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ABSTRACT
Working memory (WM) difficulties are often observed in children 
born preterm. We examined whether performance-based measures 
of WM components are associated with parent- and teacher-rated 
WM difficulties in the everyday life of children born very preterm 
and/or at very low birth weight (VPT/VLBW) at 11 years (n = 165). 
The WM components as defined in the original Baddeley’s model – 
phonological loop (PL), visuospatial sketchpad (VS), and central 
executive (CE) – were assessed with tasks from the Working 
Memory Test Battery for Children (WMTB-C) and the Wechsler 
Intelligence Scale for Children – Fourth edition (WISC-IV). Parents 
and teachers completed the WM subscale of the Behavioral Rating 
Inventory for Executive Functions (BRIEF). Measures of WM compo
nents were modestly associated with BRIEF scores, explaining 
18.9% of the variance in parent-rated and 14.0% of teacher-rated 
WM difficulties. CE was the component most consistently asso
ciated with parent- and teacher-rated everyday WM. To conclude, 
our results suggest that tasks that utilize CE functions may best 
reflect WM outside of controlled test settings in the follow-up of 
VPT/VLBW children. However, performance and rating-scale mea
sures provide unique information and are both needed to compre
hensively assess WM skills.
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Survival rates of infants born prematurely have improved, leading to an increase in the 
number of individuals at risk for lifelong medical and social consequences associated 
with preterm birth (Moster et al., 2008), as well as heightened risk for difficulties in 
cognitive development (e.g., Aarnoudse-Moens et al., 2009; Brydges et al., 2018; Twilhaar 
et al., 2018). The prevalence of cognitive difficulties in children born very preterm (VPT; 
<32 gestational weeks) and/or at very low birth weight (VLBW; birthweight ≤1500 g) 

CONTACT Laura Haveri laura.haveri@utu.fi Department of Psychology and Speech-Language Pathology, 
University of Turku, Turku 20014, Finland

CHILD NEUROPSYCHOLOGY                             
https://doi.org/10.1080/09297049.2024.2415146

© 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/ 
licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly 
cited. The terms on which this article has been published allow the posting of the Accepted Manuscript in a repository by the author(s) or 
with their consent.

http://orcid.org/0009-0004-0883-6432
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/09297049.2024.2415146&domain=pdf&date_stamp=2024-10-11


remains high compared to term-born children, despite advances in care practices 
(Anderson, 2014; Nyman et al., 2017; Twilhaar et al., 2018). In addition, VPT/VLBW 
children who perform within the average range in global cognitive assessments may have 
specific neuropsychological vulnerabilities, for example, in working memory (WM) 
(Aarnoudse-Moens et al., 2012; Anderson, 2014; Mulder et al., 2009; Taylor & Clark,  
2016; van Houdt et al., 2019). It is of particular concern that VPT/VLBW children seem 
to be vulnerable to WM difficulties when faced with heightened cognitive demands 
(Wehrle et al., 2016; Woodward et al., 2022). These difficulties are not necessarily 
captured by brief WM assessments in controlled test settings and may only manifest in 
everyday life. Thus, it is important to understand whether and how standard neuropsy
chological assessments are associated with everyday functioning in VPT/VLBW children.

WM is a fundamental aspect of human cognition and is widely considered one of the 
key mechanisms that mediate individual differences in everyday cognitive functions (e.g., 
Alloway & Alloway, 2010; Gathercole, Pickering, Knight, et al., 2004; Kyllonen & 
Christal, 1990; Schubert et al., 2023). WM is considered as one of the core components 
of executive functions, which are often defined as a set of high-level cognitive functions 
that enable goal-directed behavior, especially in novel situations that require problem- 
solving (Gioia et al., 2000; Lezak et al., 2004; Miyake et al., 2000). Baddeley and Hitch 
(1974) defined WM as an ability to sustain and process a limited amount of information 
in the mind temporarily and proposed a multi-component model of WM for processing 
qualitatively different information (Baddeley, 2000; Baddeley & Hitch, 1974). This model 
comprises two short-term memory components: a phonological loop (PL) for verbal 
information and a visuospatial sketchpad (VS) for visual and spatial information. These 
subcomponents are controlled by the central executive (CE), which is an attentional 
component that manages and integrates information. This model has been shown to 
apply to children from 6 years onwards (Gathercole, Pickering, Ambridge, et al., 2004). 
Baddeley has subsequently developed the original model further by introducing a fourth 
component, the episodic buffer, to the model and by highlighting the role of WM in 
integrating new and previously learned material (Baddeley, 2000). Combined with the 
notion of WM being a bottleneck skill for learning (Forsberg et al., 2022; Gathercole & 
Alloway, 2006), this could explain why WM abilities predict academic performance 
(Mulder et al., 2010) and do so better than the intelligence quotient (Alloway & 
Alloway, 2010; Titz & Karbach, 2014).

Previous research has consistently shown that difficulties in WM are more common in 
VPT/VLBW children than term-born children (Aarnoudse-Moens et al., 2012; Mulder 
et al., 2010; Mürner-Lavanchy et al., 2014; Wehrle et al., 2016). To our knowledge, only 
one study has applied Baddeley’s theoretical framework to WM in VPT/VLBW children 
(Korpela et al., 2018). Korpela et al. (2018) found that the PL of VPT/VLBW children was 
intact, but their VS and CE were weaker compared to the test norms. In other studies, 
findings concerning verbal memory functions in school-aged VPT/VLBW children vary, 
as some studies show differences between VPT/VLBW and term-born children (Aanes 
et al., 2019), while others do not (Everts et al., 2019; Ni et al., 2011; Ritter et al., 2014). 
Studies focusing on visuospatial memory functions have provided more consistent 
evidence for difficulties in VPT/VLBW children compared to term-born children 
(Clark & Woodward, 2010; Retzler et al., 2022; Trickett et al., 2022; Woodward et al.,  
2022). Problems in CE may also exist, as VPT/VLBW children may be more affected by 
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the cognitive load and difficulty level of a task than term-born controls (Retzler et al.,  
2022; Woodward et al., 2022). Using a comprehensive model of WM can help to under
stand and differentiate the specific nature of the vulnerabilities in WM related to preterm 
birth.

In performance-based measures, WM is often operationalized as WM capacity, 
defined as the quantity of new information individuals can sustain and process in their 
minds in a controlled test setting. Another way to measure WM and acquire information 
about WM beyond test settings is to observe the behavioral manifestations of WM in 
everyday life. One of the few questionnaires used to assess everyday WM can be found in 
the Behavior Rating Inventory of Executive Functions (BRIEF; Gioia et al., 2000). This is 
a rating scale for parents and teachers that has been developed to assess the frequency of 
problematic behavior related to executive functions in everyday settings at home and 
school. BRIEF consists of three indexes and eight subscales for different areas of executive 
functions, one of which is a scale to measure WM. The authors of BRIEF describe that the 
WM scale measures “the capacity to hold information in mind for the purpose of 
completing a task” (Gioia et al., 2000, p. 19). The authors report good validity for the 
scale as well as convergent and divergent associations with other questionnaires (Gioia 
et al., 2000). The BRIEF WM scale includes questions assessing sustained attention 
integral to the WM function (Gioia et al., 2000) and has been criticized for overlapping 
with attention disorder questionnaires (e.g., see Soto et al., 2020). However, when 
compared with other WM assessments, BRIEF WM has demonstrated strong to moder
ate correlations with rating scales designed to measure WM in everyday life (see Law 
et al., 2021). Hereafter, we will use the term “everyday WM” to refer to WM as measured 
using the BRIEF WM scale.

In some studies, VPT/VLBW children have shown more clinically significant pro
blems in everyday WM than term-born children according to parent (Ritter et al., 2014) 
and teacher ratings (Nyman et al., 2019). Studies that have used both parent and teacher 
ratings have shown differences between the raters, and difficulties may sometimes only 
be reflected in the ratings given by the parent or the teacher (Nyman et al., 2019; 
O’Meagher et al., 2019). The differences found between the raters and the settings 
highlight the importance of acquiring information from multiple sources.

Performance-based and rating measures could be expected to be associated if they 
provide information about the same underlying cognitive construct. However, the 
associations between these two methods of assessment have been shown, at best, to be 
inconsistent and modest in reviews of executive function measurement, and it has 
been suggested that they assess different aspects of executive functions (see Isquith 
et al., 2013; Toplak et al., 2013). In general, performance-based tasks assess specific 
executive functions in an examiner-led standardized setting over a short time. The 
measures used to quantify these functions may vary between studies and between 
specific executive function tasks (i.e., whether performance is measured by response 
accuracy or response time, or both). The rating scales, in turn, assess behaviors 
related to executive functions in everyday life situations through the rater’s perspec
tive. Regarding WM in particular, the scales are intended to provide us with informa
tion about how reduced WM capacity is manifested in everyday functioning; for 
example, it may present as forgetfulness or as difficulties following multistep instruc
tions (e.g., Alloway et al., 2009; Gioia et al., 2000). Previous studies have found weak 
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to moderate correlations between measured WM capacity and parent- and teacher- 
rated everyday WM across different populations (e.g., Howarth et al., 2013; Toplak 
et al., 2008; Vugs et al., 2014). Previously, Ritter et al. (2014) have examined the 
association between WM capacity and everyday WM in a sample of school-aged VPT/ 
VLBW children. In their study, verbal WM was significantly, but weakly, correlated 
with the parent rating of everyday WM (r = −0.29) (Ritter et al., 2014).

To summarize, VPT/VLBW children have been found to have difficulties in perfor
mance-based measures of WM and ratings of everyday WM, although these difficulties 
seem to vary depending on the specific modality of a performance-based task and the 
setting in which the child’s functioning is assessed with ratings. Furthermore, even 
though there is evidence of moderate associations between the performance-based and 
rating measures of WM, the interpretation of the existing studies is complicated by the 
use of varying methodologies across different studies. Specifically, none of the studies so 
far have examined, within the same study, how different components of WM (such as in 
Baddeley’s model) are associated with parent- and teacher-rated everyday WM in the 
preterm population. This question has theoretical value, as it links Baddeley’s model with 
the behavior of children in everyday life. It also has value for clinicians, as investigating 
the commonalities and potential discrepancies between the two types of measurement 
may help to understand which common neuropsychological measures most informa
tively reflect the severity of WM problems in the everyday life of VPT/VLBW children.

The aim of this study

In the present study, we investigated the associations between WM performance mea
sures and the frequency of problems in parent- and teacher-rated everyday WM. To our 
knowledge, this is the first study to comprehensively assess the association between the 
different WM components of Baddeley’s model (Baddeley & Hitch, 1974) and everyday 
WM problems in the preterm population using the BRIEF parent and teacher question
naire. The aim of the present study was to examine how the three WM components are 
associated with parent- and teacher-rated everyday WM. Based on prior work, our 
hypothesis was that poorer performance in VS and CE would be associated with more 
parent- and teacher-rated problems in WM in everyday life.

Materials and methods

Participants and demographic characteristics

This study is part of the prospective, multidisciplinary follow-up study PIPARI 
(Development and Functioning of Very Low Birthweight Infants from Infancy to 
School Age). The sample has been previously described in, for example, Uusitalo et al. 
(2021) and consists of infants born preterm (gestational weeks < 37) with very low birth 
weight (birth weight ≤ 1500 g) at Turku University Hospital between January 1 2001, and 
December 31 2006. From January 1 2004, the inclusion criteria were expanded to include 
all children born at a very low gestational age (gestational weeks < 32) regardless of their 
birth weight. The children included were required to have at least one Finnish or 
Swedish-speaking parent and to live in the catchment area. The only developmental 
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disorders excluded were severe central nervous system malformations (e.g., congenital 
hydrocephalus and meningomyelocele) or diagnosed genetic syndromes affecting the 
development of the child. The flowchart describing the selection and retention of 
participants is shown in the Appendix (Figure A1).

The background data – consisting of prenatal, delivery, neonatal, and developmental 
outcome data as well as sociodemographic data – were collected systematically as part of 
the PIPARI study protocol. Brain magnetic resonance imaging (MRI) was performed at 
term age and the results were categorized using the classification of normal, minor, and 
major brain pathology (see Maunu et al., 2009, for more details). The children of families 
that withdrew from the follow-up assessment and the children in the final sample 
differed significantly with regards to multiple pregnancies (p = .04). In the final sample, 
there were more multiple pregnancies than within the withdrawn families. No other 
differences between the two groups were found in the demographic variables (Table 1).

The final sample consisted of 165 VPT/VLBW children who took part in the 
cognitive assessment, which was conducted at 11 years of age by two clinical 
neuropsychologists. The assessments were completed during one uniformly struc
tured visit to Turku University Hospital. Parents were given the parent question
naire of Behavioral Rating Inventory of Executive Functions (BRIEF; Gioia et al.,  
2000), which they could complete and return either during the visit or take with 
them to be completed at home and returned by mail. The parents were also given 
a BRIEF teacher questionnaire and self-addressed envelopes that they were asked 
to give to their child’s teachers. The BRIEF questionnaires were returned by 155 

Table 1. Sample characteristics (n = 165).
Variable Values

Antenatal corticosteroids, n (%) 156 (94.5)
Gestational age (week), mean (SD) [min, max] 29.05 (2.75) [23.0, 35.9]
Birth weight (g), mean (SD) [min, max] 1125.58 (317.62) [400, 2120]
Small for gestational agea, n (%) 56 (33.9)
Male, n (%) 89 (52.1)
Multiple birth, n (%) 56 (33.9)
Cerebral palsy, n (%) 9 (5.5)
Treated retinopathy of prematurity, n (%) 5 (3.0)
Operated necrotizing enterocolitis, n (%) 7 (4.2)
Sepsis or meningitis, n (%) 31 (18.8)
Bronchopulmonary dysplasia, n (%) 20 (12.1)
Ductal ligation, n (%) 73 (44.2)
Brain MRI grading, n (%)

Normal 91 (55.2)
Minor 27 (16.4)
Major 42 (25.5)

Level of maternal education, n (%)
Low 19 (11.5)
Intermediate 67 (40.6)
High 68 (41.2)

Level of paternal education, n (%)
Low 20 (12.1)
Intermediate 98 (59.4)
High 35 (21.2)

5 years full-scale IQ < 70, n (%) 4 (2.3)

MRI = magnetic resonance imaging; IQ = intelligence quotient. 
aDefined as birth weight of < −2 SDs below the mean according to the age and gender-specific Finnish 

growth charts.
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parents (94%) and 158 (96%) teachers. Ethical approval was obtained for the study 
protocol from The Ethical Committee of the Hospital District of Southwest 
Finland in December 2000 and January 2012. All parents and children who agreed 
to participate were provided with written and oral information about the study 
and signed a written informed consent.

Cognitive development

General cognitive development was assessed with the Finnish version of the Wechsler 
Intelligence Scale for Children – Fourth Edition (WISC-IV; Wechsler, 2010). For this 
study, the General Ability Index (GAI) was used, consisting of six subtests of WISC-IV, 
excluding the WM and processing speed indexes (Wechsler, 2003). Developmental delay 
was defined as a GAI score of 1.0 SD below the mean of the test norms (GAI < 85).

Working memory components

As described in Korpela et al. (2018), the WM domains of the Baddeley and Hitch (1974) 
model including PL, VS, and CE were assessed with tests selected from the Finnish 
translation of WISC-IV (Digit Recall Forward & Backward) and Working Memory Test 
Battery for Children (WMTB-C, Pickering & Gathercole, 2001, the Finnish version of 
Nonword Recall, Counting Recall, Block Recall, & Maze Recall). The episodic buffer of 
Baddeley’s updated model (2000) is not as well validated as the other components, and its 
operationalization has proven to be challenging (e.g., see Gray et al., 2017; Nobre et al.,  
2013). Therefore, it was not included in this study. For all tests, a deficit was defined as 
a 1.0 SD below the mean of the test norms (standard score less than 85). A Finnish data 
sample of 68 children was collected to ensure that the British test design could be applied 
to the Finnish population and the British norms were used for comparisons (see Korpela 
et al., 2018, for more details). The descriptives of WM component and subtest raw scores 
and standard scores are shown in Table 2.

Table 2. WM performance and everyday WM raw and standard scores compared to normative mean.
Raw scores Standard scores

n Mean (SD) [min, max] Mean (SD) [min, max] t p

WM component/Subtest
Phonological loop 159 104.13 (14.14) [60, 142] 3.67 <.001
Digit Recall Forwarda 165 6.85 (1.63) [2, 12] 100.91 (14.35) [55,145] 0.81 .42
Nonword Recallb 159 16.00 (3.36) [7, 24] 107.64 (17.86) [59, 145] 5.39 <.001
Visuospatial sketchpad 164 89.10 (12.16) [57, 112] −11.48 <.001
Maze Recallb 164 19.21 (6.03) [5, 31] 89.63 (16.94) [57, 124] −7.83 <.001
Block Recallb 165 25.79 (3.66) [12, 35] 88.38 (14.06) [57, 125] −10.62 <.001
Central executive 165 81.17 (19.02) [55, 133] −12.72 <.001
Digit Recall Backwarda 165 6.09 (1.57) [0, 10] 78.88 (31.02) [55, 145] −8.75 <.001
Counting Recallb 165 19.47 (4.66) [6, 31] 83.45 (14.29) [55, 121] −14.87 <.001
Everyday WMc

Parent rating 155 16.06 (4.95) [10, 30] 52.97 (11.31) [38, 89] 3.27 .001
Teacher rating 158 14.68 (4.83) [10, 28] 56.15 (13.01) [43, 99] 5.93 <.001

WM = Working Memory. aStandard scores derived from WISC-IV Finnish normative sample. bStandard scores derived from 
WMTB-C British normative sample. cScores in WM subscale of Behavioral Rating Inventory of Executive Functions. For 
WM components normative group has M = 100 (SD = 15), and for everyday WM, M = 50 (SD = 10).
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Phonological loop (PL)
The Digit Recall Forward subtest (WISC-IV; Wechsler, 2010) and the Nonword Recall 
subtest (Finnish adaptation, based on the task from WMTB-C; Pickering & 
Gathercole, 2001) were used to assess the PL. In Digit Recall, the task involves 
listening to and recalling digits in the correct order from a spoken list of digits 
presented with a 1-s interval between the digits. The digit lists are randomly gener
ated sequences of numbers, and the length of the list increases after at least one 
correct recall of two lists with the same length. Nonword Recall requires listening to 
and recalling nonwords from lists of nonwords constructed by randomly combining 
two common Finnish syllables. The task was divided into blocks, and each block 
consisted of six trials of the same difficulty level (i.e., six lists with the same number 
of nonwords). The task was initiated with practice trials consisting of one- to three- 
nonword lists. The number of nonwords in the starting block of the actual task was 
determined by the length of the correctly recalled list in the practice trials. Upon four 
correct recalls within a block, the task proceeded to the next block in which the list 
length increased by one. The test continued until three errors were made within 
a block.

Visuospatial sketchpad (VS)
The Block Recall and Maze Recall subtests of the WMTB-C (Pickering & Gathercole,  
2001) were used to assess the VS, and followed the same protocol as Nonword Recall. In 
Block Recall, the test administrator tapped a sequence of blocks on a block board and 
asked the child to repeat the order in which the blocks were tapped. The blocks were 
arranged in a random configuration. The same level of difficulty was presented up to 
a maximum of six times. Upon four correct recalls, the difficulty level was increased by 
adding one block to the sequence of tapped blocks. In Maze Recall, the child was shown 
two-dimensional routes marked on pictures of mazes. The test administrator demon
strated drawing the route with a finger and asked the child to show the same route on 
a picture of an empty maze. A maximum of six mazes with the same level of difficulty 
were shown. After the child had achieved four correct recalls, the complexity of the mazes 
was increased.

Central executive (CE)
CE was assessed using the Digit Recall Backward task of WISC-IV (Wechsler, 2010) 
and the Counting Recall task of WMTB-C (Pickering & Gathercole, 2001). In Digit 
Recall Backward, the task was to listen to and recall digits in reverse order from 
a spoken list of digits presented at 1-s intervals. As in Digit Recall Forward, the lists 
were random, and the length increased if a list was recalled correctly. In Counting 
Recall, the test administrator showed arrays of dots on a series of cards to the child 
and asked them to point and count aloud the number of dots on the cards. After the 
cards were shown, the child was asked to recall the number of dots on the cards in 
the order in which they were presented. The number of dots varied between the 
cards. The Counting Recall had the same protocol as the other WMTB-C tasks 
presented above. A maximum of six trials at the same level of difficulty were 
presented and after four correct recalls, the difficulty level was increased by adding 
one card to the series.

CHILD NEUROPSYCHOLOGY 7



Parent and teacher ratings of everyday working memory

To measure everyday WM, the Working Memory subscale of the BRIEF questionnaire 
was chosen (Gioia et al., 2000). Finnish translations of both the parent and teacher forms 
were used (translation by three clinical neuropsychologists A. Nyman, M. Kuusisto, and 
J. Torsti, approved by PAR Psychological Assessment Resources, Inc). The BRIEF 
questionnaire consists of statements that utilize a 3-point Likert scale to rate the fre
quency of the problem on a scale of (1) “Never”, (2) “Sometimes,” and (3) “Often.” The 
WM subscale consists of 10 statements (such as “when given three things to do, 
remembers only the first or the last one”). The sum of the scores is transferred into 
T-scores (M = 50, SD = 10), which are standardized by age and sex. Higher T-scores 
represent more reported difficulties. A cutoff score of 64 is pre-established in the manual 
of the questionnaire, and scores above this indicate clinically significant difficulties in 
WM in everyday life.

Statistical analysis

The data encompassing pre- and neonatal background factors, cognitive assessment 
scores, and questionnaire answers were numerically encoded. To identify differences in 
background characteristics between the participating families and those who withdrew, 
we used independent sample t-tests for continuous variables and chi-square tests for 
categorical variables. Differences between the children’s WM component scores and the 
normative sample means were examined using one-sample t-tests. Preliminary analyses 
were conducted for the total sample (n = 165) and a subsample including only children 
with GAI scores of 85 or above (n = 120). In both samples, the distribution of variables 
was approximately normal, apart from the positively skewed rating in everyday WM by 
teachers and parents. The correlations between the WM components and everyday WM 
were investigated by calculating pairwise correlations (Spearman’s rho). The level of 
agreement between groups with deficits based on clinical cutoff points was analyzed with 
Cohen’s Kappa.

To assess whether performance-based measures of WM are associated with parent- 
and teacher-rated problems in WM, we constructed two separate linear mixed models 
(LMMs). Applying LMMs allowed the clustering caused by twin and triplet children from 
the same family to be taken into account. The first model included fixed effects for PL, 
VS, and CE as independent variables and parent-rated WM scores as the dependent 
variable, with GAI, sex, and maternal and paternal education as covariates. MRI status 
was not added to the models because we wanted to focus on background factors at 11  
years and limit the number of covariates in the models to avoid overfitting as well as 
multicollinearity with GAI. The second model mirrored the first, substituting the depen
dent variable with teacher-rated WM scores. These models were expanded to incorporate 
random intercepts for families, acknowledging the potential dependency of outcomes 
within family clusters. In the teachers’ model, initial diagnostics revealed two influential 
cases with Cook’s distance values greater than one. To assess the robustness of our 
findings, a sensitivity analysis was conducted. A second model was also conducted, 
excluding the influential cases. A comparison of the two models using the Akaike 
Information Criterion (AIC) and Bayesian Information Criterion (BIC) indicated 
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a better fit for the second model (ΔAIC = 35.25, ΔBIC = 35.39). Results from both 
teachers’ models – with and without the influential cases – are presented. P-values of  
< .05 were considered statistically significant. All statistical analyses, with the exception of 
the LMMs, were performed using IBM SPSS Statistics (version 27). The LMMs were 
implemented in R (R Core Team, 2023) using the lme4 package (Bates et al., 2015).

Results

Preliminary analysis

The mean age of the children at the time of assessment was 11.14 years (SD = 0.25, range 
10.57–11.66), and the mean GAI was 90.64 (SD = 15.23, range 40–120). Forty-five 
children (27.3%) had a cognitive delay (GAI < 85). GAI was moderately correlated 
with parent-rated (r = −.27, p < .001), and teacher-rated WM (r = −.31, p < .001) scores. 
No correlations were found between the WM measures and gestational age or birth 
weight and thus, these were not examined in further analyses.

Association between the WM components and everyday WM

Table 3 presents the correlations between the WM components and everyday WM for 
both the total sample and a subgroup of children with a GAI of 85 or above. For the total 
sample, significant negative correlations between WM components and everyday WM 
were observed, with Spearman’s rho ranging from weak to moderate in the parent (rs =  
−0.34 to −0.21) and teacher ratings (rs = −0.34 to −0.21). The negative correlation 
indicates that a higher score in the WM component was associated with fewer parent- 
and teacher-rated WM problems. In the subgroup of children with a GAI of 85 or above, 
the correlation between CE and parent-rated everyday WM was statistically significant 
(rs = −0.21, p = .025), as were the correlations between teacher-rated WM scores and CE 
(rs = −0.23, p = .012) and VS (rs = −.0.24, p = .011).

Further examination of the association was carried out based on categorical groups, 
using clinical cutoff points for WM components and everyday WM. A deficit in WM was 
defined as a WM component standard score of less than 85 and, for everyday WM, as 
T-scores equal to or above 65. The proportion of children in these groups is shown in 
Table 4. A slight agreement was found between parent-rated WM scores and VS. 
Moreover, agreements were slight between teacher-rated WM scores and the WM 
components.

Table 3. Correlations between WM components and everyday WM by rater and GAI.
Everyday WMa

Parent Teacher

WM Component All GAI ≥85 All GAI ≥85

Phonological loop −.21** −.17 −.21** −.16
Visuospatial sketchpad −.34** −.15 −.34** −.24*
Central executive −.34** −.21* −.31** −.23*

One-tailed Spearman’s correlation coefficients are presented. WM = working memory; GAI = general ability index. 
aScores in WM subscale of Behavioral Rating Inventory of Executive Functions. 

*p < .05; **p < 01.
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Two separate LMMs were created to examine whether CE, VS, and PL, incorpo
rated in the same model, were associated with parent- and teacher-rated WM scores. 
Additionally, the models explored how controlling for covariates (GAI, sex, and 
maternal and paternal education) influenced these associations. We examined the 
effects in a stepwise manner, with the first step including only the WM components 
and the second step adding the covariates. The covariates were selected a priori, as 
they were expected to be related to everyday WM based on previous literature. In 
the models, family was included as a random effect. The random effects are shown 
in the Appendix (Table A1). The WM components explained 18.9% of the variance 
in parent-rated WM scores, and the VS and CE showed a significant effect on the 
parent-rated WM scores (Table 5). The effects of VS and CE remained significant 
after adjusting for covariates. In the model predicting teacher-rated WM scores, the 
WM components explained 14.0% of the variance, and only the effect of CE was 
significant (Table 6). However, when the covariates were added to the model, the 
effect of CE was weakened, and GAI and paternal education were significant 
contributors to the model. The model that excluded influential cases showed similar 
results (Table 6, Model 4B).

Table 4. Cross-tabulation for WM component and everyday WM by cutoff points.
Parent-rated everyday WMa Teacher-rated everyday WMa

WM component <65 ≥65 Kappa (95% CI) <65 ≥65 Kappa (95% CI)

Phonological loop, n (%)
≥85 121 (87.1) 18 (12.9) 0.17 (−0.03 to 0.38) 111 (78.2) 31 (21.8) 0.17 (0.01 to 0.33)
<85 6 (60.0) 4 (40.0) 4 (40.0) 6 (60.0)

Visuospatial sketchpad, n (%)
≥85 94 (90.4) 10 (9.6) 0.19 (0.04 to 0.34) 86 (80.4) 21 (19.6) 0.17 (0.01 to 0.33)
<85 37 (74.0) 13 (26.0) 32 (64.0) 18 (36.0)

Central executive, n (%)
≥85 46 (90.2) 5 (9.8) 0.05 (−0.03 to 0.13) 42 (85.7) 7 (14.3) 0.11 (0.01 to 0.21)
<85 86 (82.7) 18 (17.3) 77 (70.6) 32 (29.4)

WM = working memory; CI = confidence interval. aScores in WM subscale of Behavioral Rating Inventory of Executive 
Functions.

Table 5. Linear mixed model estimates predicting parent-rated everyday WM.
Parent-rated everyday WMa

Model 1: without covariates Model 2: with covariates

Fixed effect Estimate 95% CI p Estimate 95% CI p

Intercept 53.10 51.40–54.81 <.001 53.55 50.84–56.25 <.001
Phonological loop −0.13 −2.41–2.15 >.9 0.39 −1.88–2.66 .7
Visuospatial sketchpad −2.85 −5.25 – −0.44 .021 −2.61 −5.09 – −0.14 .039
Central executive −3.79 −6.30 −1.28 .003 −3.70 −6.26 – −1.14 .005
GAI −1.03 −3.15–1.09 .3
Genderb −0.43 −3.66–2.80 .8
Maternal educationc −2.48 −6.00–1.05 .2
Paternal educationc 1.81 −2.44–6.05 .4

WM = Working Memory; GAI = General Ability Index; CI = Confidence Interval. aScores in WM subscale of Behavioral 
Rating Inventory of Executive Functions. bReference category: male. cReference category: low or intermediate education 
level.
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Discussion

Our findings showed weak to moderate associations between the WM components and 
parent- and teacher-rated WM scores in 11-year-old VPT/VLBW children. Overall, 
better performance in WM components was associated with fewer problems in everyday 
WM as rated by parents and teachers. We found a partial overlap in the groups identified 
to be at risk for WM component and everyday WM difficulties. The explanatory value of 
WM components in relation to everyday WM was significant but weak, as WM compo
nents explained 14.0% to 18.9% of the variability in everyday WM. Of the WM compo
nents, only CE explained both parent- and teacher-rated WM scores, although the 
association with teacher rating disappeared after adjustment for covariates.

Previous studies have not examined the association between WM components of 
Baddeley’s model and everyday WM in the preterm population in such detail. 
Nonetheless, our findings are in line with previous findings that have shown a modest 
negative correlation between WM capacity, measured with the maximum digit backward 
span, and parent-rated everyday WM scores in school-aged VPT/VLBW children (Ritter 
et al., 2014). Our findings add to these findings by showing how different WM compo
nents are associated with everyday WM, while also expanding the analysis to examine the 
association between WM components and teacher-rated WM scores. In heterogenous 
non-preterm populations, associations between WM components and everyday WM 
range from modest (Howarth et al., 2013; Toplak et al., 2008) to non-significant (Conklin 
et al., 2008).

Studies using parent and teacher ratings have emphasized the importance of multiple 
raters, since the agreement between the raters has been moderate at best (Gioia et al.,  
2000; Nyman et al., 2019; O’Meagher et al., 2019). Aside from potential rater effects, the 
inconsistencies may be caused by different WM demands in school and home settings. 
When examining the groups at risk based on cutoff points, the agreement was poor. It 
appeared that this was largely due to parent and teacher ratings being unable to detect 
most of the children at risk for WM component difficulties. Overall, our findings support 
the use of multiple sources of information, as this appears to help capture behaviors 
unique to the setting in which the assessment is performed.

Our results suggest that PL is not associated with everyday WM in VPT/VLBW 
children. In line with the previously reported results for a subsample of the participants 
in this study (Korpela et al., 2018), our comparison of WM component scores suggests 
that PL could remain more intact than other components of Baddeley’s WM model in 
VPT/VLBW children, making the associations between PL and problems with everyday 
WM minimal. Based on these findings, we speculate that PL tasks, as implemented in this 
study, may be the least informative of the WM components in terms of identifying 
existing everyday WM difficulties in VPT/VLBW children. WM is often measured with 
a Digit Recall task, which combines information from both forward and backward recall 
(Wechsler, 2003). It has been recommended to look at the two types of recall separately 
because the forward condition requires sustaining information in the mind, while the 
backward condition requires the processing and transformation of sustained material 
(Reynolds, 1997). Previously, Omizzolo et al. (2014) examined these two types of recall 
separately in both VPT/VLBW and term-born groups and found a difference between the 
groups in Backward Digit Recall, but not in Forward Digit Recall, when children with an 
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intelligence quotient below 70 were excluded. Our findings support this differentiation in 
VPT/VLBW children, suggesting that it is important not to over emphasize the PL 
functions in clinical WM assessment, as this subtest may underestimate the WM capacity 
difficulties of VPT/VLBW children related to everyday life.

An association between VS and everyday WM was found. Surprisingly, the VS 
contributed only to the parent-rated and not to the teacher-rated WM scores. 
A difference seems to exist between the modalities of the WM components, since an 
association was found with VS but not with PL. Consistent findings of vulnerability in 
visuospatial memory functions in VPT/VLBW children (Clark & Woodward, 2010; 
Retzler et al., 2022; Trickett et al., 2022; Woodward et al., 2022) could be reflected in 
the children’s behavior and explain the association between VS and everyday WM. 
However, it remains unclear why VS did not contribute to teacher-rated everyday 
WM. As visuospatial memory functions have previously been associated with academic 
outcomes in the VPT/VLBW population (Trickett et al., 2022; Twilhaar et al., 2020; 
Woodward et al., 2022), VS might be related to other everyday domains of performance 
at school than those assessed by the BRIEF WM scales. In addition, it is plausible that 
parent ratings might more accurately identify everyday WM difficulties than teacher 
ratings, as parents typically spend more one-on-one time with the child.

We found an association between CE and both parent- and teacher-rated WM scores. 
However, only the association between CE and parent-rated everyday WM remained 
after controlling for WM components, GAI, sex, and the parents’ education. The tasks 
that were used to measure CE require simultaneous sustaining and processing of 
information and involve a higher cognitive load than PL or VS. VPT/VLBW children 
have shown a vulnerability to decreasing performance in situations where the cognitive 
load increases (Retzler et al., 2022; Woodward et al., 2022). Thus, the link between CE 
and everyday WM may be explained by the CE task better capturing performance in 
everyday life settings where demands are usually higher and distractions more common. 
Another mechanism that could mediate the observed association with WM problems is 
the attentional element of CE (Baddeley, 2000; Baddeley & Hitch, 1974). Behavioral 
manifestations of poor attention and poor WM can be difficult to separate, and the WM 
subscale of BRIEF has been proven to be useful in identifying inattentive behavior (Gioia 
et al., 2000). Previously, an association between visuospatial WM and parent-rated 
inattention has been observed in VPT/VLBW children by Retzler et al. (2019). Since 
our study did not include direct measures of attention, we were not able to evaluate its 
role as a mediating mechanism, but this hypothesis can be addressed in future studies.

Global cognitive development did not contribute to parent-rated everyday WM, 
which means the associations found can be generalized to VPT/VLBW children with 
varying levels of cognitive development. However, in teacher-rated WM scores, the 
global cognitive development level was shown to have a stronger effect than the WM 
components. The effect was negative, i.e., higher global cognitive performance was 
associated with fewer problems in everyday WM. Speculatively, this could be due to 
the heightened cognitive requirements in school settings that overrule the effect of WM 
on behavior through, for example, compensatory strategies. When rating the children, 
teachers might be sensitive to their overall cognitive development, but this should be 
examined further in future studies. In addition, the father’s education contributed to the 
teacher-rated everyday WM, as teachers reported fewer problems with everyday WM 
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when the paternal education level was higher. Previously, a positive association between 
cognitive development and maternal education has been observed (Sentenac et al., 2021). 
This could suggest higher socioeconomic status having a protective effect.

In our models, the total explanatory power was weak, and thus, in the preterm 
population, performance-based measures of WM are not strongly indicative of ratings 
of WM in everyday settings. We showed that only a minority of children performed 
poorly (i.e., beyond the cutoff points) in both measurements. Considering the vast 
number of factors that can affect the behavioral manifestation and operationalization 
of cognitive constructs such as WM, previous research seems to agree that, at best, 
modest associations are expected between the two levels of measurement (Isquith et al.,  
2013; Soto et al., 2020; Toplak et al., 2013). According to Toplak et al. (2013), this is 
because the two levels of measurement seem to evaluate different characteristics of 
behavioral and cognitive functioning. Performance-based measurement is often criti
cized for capturing the optimal performance of an individual, while impairments impact
ing everyday life may remain hidden (see Toplak et al., 2013). Our findings support this 
idea, since we found groups of children that performed within the average range in WM 
components yet showed difficulties in everyday WM. These groups might describe the 
proportion of VPT/VLBW children who perform optimally in controlled test settings but 
whose WM difficulties surface outside of these settings. Additionally, elevated BRIEF 
WM scores may reflect other aspects than WM difficulties in everyday life, for example, 
the child’s motivation, attentional resources, and compensatory strategies (Alloway et al.,  
2009; Wallisch et al., 2018). Furthermore, as a questionnaire, the BRIEF is affected by the 
respondent’s perspective, qualities, and experiences (e.g., see Roth et al., 2014). Overall, 
multiple levels of WM measurement are needed to understand WM deficits better, as 
their meaning to everyday functioning varies in the preterm population.

According to our results, it is probable that disagreement will appear in the classifica
tion of deficits when using performance-based and rating measures, but as Silver (2014) 
has discussed, examining the reasons behind these disagreements might reveal issues 
relevant to the individual’s life and guide the planning of efficient support measures. 
Diverse interventions that can be applied in everyday contexts have been shown to be 
beneficial in supporting WM (see Rowe et al., 2019, for a review). In addition, interven
tions aiming to provide students with attentional and memory strategies in a classroom 
context (see Colmar & Double, 2017) could benefit not only the children with WM 
difficulties but all kinds of learners. Most VPT/VLBW children did not show clinically 
significant everyday WM difficulties, even if they performed below average in WM 
components. In the future, it would be interesting to investigate the possible protective 
factors behind this finding.

To our knowledge, this is the first study to investigate the association between WM 
components and everyday WM by applying a comprehensive theoretical approach to 
the assessment of WM and multi-informant reports of everyday WM in the preterm 
population. Thus, one of the strengths of this study is the use of different sources and 
levels of information to assess WM. This allowed us to examine and gain an under
standing of the interrelations and informational value of the measurements that are 
commonly used in WM assessment in clinical contexts. Another strength is the data 
collected from a clearly defined regional cohort of VPT/VLBW children that 
describes, to a certain extent, the long-term WM effects in a population treated in 
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a university hospital. In addition to the parents’ reports, the teachers’ reports per
mitted the generalization of our findings to school settings. Moreover, the narrow age 
range allowed us to control for age effects and focus on a developmental time window 
in which the children have already had approximately 4 years of formal schooling; 
during this time the development of WM functions is slower than in the earlier stages 
of development (Ahmed et al., 2022).

One limitation of this study was the expansion of the inclusion criteria during the 
cohort recruitment, which added 10 children to the sample. Our final sample included 
a higher percentage of multiple pregnancies (33.9%) than the group of withdrawn 
families. However, the proportion of multiple pregnancies in the final sample is compar
able to the rate of multiple pregnancies in the VPT/VLBW population in Finland, which 
has varied from 19% to 33% between 2005 and 2022 (Finnish Institute for Health and 
Welfare, 2023), suggesting that our sample is representative of the VPT/VLBW popula
tion. Another limitation was that the tasks used to assess WM were chosen from two 
different test batteries with different norm samples. Z-transformations of raw scores were 
mainly used instead of standard scores to avoid the effects caused by different norm 
samples. The use of z-scores was justified because the interest was in the associations 
between the variables and the sample, which consisted of children from a narrow age 
group. Standard scores were used to examine groups by cutoff points used in clinical 
practice, which demonstrated how the association may appear in clinical practice. 
A Finnish normative sample was previously collected to ensure the reliability of using 
the British norms of WMTB-C (see Korpela et al., 2018). Our aim was to assess WM in 
a versatile way and to combine information from different viewpoints, leading to a better 
understanding of the association between these WM measurement levels. In this study, 
we did not have a control group and could not compare the associations with those of 
term-born children.

Conclusions

In summary, we found that the WM components differ in their association with everyday 
WM at home and at school in VPT/VLBW children, with CE showing the most 
consistent associations with everyday WM. Thus, in the follow-up of children born 
preterm, a comprehensive, multi-informant approach is recommended to identify vul
nerabilities in the WM profile, as challenges might vary depending on the setting, the 
modality, or the demand of the task. If possible, greater emphasis should be given to the 
tasks that pose higher demands on CE since they may reveal difficulties that are reflected 
in everyday behavior. It is essential to identify the children at risk for WM difficulties 
using the most efficient tools and to understand the properties of the tools that are used; 
this will ensure that the implications are as reliable as possible, and support can be 
targeted accordingly.
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Appendix

Table A1. Random effects of linear mixed models predicting parent- and teacher-rated everyday WM.
Parent-rated everyday WMa Teacher-rated everyday WMa

Random effects Model 1b Model 2c Model 3b Model 4Ac Model 4Bd

σ2 73.43 67.51 65.76 58.09 49.16
τ00 Family 31.72 29.34 73.78 78.84 61.25
N families 127 121 129 122 120
Observations 148 139 151 140 138
Marginal R2 0.19 0.23 0.14 0.21 0.25

WM = Working Memory. aScores in WM subscale of Behavioral Rating Inventory of Executive Functions. bWithout 
covariates. cWith covariates. dInfluential cases excluded.

Figure A1. Flow chart of participants in PIPARI study. BRIEF = Behavioral Rating Inventory of Executive 
Functions.
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