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ABSTRACT 46 
Socioeconomic inequalities affect health via multiple biological, behavioral, and social 47 

pathways. Specifically, low socioeconomic status (SES) negatively impacts children's 48 

intelligence quotient (IQ). Most data on this topic comes from high-inequality countries 49 

such as the United States. Here, we investigate the relation between SES, IQ and 50 

attention and how it might be mediated by early-childhood factors in 10- to 13-year-old 51 

children in Poland, a country with relatively low inequality and medium GDP level. 52 

Executive attention was measured using a go/no-go task. We found that parental 53 

education significantly influenced IQ and attention. Low SES children scored on average 54 

3 IQ points lower than high SES children and had significantly longer reaction times and 55 

d’ (discrimination accuracies). Family SES had a clear non-mediated impact on IQ, and 56 

an overall effect on attention. On the other hand, smoking/alcohol during pregnancy,  57 

and breastfeeding, while all correlated with SES, did not mediate its effects on IQ or 58 

attention. We conclude that the impact of SES on cognition is considerable even in a 59 

low-inequality country such as Poland, and in our population it cannot be explained by 60 

these early-life factors. 61 
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1.Introduction 77 

Socioeconomic status (SES) is usually understood as position in social hierarchy, 78 

measured with indicators such as income, educational level, occupational level, and 79 

place of residence (Baker, 2014). Education and income are the most popular 80 

measurements of SES, followed by occupation prestige, complexity, and social position 81 

(Barone et al., 2021). 82 

A person’s SES will affect his/her life in manifold ways. Systematic reviews and meta-83 

analyses show its association not only with health (Bridger Staatz et al., 2021; Knorst et 84 

al., 2021; Levesque et al., 2021; Pathirana & Jackson, 2018) but also educational 85 

achievements (Dietrichson et al., 2017; Rodríguez-Hernández et al., 2020; Sirin, 2005; 86 

Sosu et al., 2021).  A recent meta-analysis by Korous and Causadias (2022), revealed a 87 

consistent, positive association between SES, cognitive abilities, and educational 88 

achievements. There is also ample evidence of a higher prevalence of mental health 89 

problems among children and adolescents from low SES backgrounds (Duncan et al., 90 

1994; Goodman et al., 2003; Merikangas et al., 2010; Shanahan et al., 2008). In this 91 

study we focus on the relation between SES, intelligence and attention. Lower SES 92 

among children and adolescents correlates with lower IQ (e.g. Duyme et al., 1999). 93 

These regularities are observed both in preschool children (Milovanović et al., 2022; 94 

Piccolo et al., 2016)   and adolescents  (Madhushanthi et al., 2021). In some studies, the 95 

IQ of 10-year-old children can be as much as 12.5 points lower than their higher SES 96 

counterparts (von Stumm & Plomin, 2015a).  97 

SES combines different dimensions (Duncan & Magnuson, 2012), which may affect 98 

children's cognitive development in different ways (cf. Bradley & Corwyn, 2002). Low SES 99 

correlates with less linguistic, social, and cognitive stimulation and more stress and 100 

adversity, two large groups of factors that affects brain and cognitive development (Brito 101 

& Noble, 2014). Rosen and co-authors (Rosen et al., 2020), in particular, attribute SES-102 

related differences to lower cognitive stimulation. SES can influence whether children 103 



will express their genetic potential for intelligence (Tucker-Drob et al., 2010; Turkheimer 104 

et al., 2003 ; see however, Bates et al., 2016). 105 

SES also affects attention and executive function in children, the second focus of our 106 

study (Hackman et al., 2010; Hackman & Farah, 2009). Results indicate a positive relation 107 

of higher SES with working memory, planning tasks, cognitive flexibility, and inhibitory 108 

control (Hackman et al., 2015; Madhushanthi et al., 2021; Ming et al., 2021). This 109 

relation occurred both when attention was measured using subjective descriptive 110 

scales filled by children (14 years old) and parents (Schmengler et al., 2023) and 111 

attentional tasks (Stumper et al., 2020). Additionally, studies involving children of racial 112 

minorities in the US showed a positive correlation between SES and attention with both 113 

task-based and CBCL-based (Child-Behavior Checklist) attention measures (Assari, 114 

2020). 115 

Specific factors explaining the effects of SES on development include, among others, 116 

genetics (Deary et al., 2006) , stress and adversity levels (Rincon-Cortes & Sullivan, 117 

2014), parental and school environment (Hamre et al., 2013; Pollé et al., 2025), parental 118 

nurturing (Farah et al., 2008) and nutrition (Prado & Dewey, 2014). Among the latter 119 

group of factors, some are specifically linked to early childhood environment. Here, we 120 

focus on early childhood measures available in the NeuroSmog study, i.e. breastfeeding, 121 

prenatal smoking and alcohol drinking and low birthweight. All these are associated with 122 

SES and may influence cognitive functions in children (Rincon-Cortes & Sullivan, 2014). 123 

These early-life factors have been the focus of extensive research linking them to 124 

cognitive outcomes in childhood and beyond. 125 

A study by Stumm and Plomin (2015b) indicates that breastfeeding has a small positive 126 

effect on the development of IQ from early childhood to adolescence. Horwood and 127 

Ferguson (1998) for example suggested that breastfeeding is associated with increases 128 

in child cognitive ability and educational achievement. The authors also found that 129 

higher SES mothers breastfed for longer periods. Feeding with breast milk is positively 130 

associated with maternal verbal ability, educational attainment, SES, and home 131 

environment  (Smith et al., 2003). Lopez et al. (2021) show clear benefits of 132 

breastfeeding on general cognitive ability scores. Other studies (for example: Larkby & 133 



Day, 1997; Lees et al., 2020) and meta-analyses (Jacobson et al., 2021; Pyman et al., 134 

2021) also show that any prenatal alcohol use by mother is associated with detrimental 135 

effects on child development. Based on these studies, we hypothesized that SES effects 136 

on cognition will be mediated by the above perinatal/environmental factors. 137 

Most studies on SES and cognition to date have been conducted in high-inequality, 138 

wealthy countries such as the United States (e.g. Hanson et al. 2013, Noble et al. 2007, 139 

Raizada et al. 2008, Kishiyama et al. 2009, Hanson et al. 2013, Hackman et al. 2015, 140 

Hair et al. 2015, Last et al. 2018, Li et al. 2022, Vrantsidis et al. 2019, Brieant et al. 2021), 141 

Australia or the UK (e.g., Butterworth et al. 2012, Noble et al. 2012, Tomalski et al. 2013, 142 

Trzaskowski et al. 2013, Cavanagh et al. 2013). This challenges the generalizability of 143 

their conclusions (Kamgan et al. 2023), as environmental stability in low-inequality 144 

countries may lead to less stressful living conditions and foster more uniform cognitive 145 

development.  Here we report results from a study based in Poland, a country with 146 

relatively low socioeconomic differences and medium incomes, underrepresented in 147 

the literature. According to World Bank survey data, as assessed by the Gini index, 148 

Poland (GI = 28.5) has less income inequality than the United States (GI = 39.8) or the 149 

European Union on average (GI = 30.8). This relatively low inequality has been linked to, 150 

among other factors, good social equity in education. It results, for example, in a higher 151 

proportion of resilient students compared to the average among member states of the 152 

Organisation for Economic Co-operation and Development (OECD), i.e., a higher 153 

proportion of students who come from the 25% of families with the lowest SES but in 154 

terms of academic performance rank among the top 25% of students with similar 155 

backgrounds (OECD, 2016). We hypothesized that despite relative equality, high SES will 156 

be positively related to IQ and attentional task outcomes.  157 

In the present study we focus on the relation between SES, IQ and attention. IQ is the 158 

general cognitive ability to solve complex tasks and it is linked with the academic and 159 

career success (Gottfredson, 1997). Attention, on the other hand, is a specialized set of 160 

cognitive processes responsible for prioritization and selection of proper reaction to the 161 

outside world and it is crucial for the regulation of behavior (Posner et al., 2014). In our 162 

study we focused on specific aspect of attention - executive attention, which is 163 

responsible for resolving motor and cognitive conflicts (Posner et al., 2014). To properly 164 



resolve the conflicts and regulate behavior, executive attention amplifies the activity of 165 

the goal related processes and inhibits conflicting processes (Posner, 2012). While 166 

attention and general cognitive ability are related, they are not identical constructs. In 167 

disorders such as Attention Deficit Hyperactivity Disorder (ADHD), attentional 168 

processes are impaired, especially those related to inhibition and focusing for extended 169 

periods of time (vigilance) (Wodka et al., 2007), however, at the same time intelligence 170 

does not seem to be strongly affected by the disorder (Antshel et al., 2007).  171 

 172 

The first aim of our study is to assess relation between socioeconomical status (SES), 173 

defined as minimum parental education and financial situation, and cognitive 174 

outcomes, namely attention operationalized as the outcomes from continuous 175 

performance test (d prime and mean reaction time) and intelligence quotient (IQ). The 176 

second aim is to check whether relation between SES and cognitive outcomes is 177 

mediated by early-life factors, such as smoking and alcohol consumption during 178 

pregnancy, birthweight  and breastfeeding. We hypothesize that higher socioeconomic 179 

status (SES) is linked to better cognitive outcomes in children, with the above early-life 180 

factors being on the pathway on this association. 181 

 182 
 183 
 184 
2. Methods 185 

 186 
2.1 Study sample 187 

The NeuroSmog study (Markevych et al., 2022) is a study of cognitive and brain 188 

development based in southern Poland, a region notorious for its high levels of air 189 

pollution. It was created to assess the associations of air pollution with cognitive 190 

measures and brain function, structure, and connectivity in both healthy children and 191 

those diagnosed with attention deficit hyperactivity disorder (ADHD). Between October 192 

2020 and July 2022, 714 children aged 10 to 13 were enrolled. Large (>90,000 193 

inhabitants, including Kraków, Częstochowa and the Silesian agglomeration) and small 194 

(e.g. Skawina, Zakopane, or Kłobuck) study towns were selected based on their location 195 

within two hours’ drive to the MRI scanning center in Kraków.  Children with birthweight 196 



lower than 2500 grams, intellectual disability or neurodevelopmental disorders were 197 

excluded from the study and the analysis. The cohort included children with ADHD and 198 

typically developing (TD) children.  For the current analysis, only the TD population is 199 

included. TD children were recruited via a random stratified sampling procedure that 200 

randomly selected schools/classes/participants (see Markevych et al., 2021). It is 201 

important to note that, despite the use of stratified random sampling, our sample does 202 

not reflect the general Polish population in terms of parental education levels. In our 203 

sample, 14% of children had parents with a low educational background, while 42% had 204 

parents with a high educational background. In contrast, national statistics indicate that 205 

37% of the Polish population has low education, and only 23% are highly educated 206 

(Główny Urząd Statystyczny, 2023).  207 

 208 

The raw dataset consisted of 524 children, out of which 2 were excluded due to low 209 

birthweight, and 60 were excluded due to lack of data on cognitive outcomes (IQ or 210 

attention), mediators, socioeconomic status or null performance in the attentional task. 211 

462 were included in the analytic sample (Figure 1– exclusions table). All were in the 10-212 

13 age range (mean = 11.31; SD = 0.76), Out of 462 children 217 were females. Detailed 213 

description of the analytic sample and its descriptive statistics are found in Tables 1 and 214 

2.  In our sample, 14% of children came from families with low parental education, 44% 215 

from families with medium education levels, and 42% from highly educated families. 216 

Regarding financial situation during the child’s early years, 22% of families reported 217 

financial difficulties, 58% described their situation as “doing alright,” and 20% reported 218 

living comfortably. Even though the distributions of both SES variables are skewed 219 

towards medium and high SES levels, there are enough children from less educated and 220 

poorer families in the analytic sample to estimate the associations of different SES 221 

groups. 222 

The study was conducted according to the guidelines of the Declaration of Helsinki and 223 

was approved by the Ethics Committee of the Institute of Psychology, Jagiellonian 224 

University, Kraków, Poland (#KE_24042019A). Written informed consent was obtained 225 

from the legal guardians and all children signed written informed assent. The Clinical 226 

Trials Identifier is NCT04574414. 227 



 228 

 229 
 230 

Figure 1. Flowchart representing exclusion steps and formation of the final analytic dataset.  231 

 232 

 233 

Table 1. Descriptive statistics of numerical variables. 234 

Variable Mean (SD)  
   
Age 11.31 (0.76)  

Birthweight 3418 (494)  
IQ1 104 (10)  
CPT2 mean reaction time (RT) 363 (47)  
CPT d prime 1.53 (0.91)  
Conners Impulsivity Scale 12.17 (8.19)  

1 IQ – Intelligence Quotient 235 
2 CPT – Continuous Performance Test 236 

 237 

 238 



Table 2. Descriptive statistics of categorical variables.  239 

Variable Category N (%) 
   
Town-size Small 231 (50) 
 Large 231 (50) 
Sex Female 217 (47) 
 Male 245 (53) 
Parental Education Low 63 (14) 
 Medium 203 (44) 
 High 196 (42) 
Maternal alcohol intake during pregnancy No 433 (94) 

 Yes 29 (6) 
Early-life, paternal and maternal smoking 
during pregnancy  

No 259 (56) 

 Yes 203 (44) 
Maternal smoking during pregnancy No 428 (93) 

 Yes 34 (7) 
Paternal smoking during pregnancy No 304 (66) 

 Yes 153 (33) 
 NA 5 
Household early-life smoking No 328 (71) 
 Yes 132 (28) 
 NA 2 
Early-life smoking No 265 (57) 
 Yes 197 (43) 
Financial situation during first 5 years of 
child’s life 

It was very difficult/It was quite difficult/We just 
managed to make ends meet 

100 (22) 

 We were doing alright 270 (58) 
 We were living comfortably 92 (20)  
Exclusive breastfeeding during first four 
months 

No 71 (15) 

 Partially 121 (26) 
 Yes 270 (58) 

 240 

 241 

2.2 Socioeconomic status (SES) 242 

Parental education level was chosen as proxy for SES and was operationalized as a 243 

three-level categorical variable. Low education corresponds to primary school, medium 244 

education to high school and/or additional educational trainings, while high education 245 

corresponds to a bachelor’s degree or higher. Due to a large gender gap in educational 246 

status in Poland (Główny Urząd Statystyczny, 2021), with mothers having on average 247 



higher education than fathers, we decided a priori to use the minimum education of the 248 

two caregivers as an SES indicator. Taking the maximum education would have deprived 249 

us of statistical power, as almost all families would then find themselves in the 250 

“medium” or “high” education categories. In addition, we decided to use the minimum 251 

parental education level to avoid overestimation of the cultural and educational 252 

resources in the family. The generation of parents of children in our sample, particularly 253 

women, experienced a radical increment in participation in tertiary education (Kwiek, 254 

2018). Therefore, the highest level of education in the family may not be a good indicator 255 

as the time to develop a new upbringing practice was very short. Moreover, research on 256 

Polish participants shows that using a lower level helps in identifying families with 257 

upbringing practices that are potentially harmful to children's development (Chłoń-258 

Domińczak et al., 2015). 259 

 While we did not gather information on the occupation of the parents, we did gather 260 

information on the perceived financial situation of the participants’ families at the time 261 

of the children’s birth. However, after running models with both  parental education and 262 

perceived financial situation, we found that perceived financial situation did not add 263 

much information (see Methods and Discussion). Based on that we decided that 264 

minimum parental education was a better proxy for family SES.  265 

 266 

2.3 IQ Assessment 267 

Stanford-Binet Intelligence Scale 5th edition (SB5) – Polish adaptation by Roid et al. 268 

(2017) was used to assess the IQ of the participants. A detailed description of the 269 

validation studies can be found in the technical manual for the Polish adaptation of the 270 

test (Roid et al., 2027). The manual provides comprehensive evidence regarding 271 

reliability—both internal consistency (full scale: Cronbach’s α = 0.98; nonverbal: α = 272 

0.95; verbal: α = 0.96; factors: α = 0.88–0.91) and test–retest stability—as well as validity, 273 

demonstrated by high and very high correlations with other intelligence measures (e.g., 274 

Wechsler Adult Intelligence Scale) and language proficiency tests. SB5 is based on the 275 

Cattell–Horn–Carroll (CHC) theory of intelligence and assesses five cognitive factors: 276 

fluid reasoning, quantitative reasoning, crystallized knowledge, short-term memory, and 277 

visual processing. The test was administered by trained clinical psychologists from the 278 



local psychological counseling centers. IQ was estimated as Stanford-Binet full-scale 279 

IQ. For more details on the intelligence testing in Neurosmog study, please see 280 

Buczyłowska et al., 2023. 281 

 282 

2.4 Attention assessment – Continuous performance test (CPT) 283 

The continuous performance test (CPT) is a widely used tool which measures inhibition, 284 

ability to stop ongoing motor reaction and ability to sustain attention. These abilities are 285 

linked to the efficiency of attention. In this task participants are asked to react to one set 286 

of visual shapes (‘go condition’), and not to react to the other set of shapes (‘no-go 287 

condition’).  288 

There were four possible types of responses: hit, correct rejection, omission and 289 

commission error. Hit response is recorded when participant correctly reacted in a go 290 

condition, while correct rejection is when a participant successfully withdraw from 291 

reaction in a no-go condition. Two types of erroneous responses are recorded when 292 

participant did not react in go condition (omission) or reacted in no-go condition 293 

(commission error). More details on the CPT procedure used in the study please refer to 294 

Compa et al., 2023. 295 

We also calculated the signal detection parameter d’ (d prime), which is related to the 296 

ability to discriminate between targets and non-targets. It is calculated with the 297 

following formula: 298 

𝑑𝑑′ =  𝜙𝜙−1 (𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑖𝑖𝑖𝑖 𝑔𝑔𝑔𝑔 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡) −299 

 𝜙𝜙−1 (𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑖𝑖𝑖𝑖 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡)where Φ is the inverse of the 300 

cumulative normal distribution function. 301 

 302 

A�er visually inspec�ng histograms and scaterplots we decided to remove par�cipants from 303 

the analy�c sample who had more than 100 omission errors (which corresponds to 27% of all 304 

trials or 34% of all go trials) or mean reac�on �mes faster than 100 milliseconds, both of 305 

which indicate that the child did not understand or do the task properly.  306 

 307 
2.5 Procedure 308 



Each of the children attended three meetings with one of 25 field clinical psychologists. 309 

All meetings were carried out in the local psychological counseling center closest to the 310 

child’s place of residence. All field psychologists were trained in the study protocols and 311 

procedures before data acquisition started. CPT data was recorded on the beginning of 312 

the second meeting, while IQ testing was done at the first meeting.  313 

CPT was done on identical 15.6-inch HP laptops that were provided to the 314 

psychologists. Acquisition of CPT data was done in a specially designated room and was 315 

supervised by the trained field psychologist. The CPT procedure lasted approximately 15 316 

minutes.  317 

While children were assessed by the field psychologist, parents were asked to fill out the 318 

questionnaire which included questions on their socioeconomic status, alcohol and 319 

tobacco use and exposure, and children’s habits. The detailed procedure for the overall 320 

study is described in the NeuroSmog protocol paper (Markevych et al., 2021). 321 

 322 

2.6 Confounders, mediators & other variables 323 

The set of confounders was selected using a directed acyclic graphs (DAG), which was 324 

generated using dagitty.net software (Textor et al., 2016). Sex, age and town-size were 325 

identified as confounders. 326 

As mediators we chose early life exposure to smoking, maternal alcohol intake during 327 

pregnancy, breastfeeding, and birthweight. A subsequent set of mediators was chosen 328 

due to their mostly biological and perinatal context of developmental influence. DAG 329 

with all paths, mediators, confounders and dependent variables can be viewed in 330 

supplement A Figure 1. We chose sex and age as the potential confounders due to their 331 

well-established relation to cognitive and individual differences (Nichols et al., 2021). 332 

Relation between age and sex are commonly observed in the studies with children as 333 

subjects due to differences in dynamics of cognitive development between sexes and 334 

age groups (Neufang et al., 2009; Peper et al., 2009). Town size was included as a 335 

confounding variable, as children living in larger towns often have greater access to 336 

healthcare, educational and cultural opportunities. 337 



The pathway between alcohol and tobacco consumption during pregnancy and 338 

birthweight was included due to the potential negative association of these exposures 339 

on fetal growth and, consequently, birthweight (Patra et al., 2011; Pereira et al., 2017).  340 

 341 

Early life exposure to smoking was defined by combining answers for the following 342 

questions: whether any of the household inhabitants smoked at home during the child’s 343 

early life, whether father and/or mother smoked during pregnancy. If any answer to the 344 

questions regarding smoking was “yes”, then the early life exposure to smoking variable 345 

would get the value “yes”, if all of the answers were “no”, then the variable took the value 346 

“no”. 347 

Information on maternal alcohol intake during pregnancy was gathered by asking the 348 

legal guardian “how often did the child’s mother drink alcohol during the pregnancy?”. 349 

For any answer except for “never” variable took the value “yes”. 350 

“Breastfeeding” information was acquired by asking the legal guardian whether the child 351 

was exclusively breastfed during the first 4 months of its life, with possible answers: 352 

“no”, “partially”, “yes”. 353 

To perform additional post-hoc analysis we also used impulsivity sub-scale from the 354 

Third edition of Conners’ Rating Scales Polish Adaptation (Wrocławska-Warchał & Wujcik, 355 

2018). 356 

 357 

2.7 Statistical analyses 358 

To explore the strength and direction of the relations between variables we used Pearson 359 

correlation coefficients for pairs of numerical variables or ordinal variables (that were 360 

converted to numerical), point-biserial correlation coefficients for pairs of numerical 361 

and binary variables, and phi coefficients for pairs of binary variables. A structural 362 

equation modeling (SEM) approach was used to assess the network of relations 363 

between variables of interest. All of SEM analysis were calculated using the lavaan 364 

software (Rosseel, 2012), version 0.6.17. Figure 2 shows the variables of interest and the 365 

modeled relations. Data preparation was performed and models were fitted in R 366 

statistical software (R Core Team, 2013), version 4.3.2. To keep the SEM model as simple 367 

as possible we only chose three dependent variables: IQ, CPT d' and mean reaction 368 



time. We chose d' over CPT omission and commission errors since it is a measure that 369 

combines the two, showing the ability to properly detect and interpret the incoming 370 

stimuli related to the task.  CPT mean reaction time and d prime are complementary, but 371 

still distinct measures of attentional efficacy.  372 

In the initial SEM model, we included both parental education and financial situation as 373 

SES indicators. However, consistent with the pattern seen in the correlations (Figure 3) 374 

family financial situation proved to be a worse predictor of cognitive outcomes than 375 

parental education. Then, we computed a model without financial situation, with 376 

parental education as the only SES indicator. Removing the financial situation from the 377 

model changed the estimates only slightly (Figure 4 and Figure S2). Given its negligible 378 

effect on the estimates and the greater simplicity of the model without financial 379 

education, we decided to use parental education as the only SES proxy in the final 380 

model. The structure of the final model, set of mediators, SES, cognitive outcomes and 381 

paths between variables are shown in Figure 2. 382 

To run a SEM model, first we transformed the numerical variables to Z-scores, making 383 

their effect estimates standardized. Model parameters were estimated by diagonally 384 

weighted least squares (DWLS) estimation. Standard errors were estimated by 385 

bootstrapping with 1000 draws for all direct and indirect effects in the model. As 386 

goodness-of-fit measures we utilized the χ2 (p > 0.05), comparative fit index (CFI) > 0.98, 387 

root mean square error approximation (RMSEA) < 0.02 and standardized root mean 388 

square residual (SRMR) < 0.05. 389 

Specific configuration of results regarding attentional outcomes can be interpreted in 390 

numerous ways. For example, longer mean reaction time and fewer mistakes can 391 

indicate that child is less impulsive. To test whether this interpretation is substantiated 392 

we conducted additional post-hoc analysis of the relation between impulsivity, SES and 393 

attentional outcomes. 394 



 395 
 396 

Figure 2. Hypothetical pathways between parental education and cognitive measures, attention and IQ, and 397 
mediators.  398 

 399 

3. Results 400 

3.1 Correlations 401 

Figure 3 shows the correlation matrix of the variables used in the SEM model. Positive 402 

correlations between IQ and d prime (R = 0.22, p < 0.05), parental education (R = 0.29, p 403 

< 0.05), financial situation in early life (R = 0.1, p < 0.05) and birthweight (R = 0.14, p < 404 

0.05) were found. IQ was also negatively, but weakly correlated with early life exposures 405 

to smoking (R = -0.15, p < 0.05). 406 

CPT mean reaction time was positively correlated with parental education (R = 0.09, p < 407 

0.05), parental education was also positively correlated with CPT d prime (R = 0.13, p < 408 

0.05). Negative correlations were observed for birthweight (R = -0.1, p < 0.05), early-life 409 

exposure to tobacco smoke (R = -0.11, p < 0.05). Negative correlation were observed 410 

between parental education and parental smoking during pregnancy (R = -0.31, p < 411 

0.05), at the same time parental education was found to be positively correlated with 412 

breastfeeding (R = 0.15, p < 0.05) and financial situation (R = 0.25, p < 0.05).  413 

 414 



 415 
Figure 3. Pairwise correlation coefficients matrix showing the relation between variables used in the analysis. 416 
Pearson correlation coefficients were calculated for pairs of numerical variables, which included ordinal 417 
variables converted to numerical, phi coefficients for pairs of binary variables and point-biserial correlation 418 
coefficients for numerical-binary variable pairs. Encircled correlation coefficients values signify statistical 419 
significance  (p < 0.05). 420 

  421 



 422 

 423 

3.2 SEM results 424 

SEM model ran for 27 iterations to find a stable solution and fit indices indicated good fit: 425 

χ2 = 0.23 with 16 degrees of freedom, CFI = 0.984, RMSEA = 0.023, SRMR = 0.032.  426 

The total effects of parental education on IQ (β = 0.28, 2.98 IQ points), CPT mean 427 

reaction time (β = 0.12, 5.9 ms) and d prime (β = 0.17) were all significant (all effect sizes 428 

are for differences between low and high education caregivers). Note that the longer 429 

mean reaction times observed in children from better educated families were 430 

accompanied by higher d prime, i.e., better discrimination between signal and noise. 431 

Figure 4 shows the results from the main SEM model.  432 

A SEM analysis revealed a significant direct effect between parental education and IQ (β 433 

= 0.26, p < 0.001), corresponding to a difference of 2.78 IQ points between low and high 434 

education caregivers. There was also a significant effect of parental education on d 435 

prime (β = 0.13, p < 0.05). The results are summarized in Table 3. There were no 436 

significant direct effects of parental education on CPT mean reaction time. We also did 437 

not find significant indirect effects from parental education via smoking, alcohol during 438 

pregnancy, birthweight or breastfeeding to IQ, CPT mean reaction time or d prime.  439 

Indirect paths from parental education via smoking through birthweight or via alcohol 440 

during pregnancy through birthweight were also not significant 441 

Birthweight was directly and positively associated with children’s IQ (β = 0.1). Smoking, 442 

but not alcohol consumption, was negatively associated with parental education level (β 443 

=-0.45). The results also revealed that boys had faster mean reaction times than girls (β 444 

= -12.89 ms), but at the same time were worse at discriminating between go and no-go 445 

stimuli in CPT (d prime β = -0.31).  446 

We also have found a significant relation between attentional measures and IQ. Children 447 

with higher IQ tended to have faster mean reaction times (r = -0.1) and were better at 448 

discrimination of the targets (r = 0.19). 449 

We also tested model with both financial situation and parental education, however this 450 

addition of the financial situation as SES variable did not prove to make much 451 



difference. Effect estimates and SEM model with financial situation is presented in 452 

Supplementary Figure S2. 453 

 454 
 455 
 456 
 457 
 458 
 459 

 460 
Figure 4. Structural equation model diagram used to estimate relation between SES (parental education) and 461 
cognitive outcomes (CPT d prime, CPT mean reaction time and IQ). Mediators included birthweight, alcohol 462 
consumption during pregnancy, smoking and breastfeeding. Numbers on the paths with single-headed arrows 463 
show standardized effect estimates. Double-headed arrows signify correlation between variables. Bolded lines 464 
and arrows mark statistically significant coefficients whose confidence intervals (95%) do not contain zero. 465 
 466 
 467 
3.3 Additional impulsivity analysis 468 

Children of parents with lower education had faster mean reaction time, but, at the 469 

same time, were worse at differentiating signal from noise (lower d prime). This is 470 

suggestive of a more impulsive pattern of responses in low SES children. Therefore, we 471 

decided to perform an additional post hoc analysis between impulsivity measured with 472 

the Conners’ Impulsivity scale measure and CPT attentional outcomes. We ran linear 473 

regression models with impulsivity as dependent and attentional outcomes as 474 

independent variables adjusting for sex, age, and parental education. The analysis 475 

revealed a statistically significant association between impulsivity and CPT d prime (β =-476 



1.99, p < 0.001), while there was no association with CPT mean reaction. Full regression 477 

results are presented in the Supplementary Table S1.478 



Table 3. SEM results. Effect estimates and corresponding confidence intervals. Statistically 
significant (p < 0.05) results are shown in bold 
 
 Effect estimate (95% Confidence interval) 
 IQ Mean 

Reaction Time 
d prime (d’) 

Total effects    
Parental education → 0.28 (0.19 – 

0.36) 
0.12 (0.02 – 
0.22) 

0.17 (0.07 – 
0.27) 

Direct effect    
Parental Education → 0.26 (0.13 – 

0.39) 
0.11 (-0.02 – 
0.25) 

0.13 (0.01 – 
0.26) 

Indirect effects    
Parental education → Smoking → 0.002 (-0.05 

– 0.06) 
0.04 (-0.02 – 
0.1) 

0.04 (-0.03 – 
0.1) 

Parental education → Alcohol during 
pregnancy → 

0.009 (-0.01 
– 0.03) 

-0.008 (-0.03 – 
0.02) 

-0.001 (-0.03 – 
0.03) 

Parental education → Birthweight → 0.002 (-0.01 
– 0.01) 

-0.0002 (-0.003 
– 0.003) 

-0.002 (-0.11 – 
0.008) 

Parental education → Breastfeeding → 0.004 (-0.02 
– 0.03) 

-0.01 (-0.04 – 
0.01) 

0.002 (-0.03 – 
0.03) 

Specific indirect effects    
Parental Education → Smoking → Birthweight 
→ 

0.001 (-
0.005 – 
0.007) 

-0.00007 (-
0.001 – 0.001) 

-0.001 (-0.005 
– 0.004) 

Parental Education → Alcohol During 
Pregnancy → Birthweight → 

0.0002 (-
0.002 – 
0.003) 

0.00002 (-
0.0003 – 
0.0003) 

-0.0002 (-
0.002 – 0.002) 

Overall indirect effects    
Parental Education →  0.02 (-0.05 – 

0.08) 
0.02 (-0.05 – 
0.08) 

0.04 (-0.03 – 
0.1) 



 479 

4. Discussion 480 

In this study we investigated the nature of the relation between children SES, attention, 481 

and IQ. We found that minimum parental education, was related to higher IQ, longer CPT 482 

mean reaction time and higher d prime, i.e., there were significant total effects of 483 

parental education on those three outcomes. When decomposing the total effects into 484 

direct effects and indirect effects via prenatal and early life exposure to smoking, 485 

maternal alcohol intake during pregnancy, breastfeeding and birthweight, the direct 486 

positive effect of parental education on IQ and d prime was significant. None of the 487 

other direct and indirect effects were significant.  488 

Higher parental education was related to an increase in stimulus recognizability (d-489 

prime) combined with slower reaction times. This could potentially be interpreted in the 490 

speed/accuracy trade-off perspective, which indicates that the faster, or the more 491 

impulsive the responses, the less accurate they get. Thus, children with highly educated 492 

parents might utilize the strategy of maximizing accuracy over the speed of the 493 

responses. To validate this hypothesis/explanation we conducted an additional analysis 494 

of the relation between Conners Impulsivity scale measure, CPT d prime and CPT mean 495 

reaction times. We found that there was a negative and significant correlation between 496 

d’ and impulsivity, but not between impulsivity and mean reaction time. Impulsivity was 497 

also marginally related to SES.  498 

 499 

4.1. SES effects in a country with (arguably) low inequalities 500 

 Despite the relatively low income inequality in Poland, our study found IQ differences of 501 

a size comparable to those in other, more unequal countries.  Several explanations are 502 

possible here.  503 

First, the effects of social differences on cognition can be reproduced via mechanisms 504 

that are not captured by the simple metrics of Gini and OECD development scores 505 

(Schneider, 2019). For example, despite a low Gini index, an unusually large chasm 506 

could exist between low and high SES home environments and the level of 507 

nurturing/stimulation they provide (e.g. Lareau, 2003). Fundamental inequalities that 508 

have existed in Polish society for decades could operate through many, yet undescribed 509 



mechanisms/causes (see: Clouston & Link, 2021; Link & Phelan, 1995). For example, 510 

higher SES households could have provided a radically better response to the COVID-19 511 

crisis that was happening during our study, by providing computers necessary for online 512 

classes and effectively supplementing inadequate school instruction by home 513 

schooling. The COVID-19 crisis could have been much less stressful to high-income, 514 

white-collar middle-class households with large homes and the possibility to work 515 

online, than to blue-collar working-class households with small homes, where adults 516 

had to risk infection every day at jobs that exposed them to COVID-19 infection. 517 

The leveling influence of early school education may be another explanation for the lack 518 

of differences. In all the countries reporting similar effect sizes, we can also observe 519 

similar levels of the primary school completion rate (https://www.education-520 

inequalities.org/indicators). In other words, although there are differences in internal 521 

economic inequalities between e.g. the UK and Poland, these countries are similar in 522 

their very high early education inclusiveness.  523 

The association between SES and IQ could also arise at micro-level, e.g. family. 524 

Specifically, it might be possible that the levels of stimulation and environmental 525 

support influence the children’s IQ (Rosen et al., 2020) and that these levels vary 526 

substantially between-countries. Yet, these effects cannot be fully captured by studying 527 

the macro-structures such as education or income.  528 

Finally, it should be noted that an alternative set of data on inequality, which, unlike 529 

World Bank data, is based on tax receipts rather than surveys, paints a bleaker picture of 530 

Polish inequality. According to this data, while in 1995 Poland had a Gini index of 0.41 531 

and was one of the EU’s most equal countries, its income differences have been 532 

dramatically rising since then. By 2021, the Gini index reached 0.49, more than the EU 533 

average and several countries considered unequal such as the UK (GI = 0.46) (Brzezinski 534 

et al., 2022; Bukowski & Novokmet, 2021). This finding could also explain why the IQ gap 535 

between social strata reported here is similar to the one reported in societies more 536 

unequal than Poland. 537 

 538 

4.2 Parental education affects IQ and attention  539 



Our result shows a total effect on IQ of β=0.28 equivalent to 2.98 IQ points between 540 

children from low education vs. high education families. While the effect sizes are not 541 

easily comparable because different studies used different tools to assess IQ and 542 

approximate SES, we nevertheless compare this outcome to the results of similar 543 

studies. 544 

In a sample of British twins from the Twins Early Development Study (n=14,853), von 545 

Stumm and Plomin (2015) reported a much larger difference of 8.5 IQ points at the age 546 

of 10 and 12.5 IQ points at the age of 12 between low and high education families. 547 

Similarly, in an adoption study, Duyme et al. (1999) (n = 65), found that an average age of 548 

14 years, the difference in IQ gain following adoption by either low SES or high SES 549 

families was 11.8 IQ points. However, twin/sibling/adoption studies used a very 550 

particular way of choosing participants. It should be also noted, that not all 551 

twin/sibling/adoption studies give such high SES differences; a sibling study from 552 

Norway (Kendler et al., 2015) reports a much lower IQ difference between SES strata of 553 

about 4 IQ points. 554 

Inversely, an analysis of the more recent ABCD study cohort (n=9,837; United States), 555 

which used WISC-V Matrix Reasoning Task instead of a full IQ battery, and evaluated 556 

children at the age of 8.9 to 11.1 (mean = 9.9) reported an effect of family SES on the 557 

WISC-V matrix reasoning task an order of magnitude smaller (β = 0.029) to the one 558 

reported in our study (β = 0.26) (Bignardi et al., 2024). However, their different modeling 559 

approach might explain their small effect size. 560 

Most studies yielded effect sizes similar to ours. In a study of children aged 11-14 from 561 

Sri Lanka, a country with large inequalities (2019 Gini index (GI) = 37.7) and high poverty, 562 

Madhushanthi et al. (2021) reported an effect of SES on general IQ of Cohen’s D = 0.65, 563 

and effects on working memory, processing speed and perceptual reasoning 564 

components around β = 0.26-0.27. In another study from a high inequality and medium-565 

low income country (Brazil), in children aged 10-12, Piccolo et al. (2016) found SES 566 

effect sizes on IQ with β = 0.22. 567 

In Germany, another country with inequalities slightly higher than Poland, SES 568 

differences amounted to 0.65 SD (n=435) in the IQ of 7-9-year-old children (Falk et al., 569 

2021). Finally, in another two studies from European countries with a similar 570 

socioeconomic history (Milovanović et al., 2022) found that SES is a significant predictor 571 



of IQ for children aged 6-7 years (n=114) β=0.24 (p<0.01) in Serbia, while Cermakova et 572 

al. (2023) in a study in the Czech Republic reported parental education effects of β = 0.2 573 

in 8-year-old children (n=850).  574 

Apart from findings related to IQ we also found that attentional measures, reaction 575 

times and d prime were related to parental education. This finding is not surprising since 576 

attentional processes are closely related to IQ  (Cowan et al., 2006), and there was a 577 

significant correlation between our attentional and IQ measures. Our study, with beta 578 

values of 0.12 for mean reaction time and 0.17 for d prime, indicate a moderate effect of 579 

socioeconomic status  on attention and align with effect sized found in the literature.  580 

Thus, similarly to our study, Noble et al. (2005), Corso et al. (2016) and Piccolo et al. 581 

(2016) found significant and moderate relations between SES and attentional measures. 582 

Piccolo et al. (2016)  used a go/no-go task in children of similar age (10-12) and reported 583 

a similar effect size (β = 0.17) to ours. For a younger group of children (6-9 years) the 584 

reported effect size was bigger (β = 0.37). Noble et al. (2005) also reported bigger effect 585 

size (β = 0.345) in children aged 4-6 years, while Corso et al. (2016) reported slightly 586 

larger effects (β = 0.3) for 9- to 12-year-old children. In another study on pre-school age 587 

children (4.5 – 5.5 years) St John et al. (2020)  found a weaker, but significant effect (β = 588 

0.1) of SES on accuracy in the go/no-go task. A weak, yet significant effect of SES on 589 

inhibitory task outcomes (β = 0.073) was reported in the study by Ursache et al. (2016), 590 

however, this study was conducted on a broader age group (3-21 years). In another 591 

study, Cascio et al. (2022) did not find significant effects of SES on go/no-go task 592 

outcomes (β = 0.01) in their sample of 81 teenagers (16-17 years).  593 

Our results show that children from low parental education backgrounds scored nearly 594 

3 IQ points lower than their peers, a moderate effect consistent with studies from 595 

similar socioeconomic contexts. While our effect is smaller than effects seen in high-596 

inequality settings, this finding confirms that SES continues to influence cognitive 597 

development even in countries with relatively low socioeconomical disparities. 598 

We also found moderate SES-related differences in attentional performance, aligning 599 

with prior research. These effects were observed in tasks requiring sustained attention 600 

and cognitive control, highlighting that SES can possible influence not only general 601 

cognitive ability but also core executive functions during development.  602 



While previous research has reported associations between socioeconomic status and 603 

cognitive outcomes, these studies have primarily focused on direct relationships 604 

between variables. In contrast, the present study adopts a mediation analysis to explore 605 

potential pathways through which SES may influence cognitive outcomes. Specifically, 606 

we examined whether this relation is mediated by a set of early life factors, including 607 

smoking and alcohol consumption during pregnancy, breastfeeding and birthweight. 608 

 609 

4.3 No effect of perceived financial situation on IQ or attention 610 

In addition to parental education, we incorporated perceived financial situation as a 611 

predictor of children’s cognitive characteristics. However, perceived financial situation 612 

was less predictive of children's cognitive functions compared to parental education. 613 

This finding can be explained in several ways. First, pure income does not necessarily 614 

translate into increased parental care or intellectual stimulation. While children from 615 

higher-income households may experience more stable living conditions, it is the 616 

educational level of the parents, often indicative of higher intellectual engagement, that 617 

predominantly influences cognitive development.  618 

Second, according to several reports, it is extreme poverty that affects cognitive 619 

development the most (Ball et al., 2012; Krishnadas et al., 2013; Luby et al., 2013; Noble 620 

et al., 2015). Extreme poverty might not have been adequately captured by the indicator 621 

used in our study (“what was your family’s financial situation at the time of the child’s 622 

birth”), which measured relative economic position. Also, recall bias might also have 623 

obscured our results, as there was a long (10-13 years) gap between the time of 624 

participants’ birth and data collection. 625 

Finally, for several reasons, caregivers may have been reluctant to provide accurate 626 

responses to questions concerning their financial situation. First, the question could 627 

raise several emotions, including shame or embarrassment associated with disclosing 628 

their true financial situation, either when it falls below societal expectations or norms or 629 

conversely, surpasses them. In general, though not in our study where we did not ask for 630 

exact income, the existence of a substantial informal economy in Poland might have led 631 

individuals to underreport their earnings, fearing legal repercussions or taxation. 632 

Respondents may have also perceived little benefit or incentive in providing accurate 633 



information, particularly if they feared for their anonymity. Hence, the reliability of our 634 

perceived financial situation predictor might have been compromised. 635 

 636 

4.4 Effects of SES not mediated by prenatal alcohol, smoking, 637 
birthweight or breastfeeding 638 

In this study, we explored mediation of SES effects by alcohol intake during pregnancy, 639 

smoking in the household during pregnancy and early life and breastfeeding. These 640 

variables did not influence the children's IQ, even though many studies have 641 

demonstrated their influence on children's cognitive development (Alati et al., 2013; 642 

Bandoli et al., 2023; Hill et al., 2000; Horwood & Fergusson, 1998; Madureira et al., 643 

2020). We also did not observe significant indirect effects of the alcohol, smoking and 644 

breastfeeding variables on IQ. One possible reason why no mediating effect was 645 

observed could be the small percentage of caregivers reporting smoking and/or alcohol 646 

intake during pregnancy (only 6% of respondents admitted to drink alcohol during 647 

pregnancy and 7% admitted to smoke during pregnancy). Possibly, some of the 648 

respondents did not reveal their use of harmful substances during pregnancy because 649 

of the social shame associated and the sensitive nature of those questions. While low 650 

education was related to smoking during pregnancy, there were no differences 651 

concerning smoking at home. Children from high SES families were more often 652 

breastfed than their poorer peers. Nevertheless, breastfeeding had no statistically 653 

significant direct and indirect effect on children’s IQ or attention.  654 

A lack of significant direct and indirect effects of the alcohol intake, smoking, birth 655 

weight and breastfeeding suggests that these specific exposures may not play a central 656 

role in explaining SES-related differences in cognitive outcomes in this sample. One 657 

interpretation is that SES has a more direct influence on cognitive development, through 658 

mechanisms that were not captured in our model. It is also possible that the timing and 659 

intensity of early-life exposures or unmeasured protective factors modulated their 660 

influence. Another possible explanation for the lack of significant mediation is that 661 

some of the variance in cognitive outcomes attributed to SES may reflect genetic 662 

confounding. Parental education is related to the general cognitive ability (IQ), which is 663 

moderately heritable (Plomin & von Stumm, 2018). This raises the possibility that the 664 



observed associations between SES and cognitive outcomes may partially reflect 665 

shared genetic influences between parents and children, rather than purely 666 

environmental mechanisms. In conclusion, other perinatal and early life factors, 667 

endocrine (stress hormone levels), immune (level of inflammatory responses, see 668 

chapters 2-3 in “The Biological Consequences of Socioeconomic Inequalities” (Wolfe et 669 

al., 2012)), familiar, educational and societal, e.g .Lareau (2003), could better explain 670 

how in our study population attentional capacities and IQ are influenced by caregiver 671 

socioeconomic status. Suitable candidate factors include, for example less household 672 

stress, more parental nurturing, better school education, or community ties.   673 

 674 

4.5 Conclusions  675 

Our objective was to evaluate the influence of socioeconomic status, operationalized 676 

through parental education level, on children's cognitive abilities, specifically on 677 

attention and IQ. Our analysis demonstrated that parental education exerts a significant 678 

effect on IQ and attentional outcomes, and that the size of these effects is similar to 679 

other studies, including those conducted in societies that are of different wealth and/or 680 

more unequal than Poland. 681 
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