uses the remote control to turn the TV on 
and then gets up and approaches the child saying “were those toys fun? Do you 
have any of them at home? It’s time for a new toy now” and removes the toys. 

3.6 Distractibility Task 

� Turn on the TV using the remote and press play on the DVD. 

� E gives the child the Magnadoodle and then demonstrates the toy, while saying “I 
have a toy you can play with. Look at what it can do! Now you have a turn.” 

� E removes hand from the toy and sits on the stool. First distractor should come on 
now. 

� E presses start on the hand held stop watch and watches the child through the 
viewing monitor on the camera.  

� Once the stop watch reaches 3 mins E uses the remote control to pause the DVD 
and then gets up and approaches the child saying “was that toy fun? Do you have 
that one at home? It’s time for a new toy now” and removes the toy. 
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Note: if a distractor is still playing at 3 minutes, wait until it has finished so that 
the screen can be paused when it is blank.  

� E gives the child the Little Mermaid mega blacks and then demonstrates the toy, 
while saying “I have a toy you can play with. Look at what it can do! Now you have 
a turn.” 

� E removes hand from the toy and sits on the stool while pressing play on the DVD.  

� E presses start on the hand held stop watch and watches the child through the 
viewing monitor on the camera.  

� Once the stop watch reaches 3 mins E uses the remote control to pause the DVD 
and then gets up and approaches the child saying “was that toy fun? Do you have 
that one at home? It’s time for a new toy now” and removes the toy. 

� E gives the child the shape sorter and then demonstrates the toy, while saying “I 
have a toy you can play with. Look at what it can do! Now you have a turn.” 

� E removes hand from the toy and sits on the stool while pressing play on the DVD 
using the remote.  

� E presses start on the hand held stop watch and watches the child through the 
viewing monitor on the camera.  

� Once the stop watch reaches 3 mins E uses the remote control to pause the DVD 
and then gets up and approaches the child saying “was that toy fun? Do you have 
that one at home? It’s time for a new toy now” and removes the toy. 

� E gives the child the Train set and then demonstrates the toy, while saying “I have 
a toy you can play with. Look at what it can do! Now you have a turn.” 

� E presses start on the hand held stop watch and watches the child through the 
viewing monitor on the camera.  

� Once the stop watch reaches 3 mins E uses the remote control to stop the DVD and 
turn off the TV and then gets up and approaches the child saying “was that toy 
fun? Do you have that one at home? That was the last toy I have for you to play 
with, but I have a game now-come and see the game I’ve got” and removes the 
toy. 

� E turns presses stop recording on the video camera 

� E presses REC on the pinnacle to stop recording. The Taurus LED on the pinnacle 
should stay red while the blue lights under the MODE button flash (this is the 
pinnacle writing the data to the Taurus-do not interrupt) 

� E turns off the camcorder and time stamp generator 

� When Taurus LED on the pinnacle goes blue, E holds down MODE (to turn off the 
Pinnacle) and turn off Taurus 

� E shows participants to their seat for the WMIC. 

� After parent and child have left, wipe down all toys used in the assessment as well 
as the desk top using sterile wipes  

 

 

 



   

  223  

4. REFERENCES 

Colombo J, Kannass KN, Shaddy DJ, Kundurthi S, Maikranz JM, Anderson CJ, et al. Maternal 
DHA and the development of attention in infancy and toddlerhood. Child Dev 
2004;75(4):1254-67. 

Kannass, K. N., J. Colombo, et al. Maternal DHA levels and toddler free-play attention. 
Developmental Neuropsychology 2009;34(2): 159-174. 

 

5. ADDITIONAL MATERIAL 

Additional Material 1: SOP change log 

 

Version No. 

 

Reason for Issue 

 

1 (13/05/09) 

 

 

If television is turned on at the beginning of the attention 
assessment (prior to the Single Object Task), half way 
through the first task it displays a screen saver (consisting of 
the manufacturers logo that changes colour and bounces 
around the screen). The screen saver distracted the child 
from the toy and the television had to be turned off. 

Modified SOP so that television is not turned on until the 
Multiple Object Task has been completed.    
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1. INTRODUCTION AND PURPOSE 

Standardisation of measurement techniques are crucial to ensure consistent and accurate 
results.  

The objective of this SOP is to detail the procedures for assessment of Working 
Memory/Inhibitory Control (WMIC) assessments in 2-year-old children. These procedures 
should be followed for all WMIC assessments associated with CNRC clinical trials.  

2. SCOPE/ APPLICABILITY 

This SOP applies to all clinical research staff and students within the CNRC who are 
expected to perform or assist with WMIC assessments. The procedures outlined are a guide 
for assessments performed in relation to CNRC clinical trials, there may be study specific 
requirements for individual clinical trials which require additional procedures, please refer to 
your trial protocol. 

3. PROCEDURE 

3.1 Equipment 

� JVC Everio S Camcorder with 16Gb SD Card with fixture to mount from ceiling or 
wall  

� Wooden box (150 x 40 x 20 cm) 

� Velcro dots 

� Dry lentils (approx 100 kg) 

� Paper tape measure  

� Desk to support wooden box 

Note: desk needs to be low enough so that a child sitting on their mothers lap is 
able to see and reach into the box of lentils 

� Toys (to be hidden within the lentils)-(bulky figurine-like, approx 8 cm tall) 

� Bob the builder 

� Wendy 

� Plastic sleeve with a white piece of paper or cardboard inside and a whiteboard 
marker 

3.2 Preparation 

1. Assemble assessment equipment required: 

� Desk and chair positioned along one wall of the room for mother and child to sit at 
with lentil filled box on top of desk 

� Digital camcorder mounted on the wall or ceiling (placed so as to film, from 
directly above, the child sitting at the desk and their arm movements) 

� Tape measure on researchers side of the box, pointing upwards so that it can be 
read by the camera 
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� Vertical strip of masking tape on the outside of the box to mark the middle 
(caregivers will need to position themselves and their child so that they sit at the 
middle of the lentil box) 

� 2 x Velcro dots to be placed on the outside of the researchers side of the box with 
only one matching top dot that can be moved between the spots attached to the 
box 

Note: Place the dots near the top of the side of the box, 15 cm on either side of the 
middle of the box 

� There should be no obvious landmarks (ie posters, wall hangings, pictures or items 
placed on the ceiling or wall) within the child’s visual field of view that would 
provide a point of reference and assist the child in locating the hidden toy 

3.3 Directly before an assessment  

1. Make sure room is a comfortable temperature 

2. Write the participants randomisation number and the date on the plastic sleeve using 
the whiteboard marker and place on top of the lentils in full view of the camera. 

3. Turn the camera on, make sure it is overlooking the centre of the lentil box and press 
record 

4. Explain to the parent with the standard script: 

� E points to participant chair and says “mother if you’d like to take a seat here 
child can sit on your lap again” 

� E then turns on video camera suspended from the ceiling and sits down. 
� E tells mother “This time we’re going to play a game of hide and seek in the 

lentils (to child now-) have you seen these before? (touch lentils and roll hand 
through them) it’s just like a big sandpit full of little rocks! (back to mother 
now-) you can encourage as much as you like in this one, so long as you don’t 
point out or hint to where the toys hiding. To start with I’m just going to get 
child used to getting a toy out of the lentils but when we actually start I’ll say 
“give mum a hug” or “hands out” and if you could just hold their hands back 
while I hide the toy it would be great. Child still needs to be watching when I 
hide the toy though. Before child finds the toy I’ll count either to 3 or to 10. If 
you could encourage child to count and clap along as well it would be great. Ok 
lets get started!” 

� E presses record on the video camera and makes sure the plastic sleeve with 
the participants identification number can be seen by the camera 

Diagram of lentil box set-up: 
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� Then switch location A to location B (or vice versa) 

 

3.4 Practice Trials x 3 

1. E holds up the Bob and Wendy toys and asks the child which one they’d like to play 
with. 

2. Once child chooses, E puts the other toy on the floor, removes the plastic sleeve and 
moves the top Velcro dot to the opposite side (so that starting location was be 
alternated between assessments). 

3. E explains they are going to hide the chosen toy and child has to find it. 

4. E smoothes out lentils and places toy on top of them on the side where the Velcro dot 
is now positioned (location A) 

5. E says to child “can you see where Bob/Wendy is hiding? They’re not hiding very well 
are they? Can you get them for me?” (holds out hand) 

6. Child should pick up toy and put in hand, (note: may need a bit of encouragement) 
congratulate child 

7. E then pushes the toy into the lentils in location A so that only the head is visible and 
says “look, Bob/Wendy is hiding a bit better now, can you still get them out?”  

Note: make sure the toy is always buried vertically and upright so that the head is at 
the top  

8. Once toy is retrieved by child (note may need encouragement here too) completely 
hide the toy within the lentils in location A but leaving an indentation, and say “what 
about now? You can’t even see them now? Can you still get them out?”  

9. Once child returned toy to E, E says, “well done! I think it’s time to start hide-and-
seek, so you give mum a hug” and waits for child to remove hands from lentils. 

3.5 A Training Trials x 3 

1. E smooths out the lentils and pushes toy into location A so that it is completely 
covered up and smoothes lentils over the top while saying “down Bob / Wendy goes! 
Bye bye Bob/Wendy”  

2. While keeping child’s hands out of the lentils, E claps hands and counts to 3, then 
says “where is Bob/Wendy? Can you find them?” 

3. Once child finds toy, repeat this 2 more times in location A (total of 3 times). 

Note: if child tries to search for the toy or play in the lentils before counting has 
finished, remove child’s hand from lentils and place back in caregivers hands or away 
from the box 
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3.6 Test Trials x 2 

1. E now hides toy where the other Velcro dot is (location B) and counts to 10 with the 
child before getting them to find it. 

2. Repeats this again (total of two times). 

3.7 A Training Trials x 3 

1. E hides toy is location B again but this time only counts to 3. 

2. Repeats this twice (total of 3 times). 

3.8 Test Trials x 2 

1. E now hides the toy at location A again and counts to 10 

2. Repeats this again (total of two times). 

3. E stands up and turns the video recorder off and congratulates the child for doing so 
well. 

4. E thanks parent and child for participating.  

4. REFERENCES 

Spencer JP, Smith LB, Thelen E. Tests of a dynamic systems account of the A-not-B error: 
the influence of prior experience on the spatial memory abilities of two-year-olds. Child Dev 
2001;72(5):1327-46. 

5. ADDITIONAL MATERIAL 

ADDITIONAL MATERIAL 1: SOP Change Log 

 

ADDITIONAL MATERIAL 1: SOP CHANGE LOG 

Version No. 

 

Reason for Issue 

 

1 14/05/09 

 

None 
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1. INTRODUCTION AND PURPOSE 

Standardisation in measurement techniques is crucial to ensure consistent and accurate 
results.  

The objective of this SOP is to detail the procedures for coding the Single Object Task of the 
Attention and Distractibility assessment. These procedures should be followed for all coding 
of attention assessments associated with CNRC clinical trials.  

The purpose of this SOP is to ensure that for each recording of the Single Object Task the 
necessary information can be extracted systematically for analysis. This data is being 
extracted for an investigation of attention span in early childhood and there are five specific 
points that can be drawn from the Single Object assessments that are of interest to the 
study: 

1. The total amount (of time) of looks to the toy 
2. The total amount (of time) of looks away from the toy 
3. The total number of episodes of inattention 
4. The length (of time) of the first look to the toy 
5. The average length (of time) of episodes of attention  
6. Longest look (in time) to the toy  

This information will be gained by recording the child’s eye movements to and from the toy. 
The coder will first watch the assessment and write down the time of eye movements by 
hand and then transfer the data into the Microsoft Excel template in order to perform the 
calculations for the above points of interest.  

 

2. SCOPE/ APPLICABILITY 

This SOP applies to all clinical research staff and students within the CNRC who are required 
to perform or assist with coding of attention and distractibility assessments. 

 

3. PROCEDURE 

3.1 Equipment 

� TEAC LCDV2655HD 26” flat screen TV with in-built DVD player and remote (kept in 
room 4A 157.3) 

� Taurus 2 x 1TB RAID (external hard drive kept in room 4A 157.3) 

� Toshiba laptop (kept in drawer middle drawer in the small mobile pedestal drawer in 
room 4A 157.3) 

� Shuttle Jog (kept in bottom drawer, in back folder, in the small mobile pedestal 
drawer in room 4A 157.3) 

� Single Object Coding sheets (See Appendix 2) (kept in drawer bottom drawer, in 
folder marked ‘Coding Forms’ in the small mobile pedestal drawer in room 4A 157.3 
and available from N:\CHRI\Research\STUDIES\DOMINO\DIVA II EF\Coding 
Sheets\Single Object Coding Sheet.doc) 
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3.2 Preparation 

1. Gather necessary equipment (including laptop, shuttle, RAID) and coding sheets 
and place on desk and in front of the television screen 

2. Turn on laptop 

3. Plug shuttle into laptop using USB cable 

4. Assessment will be recorded either Taurus Raid external hard drive. 

5. To get assessment off Raid 

� Plug Taurus Raid into laptop using USB cable and turn on 

� On laptop, double click on the ‘My Computer’ icon and then select ‘Raid’ to 
open the Taurus Raid; then select the ‘Attention’ folder and highlight the 
assessment you wish to code. Assessments are labelled ‘randomisation 
number_date of assessment (ddmmyy)’ eg. 110642_030709.MOD 

� Copy and paste the assessment into the folder on the desktop called 
‘Shortcut to My Videos’ 

6. Open up Pinnacle Studio 12 software (icon also on desktop) 

� Select the assessment you wish to code by clicking it once 

� Go to ‘Setup” menu 

� Select ‘Video and Audio Preferences’ 

� Video Preview 

 � Tick ‘Enable full-resolution preview??’ 

    ‘Show Full Screen Preview” 

    ‘2nd VGA Monitor’ 

7. To view assessment on television:  

� Plug TV cable into plug on top left side of laptop (cord should be left plugged into 
TV at all times so leave it plugged in when finished coding) 

� Turn on TV and use remote to select 

� ‘Input’ 

  �  ‘VGA’ 

� On the laptop, right click on the desk top and select ‘Properties’  

� Select ‘Settings’ tab and click on screen 2 in the window 

� When screen 2 is highlighted, tick box for ‘Extend my 
Windows Desktop onto this Monitor’ and adjust the screen 
resolution to 1800 x 1440 pixels 

 Note: screen 1 resolution should be 1280 x 800 

Also, to move the mouse between TV screen and computer 
monitor (i.e. to adjust the area of the computer screen shown 
on the TV), use the top right corner of the computer monitor 
and top corner of the TV screen.  
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8. When video screen of Pinnacle is on TV, press play on laptop and wind the circular 
button on the shuttle jog to move back and forward through the assessment and 
view the video frame by frame 

9. The Single Object Task will be the first task on the video and will go for 
approximately 5 minutes 

 

3.3 Single Object Examination Task Coding Rules 

1. The purpose of coding the Single Object Task is to record the timing of 
specific eye movements as a measure of attention and attention span 
In order to do this it is necessary to calculate: 

� Amount of time spent looking at the toy (attention)-in mm:ss.00 
� Amount of time spent not looking at the toy (inattention) -in mm:ss.00 
� Number of episodes of inattention  
� Initial looking to toy (length of first look to toy) -in mm:ss.00 
� The average length of individual looks to the toy-in mm:ss.00 
� The longest look to the toy -in mm:ss.00 

 
2. You will need to look at the child’s eyes and record on the Single Object 

Coding Sheet: 
� time at which child starts looking at the toy (eyes start to move 

in the direction of the toy) 
� time at which child starts looking away from the toy (eyes start 

to move in a direction away from the toy) 

Guidance for recording eye movements; must be watched frame by frame, using 
the shuttle jog. 

The start of an eye movement is when the child can no longer be said to be looking 
at the object on which they were previously focused.  

Therefore, if the child was looking at the toy, then turns to look at their parent, the 
time at which the child starts looking at away from the toy is the point at which the 
eyes can no longer be said to be looking at some part of the toy. This can be 
difficult to spot as the eyes will seem to stop at various point when watched frame 
by frame as they turn from one object to another.  

There will be times when a child stops and fixates, briefly, on something in the 
room during the turn of the head. This must be verified by watching the motion in 
normal speed. If it is clear that the child fixates on, for example the experimenter 
as they look down from the parent and look to the toy, code starts looking at the 
toy from when the child can no longer be said to be looking at the experimenter.   

Keep in mind that children and adults often close their eyes as they turn their 
heads. In some cases, a child orienting in a new direction will close their eyes as 
the turn. In such cases the start of looking is recorded as the time at which they 
can no longer see what they were previously looking at as their eyes close.   

3. Start coding when experimenter finishes introducing the toy and their hand 
has left the toy 

 
4. Write down all times as min.sec.frames (as this is how the time stamp 

generator and pinnacle software display the time) in the time column and 
then tick the corresponding box to indicate attention or inattention 

 
5. Do NOT include any of the following: 
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� A portion of data that involves experimenter (E) or parent (P) interaction 
with child that influences or changes the child’s behaviour (i.e. 
talks/makes sound/points/holds and child looks away from/to toy) 

� Noises from outside the room attract attention i.e. child looks up from toy 
� E or P holding toy, beyond stabilising it, and child looks at it 
� E or P talking to child and draw their attention to or away from the toy 

(including talking that is responding to question asked by the child) 
� Any portion of the recording where both of the child’s eyes are obscured, i.e. 

by hands, toy etc.  
 

6. Do include the following: 
� Any interaction occurs that does not change the child’s behaviour 
� A child initiating conversation with E or P (but only include the time when the 

child is talking, stop coding if/when E or P reply) 
� Very shy child who will not participate without E or P encouraging briefly 

(rare) 
� Child looking at toy when E or P speaks but child continues to look at toy, 

does not react to speaking 
 

7. Make a note on the coding sheet when Experimenter Interference (EI) or 
Parent Interference (PI) takes place. Write ‘PI’ and ‘EI’ in the space 
between the Time column and the Look at Toy column and note times the 
interference began and ended.  

 
8. Note: looks to/from the toy are only counted as episodes of attention or 

inattention if they go for at least one second or longer. Therefore any looks 
to or away from the toy that last for less than one second are not counted.  

For example; (remember time is noted in the following format “mm:ss.00”) 

00:00.00 The assessment begins and the child is looking at the toy 

01:00.00 The child plays with the toy for a full minute, then looks away from    
the toy 

01:00.12 The child looks back to the toy after less than one second.  

As the child’s look away from the toy lasted for less than 1 second it is not counted 
as an episode of inattention. It is counted as still being in attention so the look 
away from the toy does not need to be recorded or entered into the data file.  

Note: this only counts for episodes of attention and inattention.  Episodes of 
interference are always coded for, no matter how long or short they last.  

9. Make note of any special deviations along at the bottom of the ‘Single 
Object Coding Sheet’ i.e. assessment cut short (and why), toys not 
presented according to SOP 

 
10.  End coding exactly 5 minutes after it began 

� You will need to keep track of this and make sure you end coding at the right 
time 

� If the play time is less than 5 mins, end coding when the experimenter 
interferes in order to take away the toy  
ie. As the experimenter stands up the child usually looks at them, especially 
when they reach out to take the toy away. This is interference as they are 
distracting the child. Interference is not used in any of the calculations so write 
END as the time that the experimenter interferes 

3.4 Single Object Examination Task Calculations 
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Once finished coding, enter the data into an Excel file to extract the total time looking at 
the toy, number of looks to and away from the toy and total time not looking at the toy.   

Note: Additional Material 4 is a copy of the excel calculations  

1. Open the template file; N:\CHRI\Research\STUDIES\DOMINO\DIVA II 
EF\DATA\Assessments\RAW DATA SETUP.xls 

2. Save the template with a new file name using ‘Save As’ in RAW DATA folder in the 
following format: ‘Randomisation Number _your initials’  

i.e. 110678 _JG 

3. Within the Excel file: 

a. Open the ‘Single Object’ worksheet 

b. Manually enter the time and attention data written on the coding sheet into 
column A, labelled ‘Time’ and column B labelled ‘Code’, ensuring the data is 
entered as minutes:seconds.milliseconds 

� Both the time stamp generator and the timer in the Pinnacle program 
code time as “hours:minutes:seconds:frames”. To convert ‘Frames’ to 
milliseconds, you will need to times the frame number by four, 

ie. If time stamp generator said “00:07:46:21” you will need to record 
“07:46.84” into the time column.   

See Additional Material 3 for full conversion of frames to milliseconds  

� There is a colon between minutes and seconds but a full stop between 
seconds and milliseconds, therefore time should look like “02:45.84” 

� Set the ‘Time’ column to right format by highlighting the Time column, 
right click and select ‘Format Cells’ from the pop up menu. In the 
‘Number Tab’ select ‘Custom’ and scroll down the ‘Type’ menu to 
‘mm:ss.0’ and select. At the top of the scroll menu, ‘mm:ss.0’ will 
appear. Add an extra ‘0’ at the end so it looks like ‘mm:ss.00’ and select 
‘OK’ 

� In the ‘Code’ column, the purpose is to code the state of attention, so 
code Attention as ‘A’,  Inattention as ‘N’ and EI or PI as ‘I’ 

4. The excel file has been set up with all the calculations already programmed into it 
so that as you enter the Time and Code data you should notice the numbers in the 
other columns appearing and adjusting  

5. By the time you finish entering all the data, all the calculation will be complete but 
there are a few that must be checked  

6. If any cells come up with error messages, such as ######## you will need to 
check that you have entered the data properly; except in the case of Total Time 
column (see next point) and in the final entry in the Time, Attention and Inattention 
columns at the end (ignore these as they are the end of the coding) 

7. Totl Time in column I appears as an error; click on the cell and then click on the 
Insert Function symbol on the tool bar  

 

a. In the new window, select the first text box and highlight the cells in the 
Attention column and click Enter 
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b. Select the second text box and highlight the cells in the Inattention 
column and click Enter, then ok 

8. Check the Initial Look 

a. Excel has been programmed to assume the Initial Look begins at with the 
beginning of coding 

b. If the child is not in Attention at the very start of coding, calculate the 
Initial Look 

c. Type =a(cell in Time column where child stops looking at the toy)-a(cell in 
Time column where child starts looking at the toy) 

 

9. The calculations are now complete and will appear in the SUMMARY worksheet  

10. Save and close the file  

 

3.5 Quality Assurance of Coding 

To check internal consistency of coding, at least 25% of all assessments must be 
independently checked by a second trained coder   

1. Minimal acceptability criteria for coding are; 

� Correlation between coders must be r ≥ 0.9 on 3 consecutive assessments 

� Mean difference between coders ≤ 1 s on 3 consecutive assessments  

2. If the minimum criteria are met, both coders only need to check 25% of 
assessments for consistency  

3. If the minimum criteria are not met: 

� Both coders should recode one of the 3 assessments together using the SOP 
and resolve any differences 

� Both coders should continue to code all assessments independently until the 
minimal criteria is met for 3 consecutive assessments, then return to checking 
25% of assessments  

To check whether the Minimal Acceptable Criteria are met, you will need to use SPSS 

1. Open SPSS and open template file; N:\CHRI\Research\STUDIES\DOMINO\DIVA II 
EF\DATA\Assessments\Relaibilities\Reliability\EF_Relaibilities.sav 

2. Type in the data for the Total Time, Total Attention and Total Inattention from the 
Excel ‘Summary Sheet’ worksheet from both coders in the columns already labelled  

3. To check whether the mean difference between coders is ≤ 1 s; 

a. Highlight the ‘SO_Time’ column and click the ‘Transform’ menu and select 
‘Compute Variable’ from the pop up menu 

b. In the Compute Variable pop up window, scroll down to ‘Time Duration 
Extraction’ in the Function Group: option and then select ‘Ctime.Seconds’ in 
the Functions and Special Variables: option and click the ^ arrow and the 
function will appear in the Numeric Expression box as “CTIME.SECONDS(?)” 

c. Place the cursor in the Numeric Expression box where the ? mark is, between 
the brackets 
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d. Then on the left-hand side where all the variables are, select 
LGS_SO_totl_time and click the > arrow to move it across to the Numeric 
Expression box 

e. Beneath the box, click the button with the – symbol and then select 
JG_SO_totl_time and click the > arrow 

f. In the Numeric Expression box should be the function 
“CTIME.SECONDS(LGS_SO_totl_time - JG_SO_totl_time)” 

g. In the top left box labelled ‘Target Variable’ you need to type a name for the 
variable you are computing. Re-label the variable ‘SO_Time’ and press 
ENTER. A message will appear asking if you want to replace the existing 
variable, click yes and OK and this will compute a new variable 

h. Repeat this for the ‘SO_ATT’ and ‘SO_INATT’ columns, using the variables 
LGS_SO_att, JG_SO_att, LGS_SO_inatt and JG_SO_inatt; so that the end 
functions should look like this: 

“CTIME.SECONDS(LGS_SO_att - JG_SO_att)” 

“CTIME.SECONDS(LGS_SO_inatt - JG_SO_inatt)” 

Note: there may already be some values in the columns you are 
transforming/computing, these values will be recalculated as you transform the 
variable but they will be the same. 

i. To compare the means, Click the Analyze menu and select ‘Descriptive 
Statistics’ and ‘Descriptives…’ from the pop up menus 

j. In the pop up window, select the computed variables from the list on the left 
and click the > arrow to move them across and click OK 

k. An Output window will pop up with the descriptive statistics for each variable  

l. Check that the means for each variable meet the Minimum Acceptable 
Criteria of  ≤ 1 s 

4. To check inter-coder correlation;  

a. Click the Analyze menu and select ‘Correlate’ and ‘Bivariate…’ from the pop 
up menus 

b. Select the two varaiables you wish to compare (one from each coder 
measuring the same item) and click the > arrow to move them across to the 
Variables box and click OK 

c. An output window will open with the results of the correlation 

d. Look at the Pearson Correlation coefficient and see whether it is ≥ 0.9 

e. Repeat this for each of the items you wish to compare between the coders 

5. Save the SPSS output file under N:\CHRI\Research\STUDIES\DOMINO\DIVA II 
EF\DATA\Assessments\Relaibilities\Reliability\SPSS as “Output_date” 

6. Record the reliabilities in the reliability log found under 
N:\CHRI\Research\STUDIES\DOMINO\DIVA II 
EF\DATA\Assessments\Relaibilities\Reliability\Relaibility log  
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4. REFERENCES 

Colombo J, Kannass KN, Shaddy DJ, Kundurthi S, Maikranz JM, Anderson CJ, et al. Maternal 
DHA and the development of attention in infancy and toddlerhood. Child Dev 
2004;75(4):1254-67. 

 

5. ADDITIONAL MATERIAL 

Additional Material 1: SOP Change Log 

Additional Material 2: Single Object Coding Sheet  

Additional Material 3: Conversion of Frames to Centiseconds  

Additional Material 4: Calculations Summary Sheet for Excel 

 

ADDITIONAL MATERIAL 1 : SOP CHANGE LOG 

 

Version No. 

 

Reason for Issue 

 

Final     01/09/2010 

 

 

All coding equipment (laptop, shuttle jog) moved to Waite 
UofA campus still inside wheeled drawers. Key to wheeled 
drawers with Jacky Gould in 4D110 office.  

Television still located at FMC in 4D110 office.  

Video camera’s with Anna Seamark at Women’s and 
Children’s Hospital.  
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ADDITIONAL MATERIAL 2 : SINGLE OBJECT CODING SHEET 
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ADDITIONAL MATERIAL 3 : CONVERSION OF FRAMES TO CENTISECONDS 

Time  

(as displayed on the time 

stamp generator) 

 Converted Time  

(to be entered in Excel) 

Minutes Seconds  Frames Minutes Seconds  Centiseconds 

00 00 01  00 00 04 

00 00 02  00 00 08 

00 00 03  00 00 12 

00 00 04  00 00 16 

00 00 05  00 00 20 

00 00 06  00 00 24 

00 00 07  00 00 28 

00 00 08  00 00 32 

00 00 09  00 00 36 

00 00 10  00 00 40 

00 00 11  00 00 44 

00 00 12  00 00 48 

00 00 13  00 00 52 

00 00 14  00 00 56 

00 00 15  00 00 60 

00 00 16  00 00 64 

00 00 17  00 00 68 

00 00 18  00 00 72 

00 00 19  00 00 76 

00 00 20  00 00 80 

00 00 21  00 00 84 

00 00 22  00 00 88 

00 00 23  00 00 92 

00 00 24  00 00 96 
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ADDITIONAL MATERIAL 4: CALCULATION SUMMARY SHEET FOR EXCEL 

SINGLE OBJECT TASK CALCULATIONS 

 

Attention  

 

 

Inattention 

 

 

Total Time 

 

 

Total Attention 

 

 

Total Inattention 

 

 

Total Episodes of Attention 
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Total Episodes of Inattention 

 

 
Initial Look 

 

 
Average Look 

 

 
Longest Look 

 

 

ON SUMMARY WORKSHEET 

Total Time of Assessment 

� Click on the corresponding cell in the SUMMARY worksheet, type “=”  
� Then open the Single Object worksheet  
� Click on the cell I2, in column Total Time and press ENTER 

Repeated procedure for each of the values in the Summary worksheet apart for: 

 

% Time Spent Looking 

 

% Time Spent Not Looking 
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APPENDIX 5: STANDARD OPERATING PROCEDURE FOR CODING THE 
MULTIPLE OBJECT TASK 

Title: Coding the Multiple Object Task 
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Reviewed and Approved by: Lisa Smithers 

 

Signature: ___________________ Date:  

 

Departmental Head: Maria Makrides 

 

Signature: ___________________ Date:  
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1. INTRODUCTION AND PURPOSE 

Standardisation in measurement techniques is crucial to ensure consistent and accurate 
results.  

The objective of this SOP is to detail the procedures for coding the Multiple Object Task of 
the Attention and Distractibility assessment. These procedures should be followed for all 
coding of assessments associated with CNRC clinical trials.  

The purpose of this SOP is to ensure that for each recording of the Multiple Object Task the 
necessary information can be extracted systematically for analysis. This data is being 
extracted for an investigation of attention span when there are constant competitors 
(multiple toys) for their attention in early childhood and there are six specific points that 
can be drawn from the Multiple Object assessments that are of interest to the study: 

1. The amount (in time) of attention to the toys 
2. The amount (in time) of inattention to the toys 
3. The number of episodes of inattention 
4. The length (in time) of the first look to a toy 
5. The average length (in time) of episodes of attention  
6. The number of shifts in attention between toys  

This information will be gained by recording the child’s eye movements to and from the toy 
and the timing of these eye movements. You will first watch the assessment and write down 
the times of eye movements by hand and then transfer the data into a Microsoft Excel 
template in order to perform the calculations for the above points of interest.  

 

2. SCOPE/ APPLICABILITY 

This SOP applies to all clinical research staff and students within the CNRC who are 
expected to perform or assist with coding of attention and distractibility assessments. 

 

3. PROCEDURE 

3.1 Equipment 

� TEAC LCDV2655HD 26” flat screen TV with in-built DVD player and remote (kept in 
room 4A 157.3) 

� Taurus 2 x 1TB RAID (external hard drive kept in room 4A 157.3) 

� Toshiba laptop (kept in drawer middle drawer in the small mobile pedestal drawer in 
room 4A 157.3) 

� Shuttle Jog (kept in bottom drawer, in back folder, in the small mobile pedestal 
drawer in room 4A 157.3) 

� Multiple Object Coding sheets (See Appendix 2) (kept in drawer bottom drawer, in 
folder marked ‘Coding Forms’ in the small mobile pedestal drawer in room 4A 157.3 
and available from N:\CHRI\Research\STUDIES\DOMINO\DIVA II EF\Coding 
Sheets\Multiple Object Coding Sheet.doc) 
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3.2 Preparation 

1. Gather necessary equipment (including laptop, shuttle, RAID) and coding sheets 
and place on desk and in front of the television screen 

2. Turn on laptop 

3. Plug shuttle into laptop using USB cable 

4. Assessment will be recorded on Taurus Raid external hard drive. 

5. To get assessment off Raid 

� Plug Taurus Raid into laptop using USB cable and turn on 

� On laptop, double click on the ‘My Computer’ icon and then select ‘Raid’ to 
open the Taurus Raid; then select the ‘Attention’ folder and highlight the 
assessment you wish to code. Assessments are labelled ‘randomisation 
number_date of assessment (ddmmyy)’ eg. 110642_030709.MOD 

� Copy and paste the assessment into the folder on the desktop called ‘Shortcut 
to My Videos’ 

6. Open up Pinnacle Studio 12 software (icon also on desktop) 

� Select the assessment you wish to code by clicking it once 

� Go to ‘Setup” menu 

� Select ‘Video and Audio Preferences’ 

� Video Preview 

 � Tick ‘Enable full-resolution preview??’ 

    ‘Show Full Screen Preview” 

    ‘2nd VGA Monitor’ 

7. To view assessment on television:  

� Plug TV cable into plug on top left side of laptop (cord should be left plugged 
into TV at all times so leave it plugged in when finished coding) 

� Turn on TV and use remote to select 

� ‘Input’ 

  �  ‘VGA’ 

� On the laptop, right click on the desk top and select ‘Properties’  

� Select ‘Settings’ tab and click on screen 2 in the window 

� When screen 2 is highlighted, tick box for ‘Extend my 
Windows Desktop onto this Monitor’ and adjust the screen 
resolution to 1800 x 1440 pixels 

 Note: screen 1 resolution should be 1280 x 800 

Also, to move the mouse between TV screen and computer 
monitor (i.e. to adjust the area of the computer screen shown 
on the TV), use the top right corner of the computer monitor 
and top corner of the TV screen.  
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8. When video screen of Pinnacle is on TV, press play on laptop and wind the circular 
button on the shuttle jog to move back and forward through the assessment and 
view the video frame by frame 

9. The Multiple Object Task will be roughly 5-6 minutes into the video and will go for 
approximately 5 minutes 

 

3.3 Multiple Object Examination Task CodingRules 

1. The purpose of coding the Multiple Object Task is to record the timing of 
specific eye movements as a measure of attention and attention span 

 In order to do this it is necessary to calculate: 
a. Amount of time spent looking at the toy (attention)-in mm:ss.00 
b. Amount of time spent not looking at the toy (inattention) -in mm:ss.00 
c. Number of episodes of inattention  
d. Initial looking to toy (length of first look to toy) -in mm:ss.00 
e. The average length of individual looks to the toy-in mm:ss.00 

2. You will need to look at the child’s eyes and record on the Multiple Object 
Coding Sheet: 
� time at which child starts looking at the toy (eyes start to move in the 

direction of the toy)  
� time at which child starts looking away from the toy (eyes start to 

move in a direction away from the toy) 

Guidance for recording Eye Movements must be watched frame by frame, using the 
shuttle jog.  

The start of an eye movement is when the child can no longer be said to be looking 
at the object on which they were previously focused.  

Therefore, if the child was looking at the toy, then turns to look at their parent, the 
time at which the child starts looking at away from the toy is the point at which the 
eyes can no longer be said to be looking at some part of the toy. This can be 
difficult to spot as the eyes will seem to stop at various point when watched frame 
by frame as they turn from one object to another.  

There will be times when a child stops and fixates, briefly, on something in the 
room during the turn of the head. This must be verified by watching the motion in 
normal speed. If it is clear that the child fixates on, for example the experimenter 
as they look down from the parent and look to the toy, code starts looking at the 
toy from when the child can no longer be said to be looking at the experimenter.   

Keep in mind that children and adults often close their eyes as they turn their 
heads. In some cases, a child orienting in a new direction will close their eyes as 
the turn. In such cases the start of looking is recorded as the time at which they 
can no longer see what they were previously looking at as their eyes close.   

3. Start coding when experimenter finishes introducing the toy and their 
hand has left the toy 

4. Write down all times as min.sec.frames (as this is how the time stamp 
generator and pinnacle software display the time) in the time column and 
then tick the corresponding box to indicate attention or inattention 



   

  246  

5. Do NOT include any of the following: 

a. A portion of data that involves experimenter (E) or parent (P) 
interaction with child that influences or changes the child’s behaviour 
(i.e. talks/makes sound/points/holds and child looks away from/to 
toy) 

b. Noises from outside the room attract attention i.e. child looks up 
from toy 

c. E or P holding toy, beyond stabilising it, and child looks at it 
d. E or P talking to child and draw their attention to or away from the 

toy (including talking that is responding to question asked by the 
child) 

e. Any portion of the recording where both of the child’s eyes are 
obscured, i.e. by hands, toy etc.  

6. Do include the following: 
a. Any interaction occurs that does not change the child’s behaviour 
b. A child initiating conversation with E or P (but only include the time 

when the child is talking, stop coding if/when E or P reply) 
c. Very shy child who will not participate without E or P encouraging 

briefly (rare) 
d. Child looking at toy when E or P speaks but child continues to look at 

toy, does not react to speaking 

Note: looks to/from a toy are only counted as episodes of attention or 
inattention if they go for at least half a second (.5 s) or longer. Therefore 
any looks to or away from a toy that last for less than half a second are 
not counted.  

For example; (remember time is noted in the following format “mm:ss.00”) 

00:00.00 The assessment begins and the child is looking at the car 

01:00.00 The child plays with the car for a full minute, then looks at the bowl. 

01:00.12 The child looks back to the car after less than half a second.  

As the child’s look to the bowl lasted for less than half a second it is not counted as 
a shift in attention. It is counted as a continuous episode of attention to the car so 
the look to the bowl does not need to be entered into the data file.  

Note: this only counts for episodes of attention, inattention and shifts between 
toys. Episodes of interference are always coded for, no matter how long or short 
they last.  

7. Make a note on the coding sheet when Experimenter Interference (EI) or 
Parent Interference (PI) takes place. Write ‘PI’ and ‘EI’ in the space 
between the Time column and the Look at Toy column and note times the 
interference began and ended.  

8. Make note of any special deviations along at the bottom of the ‘Multiple 
Object Coding Sheet’ i.e. assessment cut short (and why), toys not 
presented according to SOP 

9. End coding exactly 5 minutes after it began 

10. You will need to keep track of this and make sure you end coding at the 
right time 

11. If the play time is less than 5 mins, end coding when the experimenter 
interferes in order to take away the toy  
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ie. As the experimenter stands up the child usually looks at them, especially when 
they reach out to take the toy away. This is interference as they are distracting the 
child. Interference is not used in any of the calculations so write END as the time 
that the experimenter interferes 

3.4 Multiple Object Examination Task Calculations 

Once finished coding, enter the data into an Excel file to extract the total time looking at 
the toys, number of looks to and away from the toys, number of shifts in attention 
between the toys and total time not looking at the toys.   

Note: Additional Material 4 is a copy of the excel calculations 

1. There may already be a working excel file with the Single Object data on it for the 
child you are coding. To check, open the N:\CHRI\Research\STUDIES\DOMINO\DIVA 
II EF\DATA\Assessments\raw data folder and check for an Excel file labelled: 
‘Randomisation Number (of the session you just coded) _your initials’ (i.e. 
110678_JG). If there is already a file there, open it and start working, if not; 

a. Open the template file; N:\CHRI\Research\STUDIES\DOMINO\DIVA II 
EF\DATA\Assessments\RAW DATA SETUP.xls 

b. Save the template with a new file name using ‘Save As’ in Raw Data folder in 
the following format: ‘Randomisation Number_ your initials’ (i.e. 110678_ JG) 

2. Within the Excel file: 
a. Manually enter the time and attention data written on the coding sheet into 

column A, labelled ‘Time’ and column B labelled ‘Code’, ensuring the data is 
entered as minutes:seconds.milliseconds 
� Both the time stamp generator and the timer in the Pinnacle program 

code time as “hours:minutes:seconds:frames”. To convert ‘Frames’ to 
milliseconds, you will need to times the frame number by four, 
ie. If time stamp generator said “00:07:46:21” you will need to record 
“07:46.84” into the time column.   
See Additional Material 3 for full conversion of frames to milliseconds 

� There is a colon between minutes and seconds but a full stop between 
seconds and milliseconds, therefore time should look like “02:45.84” 

� Set the ‘Time’ column to right format by highlighting the Time column, 
right click and select ‘Format Cells’ from the pop up menu. In the 
‘Number Tab’ select ‘Custom’ and scroll down the ‘Type’ menu to 
‘mm:ss.0’ and select. At the top of the scroll menu, ‘mm:ss.0’ will 
appear. Add an extra ‘0’ at the end so it looks like ‘mm:ss.00’ and select 
‘OK’ 

� In the ‘Code’ column, the purpose is to code the state of attention, so;  

code Inattention as ‘N’ and EI or PI as ‘I’ and 

 code Attention according to which toy or toys the child was looking at: 

Dora   D 

Rubber Duck  R 

Bowl and/or lid B 

Car   C 

Phone   P 

Note: the spreadsheet has not been programmed to cope with looks to 
multiple toys at the same time, ie. do not enter “CD” in the same cell as 
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it will not be included in the total attention time. Instead, just type one of 
the toys, the first toy written down. So in this case, type “C” 
However, if the previous look was to “C” then type “D” so that it counts 
as a shift between toys.  

b. The excel file has been set up with all the calculations already programmed 
into it so that as you enter the Time and Code data you should notice the 
numbers in the other columns appearing and adjusting 

c. By the time you finish entering all the data, all the calculations will be 
complete but there are a few that must be checked  

d. If any cells come up with error messages, such as ######## you will need 
to check that you have entered the data properly; except in the case of the 
Total Time column (see next point) and in the final entry in the Time, 
Attention and Inattention columns at the end (ignore these as they are the 
end of the coding) 

e. Totl Time in column I appears as an error; click on the cell and then click on 
the Insert Function symbol on the tool bar  

 

� In the new window, select the first text box and highlight the cells in the 
Attention column and click Enter 

� Select the second text box and highlight the cells in the Inattention 
column and click Enter, then ok 

f. Check the Initial Look 

� Excel has been programmed to assume the Initial Look begins at with the 
beginning of coding 

� If the child is not in Attention at the very start of coding, calculate the 
Initial Look 

� Type =a(cell in Time column where child stops looking at the toy)-a(cell in 
Time column where child starts looking at the toy) 

 

g. Count the number of shifts in attention 

h. Totl Shifts in column P must be counted manually 

i. Look at the Attention column and count the number of times that the child 
looked at a different toy, by counting the changes from ‘D’ to ‘R’ to ‘C’ to ‘P’ 
etc. 

j. Do NOT count as a shift between toys if the child looked to a toy from 
something other than another toy, so if the column goes: 

D 
N 
C 

Only count it as one shift in attention-the shift from D to C, don’t count the N 
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Therefore if the column looked like this: 

        D 
   N 
   D 

  there would be NO shift between toys 

k. The calculations are now complete and will appear in the SUMMARY 
worksheet  

l. Save and close the file 

 

3.5 Quality Assurance of Coding 

To check internal consistency of coding, at least 25% of all assessments must be 
independently checked by a second trained coder   

1. Minimal acceptability criteria for coding are; 

a. Correlation between coders must be r ≥ 0.9 on 3 consecutive assessments 

b. Mean difference between coders ≤ 1 s on 3 consecutive assessments  

2. If the minimum criteria are met, both coders only need to check 25% of 
assessments for consistency  

3. If the minimum criteria are not met: 

a. Both coders should recode one of the 3 assessments together using the SOP 
and resolve any differences 

b. Both coders should continue to code all assessments independently until the 
minimal criteria is met for 3 consecutive assessments, then return to 
checking 25% of assessments  

4. To check whether the Minimal Acceptable Criteria are met, you will need to use 
SPSS 

5. Open SPSS and open template file; N:\CHRI\Research\STUDIES\DOMINO\DIVA II 
EF\DATA\Assessments\Relaibilities\Reliability\EF_Relaibilities.sav 

6. Type in the data for the Total Time, Total Attention and Total Inattention from the 
Excel ‘Summary Sheet’ worksheet from both coders in the columns already labelled  

7. To check whether the mean difference between coders is ≤ 1 s; 

a. Highlight the ‘MO_Time’ column and click the ‘Transform’ menu and select 
‘Compute Variable’ from the pop up menu 

b. In the Compute Variable pop up window, scroll down to ‘Time Duration 
Extraction’ in the Function Group: option and then select ‘Ctime.Seconds’ in 
the Functions and Special Variables: option and click the ^ arrow and the 
function will appear in the Numeric Expression box as “CTIME.SECONDS(?)” 

c. Place the cursor in the Numeric Expression box where the ? mark is, between 
the brackets 

d. Then on the left-hand side where all the variables are, select 
LGS_MO_totl_time and click the > arrow to move it across to the Numeric 
Expression box 

e.  Beneath the box, click the button with the – symbol and then select 
JG_MO_totl_time and click the > arrow 
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f. In the Numeric Expression box should be the function 
“CTIME.SECONDS(LGS_MO_totl_time - JG_MO_totl_time)” 

g. In the top left box labelled ‘Target Variable’ you need to type a name for the 
variable you are computing. Re-label the variable ‘MO_Time’ and press 
ENTER. A message will appear asking if you want to replace the existing 
variable, click yes and OK and this will compute a new variable 

h. Repeat this for the ‘MO_ATT’ and ‘MO_INATT’ columns, using the variables 
LGS_MO_att, JG_MO_att, LGS_MO_inatt and JG_MO_inatt; so that the end 
functions should look like this: 

“CTIME.SECONDS(LGS_MO_att - JG_MO_att)” 

 “CTIME.SECONDS(LGS_MO_inatt - JG_MO_inatt)” 

Note: there may already be some values in the columns you are 
transforming/computing, these values will be recalculated as you transform the 
variable but they will be the same. 

i. To compare the means, Click the Analyze menu and select ‘Descriptive 
Statistics’ and ‘Descriptives…’ from the pop up menus 

j. In the pop up window, select the computed variables from the list on the left 
and click the > arrow to move them across and click OK 

k. An Output window will pop up with the descriptive statistics for each variable  

l. Check that the means for each variable meet the Minimum Acceptable 
Criteria of  ≤ 1 s 

8. To check inter-coder correlation;  

a. Click the Analyze menu and select ‘Correlate’ and ‘Bivariate…’ from the pop 
up menus 

b. Select the two varaiables you wish to compare (one from each coder 
measuring the same item) and click the > arrow to move them across to the 
Variables box and click OK 

c. An output window will open with the results of the correlation 

d. Look at the Pearson Correlation coefficient and see whether it is ≥ 0.9 

e. Repeat this for each of the items you wish to compare between the coders 

9. Save the SPSS output file under N:\CHRI\Research\STUDIES\DOMINO\DIVA II 
EF\DATA\Assessments\Relaibilities\Reliability\SPSS as “Output_date” 

10. Record the reliabilities in the reliability log found under 
N:\CHRI\Research\STUDIES\DOMINO\DIVA II 
EF\DATA\Assessments\Relaibilities\Reliability\Relaibility log  

 

4. REFERENCES 

Kannass, K. N., J. Colombo, et al.  "Maternal DHA levels and toddler free-play attention." 
Developmental Neuropsychology 2009;34(2): 159-174. 
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ADDITIONAL MATERIAL  

Additional Material 1: SOP Change Log 

Additional Material 2: Multiple Object Coding Sheet 

Additional Material 3: Conversion of Frames to Centiseconds  

Additional Material 4: Calculations Summary Sheet for Excel 

 

Additional material 1 : SOP CHANGE LOG 

 

Version No. 

 

Reason for Issue 

 

Final     01/09/2010 

 

 

All coding equipment (laptop, shuttle jog) moved to Waite 
UofA campus still inside wheeled drawers. Key to wheeled 
drawers with Jacky Gould in 4D110 office.  

Television still located at FMC in 4D110 office.  

Video camera’s with Anna Seamark at Women’s and 
Children’s Hospital.  
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ADDITIONAL MATERIAL 2 : MULTIPLE OBJECT CODING SHEET 
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ADDITIONAL MATERIAL 3: CONVERSION OF FRAMES TO CENTISECONDS 

 

Time  

(as displayed on the time 

stamp generator) 

 Converted Time  

(to be entered in Excel) 

Minutes Seconds  Frames Minutes Seconds  Centiseconds 

00 00 01  00 00 04 

00 00 02  00 00 08 

00 00 03  00 00 12 

00 00 04  00 00 16 

00 00 05  00 00 20 

00 00 06  00 00 24 

00 00 07  00 00 28 

00 00 08  00 00 32 

00 00 09  00 00 36 

00 00 10  00 00 40 

00 00 11  00 00 44 

00 00 12  00 00 48 

00 00 13  00 00 52 

00 00 14  00 00 56 

00 00 15  00 00 60 

00 00 16  00 00 64 

00 00 17  00 00 68 

00 00 18  00 00 72 

00 00 19  00 00 76 

00 00 20  00 00 80 

00 00 21  00 00 84 

00 00 22  00 00 88 

00 00 23  00 00 92 

00 00 24  00 00 96 
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ADDITIONAL MATERIAL 4: CALCULATION SUMMARY SHEET FOR EXCEL 

MULTIPLE OBJECT TASK CALCULATIONS 

Attention  

 

 

Inattention 

 

 

Total Time 

 

 

Total Attention 

 

 

Total Inattention 

 

 

Total Episodes of Attention 
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Total Episodes of Inattention 

 

 

Initial Look 

 

 

Average Look 

 

Longest Look 

 

 

ON SUMMARY WORKSHEET 

Total Time of Assessment 

� Click on the corresponding cell in the SUMMARY worksheet, type “=”  
� Then open the Multiple Object worksheet  
� Click on the cell I2, in column Total Time and press ENTER 

Repeated procedure for each of the values in the Summary worksheet apart for: 

 

% Time Spent Looking 

 

 

% Time Spent Not Looking 
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APPENDIX 6: STANDARD OPERATING PROCEDURE FOR CODING THE 
DISTRACTIBILITY TASK 

Title: Coding the Distractibility Task 

Document ID: CNRC 

 

Version: Final 

 

Author: Jacqueline Gould 

 

Author Signature: ____________________ Date: 

 

Effective Date: 25th June 2009 

Review Before: 25th June 2011 

 

Department/institution name: Child Nutrition Research Centre 

 

Reviewed and Approved by: Lisa Smithers 

 

Signature: ___________________ Date:  

 

Departmental Head: Maria Makrides 

 

Signature: ___________________ Date:  
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1. INTRODUCTION AND PURPOSE 

Standardisation in measurement techniques is crucial to ensure consistent and accurate 
results.  

The objective of this SOP is to detail the procedures for coding the Distractibility Task of the 
Attention and Distractibility assessment. These procedures should be followed for all coding 
of attention assessments associated with CNRC clinical trials.  

The purpose of this SOP is to ensure that for each recording of the Distractibility Task the 
necessary information can be extracted systematically for analysis. This data is being 
extracted for an investigation of attention span in early childhood and there are five specific 
points that can be drawn from the Distractibility assessments that are of interest to the 
study: 

1. The latency (in time) to turn from the toy to the distractor (for both casual and 
focused attention) 

2. The duration of looking at the TV (when it is on and when it is off) 
3. The latency (of time) of the first look to the TV 
4. Proportions of turns to the distractor across all trials (as a %)   
5. Proportions of turns when the child was in focused attention across all trials (as a 

%)   
6. Proportions of turns when the child was in casual attention across all trials (as a %)   
7. Proportions of turns for each individual trial (how distractibility changes over the 

session) (as a %)   

This information will be gained by recording the child’s eye movements to and from the toy 
and the timing of these eye movements. You will first watch the assessment and write down 
the times of eye movements by hand and then transfer the data into a Microsoft Excel 
template in order to perform the calculations for the above points of interest. 

 

2. SCOPE/ APPLICABILITY 

This SOP applies to all clinical research staff and students within the CNRC who are required 
to perform or assist with coding of attention and distractibility assessments 

 

3. PROCEDURE 

3.1 Equipment 

� TEAC LCDV2655HD 26” flat screen TV with in-built DVD player and remote (kept in 
room 4A 157.3) 

� Taurus 2 x 1TB RAID (external hard drive kept in room 4A 157.3) 

� Toshiba laptop (kept in drawer middle drawer in the small mobile pedestal drawer in 
room 4A 157.3) 

� Shuttle Jog (kept in bottom drawer, in back folder, in the small mobile pedestal 
drawer in room 4A 157.3) 

� Distractibility Coding sheets (See Appendix 2) (kept in drawer bottom drawer, in 
folder marked ‘Coding Forms’ in the small mobile pedestal drawer in room 4A 157.3 
and available from N:\CHRI\Research\STUDIES\DOMINO\DIVA II EF\Coding 
Sheets\Distractibility Coding Sheet.doc) 
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3.2 Preparation 

1. Gather necessary equipment (including laptop, shuttle, RAID) and coding sheets and 
place on desk and in front of the television screen 

2. Turn on laptop 

3. Plug shuttle into laptop using USB cable 

4. Assessment will be recorded on Taurus Raid external hard drive. 

5. To get assessment off Raid 

� Plug Taurus Raid into laptop using USB cable and turn on 

� On laptop, double click on the ‘My Computer’ icon and then select ‘Raid’ to open 
the Taurus Raid; then select the ‘Attention’ folder and highlight the assessment 
you wish to code. Assessments are labelled ‘randomisation number_date of 
assessment(ddmmyy)’ eg. 110642_030709.MOD 

� Copy and paste the assessment into the folder on the desktop called ‘Shortcut to 
My Videos’ 

2. Open up Pinnacle Studio 12 software (icon also on desktop) 

� Select the assessment you wish to code by clicking it once 

� Go to ‘Setup” menu 

� Select ‘Video and Audio Preferences’ 

� Video Preview 

 � Tick ‘Enable full-resolution preview??’ 

    ‘Show Full Screen Preview” 

    ‘2nd VGA Monitor’ 

7. To view assessment on television:  

� Plug TV cable into plug on top left side of laptop (cord should be left plugged into 
TV at all times so leave it plugged in when finished coding) 

� Turn on TV and use remote to select 

� ‘Input’ 

  �  ‘VGA’ 

� On the laptop, right click on the desk top and select ‘Properties’  

� Select ‘Settings’ tab and click on screen 2 in the window 

 � When screen 2 is highlighted, tick box for ‘Extend my 
Windows Desktop onto this Monitor’ and adjust the screen resolution 
to 1800 x 1440 pixels 

Note: screen 1 resolution should be 1280 x 800 

Also, to move the mouse between TV screen and computer monitor 
(i.e. to adjust the area of the computer screen shown on the TV), use 
the top right corner of the computer monitor and top corner of the TV 
screen.  
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8. When video screen of Pinnacle is on TV, press play on laptop and wind the circular 
button on the shuttle jog to move back and forward through the assessment and 
view the video frame by frame 

9. The Distractibility Task will be roughly 10-11 minutes into the video and will go for 
approximately 12 minutes 

10. Once you have finished coding the assessment, please delete the file from the 
‘Shortcut to My Videos’ folder on the desktop 

3.3 Distractibility Task Coding Purpose 

1. The purpose of coding the Distractibility Task is to record the timing of 
specific eye movements as a measure of distractibility, attention and 
attention span 
� In order to do this it is necessary to calculate: 
� Latency to turn from the toy to the distractor- in mm:ss.00 
� The duration  of looking at the TV (when it is on and when it is off) 
�  -in mm:ss.00 
� The latency (of time) of the first look to the TV 
� Proportions of turns to the distractor across all trials-as a % 
� Proportions of turns when the child was in focused attention across all trials-as a 

% 
� Proportions of turns when the child was in casual attention across all trials-as a 

% 
� Proportions of turns for each individual trial (how distractibility changes over the 

session) -as a % 

2. You will need to look at the child’s eyes and record on the Single Object 
Coding Sheet: 

� time at which child starts looking at the toy (eyes start to move in the 
direction of the toy) 

� time at which child starts looking away from the toy (eyes start to move 
in a direction away from the toy) 

Note: Guidance for recording eye movements; must be watched frame by frame, 
using the shuttle jog.  

The start of an eye movement is when the child can no longer be said to be looking 
at the object on which they were previously focused.  

Therefore, if the child was looking at the toy, then turns to look at their parent, the 
time at which the child starts looking at away from the toy is the point at which the 
eyes can no longer be said to be looking at some part of the toy. This can be difficult 
to spot as the eyes will seem to stop at various point when watched frame by frame 
as they turn from one object to another.  

There will be times when a child stops and fixates, briefly, on something in the room 
during the turn of the head. This must be verified by watching the motion in normal 
speed. If it is clear that the child fixates on, for example the experimenter as they 
look down from the parent and look to the toy, code starts looking at the toy from 
when the child can no longer be said to be looking at the experimenter.   

Keep in mind that children and adults often close their eyes as they turn their heads. 
In some cases, a child orienting in a new direction will close their eyes as the turn. 
In such cases the start of looking is recorded as the time at which they can no longer 
see what they were previously looking at as their eyes close.   
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3. Start coding when experimenter finishes introducing the toy and their hand has left 
the toy 

4. Write down all times as min.sec.frames (as this is how the time stamp generator and 
pinnacle software display the time) in the time column and then tick the 
corresponding box to indicate attention or inattention 

5. Do NOT include any of the following: 
� A portion of data that involves experimenter (E) or parent (P) interaction with 

child that influences or changes the child’s behaviour (i.e. talks/makes 
sound/points/holds and child looks away from/to toy) 

� Noises from outside the room attract attention i.e. child looks up from toy 
� E or P holding toy, beyond stabilising it, and child looks at it 
� E or P talking to child and draw their attention to or away from the toy (including 

talking that is responding to question asked by the child) 
� Any portion of the recording where both of the child’s eyes are obscured, i.e. by 

hands, toy etc.  

6. Do include the following: 
� Any interaction occurs that does not change the child’s behaviour 
� A child initiating conversation with E or P (but only include the time when the 

child is talking, stop coding if/when E or P reply) 
� Very shy child who will not participate without E or P encouraging briefly (rare) 
� Child looking at toy when E or P speaks but child continues to look at toy, does 

not react to speaking 

7. Make a note on the coding sheet when Experimenter Interference (EI) or Parent 
Interference (PI) takes place. Write ‘PI’ and ‘EI’ in the space between the Time 
column and the Look at Toy column and note times the interference began and 
ended.  

8. Make note of any special deviations along at the bottom of the ‘Distractibility Coding 
Sheet’ i.e. assessment cut short (and why), toys not presented according to SOP 

9. End coding when the experimenter presses the pause button on the DVD 

3.4 Coding of Attention State 

Note: Purpose is to make a judgement about the child’s state of attention when the 
distractor comes on (focused attention, casual attention or look other) 

� Focused Attention 
� Defined as concentration and active learning 
� Child must be looking at toy 
� Child is concentrating on the toy 
� Child has serious/interested facial expression ie: 

� Slowing of movement, concentrated look (furrowed eyebrows, pursed 
lips), fingering of toy, constant gaze 

� Childs eyes directed to toy and child oriented toward a goal (building) 
� Child is gaining information, learning or thinking about the toy 

� Casual Attention 
� centration and active learning 
� Child must be looking at toy 
� Child is concentrating on the toy 

� Look Other 
� Defined as child looking at something other than the toy (ie. parent, 

experimenter, camera) 
� Toy is not visible  
� Child is not looking at toy 
� Child has toy in his/her mouth 
� Child’s eyes are closed 
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� Error 
� EI or PI during onset of distractor 
� Toy falls off table during distractor onset (nothing for child to attend to) 

� Generally 
� Not in focused attention 

� If fussy child 
� When child looking without engaging in any activity 
� Child doing stereotyped repetitive behaviour eg. pushing train back and 

forth 
� Child moving eyes over a collection of toys or picking the up successively 
� Child talking to experimenter/parent 

� In casual attention  
� Child looks happy or is smiling/laughing 
� Child has quick or large motor movements 
� Child constantly looks at toy in daze or blank stare 

� If hard to determine attention states for a particular child, watch the whole 
task for that child and watch changing facial expressions or eye gaze 

� No set line separating focused from casual attention, they are on a 
continuum, try to gauge what side of the continuum they’re on if tricky 

3.5 Distractiblity Task Calculations 

Once finished coding, enter the data into an Excel file to extract the total time looking at 
the toy, number of looks to and away from the toy and total time not looking at the toy.   

1. There may already be a working excel file with the Single and Multiple Object data 
on it for the child you are coding. To check, open the 
N:\CHRI\Research\STUDIES\DOMINO\DIVA II EF\DATA\Assessments\raw data 
folder and check for an Excel file labelled: ‘Randomisation Number (of the session 
you just coded) _your initials’ (i.e. 110678_JG). If there is already a file there, open 
it and start working, if not; 
a. Open the template file; N:\CHRI\Research\STUDIES\DOMINO\DIVA II 

EF\DATA\Assessments\RAW DATA SETUP.xls 
b. Save the template with a new file name using ‘Save As’ in Raw Data folder in the 

following format: ‘Randomisation Number_ your initials’ (i.e. 110678_ JG) 

2. Within the Excel file: 
a. Manually enter the time and attention data written on the coding sheet into 

column A, labelled ‘Time’ and column B labelled ‘Code’, ensuring the data is 
entered as minutes:seconds.milliseconds 
� Both the time stamp generator and the timer in the Pinnacle program code 

time as “hours:minutes:seconds:frames”. To convert ‘Frames’ to 
milliseconds, you will need to times the frame number by four, 

ie. If time stamp generator said “00:07:46:21” you will need to record 
“07:46.84” into the time column.   

See Additional Material 3 for full conversion of frames to milliseconds 

� There is a colon between minutes and seconds but a full stop between 
seconds and milliseconds, therefore time should look like “02:45.84” 

� Set the ‘Time’ column to right format by highlighting the Time column, right 
click and select ‘Format Cells’ from the pop up menu. In the ‘Number Tab’ 
select ‘Custom’ and scroll down the ‘Type’ menu to ‘mm:ss.0’ and select. At 
the top of the scroll menu, ‘mm:ss.0’ will appear. Add an extra ‘0’ at the end 
so it looks like ‘mm:ss.00’ and select ‘OK’
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� In the ‘Code’ column, the purpose is to code the state of attention, so;  
code Focussed Attention by an ‘F’  
code Casual Attention as ‘C’  
code Look Other as ‘O’ 
and EI or PI as ‘I’ 

� column C labelled ‘Toy’  

� use the above code to note which toy is being coded and when the 
changeover is 

Magnadoodle  M 
Little Mermaid Blocks L 
Shape Sorter  S 
Train    T 

� column E labelled ‘TV ON/OFF’  

- type ‘N’ for TV on and ‘F’ for TV off 

� column J labelled ‘TV Look’ 

- type ‘T’ when the child turned from the toy to the TV 

- type ‘O’ when the child turned from something other than the toy to the 
TV 

� column K labelled ‘Look Away’ 

- type ‘T’ when the child turned from the TV to the toy 

- type ‘O’ when the child turned from the TV to something other than the 
toy  

3. Once you have entered all the data you will need to perform the calculations. There 
is a macro which has been programmed to complete all the necessary calculations 
and display them in the SUMMARY sheet. 

4. To run the macro you will have to open the excel file containing the macro  

To do this, go to N:\CHRI\Research\STUDIES\DOMINO\DIVA II 
EF\DATA\Dataripmacro and double click the Dataripmacro.xls file.  

As the file opens a window will pop up asking whether or not to enable macros. 
Click “Enable Macro’s” 

5. Please note there are many combinations of looks to the toy, to the TV, interference 
etc. that may appear. The macro has been programmed to handle most of these 
combinations, however there may be a few unusual or infrequent combinations not 
accounted for. Open the Data Rules sheet in Dataripmacro.xls and scan through the 
rules. Now scan through the assessment you are about to calculate and see if there 
are any exceptions to the rules. If there are exceptions: 

� Make sure they are not a mistake, ie. make sure they make sense 
� You may have to calculate them by hand after the macro has completed and 

add them to the summary sheet 

6. Once you are ready, click on the Tools menu and go down to Macro. On the pop up 
menu select Macros. This will open a new window. In this window, select 
“Macrooooo” and click “Run.” This will open up the macro. 

7. Once the macro is open, scroll to the top and just below the title is a section which 
says 

 'Change filename here 
datsource = "112897_100709_JG.xls" 
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Type the name of the file you wish to calculate within the “” space. Make sure you 
type the name of the file, not the sheet and include the .xls at the end. Also ensure 
the file name is enclosed by the “” signs. 

It should look like this  

'Change filename here 
datsource = "123456_123456_JG.xls" 
 

8. On the top toolbar click the play button  
ie. the green arrow 

 

9. The macro will run and the calculations will be entered into the Summary sheet of 
the data file. 

 
10.  If some of the calculations have not worked 

a. Looking to/from the TV data may be in the wrong column, make sure this 
data is in columns J and K 

b. Time may not have been entered correctly 
� Check the time column and make sure time continues to increase down 

the column (ie. make sure no cell has a previous time point than the cell 
above it) 

� Make sure the column is formatted correctly; you can change the format 
of the time column to show hours as well as minutes, seconds and 
milliseconds. (ie. change the format of the cell to 00:00:00.00 by 
highlighting the time column, right click and selecting Format Cells from 
the pop up menu and Custom from the pop up window. Then type in 
00:00:00.00 and click OK)  

c. Make sure episodes of interference have been entered correctly, with a start 
time (marked by a “I” in the code column) and an end time (a time in which 
no other events occur, ie. TV does not turn on or off) 

d. At the start of a trial, if child looks at the TV before it comes on for the first 
time, will need to put a ‘F’ in the top cell of the TV ON/OFF column (otherwise 
it will not be counted by the macro as watching TV while TV OFF) 

Note: make the extra letter you enter blue and in bold 

e. At the end of a trial, if a child is still looking at the TV, putt an “o” or ‘t” in the 
last cell (for that trial) of the TVLookAway column.  

Note: make the extra letter you enter blue and in bold 

Note: if one of the proportion cells in the Summary sheet display “#DIV/O” 
this means that there were distractors while the child was in Casual/Focused 
attention, therefore the cell is equivalent of blank (this is as it should be) 

f. All the average latency cells should not be greater than 00:07.40, if they are 
check for errors in time column 

g. If a child is looking at the TV before it comes on the macro may not be able 
to code for it. You will know whether or not the macro has coded for it as if it 
has it will be successfully coded, if not an error message will display in a cell 
in the macro sheet. Go back to the distractibility sheet and delete that 
distractor segment and the looks to the TV around it. Save the data with a 
“_X” at the end of the file name to show it has been processed. Re-open the 
original data file and calculate by hand the area that was deleted. Add the 
calculation to the relevant cell (the time watching TV while on) in the macro 
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sheet. In the unprocessed file, change the font colour to red for the area that 
was deleted in the processed file.  

h. If any of the trials are missing, such as due to equipment failure or child 
unable to complete assessment, you will still need to have a section for each 
of the toys on the data file for the macro to work. For example, if the train 
trial is missing, put a t in the toy column after the S trial has finished and 
then copy the last time point in the assessment into the two time boxes 
below (the first will be read by the macro as the start of the T trial, the 
second will be read as the end of the t trial) and no extra time will have been 
added to the total time of the assessment.  

Note: any changes you have made to enable the macro to run must be made 
in blue-coloured bold font)  

11. Once all corrections have been made you will need to run the macro again. To do 
this you must close the data file, without saving the changes and then open it again. 
Run the macro as instructed in Step 8. 

 
3.7 Quality Assurance of Coding 

To check internal consistency of coding, at least 25% of all assessments must be 
independently checked by a second trained coder   

1. Minimal acceptability criteria for coding are; 

� Correlation between coders must be r ≥ 0.9 on 3 consecutive assessments 

� Mean difference between coders ≤ 1 s on 3 consecutive assessments  

2. If the minimum criteria are met, both coders only need to check 25% of 
assessments for consistency  

3. If the minimum criteria are not met: 

� Both coders should recode one of the 3 assessments together using the SOP 
and resolve any differences 

� Both coders should continue to code all assessments independently until the 
minimal criteria is met for 3 consecutive assessments, then return to 
checking 25% of assessments  

To check whether the Minimal Acceptable Criteria are met, you will need to use SPSS 

4. Open SPSS and open template file; N:\CHRI\Research\STUDIES\DOMINO\DIVA II 
EF\DATA\Assessments\Relaibilities\Reliability\EF_Relaibilities.sav 

5. Type in the data for the Average C Latency, Average F Latency, Total Looking when 
the TV is On and Total looking when the TV is Off from the Excel ‘Summary Sheet’ 
worksheet from both coders in the columns already labelled  

6. To check whether the mean difference between coders is ≤ 1 s; 

� Highlight the ‘D_C_Lat’ column and click the ‘Transform’ menu and select 
‘Compute Variable’ from the pop up menu 

� In the Compute Variable pop up window, scroll down to ‘Time Duration 
Extraction’ in the Function Group: option and then select ‘Ctime.Seconds’ in the 
Functions and Special Variables: option and click the ^ arrow and the function 
will appear in the Numeric Expression box as “CTIME.SECONDS(?)” 

� Place the cursor in the Numeric Expression box where the ? mark is, between the 
brackets 

� Then on the left-hand side where all the variables are, select LGS_D_Avg_C_Lat 
and click the > arrow to move it across to the Numeric Expression box 
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� Beneath the box, click the button with the – symbol and then select JG_ 
D_Avg_C_Lat and click the > arrow 

� In the Numeric Expression box should be the function “CTIME.SECONDS(LGS_ 
D_Avg_C_Lat - JG_ D_Avg_C_Lat)” 

� In the top left box labelled ‘Target Variable’ you need to type a name for the 
variable you are computing. Re-label the variable ‘D_C_Lat’ and press ENTER. A 
message will appear asking if you want to replace the existing variable, click yes 
and OK and this will compute a new variable 

� Repeat this for the ‘D_F_Lat’, ‘D_Lk_ON’ and ‘D_Lk_OFF’ columns, using the 
variables LGS_ Avg_F_Lat - JG_ Avg_F_Lat; LGS_D_Totl_Lk_ON -
JG_D_Totl_Lk_ON; and LGS_D_Totl_Lk_OFF -JG_D_Totl_Lk_OFF, so that the end 
functions should look like this: 

“CTIME.SECONDS(LGS_ Avg_F_Lat - JG_ Avg_F_Lat)” 

“CTIME.SECONDS(LGS_D_Totl_Lk_ON -JG_D_Totl_Lk_ON)” 

“CTIME.SECONDS(LGS_D_Totl_Lk_OFF -JG_D_Totl_Lk_OFF)” 

Note: there may already be some values in the columns you are 
transforming/computing, these values will be recalculated as you transform the 
variable but they will be the same. 

� To compare the means, Click the Analyze menu and select ‘Descriptive Statistics’ 
and ‘Descriptives…’ from the pop up menus 

� In the pop up window, select the computed variables from the list on the left and 
click the > arrow to move them across and click OK 

� An Output window will pop up with the descriptive statistics for each variable  

� Check that the means for each variable meet the Minimum Acceptable Criteria of  
≤ 1 s 

7. To check inter-coder correlation;  

� Click the Analyze menu and select ‘Correlate’ and ‘Bivariate…’ from the pop up 
menus 

� Select the two varaiables you wish to compare (one from each coder measuring 
the same item) and click the > arrow to move them across to the Variables box 
and click OK 

� An output window will open with the results of the correlation 

� Look at the Pearson Correlation coefficient and see whether it is ≥ 0.9 

� Repeat this for each of the items you wish to compare between the coders 

8. Save the SPSS output file under N:\CHRI\Research\STUDIES\DOMINO\DIVA II 
EF\DATA\Assessments\Relaibilities\Reliability\SPSS as “Output_date” 

9. Record the reliabilities in the reliability log found under 
N:\CHRI\Research\STUDIES\DOMINO\DIVA II 
EF\DATA\Assessments\Relaibilities\Reliability\Relaibility log  
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5. ADDITIONAL MATERIAL 

Additional Material1: SOP Change Log 

Additional Material 2: Distractibility Coding Sheet 

Additional Material 3: Conversion of Frames to Centiseconds  

 

ADDITIONAL MATERIAL 1 : SOP CHANGE LOG 

 

Version No. 

 

Reason for Issue 

 

Final     01/09/2010 

 

 

All coding equipment (laptop, shuttle jog) moved to Waite 
UofA campus still inside wheeled drawers. Key to wheeled 
drawers with Jacky Gould in 4D110 office.  

Television still located at FMC in 4D110 office.  

Video camera’s with Anna Seamark at Women’s and 
Children’s Hospital.  
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ADDITIONAL MATERIAL 2 : DISTRACTIBILITY CODING SHEET 
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ADDITIONAL MATERIAL 3 : CONVERSION OF FRAMES TO CENTISECONDS 

 

Time  

(as displayed on the time 

stamp generator) 

 Converted Time  

(to be entered in Excel) 

Minutes Seconds  Frames Minutes Seconds  Centiseconds 

00 00 01  00 00 04 

00 00 02  00 00 08 

00 00 03  00 00 12 

00 00 04  00 00 16 

00 00 05  00 00 20 

00 00 06  00 00 24 

00 00 07  00 00 28 

00 00 08  00 00 32 

00 00 09  00 00 36 

00 00 10  00 00 40 

00 00 11  00 00 44 

00 00 12  00 00 48 

00 00 13  00 00 52 

00 00 14  00 00 56 

00 00 15  00 00 60 

00 00 16  00 00 64 

00 00 17  00 00 68 

00 00 18  00 00 72 

00 00 19  00 00 76 

00 00 20  00 00 80 

00 00 21  00 00 84 

00 00 22  00 00 88 

00 00 23  00 00 92 

00 00 24  00 00 96 

 



   

  269  

APPENDIX 7: STANDARD OPERATING PROCEDURE FOR CODING THE 
WORKING MEMORY INHIBITORY CONTROL ASSESSMENT 

Title: Coding the WMIC Assessment 

Document ID: CNRC 

 

Version: Version 1 

 

Author: Jacqueline Gould 

 

Author Signature: ____________________ Date: 

 

Effective Date: 25th June 2009 

Review Before: 25th June 2011 

 

Department/institution name: Child Nutrition Research Centre 

 

Reviewed and Approved by: Lisa Smithers 

 

Signature: ___________________ Date:  

 

Departmental Head: Maria Makrides 

 

Signature: ___________________ Date:  
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1. INTRODUCTION AND PURPOSE 

Standardisation in measurement techniques is crucial to ensure consistent and accurate 
results.  

The objective of this SOP is to detail the procedures for coding the Working Memory and 
Inhibitory Control (WMIC) Task. These procedures should be followed for all coding of WMIC 
assessments associated with CNRC clinical trials.  

The purpose of this SOP is to ensure that for each recording of the WMIC Task the 
necessary information can be extracted systematically for analysis. This data is being 
extracted for an investigation of working memory and inhibitory control in early childhood. 
The aim of this study is to determine how accurately children are able to search for a toy 
that has just been hidden from them. You will need to pay special attention to where the 
experimenter buries the toy and where the child searches for the toy. The specific measures 
in this study you will need to collect is the distance between the middle of the top of the toy 
that is buried and the exact point that the searching child’s forefinger touches the lentils for 
each of the searches. Once that data has been manually collected in must be entered into 
the Microsoft Excel Template.  

 

2. SCOPE/ APPLICABILITY 

This SOP applies to all clinical research staff and students within the CNRC who are required 
to perform or assist with coding of attention and distractibility assessments. 

 

3. PROCEDURE 

3.1 Equipment 

� Desk and chair  

� TEAC LCDV2655HD 26” flat screen TV with in-built DVD player and remote (kept in 
room 4A 157.3) 

� Taurus 2 x 1TB RAID (external hard drive kept in room 4A 157.3) 

� Toshiba laptop (kept in drawer middle drawer in the small wheelie drawers in room 
4A 157.3) 

� Shuttle Jog (kept in drawer bottom drawer, in back folder, in the small wheelie 
drawers in room 4A 157.3) 

� WMIC Coding sheets (Appendix 2), kept in drawer bottom drawer, in folder marked 
‘Coding Forms’ in the small pedestal drawers in room 4A 157.3 and available from 
N:\CHRI\Research\STUDIES\DOMINO\DIVA II EF\Coding Sheets\WMIC Coding 
Sheet.doc 

� 2 x overhead transparency sheets, sticky tape and non-permanent overhead marker 
(also in the small pedestal drawers in room 4A 157.3) 

� Tape measure made to scale and covered in clear contact (also in the small pedestal 
drawers in room 4A 157.3) 

Note: if the video is a different scale than the scale tape measure, use one of the paper 
tapes in the top drawer of the pedestal drawers and convert the measurements to scale 
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3.2 Preparation 

1. Gather necessary equipment and place on desk and in front of the television screen 

2. Turn on laptop 

3. Plug shuttle into laptop using USB cable 

4. Assessment will be recorded on the camera  

5. To get assessment of camera 

� Plug camera and turn camera on 

� Select upload files on camera, this will make the camera connect to the laptop 

� On laptop, open up folder of the camera, select the video file (s) and cut and 
paste in to the folder on the desktop called ‘Shortcut to My Videos’ 

6. Open up Pinnacle Studio 12 software (icon also on desktop) 

� Select the assessment you wish to code by clicking it once 

� Go to ‘Setup” menu 

� Select ‘Video and Audio Preferences’ 

� Video Preview 

 � Tick ‘Enable full-resolution preview??’ 

    ‘Show Full Screen Preview” 

    ‘2nd VGA Monitor’ 

7. To view assessment on television:  

� Plug TV cable into plug on top left side of laptop (cord should be left plugged into 
TV at all times so leave it plugged in when finished coding) 

� Turn on TV and use remote to select 

� ‘Input’ 

  �  ‘VGA’ 

� On the laptop, right click on the desk top and select ‘Properties’  

� Select ‘Settings’ tab and click on screen 2 in the window 

 � When screen 2 is highlighted, tick box for ‘Extend my 
Windows Desktop onto this Monitor’ and adjust the screen resolution 
to 1800 x 1440 pixels 

Note: screen 1 resolution should be 1280 x 800 

Also, to move the mouse between TV screen and computer monitor 
(i.e. to adjust the area of the computer screen shown on the TV), use 
the top right corner of the computer monitor and top corner of the TV 
screen.  

8. When video screen of Pinnacle is on TV, press play on laptop and wind the circular 
button on the shuttle jog to move back and forward through the assessment and 
view the video frame by frame 

9. Tape the overhead transparency sheets to the top of the TV so that they hang down 
over the screen 
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3.3 WMIC Assessment Coding Rules 

Fill in the date of the coding and file name at the top of the page and your initials at the 
bottom right hand side of the page (see Appendix 2 for an example of the WMIC coding 
sheet) 
 
1. Section 1: Check the scale of the video  

a. Pause the video in a spot where the tape measure on the top of the lentil box 
is visible on both sides (at the bottom of the screen) 

b. Hold the scale tape measure up to the tape measure on the left of the screen 
and check that the tapes match  

c. If they do, In section 1 of the WMIC Coding sheet write …=1cm as the left 
scale and repeat on the right hand side. Continue using the scale tape 
measure throughout the coding of the rest of the assessment 

d. If they don’t match, get a normal tape measure (use one of the paper ones 
from the top pedestal drawer) and hold it up to the screen and write down 
the scale. Continue using the tape measure throughout the coding of the rest 
of the assessment 

2. Section 2: Training trials 

a. Start the video and watch the first three trials where the toy is placed on the 
lentils 

b. Look at section 2 of the coding sheet and mark down which side of the TV 
screen the experimenter in hiding the toy on  

c. For each of the three training trials, tick if the child completed the trial (the 
child successfully removed the toy from the lentils and gave it to the 
experimenter) and note (on the lines provided on the left of the coding sheet) 
why not if not (for example the child would not touch the lentils)  

d. Make a note of any other events that may influence the outcome of the trial 
(for example the child is irritable and not paying attention) 

3. Section 3: Learning Trial-Initial Side A (3 second delay) 

a. For each trial, measure the distance between where the toy is hidden and 
where the child searches for it for each individual trial 

b. Mark, in section 3 on the coding sheet whether the three initial Learning trials  
are on the left or right of the TV screen 

c. Pause the video when E is hiding the toy at the point where the toy is 
partially hidden but you can only just see the top of it’s head 

d. Use the non-permanent marker to mark a dot in the centre of the toys head 
and press play 

e. Pause the video when the child’s forefinger first touches the lentils and mark 
the point on the overhead sheet  

f. Measure the distance between the two marks and record the distance (in 
mm) on the left side of the coding sheet in Section 3 

g. Make a note of anything that may influence the validity of the data (ie. 
Digging between trials, child looking where toy buried but searching 
somewhere else, index finger not visible) on the right side of the coding sheet 
in Section 3 

h. Wipe the marks of the transparency sheet with a tissue 

4. Repeat steps 3.a.-3.h for Section 4, 5 and 6   

5. Section 7: Special Notes/Deviations 
a. Make a note of anything important for the overall trial at the bottom of the 

coding sheet in the Special Notes/Deviations section 

6. Once you have finished coding the assessment, please delete it from the ‘Shortcut to 
My Videos’ folder on the desktop 
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Note:  When the child uses both hands to search for the toy, code from the hand 
that touches first, or if you can’t tell, code from the hand closest to the toy 

If the child uses both hands and the hand that touches the lentils first is not actually 
searching for the toy (ie. Bracing posture) code from searching hand but make a 
note on the space right side of the coding sheet from where the distance is recorded 
for that trial 

3.4 WMIC Task Calculations 

Once finished coding, enter the data into an Excel file.    

Note: Additional Materials 3 is a copy of the excel calculations  

1. There may already be a working excel file with the Attention and Distractibility data 
on it for the child you are coding. To check, open the 
N:\CHRI\Research\STUDIES\DOMINO\DIVA II EF\DATA\Assessments\raw data 
folder and check for an Excel file labelled: ‘Randomisation Number (of the session 
you just coded) _your initials’ (i.e. 110678_JG). If there is already a file there, open 
it and start working, if not; 

a. Open the template file; N:\CHRI\Research\STUDIES\DOMINO\DIVA II 
EF\DATA\Assessments\RAW DATA SETUP.xls 

b. Save the template with a new file name using ‘Save As’ in Raw Data folder in 
the following format: ‘Randomisation Number_ your initials’ (i.e. 110678_ JG) 

2. Within the Excel file: 
a. Open the ‘WMIC’ worksheet 
b. Manually enter the data written on the coding sheet into columns D (Learning 

1A), F (DResp 1B), I (Learning 2A) and K (DResp 2B) starting on row 3  

3. The excel file has been set up with all the calculations already programmed into it so 
that as you enter the data you should notice the numbers in the other columns 
appearing and adjusting 

4. Check to make sure that there are no errors  

5. The calculations are now complete and will appear in the SUMMARY worksheet 

6. You will need to manually enter the data on the SUMMARY worksheet for the 
trainings completed (Training Completed, cell D11) 

a. Look at the Training column in the WMIC worksheet and if all 3 trainings were 
successfully completed, type “3/3” in cell D11 of the Summary worksheet 

b. If only 2 trainings were completed, type 2/3  
c. If only 1 was completed, check the Coding sheet for the reason why, this 

should be highly unlikely and will probably mean the rest of the data can not 
be used 

7. If the Summary sheet is complete with summaries from the Single Object, Multiple 
Object and Distractibility assessments, print a copy and put it in the participants CRF 

8. Save and close the file  

3.5 Quality Assurance of Coding 

To check internal consistency of coding, at least 10% of all assessments must be 
independently checked by a second trained coder   

1. Minimal acceptability criteria for coding are (for coders coding from same screen-the 
TV in assessment room); 

� Correlation between coders must be r ≥ 0.9 on 3 consecutive assessments 

� Mean difference between coders ≤ .5 cm on 3 consecutive assessments  
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2. Minimal acceptability criteria for coding are (for coders coding from different screens 
ie. one from TV in assessment room and one from computer screen); 

� Correlation between coders must be r ≥ 0.9 on 3 consecutive assessments 

� Mean difference between coders ≤ 1 cm on 5 consecutive assessments  

3. If the minimum criteria are met, both coders only need to check 25% of 
assessments for consistency  

4. If the minimum criteria are not met: 

� Both coders should recode one of the 3 assessments together using the SOP and 
resolve any differences 

� Both coders should continue to code all assessments independently until the 
minimal criteria is met for 3 consecutive assessments, then return to checking 
25% of assessments  

To check whether the Minimal Acceptable Criteria are met, you will need to use SPSS 

5. Open SPSS and open template file; N:\CHRI\Research\STUDIES\DOMINO\DIVA II 
EF\DATA\Attention\ATT Reliabilities\Reliability\WMIC_reliabilities.sav 

6. Type in the data for the Avg_Learn_Dist and Avg_Test_Dist from the Excel 
‘Summary Sheet’ worksheet from both coders in the columns already labelled  

7. To check whether the mean difference between coders is ≤ 1 s; 

� Highlight the ‘Learn_Dist’ column and click the ‘Transform’ menu and select 
‘Compute Variable’ from the pop up menu 

� In the Compute Variable pop up window on the left-hand side are all the 
variables, select LGS_WMIC_LD and click the > arrow to move it across to the 
Numeric Expression box 

�  Beneath the box, click the button with the – symbol and then select 
JG_WMIC_LD and click the > arrow 

� In the Numeric Expression box should be the function “LGS_WMIC_LD- 
JG_WMIC_LD” 

� In the top left box labelled ‘Target Variable’ you need to type a name for the 
variable you are computing. Re-label the variable ‘WMIC_LD’ and press ENTER. A 
message will appear asking if you want to replace the existing variable, click yes 
and OK and this will compute a new variable 

� Repeat this for the ‘Test_DIST’ column, using the variables LGS_WMIC_Test and 
JG_WMIC_Test so that the end functions should look like this: 

� “LGS_WMIC_Test-JG_WMIC_Test” 

Note: there may already be some values in the columns you are 
transforming/computing, these values will be recalculated as you transform the 
variable but they will be the same. 

� To compare the means, Click the Analyze menu and select ‘Descriptive Statistics’ 
and ‘Descriptives…’ from the pop up menus 

� In the pop up window, select the computed variables from the list on the left and 
click the > arrow to move them across and click OK 

� An Output window will pop up with the descriptive statistics for each variable  

� Check that the means for each variable meet the Minimum Acceptable Criteria of  
≤ .5 cm 

8. To check inter-coder correlation;  
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� Click the Analyze menu and select ‘Correlate’ and ‘Bivariate…’ from the pop up 
menus 

� Select the two varaiables you wish to compare (one from each coder measuring 
the same item) and click the > arrow to move them across to the Variables box 
and click OK 

� An output window will open with the results of the correlation 

� Look at the Pearson Correlation coefficient and see whether it is ≥ 0.9 

� Repeat this for each of the items you wish to compare between the coders 

9. Do paired samples t-test (under analyse->compare means) or both LGS variable and 
JG variable. See if paired samples test is significant. 

10. Save the SPSS output file under N:\CHRI\Research\STUDIES\DOMINO\DIVA II 
EF\DATA\Assessments\Relaibilities\Reliability\SPSS as “Output_date” 

11. Record the reliabilities in the reliability log found under 
N:\CHRI\Research\STUDIES\DOMINO\DIVA II 
EF\DATA\Assessments\Relaibilities\Reliability\Relaibility log  

 

4. REFERENCES 
Colombo J, Kannass KN, Shaddy DJ, Kundurthi S, Maikranz JM, Anderson CJ, et al. Maternal 
DHA and the development of attention in infancy and toddlerhood. Child Dev 
2004;75(4):1254-67. 

 

5. ADDITIONAL MATERIAL 

Additional Material 1: SOP Change Log 

Additional Material 2: WMIC Coding Sheet 

 

ADDITIONAL MATERIAL 1 : SOP CHANGE LOG 

Version No. 

 

Reason for Issue 

 

 

 

None 
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ADDITIONAL MATERIAL 2 : WMIC CODING SHEET 
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ADDITIONAL MATERIAL 3: CALCULATION SUMMARY SHEET FOR EXCEL 

WMIC TASK CALCULATIONS 

Average Learning 1A 

 

 

Average Delayed Response 1B 

 

 

Average Learning 2A and Average Delayed Response 2B are as above 

 

Average Leaning Distance  
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Average Delayed Response Distance 

 

 

ON SUMMARY WORKSHEET 

Average Leaning 1A Distance 

� Click on the corresponding cell in the SUMMARY worksheet, type “=”  
� Then open the WMIC worksheet  
� Click on the cell E2, in column Avg Learn 1A and press ENTER 

Repeated procedure for each of the values in the Summary worksheet  
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APPENDIX 8: CASE REPORT FORM FOR THE TWO-YEAR FOLLOW-UP OF 
THE DOMINO TRIAL 

 

The DOMInO Trial 
 

A  RANDOMISED  TRIAL  OF  DHA  IN  PREGNANCY  TO PREVENT  POSTNATAL  DEPRESSIVE  
SYMPTOMS  AND ENHANCE  NEURODEVELOPMENT  IN  CHILDREN 

 

2YR EXECUTIVE FUNCTION FOLLOW-UP PHASE 
CASE REPORT FORM 

 

 
Allocated Centre Code  _5445 __ 

 

 

Coordinating Centre 
Child Nutrition Research Centre 
Child Health Research Institute 

Women’s and Children’s Hospital 
72 King William Road 

North Adelaide, South Australia 5006 
Phone  (08) 8161 6820  Facsimile  (08) 8161 8228 

 
WEBSITE: http://www.dmac.adelaide.edu.au/domino 

 
This Case Report Form contains a total of 22 pages 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Investigator Statement: 

I confirm that the data recorded in this Follow Up Phase of the Case Report Form 
accurately and completely represent the results of the examinations, tests, and evaluations 
performed on the dates specified. 

____________________________ 
INVESTIGATOR SIGNATURE  

____________________________ 
INVESTIGATOR NAME (PLEASE PRINT) 

__ __ / __ __ / __ __ __ __  
     dd             mm                   yyyy             
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TABLE OF CONTENTS 
 
EXECUTIVE FUNCTION SECTION A: ATTENTION ASSESSMENT DATA………………….3 
EXECUTIVE FUNCTION SECTION B: WMIC ASSESSMENT DATA………………………….6 
EXECUTIVE FUNCTION SECTION C: BACKGROUND, DIET AND MEDICAL HISTORY…7 
EXECUTIVE FUNCTION SECTION D: ANTHROPOMETRICS…………………………….… 20 
 
 
 
 
 
Date of appointment:  __ __ / __ __  / __ __ 
           dd       mm        yy 
 
 
 
 Home Screening Questionnaire (HSQ) 
  
  Was the HSQ completed at this appointment? 
 
   �  No 
    
   �  Yes, HSQ score: __ __  
 
   If not, when was the questionnaire completed ? 
 

__ __/ __ __ / __ __ 
  dd  mm     yy 
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EXECUTIVE FUNCTION SECTION  A: 

ATTENTION ASSESSMENT  DATA 

 
 
 
A1 Attention – Single Object Examination Task 
 
 A1.1 Was there any deviation from the SOP? 
 

� No 
 

� Yes 
 

Describe deviation_______________________________________ 
 
______________________________________________________ 
 
Reason for deviation 

 
� Child related (sleepy, hungry, unwell, irritated etc.)  
 
� Parent interference 

 
� Experimenter interference 

 
� Equipment Issues 
 
� Other, Please specify__________________________________ 

 
 
 
 A1.2 Was the child familiar with the toy used in this task? 
 
  �  No 
 
  �  Yes 

 
  �  Unknown  
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A2 Attention - Multiple Object Examination Task 
 
 A2.1 Was there any deviation from the SOP? 
 

� No 
 

� Yes 
 

Describe deviation_______________________________________ 
 
______________________________________________________ 
 
Reason for deviation 

 
� Child related (sleepy, hungry, unwell, irritated etc.)  
 
� Parent interference 

 
� Experimenter interference 

 
� Equipment Issues 
 
� Other, Please specify__________________________________ 

 
 
 
 A2.2 Was the child familiar with any of the toys used in this task? 
 

  Rubber duck    �  Yes  �  No  �  Unknown 

  Truck     �  Yes  �  No  �  Unknown 

  Dora     �  Yes  �  No  �  Unknown 

  Phone     �  Yes  �  No  �  Unknown 

Bowl     �  Yes  �  No  �  Unknown 
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A3 Distractibility 
 
 A3.1 Was there any deviation from the SOP? 
 

� No 
 

� Yes 
 

Describe deviation______________________________________ 
 
____________________________________________________ 
 
Reason for deviation 

 
� Child related (sleepy, hungry, unwell, irritable etc.)  
 
� Parent interference 

 
� Experimenter interference 

 
� Equipment Issues 
 
� Other, Please specify_________________________________ 

  
 
 
         A3.2 Was the child familiar with any of the toys used in this task? 
 

 Magnadoodle   �  Yes  �  No  �  Unknown 

 Little Mermaid Building Blocks �  Yes  �  No  �  Unknown 

 Shape sorter box   �  Yes  �  No  �  Unknown 

 Wooden train   �  Yes  �  No  �  Unknown 
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EXECUTIVE FUNCTION SECTION  B: 

WMIC ASSESSMENT DATA 

 

 
    
B1 Working Memory/Inhibitory Control (WMIC) 
 
  

 B1.1 Was there any major deviation from the SOP or influence on the outcome of the 
trials?    

 
� No 

 
� Yes 

 
Describe deviation_____________________________________ 
 
___________________________________________________ 
 
Reason for deviation  

 
� Child related (sleepy, hungry, unwell, irritated etc.)  
 
� Parent interference 

 
� Experimenter interference 

 
� Equipment Issues 
 
� Other, Please specify__________________________________ 
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EXECUTIVE FUNCTION SECTION  C: 

BACKGROUND INFORMATION, DIET & MEDICAL HISTORY 

 
C         FAMILY STRUCTURE 
 
C1 Who does the child live with? (cross one only) 
 

� Both Parents 
 

� Sole Parent – Mother 
 

� Sole Parent – Father 
 

� Fostered 
 

� Adopted 
 

� Other, specify __________________________________________________ 
 
 
C2 Who is the primary carer of the child?  (cross one only) 

 
� Mother    

 
� Father     

 
� Other, specify __________________________________________________ 
 
 
 

C3 How many days per fortnight is the child in the care of the primary carer? 
 
� Full-time or  __ __ days per fortnight 
 
 
 

C4 What is the primary carer’s date of birth? 
 
 __ __ / __ __ / __ __ __ __   

  dd       mm          yyyy 
 

 
 
C5 Did the primary carer complete secondary school? 

 
� Yes  

 
� No 

 
� Unknown  
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C6 Has the primary carer completed further study? 
 

� Yes  
 

� No (Go to Question C7) 
 

� Unknown (Go to Question C7) 
 

 
C6.1  What is the highest level that the primary carer has attained?  
(cross one only) 

 
� Certificate/Diploma  
  
� Degree   
  
� Higher Degree 

 
� Other, specify ____________________________________________  

 
  � Unknown 
 
 
 
C7 What are the total number of years spent in fulltime equivalent education?  

(including high school) 
 

__ __.__ years 
 
� Unknown 

 
 
 
C8 What is the primary carer’s usual or regular occupation? 
 

_______________________________________________________________ 
 
 

C8.1 List main tasks 
  

_______________________________________________________________ 
   

_______________________________________________________________ 
 
 
     
C9 Is the primary carer currently employed? 
 

� Yes  
 

� No (go to Question C10) 
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C9.1 Employer’s Name 
 

__________________________________________________________ 
 

 or � Self Employed 
 

 
 
For data entry ANZSCO Code _____________ 
 
  
 
 
C10 Who is the secondary carer of the child? 
 

� Mother    
 

� Father     
 

� Other, specify__________________________________________________ 
 
� Not applicable (go to C18) 

 
 
C11 What is the secondary carer’s date of birth? 
 
 __ __ / __ __ / __ __ __ __    

  dd       mm          yyyy 
 
C12 How many days per fortnight is the child in the care of the secondary carer? 
 

__ __ days per fortnight 
 
 
C13 Did the secondary carer complete secondary school? 

 
� Yes 

 
� No  

 
� Unknown  

 
  
C14 Has the secondary carer completed further study? 
 

� Yes  
 

� No (Go to Question C15) 
 

� Unknown (Go to Question C15) 
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C14.1  What is the highest level of education that the secondary carer has 
attained?  
(cross one only) 

 
� Certificate/Diploma 
   
� Degree  
   
� Higher Degree 

 
� Other, specify ____________________________________________ 
  
� Unknown 
 

 
 
C15 What are the total number of years spent in fulltime equivalent education?  

(including high school) 
 

__ __.__ years 
 
� Unknown 

 
 
C16 What is the secondary carer’s usual or regular occupation? 
 

_______________________________________________________________ 
 
 

C16.1 List main tasks 
  

_______________________________________________________________ 
   

_______________________________________________________________ 
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C17 Is the secondary carer currently employed? 
 

� Yes  
 

� No (go to Question C18) 
 
 

C17.1 Employer’s Name 
 

__________________________________________________________ 
 

or � Self Employed 
 
 

 
 
ANZSCO Code _____________ 
 
 
 
 
C       HOME ENVIRONMENT 
 
 
C18 How many adults (�� 16 years) live in the home of the primary carer? 
 
 ___ ___ 
 
 
 
C19 How many other children (< 16 years) live in the home of the primary carer? 
 
 ___ ___ 
 
 
C20 What is the primary language spoken in the home of the primary carer? 
 
 �  English 
 
 �  Other, specify_____________________ 
 
 
 
C21 Does anyone living in the home of the primary carer smoke cigarettes?  

 
� Yes  
 
� No (go to Question C22) 
 
� Unknown (go to Question C22) 
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  C21.1 If yes, specify (tick all that apply) 
 
   �  Primary Carer 
 
   �  1 person (other than primary carer) 
 
   �  2 people (other than primary carer)  
 
  �  3 or more people (other than primary carer) 

 
 

 
C22 Does the child attend organised child care/child minding outside the home 

at least once per week? 
(Does not include grandparents or other family members caring for the child) 

 
� Yes 
 
� No  
 
� Unknown  

 
 
C        DIET  
 
 
C23    Has your child ever been breastfed? (Includes putting infant to the breast or       

giving expressed breast milk even just once) 
 
� Yes  
   
� No    Go to Question C25 
 
� Unknown   Go to Question C25  

 
 
 
C24   At what age did your child stop breastfeeding?  
           

�  ≤6 months 
 
�  7 months-12 months 
 
�  13-18 months 
 

           �  19-24 months 
 
           �  Older than 2 years or still breastfeeding 
 
           �  Unknown 
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C25   Has your child ever been regularly fed infant formula? 
           
          �    No                       Go to Question C30 
 
          �    Yes 
 
          �    Unknown     Go to Question C30 
 
 
 
C26   How old was your child when you first introduced infant formula feeds? 

 
�  ≤6 months 
 
�  7 months-12 months 
 
�  13-18 months 
 

�  19-24 months 
 
�  Older than 2 years or still breastfeeding 
 
�  Unknown 

 
 
 
C27 Which brand and type was the primary formula consumed by the infant during  
           the first 12 months of age? 
 
            ___________________   

 
  
            �  Formula contains DHA  �  Formula contains no DHA 
 
 
           �  Unknown 
 
 
 
C28    Is your child still being fed infant or toddler formula? 

 
�    No    
  
�    Yes    Go to Question C30 
 
�   Unknown Go to Question C30 
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C29    How old was your child when you stopped feeding infant or toddler formula? 
 
�  ≤6 months 
 
�  7 months-12 months 
 
�  13-18 months 
 

�  19-24 months 
 
�  Older than 2 years  
 
�  Unknown

 
 
C30      What was the primary source of milk between 1 year and 2 years old?  

  (Choose one only) 
 

 �   Infant formula, please specify ___________________   
    
  
 �  Formula contains DHA  �  Formula contains no DHA 
 
 
 �   Toddler formula, please specify     ___________________   
     
  
 �  Formula contains DHA  �  Formula contains no DHA 
 

 
�    Breast milk 

 
� Cows milk 

 
� Cows milk containing DHA (eg.Pura Kids)  

 
� Other, please specify___________________ 

 
� Unknown 
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C31      What is the primary source of milk for your child now? (Choose one only) 
 

 �   Infant formula, please specify ___________________   
   
 
 �  Formula contains DHA  �  Formula contains no DHA 
 
 
 �   Toddler formula, please specify     ___________________   
    
  
 �  Formula contains DHA  �  Formula contains no DHA 
 
 

�    Breast milk 
 

� Cows milk 
 

� Cows milk containing DHA (eg.Pura Kids)  
 

� Other, please specify___________________ 
 

� Unknown 
 

 
 
C32      How old was your child when you first introduced solid foods? 

 
�  ≤6 months 
 
�  7 months-12 months 
 
�  13-18 months 

 
 
 
 
 
 
�  19-24 months 
 
�  Older than 2 years 
 
�  Unknown
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C33     Within the last week, how often has your child consumed 
 
     33.1 A fish meal? 
             (A fish meal is defined as 60 to 80 grams of fish. This would equate to one 
  small can of tuna, tuna mornay with 2-3 tablespoons of tuna or 4 fish 
  fingers) 
   
       ______ per week 
 
  �  No  fish 
  
  �  Unknown 
 
    33.2 Egg yolks?  
              
  ______ per week 
 
  �  None 
  
  �  Unknown   
 
 
    33.3   DHA enriched foods?  
             (See image booklet for list of DHA enriched foods) 
  
  ______ per week 
 
  �  None 
  
  �  Unknown       
 
 
 
C34     Within the last week, has your child regularly (at least 3 days per week) 

taken a vitamin/mineral supplement containing DHA?  
 
     �  Yes 
 
     �  No supplements containing DHA 
  
     �  Unknown       
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C MEDICAL HISTORY 
 
C35 Has your child been diagnosed by a doctor with any of the following? 
 
 C35.1  Visual problems: 
  
   �  No 
    
   �  Yes, please specify details below 
    �  Wears prescription glasses 

     �  Any other vision problems, please specify, ___________ 

 
C36 Hearing problems: 
 
   �  No 
    
   �  Yes, does the child need/wear a hearing aid? 
    �  No 

    �  Yes 

 
       
 
C37 Any other physical handicap: 
 
   �  No 
    
   �  Yes, please specify, __________________________________ 
 
 

 
C38 Learning/behavioural disorder(s): 
  
   �  No 
    
   �  Yes, please specify, __________________________________ 
 

 
C39 Other Chronic health condition(s): 
  
   �  No 
    
   �  Yes, please specify, _________________________________ 
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C40 Since birth, has the child had a hospital admission >24 hours? 
 
   �  No     Go to question C41 
 
   �  Yes, please specify details below 
 

 
  C40.1    Were any of these admissions to an Intensive Care Unit? 

 
� Yes 
 
� No (go to Question D1) 
 
� Unknown (go to Question D1) 

 
  C40.1.1  If yes, has a SAE form been completed? 
 

     � Yes 
 

   � No  (complete SAE form) 

Event Primary Reason Secondary Reason 

1 
   

2   

3   

4   

5   

6   

7   

8   

9   

10   
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EXECUTIVE FUNCTION SECTION  D: 

ANTHROPOMETRY 

 
D1 WEIGHT 
 

 
 

 
 
 
 
 
 
 

 
 
 
 
D1.1 Who took this measurement? 

 
� CNRC Staff (according to CNRC SOP) 
 
� Other Health Professional       
 
� Other, specify_____________________________________________ 
 
� Unknown 
 
� Not Done, Reason _________________________________________ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
D3.2 
 
 

Date measured 
 

__ __/__ __/__ __ __ __ 
                 dd       mm           yyyy 

 
D3.3 1st measure  

__ __ . __ kg 

 
D3.4 2nd measure 

__ __ . __ kg 
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D2 STANDING HEIGHT 
 

 
 
 
D2.1 Who took this measurement? 

 
� CNRC Staff (according to CNRC SOP) 
 
� Other Health Professional       
 
� Other, specify_____________________________________________ 
 
� Unknown 
 
� Not Done, Reason _________________________________________ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
D1.2 

Date measured 

 
 

__ __/__ __/__ __ __ __ 
                 dd       mm            yyyy 

 
D1.3 

1st measure  
__ __ __ . __ cm 

 
D1.4 

2nd measure 
__ __ __ . __ cm 
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D3 HEAD CIRCUMFERENCE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ED3.1 Who took this measurement? 

 
� CNRC Staff (according to CNRC SOP) 
 
� Other Health Professional       
 
� Other, specify_____________________________________________ 
 
� Unknown 
 
� Not Done, Reason _________________________________________ 

 
 
 
 
 
 
 
 
 

Thank you for your participation�� 
 

 

 

 
D2.2 Date measured 

 
__ __/__ __/__ __ __ __ 

                 dd       mm            yyyy 
 

 
D2.3 

1st measure  
__ __ . __ cm 

 
D2.4 

2nd measure 
__ __ . __ cm 
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APPENDIX 9: HOME SCREENING QUESTIONNAIRE 
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APPENDIX 10: STANDARD OPERATING PROCEDURE FOR MEASURING 
HEIGHT
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APPENDIX 11: STANDARD OPERATING PROCEDURE FOR MEASURING 
WEIGHT



 

 310  



 

 311  



 

 312  



 

 313  
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APPENDIX 12: STANDARD OPERATING PROCEDURE FOR MEASURING 
HEAD CIRCUMFERENCE 
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A 
NOTE:   

     This figure/table/image has been removed  
         to comply with copyright regulations.  
     It is included in the print copy of the thesis  
     held by the University of Adelaide Library. 
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APPENDIX 13: UNADJUSTED ANALYSES FROM CHAPTERS 3 AND 4; 
CORD PLASMA DHA ASSOCIATIONS WITH OUTCOMES OF THE 
ATTENTION AND WMIC ASSESSMENTS 

 

Table A. Unadjusted association between DHA percentage of total plasma phospholipid fatty 
acids in cord plasma and the main outcomes for each of the Attention Tasks as well as post-hoc 
outcome of the Attention Assessment Ŧ 

 Treatment  
n=66 

 Control  
n=60 

Outcome Β 
 (95% CI) r2 

P 
value 

 
β (95% CI) r2 

P 
value 

SO: Total amount of time spent 
looking at the toy (s.cs) # 

5.3 
 (-0.9,17.0) 

0.04 0.09 
 9.0 

(1.0, 17.0) 
0.03 0.03 

MO: Number of times the child 
looked between the toys 

0.3 
(-1.0,1.9) 

0.003 0.68 
 -1.2  

(-3.4, 0.9) 
0.02 0.256 

D: Latency to turn to the 
distractor when attention was 
Focused (s.cs) 

0.3  
(0.1 0.5)  

0.09 0.01 
 

-0.1  
(-0.4, 0.3) 

0.002 0.43 

MO†: Number of times looked 
away from toys (s.ms) 

0.1 
(-0.7,0.8) 

0.0002 0.91 
 -0.9 

(-1.8,-0.01) 
0.07 0.05 

MO†: Total time not looking at 
the toys (s.ms) 

-1.6 
(-59.7,56.4) 

0.000 0.96 
 -6.8 

(-86.4,72.8) 
0.001 0.86 

#Data were transformed for the analysis but back-transformed data are presented here  
†Post-hoc outcome 
SO: Single Object Task 
MO: Multiple Object Task 
D: Distractibility Task  
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Table B. Unadjusted association between DHA percentage of total plasma phospholipid fatty 
acids in cord blood of the treatment and control groups and the primary outcome and 
exploratory outcome of the Working Memory/Inhibitory Control Assessment: accuracy of 
locating a hidden figurine in Test Trials 
  Treatment  

n=68 
 Control  

n=60 
Outcome 

β (95% CI) r2 
P 

value 
 

β (95% CI) r2 
P 

value 

Accuracy of locating figurine 
during Test* Trials (mm) 

-3.1  
(-10.1, 3.5) 0.01 0.39  -4.0 

(-15.2, 7.2) 0.01 0.48 

Accuracy of locating figurine 
during Training# Trials (mm) †  

3.0 
(-3.3,9.3) 0.03 0.35  -5.7 

(-12.5,1.1) 0.05 0.10 

*Average across all (4) Test Trials  
# Average across all (6) Test Trials 
†Post-hoc outcome 
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APPENDIX 14: PUBLISHED PEER REVIEWED ABSTRACTS AND PAPERS 
FROM THIS THESIS 

 

Gould JF, Smithers LG, Makrides M. The effect of maternal omega-3 LCPUFA 
supplementation during pregnancy on early childhood cognitive and visual 
development: a systematic review and meta analysis of randomised controlled 
trials. AJCN (in press).  

Submitted: July 2012 

Request for re-submission with minor revisions: August 2012.  

Notification of acceptance: October 19 2012  

 

The body of work that appears in this manuscript is drawn from the expanded systematic 
review presented in Chapter 1.  
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 1 



A 
Gould, J.F., Smithers, L.G. & Makrides, M. (2013) The effect of maternal omega-3 LCPUFA 
supplementation during pregnancy on early childhood cognitive and visual development: a systematic 
review and meta-analysis of randomized controlled trials. 
The American Journal of Clinical Nutrition, v. 97(3), pp. 531-544 

  
NOTE:   

This publication is included on pages 325-365 in the print copy  
of the thesis held in the University of Adelaide Library. 

  
It is also available online to authorised users at: 

  
http://doi.org/10.3945/ajcn.112.045781 
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