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Abstract 

Objective: To examine how non-verbal skills at five years of age relate to visual perception 

and brain activation during visual perception tasks at twelve years of age in very preterm 

subjects without visual or other neurodevelopmental impairments or major brain pathologies.                                                                                                                          

Methods: At five years of age, 36 prematurely born (birth weight ≤ 1500 grams and/or 

gestational age < 32 weeks) and 31 term-born control children were assessed with the non-

verbal subtests of the Wechsler Preschool and Primary Scale of Intelligence-Revised and the 

NEPSY II. At twelve years of age, the same children were re-assessed with tasks from the 

Motor-Free Visual Perception Test, Third Edition during functional magnetic resonance 

imaging.                                                                                                                             

Results: Test performance at five years of age was significantly poorer in the very preterm 

group than the controls, but at twelve years of age performance was similar in both groups. In 

the very preterm group, better non-verbal skills at five years of age were significantly 

associated with stronger neural activation during the visual perception task at twelve years of 

age. No associations between non-verbal skills at five years of age and brain activation at 

twelve years of age appeared in the control group.                                                                                                                              

Conclusions: The associations between better non-verbal skills and stronger neural activation 

during visual perception task only observed in the very preterm group, may reflect delayed 

development of the visual perception network and/or prematurity-related neural plasticity. 

The developmental follow-up of very preterm children should include psychological 

assessment of non-verbal skills at least until five years of age. 
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1. Introduction 

Visual perception is the process of interpreting and organizing visual information, and thus 

crucial in numerous tasks and situations. Difficulties with visual perception have been related 

to prematurity (Butcher et al. 2012; Geldof et al. 2012; Leung et al. 2018; Molloy et al. 2013) 

and of adolescents who were born extremely preterm and/or with an extremely low birth 

weight, one of four has been reported to have visual perceptual impairment (Molloy et al. 

2013). Visual perceptual deficiencies have been associated with difficulties in other skills 

during childhood and adolescence (Leung et al. 2018; Molloy et al. 2017; Perez-Roche et al. 

2016; van Veen et al. 2019). The deficiencies can be manifested, for instance, in pre-school 

children in gross-motor activities such as ball sports, and at school age as challenges in 

mathematics and reading. 

 

Early identification of visual perceptual deficits enables interventions that could ease the 

difficulties and prevent later problems in areas related to visual perception. Impairments in 

visual perception may, however, not be detected in a routine screening of vision (Geldof et al. 

2014; Leung et al. 2018).  Geldof and colleagues examined visual sensory and perceptive 

functions and their interrelations in very preterm /very low birthweight children at five years 

of age. The preterm children in their study had both more visual sensory and visual 

perceptive deficits than term-born children, but the deficits occurred largely independently of 

each other. Only one third of the preterm children with perceptive deficits would have been 

detected in a screening relying on visual sensory measures.  
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Various structural brain abnormalities and altered neural activation have been related to 

difficulties in visual perception, but the mechanisms underlying visual perceptual deficits in 

preterm children are not fully known (Geldof et al. 2012; Leung et al. 2018). Better 

knowledge of the factors related to visual perception could help to improve the 

developmental follow-up of preterm children. The aim of this study was to assess how 

performance in a psychological assessment of non-verbal skills at five years of age is 

associated with brain activation during visual perception tasks at twelve years of age in very 

preterm subjects without visual and neurodevelopmental impairments or major brain 

pathologies. It was hypothesized that test performance of the very preterm children would be 

poorer than in the control children, and that the non-verbal skills at five years of age would be 

associated with neural activation during visual perception tasks at twelve years of age in the 

very preterm children. 

 

 

 

 

 

 

 

 

 

  



5 
 

2. Material and methods 

2.1. Participants 

This study is part of the multidisciplinary PIPARI project (Development and Functioning of 

Very Low Birth Weight Infants from Infancy to School Age). All very low birth weight (≤ 

1500 g) infants born at Turku University Hospital in Finland between 2001 and 2006 who 

lived in the hospital catchment area and whose parents spoke and understood written Finnish 

or Swedish were eligible. From the beginning of 2004, the inclusion criteria were expanded 

to include all infants born < 32 weeks of gestation, regardless of their birthweight. Infants 

with major congenital anomalies or syndromes or chromosomal anomalies were excluded. 

Children with known visual impairment (binocular visual acuity < 1.0 on the Snellen scale, 

severe astigmatism of more than 1 diopter, amblyopic eyes or crowding phenomenon), a 

significant cognitive impairment (a full-scale intelligence quotient < 70), cerebral palsy 

and/or a severe hearing impairment (loss of hearing requiring amplification in at least one 

ear) were also excluded from this sub-study. This sub-study includes 36 very preterm subjects 

born in 2004–2006 who participated in functional magnetic resonance imaging (fMRI) at 

twelve years of age and had data available from a psychological assessment at five years of 

age. An ophthalmologist examined the very preterm children at eleven years of age as a part 

of the developmental follow-up in the PIPARI study, and visual acuity was normal with 

stable fixation in all the examined subjects that met the inclusion criteria. Three of the 

included subjects had no data available from the ophthalmological examination. A control 

group of 31 term-born subjects participating in the PIPARI project, born in 2003–2004 and 

recruited as described in Lind et al. (2011), was included. The included control subjects had 

no deviating findings in structural magnetic resonance imaging (MRI) at twelve years of age. 

The study has been approved by the Ethical Committee of the Hospital District of Southwest 
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Finland. Informed consent was obtained from the parents, and at twelve years of age, the 

subjects also gave their own written informed consent after receiving written information. 

 

2.2. Psychological assessment at five years of age 

Both the very preterm children and the controls were assessed by a psychologist within two 

months of their fifth birthday. Full-scale intelligence quotient (FSIQ), performance 

intelligence quotient (PIQ) and verbal intelligence quotient (VIQ) were estimated (M = 100, 

SD = 15) based on subtests block design, geometric design, picture completion, information, 

sentences and arithmetic of the Wechsler Preschool and Primary Scale of Intelligence-

Revised (Wechsler, 1995). Motor and visual-perceptual skills associated with the ability to 

copy two-dimensional geometric figures were assessed with the design copying subtest, 

spatial memory for novel visual material with the memory for designs subtest and selective 

visual attention with the visual attention subtest from the Finnish standardization edition of 

the NEPSY II (Korkman et al. 2008). As the standardization edition differed somewhat from 

the final NEPSY II, the standard scores (M = 10, SD = 3) used in the PIPARI study were 

based on the results of a control group of 149 healthy term-born children. The subtests, the 

control group and the testing procedure at five years of age have been described in more 

detail in Lind et al. (2010). 

2.3. Visual perception task at twelve years of age 

Visual perception was assessed with items from the Motor-Free Visual Perception Test, Third 

Edition (MVPT-3; Colarusso and Hammill, 2003) at twelve years of age. In the very preterm 

group, the mean age at the time of assessment was 12 years 9 months (SD = 6 months, min = 

12 years 2 months, max = 13 years 10 months) and in the control group it was also 12 years 9 

months (SD = 3 months, min = 12 years 2 months, max = 13 years 5 months). An electronic 
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version of the test suitable for use during fMRI, was created with permission from the 

publisher, Academic Therapy Publications. The items were presented on a screen during 

fMRI, each item had four possible answers and the participants answered by pressing one of 

four response buttons on a response pad. The items were presented in two series: the first 

series assessed visual closure, the ability to perceive a whole figure when only fragments of it 

are presented, and it included MVPT-3 items 22–34 and 56–60. The second series assessed 

discrimination of a deviating figure and included items 35–45. The stimuli were black-and-

white line drawings and designs. Each item was shown for 9 seconds and each session started 

with a 17-second gaze-fixation baseline period, after which the task and gaze-fixation periods 

alternated. Before fMRI, 1–2 training items per series were presented and the instructions 

were repeated orally before each series during the imaging session. The training items were 

not included in the actual task. In addition to brain region activation, reaction time and the 

number of correct responses for each series were registered. In trials where subjects 

performed extra button presses, the earliest response was used to define accuracy and 

response time. If the subject did not respond during stimulus presentation, the earliest 

response during the following gaze fixation period was counted. Spherical refractive errors 

were compensated for in the fMRI study with adjustable MRI-compatible binoculars. The 

visual perception scores reported are based on performance during fMRI. Five additional 

items from MVPT-3 assessing discrimination of figure and ground were presented during 

fMRI, but this fMRI series was found too short and noisy for valid fMRI analyses and 

therefore excluded from current study. No other psychological tests were performed at twelve 

years of age.  

2.4. Brain imaging 



8 
 

The MRI procedure and the classification of findings at term equivalent age and at twelve 

years of age are described in a supplement of the manuscript. Blood-oxygenation-level-

dependent (BOLD) data was collected for 35 axial slices of 4 mm thickness using a single-

shot sequence for T2*-weighted echo planar imaging with a 2.0 s repetition time, a 20 ms 

echo time, a 75° flip angle, an 80 × 80 matrix, and a 3 mm in-plane resolution. The first four 

scans of each session were removed. Each participant completed separate fMRI runs of 191–

231 scans for the visual closure task and of 124–147 scans for the visual discrimination task. 

The presentation software (https://www.neurobs.com) was used to control stimulus delivery 

and data collection. 

2.5. Data analyses   

For the statistical analyses of behavioral test performance, the SPSS 24.0 software (IBM, 

Armonk, NY, USA) was used. P-values < 0.05 were considered statistically significant. For 

the comparison of test performance between the very preterm and the control group, the 

Mann-Whitney U-test or the independent samples t-test was used, as appropriate. For the 

comparison of the number of boys/girls in the groups, the Chi-Square test was used.  

 

The MRI data were processed using Statistical Parametric Mapping (SPM12, 

https://www.fil.ion.ucl.ac.uk/spm) and toolboxes implemented in Matlab (MathWorks Inc., 

Natik MA, USA). Individual fMRI data were corrected for motion and slice-timing, and co-

registered with a corresponding T1-weighed image. A customized brain template with equal 

contribution from both groups was created using age-specific tissue probability maps (Wilke 

et al. 2008) and the Computational Anatomy Toolbox CAT12 software (Gaser and Dahnke, 

2016) to perform a 2-step segmentation coupled with diffeomorphic image registration 

(Ashburner, 2007). This resulted in the gray matter (GM) sample-specific template affinely 
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registered to the Montreal Neurological Institute MNI152 space as well as a set of individual 

deformation fields, which were used to spatially warp the functional images into the space of 

the template. The functional images were also resliced to 3 mm cubic voxels and smoothed 

with an 8 mm Gaussian kernel. 

 

In addition to the non-verbal variables (PIQ, design copying, memory for designs, visual 

attention), associations between FSIQ at five years of age and neural activation at twelve 

years of age were assessed. One control and one preterm participant were excluded from the 

fMRI analysis due to either a wide cisterna magna or a large frontal susceptibility artefact. 

Functional MRI data from several subjects were rejected due to motion (translation > 3 mm 

or rotation > 3o), activity related to multiple extra responses also extending to the gaze-

fixation period, stimulus presentation problems, and missing scores from the assessment at 

five years of age. In the very preterm group, the number of subjects in the fMRI analyses for 

visual closure/visual discrimination were as follows: design copying 29/27, memory for 

designs 31/29, visual attention 29/27, PIQ 30/28 and FSIQ 30/28. In the control group, the 

number of subjects in the fMRI analyses for visual closure/visual discrimination were: design 

copying 25/23, memory for designs 25/23, visual attention 27/25 and PIQ 27/25. For each of 

the two tasks, the first-level model included a task condition of variable length epochs equal 

to response times (Grinband et al., 2008), condition for trials with missing response with 9 s 

duration, and implicitly modelled gaze fixation condition of 17 s duration. The model also 

included six realignment parameters, and their Euclidean norm as well as dummy regressors 

for outlier scans exceeding scan-to-scan changes in global mean z > 4; translation > 2 mm; 

rotation > 1o as provided by the Artifact Detection Tools (Susan Whitfield- Gabrieli, MIT, 

US). A canonical hemodynamic response function was used to convolve stimulus functions. 

Slow drifts were removed with a 128 s cut-off high-pass filter. Individual contrast images of 
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activation differences between visual tasks and gaze fixation for each subject were fed into a 

second-level random-effect analysis. Correlation between each variable and the BOLD signal 

in either group for either task was analyzed in a separate simple regression model within a 

mask created by applying a 0.3 threshold to the GM template smoothed with an 8 mm 

Gaussian filter. The Threshold-Free Cluster Enhancement (TFCE; Smith and Nichols, 2009) 

method, as implemented in the TFCE Toolbox (Christian Gaser, Jena University Hospital, 

Germany), was applied to estimate a combined voxel-cluster significance using default 

settings, 5000 permutations and a p < 0.05 threshold for significance after family-wise error 

correction. 
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3. Results 

The characteristics of the very preterm children and the control group are presented in Table 

I. The number of boys / girls did not differ significantly (p = 0.124) between the groups. Test 

scores at five and twelve years of age are shown in Table 2. Non-verbal test scores at five 

years of age were significantly poorer in the very preterm group than the control group, while 

scores at twelve years of age did not differ significantly. Exclusion of an extreme outlier in 

the control group did not change the significances of the results. At five years age, mean 

FSIQ of the very preterm children was 107 (SD 15, median 107, min 77, max 140) and of the 

control children 113 (SD 15, median 113, min 77, max 136). The difference was not 

significant. Of the very preterm children, one had FSIQ between 70 and 84 (-2 SD – -1 SD). 

Mean VIQ of the very preterm children was 108 (SD 14, median 109, min 77, max 130) and 

of the control children 109 (SD 12, median 111, min 77, max 129), the difference was not 

significant. Information about received intervention following the psychological assessment 

at five years of age was obtained from 34 of 36 of the very preterm children. Occupational 

therapy had been received by 11 % (4 / 36) at some point between five and eight years of age.  

 

In the very preterm group, a higher visual attention score at the age of five was significantly 

associated with stronger activation in the left inferior parietal lobule, a higher memory for 

designs score with stronger activation in the left precuneus / posterior cingulate, and a higher 

design copying score with stronger activation in the right superior parietal cortex during 

visual discrimination task at twelve years of age (Table 3, Figure 1 and Figure 2). PIQ and 

FSIQ were not significantly associated with neural activation in the very preterm group. 

There were no significant associations between test scores at five years of age and fMRI 

signal at twelve years of age in the control group.  
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4. Discussion 

The aim of this study was to assess how non-verbal skills at five years of age are associated 

with visual perception and brain activation during visual perception tasks at twelve years of 

age, in very preterm subjects without visual or neurodevelopmental impairments or major 

brain pathologies. Non-verbal skills at five years of age were significantly poorer in the very 

preterm children, whereas visual perception at twelve years of age was comparable to that of 

the term-born control group. In the very preterm group, better visual attention, visual memory 

and visual-motor skills were associated with increased neural activation during the visual 

discrimination task in the left inferior parietal lobule, the left precuneus / posterior cingulate 

and the right superior parietal cortex, respectively.  In the control group, no corresponding 

associations between test performance and neural activation appeared. 

 

Although subjects with significant cognitive impairment and neurosensory impairments were 

excluded from the present study, non-verbal functions were significantly poorer in very 

preterm children at five years of age. Accordingly, assessment of PIQ, visual attention, visual 

memory and visual-motor skills should be included in the developmental follow-up of very 

preterm children at preschool age. Early identification of visual perceptual deficits is 

important as these deficits may affect various everyday activities, academic achievement and, 

as a result, the self-concept and self-esteem of the child. In Perez- Roche and colleagues 

(2016) visual perceptual skills were associated with mathematical skills and reading in 

children between five and thirteen years of age, born preterm or small for gestational age. 

Mathematical skills were particularly related to the perception of spatial relationships and 

discrimination of figure and ground, and reading to the perception of spatial relationships. 

Specific deficits in visuospatial skills at six years of age have also been shown to be 

predictive of mathematical and reading skills at eleven years of age in extremely preterm 
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(born before gestational week 26) as well as term-born children (Johnson et al. 2011). In 

Johnson and colleagues, a different pattern of antecedents was observed in the preterm and 

term-born groups, and regarding reading, the impact of visuospatial processing appeared 

stronger in the group born extremely preterm. If visual perceptual deficits are identified, the 

children can be supported, for instance, through neuropsychological rehabilitation or 

occupational therapy. In some populations, also web-based programs have appeared 

promising in improving visual perception skills (James et al. 2015; Wan et al. 2017). For 

preterm infants, there is a number of intervention programs developed with the aim of 

preventing cognitive and motor impairments (Spittle et al. 2015), but programs specifically 

intended to prevent visual perceptual difficulties are lacking.  

 

Visual perception did not differ between the very preterm and term-born groups at twelve 

years of age, despite the poorer non-verbal skills of the very preterm children at five years of 

age. A potential explanation for this is that the assessment tools used at five and twelve years 

of age were dissimilar, with different levels of demand and assessing different aspects of 

visual perceptual skills. The tasks used at twelve years of age are intended to assess visual 

perception, though they naturally also place demands on other functions such as working 

memory. Still, the tasks used at five years of age are somewhat more complex and likely 

require more in terms of memory functions, eye-hand coordination and attention than the 

MVPT-3 tasks. In a study by Wehrle and colleagues (2016), the impact of task demand on 

executive functions in very preterm subjects at 13 years of age was assessed. Wehrle and 

colleagues showed that difficulties in executive functions in very preterm adolescents were 

only manifested in tasks with higher demands while performance in less demanding tasks, for 

instance requiring less planning, were comparable with that of term-born subjects. Deficits in 

executive functioning in preterm children were documented also in a recent meta-analysis 
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and were shown to be stable across childhood (van Houdt et al. 2019). As the tasks at five 

years of age in present study can be considered to require more of executive functions than 

the tasks at twelve years of age, it may be speculated that our results are mediated by 

executive functioning. It remains unclear if the performance at twelve years of age would 

have been comparable to that of controls if the same measures had been applied at five and at 

twelve years of age. It is also possible, that the visual perceptual deficits related to 

prematurity are more pronounced in other sub-areas of visual perception than visual closure 

and visual discrimination, which were assessed in the present study (Geldof et al. 2012). A 

third potential explanation for the lack of differences at twelve years of age is developmental 

catch-up. Although difficulties in visual perception have also been found to be present 

beyond childhood in prematurely born subjects (Geldof et al. 2012; Leung et al. 2018), there 

are indications that preterm children may catch up to their peers in functions related to visual 

perception (Murner-Lavanchy et al. 2014). In Murner-Lavanchy and colleagues, performance 

in a visuospatial working memory task during fMRI was comparable in preterm (born <32 

weeks of gestation and/or with birth weight <1500 g) and term-born 7–12 year old children, 

but superior in older children compared to younger ones in both groups. In the preterm group, 

low-performing and younger children showed an atypical neural network, while the high-

performing older children showed the typical visuospatial working memory network seen in 

the term-born children. Developmental catch-up in preterm subjects has been reported for 

other skills as well (Fitzpatrick et al. 2016; Luu et al., 2011; Reveillon et al. 2018), but there 

are also studies suggesting that developmental deficits related to prematurity are more 

persistent (Brydges et al. 2018; Linsell et al. 2018; Ngugyen et al. 2018; van Houdt et al. 

2019). In present study, 11 % of the very preterm children had received occupational therapy 

after the psychological assessment at five years of age. Hence, the potential catch-up may 

have been facilitated by intervention in those children.   
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We are not aware of previous visual perception studies with a comparable design including 

fMRI. In the very preterm group, better performance in non-verbal tasks at five years of age 

was associated with stronger activation in the left inferior parietal lobule, the left precuneus / 

posterior cingulate and right superior parietal cortex during visual discrimination task at 

twelve years of age. No associations between performance at five years of age and later 

neural activation were seen in the control group, indicating that the associations found in the 

very preterm group reflect neural mechanisms explicitly related to prematurity. In a study by 

Lidzba and colleagues (2013), complex visual processing was assessed during fMRI in 

healthy children and adolescents at 7–17 years of age. They reported increased activation 

with age within the core regions of visual exploration network, mainly in right areas of the 

occipital and parietal cortex, while activation in other regions, such as the left inferior parietal 

lobe, decreased with age. Our finding of increased activation in the left inferior parietal 

lobule only in the very preterm group, might hence reflect delayed development of the visual 

processing network. Lidzba and colleagues also reported an association between better 

performance in the visual task and stronger activation in the right superior parietal lobe, 

which is in line with our results. Narberhaus and colleagues (2009) studied neural activation 

during a visual paired associates task in very preterm adults. In their study, the amount of 

correctly recognized visual pairs did not differ between the very preterm group and the 

control group. Brain activation during encoding in very preterm adults was, however, found 

to be increased compared to controls in some areas, including the left superior parietal lobule. 

According to Narberhaus and colleagues, their results may reflect neuroplasticity related to 

the neural consequences of prematurity. The cortical thickness of superior parietal regions 

has, in turn, been associated with visual perception in adults born with a very low birth 

weight (Sripada et al. 2015), and the superior parietal white matter microstructure with 
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executive functioning at six years of age in a mixed group of preterm and full-term children 

(Dubner at el. 2019). Furthermore, the precuneus / posterior cingulate cortex has been found 

to interact with the left inferior parietal lobe (Fransson and Marrelec, 2008). In a study 

assessing neural activation differences between the recognition and encoding trials of a visual 

memory task, decreased activation in the precuneus / posterior cingulate cortex was displayed 

in very preterm born adults (Tseng et al. 2017). Also, interestingly, visual perception 

intervention has been shown to result in enhanced activation in superior and inferior parietal 

lobes in individuals with Down syndrome (Wan et al. 2017).  

 

The small group size is a limitation of the present study as is the lack of assessment of global 

cognitive level at twelve years of age. Lack of information on received rehabilitation and 

developmental support is another restraint. When deviations appeared in the psychological 

assessment at five years of age, the children were directed to appropriate services and the 

families were instructed on how to support their child’s development. The actualization of 

recommendations was though not followed up. A limitation is also that, of the visual 

perception sub-areas, only visual closure and visual discrimination were tapped with the tasks 

used in this study. The range of feasible tests was, however, limited as the tasks were carried 

out during fMRI. As previously discussed, it must also be noted that the visual perceptual 

tasks require other functions in addition to visual perception, and it is possible that the results 

are mediated by other skills. More knowledge about the developmental trajectory of visual 

perception in preterm children and adolescents is nonetheless needed, and the inclusion of 

fMRI in the present study protocol provides new insight. The very preterm study group was 

well-defined, and subjects with visual or neurodevelopmental impairments or major brain 

pathology were excluded. In future fMRI studies with preterm subjects, other sub-areas of 

visual perception, such as those reflecting dorsal stream functioning, should be assessed. The 
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development and evaluation of early intervention for visual perception difficulties in preterm 

children is also important.  

 

5. Conclusions    

In this study, better non-verbal skills in preterm children at five years of age were associated 

with stronger neural activation during visual perceptual tasks at twelve years of age. These 

findings were specific to the very preterm children and may reflect delayed development of 

the visual perception network and/or neural plasticity related to prematurity. In the 

developmental follow-up of very preterm children, psychological assessment of visual 

perceptual skills is important at least until five years of age. 
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Figure legends 

 

Figure 1. Areas of significant positive correlation between design copying (first row, n = 27), 

memory for designs (second row, n = 29) and visual attention (third row, n = 27) and neural 

activation during visual discrimination in the very preterm group. The areas are shown 

overlaid onto three orthogonal planes of the sample-specific template crossing the cluster 

maxima, indicated by cross-hairs and Montreal neurological institute coordinates next to each 

section.  

 

Figure 2. Scatterplots and linear regression lines for dependencies of adjusted mean region of 

interest (ROI) intensities in the very preterm (upper row) and control (bottom row) group on 

subtests design copying (left column), memory for designs (central column), and visual 

attention (right column). Regression parameters and coefficient of determination (R2) are 

indicated above each plot. The ROIs represented clusters surviving family-wise error 

corrected p < 0.05 threshold based on the threshold-free cluster enhancement statistics. 
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Table 1. Background characteristics of the very preterm and the control group. 

_______________________________________________________________________________________________________________________________________________________________________ 

        Very preterm group  Control group 

        n = 36    n = 31 

____________________________________________________________________________________________________________________ 

Gestational age, weeks, mean (SD) min–max  29 (3) 24–33   40 (1) 37–41 

Birth weight, g, mean (SD) min–max    1133 (309) 620–1970  3621 (489) 2830–4580 

Boys / girls, n (%)       23 (64 %) / 13 (36 %)  14 (45 %) / 17 (55%) 

Major brain pathology at term equivalent age, n (%)  1 (3%)   

Major brain pathology at age twelve years, n (%)   0 (0%)    0 (0%) 

____________________________________________________________________________________________________________________

Data on brain pathology at term age was missing for one preterm subject.   
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Table 2. Test results at five and twelve years of age and the differences between the very preterm group and the control group.  

_______________________________________________________________________________________________________________________________________________________________________ 

      Very preterm group  Control group    P-value 

      n = 36    n = 31      

____________________________________________________________________________________________________________________ 

 

Assessment at five years of age 

Performance intelligence quotient 

 mean (SD) median, min–max  104 (14) 104, 74–136  112 (14) 113, 84–135   0.027 

Design copying 

 mean (SD) median, min–max  8.8 (3.4) 9, 1–15  10.9 (2.3) 10, 6–14   0.013 

Memory for designs 

 mean (SD) median, min–max  7.9 (2.9) 9, 1–14  9.8 (2.5) 10, 4–15   0.005 

Visual attention  
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 mean (SD) median, min–max  7.9 (2.5) 8, 4–13  9.7 (2.9) 10, 1–14   0.003 

Assessment at twelve years of age 

Visual closure, accuracy  

 mean (SD) median, min–max  12.8 (2.2) 13, 7–16  12.8 (3.3) 14, 0–17   0.379 

Visual closure, response time  

 mean (SD) median, min–max  5.0 (1.0) 4.9, 2.8–8.5  4.9 (1.1) 4.9, 3.0–7.5   0.844 

Visual discrimination, accuracy 

 mean (SD) median, min–max  6.2 (1.6) 6, 2–9  6.3 (1.7) 7, 0–9   0.698 

Visual discrimination, response time  

 mean (SD) median, min–max  4.8 (0.9) 4.6, 3.0–7.0  4.4 (1.0) 4.3, 2.7–6.8   0.082 

___________________________________________________________________________________________________________________________________________ 
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Data on performance intelligence quotient was missing for one preterm subject, data on visual attention for two, data on design copying for two and data on visual closure accuracy/response 

time for one. Data on memory for designs was missing for two control subjects and data on design copying for two. One control subject who did not give any correct responses in the visual 

closure and discrimination of a deviating figure tasks was not included in the analyses of response time of correct responses. P-values < 0.05 were considered significant.
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Table 3. Associations between performance in non-verbal subtests at five years of age and neural activation during visual discrimination task at 

twelve years of age in the very preterm group.  

____________________________________________________________________________________________________________________ 

n Subtest    Area     Cluster size P-value  TFCE value  MNI coordinates                                                                                                         

                                                                               (FWE)     x y z 

____________________________________________________________________________________________________________________ 

27 Design copying  Right superior parietal lobule  25  0.031  497.39   9 -63 69 

29 Memory for designs  Left precuneus / posterior cingulate 10  0.039  474.67   -3 -60 36 

27 Visual attention   Left inferior parietal lobule  3  0.045  444.22   -51 -42 51 

____________________________________________________________________________________________________________________ 

FWE = family-wise error corrected for multiple comparisons, TFCE = threshold-free cluster enhancement, MNI = Montreal Neurological Institute 
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