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1. Introduction 

 

Executive functions (EF) refer to a multidimensional construct of higher cognitive control 

processes. EF have an important role in learning strategies, emotional control and social 

interaction. There is no consensus in the definition of EF, and several models have been 

introduced. According to the three-component model of Miyake et al., (2000), EF can be 

divided in processes of 1) mental set-shifting, 2) working memory updating and monitoring, 

and 3) inhibition. Miyake et al., (2000) studied adults, but the same factor structure of EF 

can be identified in children and adolescents (Lehto, Juujärvi, Kooistra & Pulkkinen, 2003).   

 

On the other hand, Anderson’s (2002) model depicts four components of EF as 1), 

attentional control, 2) information processing, 3) cognitive flexibility, and 4) goal setting. 

Recent research has also emphasized self-regulation as part of EF (Nigg, 2017). Indeed, 

EF can be characterized by top-down process including two set of tasks: cognitive features 

and emotion regulation (Zelazo & Carlson, 2012).  

 

EF develop rapidly across childhood, and the different components of EF mature at 

different rates (e.g., Anderson, 2002, Blakemore & Choudhury, 2006). Inhibition develops 

rapidly in early childhood (Garon, 2008), whereas attentional control and processing speed 

still make progress in adolescence (Anderson, Anderson, Northam, Jacobs & Catroppa, 

2001). Further, inhibitory control and planning skills continue to develop until early 

adulthood (Romine and Reynolds, 2005; Anderson, 2002).  

 

Neuronal underpinnings of EF can be localised in prefrontal cortex, and particularly 

posterior parts of inferior frontal gyri are associated with action inhibition and execution 

(Hartwigsen, Neef, Camilleri, Margulies & Eickhoff, 2019). Prefrontal cortex is a 

developmentally relatively late-expanding region and also one of the last myelinated 

cortical regions (Paus, 2005). Further, prefrontal cortex coordinates posterior cortical and 

subcortical brain activity via excitatory and inhibitory pathways (Funahashi, 2001, 

Kamigaki, 2019). Despite the late maturation of EF, the association between EF and 

impulsivity and inattention in adolescence has been less investigated than the same 

phenomena in childhood and adulthood. Importantly, there is limited knowledge on the 

associations of impulsivity and inattention with EF among 13-18 year olds (Seidman, 

2006). 
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Most studies covering EF dysfunction in adolescents have been conducted in clinical 

samples of patients with attention deficit hyperactivity disorder (ADHD), but increased 

impulsivity and inattention as well as EF deficits are present also in patients with other 

psychiatric disorders (e.g. Biederman, 2005) or learning disabilities (e.g. Pham & Riviere, 

2015). Diagnosis of ADHD is based on behavioral symptoms of inattention, hyperactivity 

and impulsivity. The prevalence of ADHD in adolescents is about 7% (Thomas, Sanders, 

Doust, Beller & Glasziou, 2015), with similar estimates based on clinician diagnosis or 

parent/teacher ratings (Willcutt, 2012). There exists sex difference in attention deficits, with 

boys having more attentional problems (male:female, 5:1) (Joelsson et al., 2016). Deficits 

in EF correlate with ADHD (Doyle, 2006), regardless of age and sex (Seidman, 2006).  

Based on twin studies, both ADHD (Larsson, Lichtenstein & Larsson, 2006) and EF are 

highly heritable, indicating that a large proportion of individual differences in these traits 

are explained by genetic effects (Friedman et., 2008). 

 

There are disagreements in the literature regarding the utility of neuropsychological (NP) 

tests in the assessment of impulsivity and attention (Toplak, West & Stanovich, 2013). 

Most of the studies have used the BRIEF – questionnaire (Toplak et al., 2013), and the 

recent studies using the BRIEF have indicated that performance-based measures are not 

consistently associated with teacher reports of EF when assessing preschoolers 

(O’Meagher, Norris, Kemp & Anderson, 2018) or school-aged children and adolescents 

(Davidson, Cherry & Corkum, 2016).   

 

A review of 20 studies including performance-based and behavior rating measures 

(parent, teacher and self-report versions) found statistically significant correlations 

between NP tests and ratings only in 24% of studies (Toplak et al., 2013). Based on this 

review, it seems that NP tests of EF and ratings of EF/attention measure different 

constructs (Toplak et al., 2013). However, significant associations between NP tests and 

behavior ratings have been found when examining children with ADHD diagnosis (Miranda 

et al., 2015., Zhang et al., 2018). 

 

Although many studies have examined the association between ADHD and EF in different 

age groups, there are only few studies that have investigated the relationship between EF 

and inattention and impulsivity in non-clinical adolescent populations. In addition to NP 
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tests like The Trail Making test (TMT) (Reitan,1955) and Stroop (Stroop, 1935), 

researchers have used questionnaires and interviewing in assessing EF. However, there 

are limited data of the association between NP tests and questionnaires. A study of 

Pulkkinen (2017) used MPNI teacher ratings together with a comprehensive battery of EF 

tests and found that low inhibition as measured with NP tests was associated with 

impulsivity in MPNI.  

 

Studies have indicated that, parents’ and teachers’ ratings of attention problems are only 

partially in agreement and that teachers are more accurate raters compared to parents 

(Hartman, Rhee, Willcutt & Pennigton, 2007). Further, teachers do report more severe and 

broader executive dysfunctioning than parents (Mares, McLuckie, Schwartz & Saini, 2007). 

However, it should be noted that according to the Diagnostic and Statistical Manual of 

Mental Disorders 5 (DSM-5), ADHD symptoms should be visible in various settings e.g., at 

home and school, indicating that the assessment process should take into account 

multiple informants (American Psychiatric Association/2013). For example, a recent study 

showed that both parents (mothers and fathers separately) and teachers provide valid 

information of ADHD type behavior (Martel, Schimmack, Nikolas & Nigg, 2015). However, 

compared to parents, teachers were better raters for inattentive symptoms (Martel et al., 

2015). Both parents and teachers have reported boys having more attentional problems 

than girls this suggests sex differences in evaluating ADHD symptoms, (Meyer, Stevenson 

& Sonuga-Barke, 2017). 

 

TMT and Stroop are widely used NP tests to measure EF, especially with regard to 

information updating and monitoring in working memory and inhibition (Sánchez-Cubillo., 

2009; Homack & Riccio, 2004). TMT measures a range of cognitive skills: The part A of 

TMT measures processing speed and visuoperceptual abilities, whereas the B-part 

requires set-shifting (a component of EF that requires working memory and divided 

attention) (Lehto et al., 2013; Sánchez-Cubillo et al., 2009). The difference score (TMT B – 

TMT A) is commonly used to minimize visuoperceptual and working memory demands and 

to control for processing speed, therefore considered to more specifically reflect EF 

abilities. In addition to TMT, there is a children’s version with an additional part C 

consisting alphabets.  
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The Stroop Color-Word task was originally developed by Stroop (1935), and it measures 

ability to control interference/inhibit alternative responses (e.g. Landsbergen, Kenemens & 

Engeland, 2007). A meta-analysis by Homack & Riccio (2003) revealed that children’s and 

adolescent’s Stroop performance did not discriminate ADHD groups from other clinical 

groups (e.g. learning disabilities). Both EF tests: TMT and Stroop, include letters and are 

sensitive to reading related problems, particularly when evaluating dyslectic participants 

(e.g. Närhi, Räsänen, Metsäpelto & Ahonen, 1997; Stubenrauch, 2014). 

 

NP tests measuring EF, such as TMT and Stroop, may also be affected by different 

emotional and state-related factors (e.g. Baune, Fuhr, Air & Hering, 2014; Castaneda, 

Tuulio-Henriksson, Marttunen, Suvisaari & Lönnqvist, 2008). For example, TMT 

processing speed has been found to be slower when examining adolescents with severe 

depression, but surprisingly, the other EF measures including Stroop remained within 

average range (Favre., 2008). A meta-analysis consisting various age groups and different 

severity groups indicated that higher levels of depression were related to poorer Stroop 

performance (Epp, Dobson, Dozois & Frewen, 2012). In addition, poorer Stroop-

performance in adolescents with high-anxiety scores have been reported (Richards, 

Richards & McGeenay, 2000).  

 

The present study was undertaken to assess the association between behavioral 

observations of impulsivity and attention and executive functions among young adolescent 

Finnish twins. Specifically, the aim of this study was to analyze the associations of teacher 

reported inattentiveness and impulsive behavior with TMT and Stroop performance. In 

addition, the relationship between internalizing behavior and NP test performance was 

investigated to test the specificity of externalizing behavior-EF associations. Furthermore, 

sex differences in EF tests and behavioral measures were reported. 

  

Based on the previous literature, the hypotheses were: 

1. NP test performance would show at least mild to moderate associations with teacher 

ratings of impulsivity and inattention  

2. Internalizing behavior-test performance relationships are weaker than externalizing 

behavior-EF associations. 

https://helka.finna.fi/Primo/Search?lookfor=Tuulio-Henriksson%2C+Annamari&type=Author
https://helka.finna.fi/Primo/Search?lookfor=Marttunen%2C+Mauri&type=Author
https://helka.finna.fi/Primo/Search?lookfor=Suvisaari%2C+Jaana&type=Author
https://helka.finna.fi/Primo/Search?lookfor=L%C3%B6nnqvist%2C+Jouko&type=Author
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3. Concerning the sex differences, girls are expected to show more internalizing behavior 

(anxiety and depression) than boys, and boys are expected to show more externalizing 

behavior (inattention and impulsivity) and slower performance in NP measures than girls. 

 

 

2. Methods 

 

2.1. Participants 

 

This study is a part of FinnTwin12, an ongoing longitudinal Finnish twin study of behavioral 

development and health habits. FinnTwin12 consist of all Finnish twins born in 1983-1987 

(for details see Kaprio, 2006). All twins born in 1983-1987 were identified through the 

Central Population Registry of Finland. Over 3000 families were invited to participate in the 

study during the baseline data collection when the twins were 11 years old in each twin 

birth year cohort. A total of 2567 twin pairs completed the baseline questionnaires. Parents 

and teachers also assessed the behavior of the twins, and in a subset, peer assessment 

was carried out. The present study concentrated on teacher ratings. The subset of families 

(intensive sample) was chosen mostly at random, but also enriched with families in which 

either parent scored high on a lifetime assessment of alcohol problems. Follow-up data 

collection was conducted when the twins were 14 years old (Figure 1). 

 

The participation rates for these data collections were 87 – 92% (Barman, Pulkkinen, 

Kaprio & Rose, 2004). The Finntwin12 study protocol was approved by the Ethical 

Committees of Helsinki University Hospital and Indiana University Institutional review 

board. Parents gave permission for the participation of the twins and for contacting their 

teachers. 
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Figure 1. Flowchart of the data collection procedure in FinnTwin12 

 

NP = neuropsychological, MPNI = Multidimensional Peer Nomination Inventory 

 

Those twins who had complete TMT and Stroop scores and complete teacher ratings were 

included in the present study (N=709). One participant was excluded because of invalid 

data, thus the final study sample of the present study comprises of 708 participants.  In the 

final study sample, 53% were boys (N = 376) and 47% were girls (N = 332) with a mean 

age of 14.20 years of the whole sample (SD 0.14, range 13.99 – 14.93). The sample 

included 436 (61.6%) dizygotic twins, 262 (37%) monozygotic twins and 10 (1.4%) twins 

with unknown zygosity. The sample consisted of 325 full twin pairs and 58 twins whose co-

twin did not participate or did not had complete NP and MPNI data. 

 

Participants with complete NP test data did not differ significantly from those without full 

NP data in MPNI ratings of impulsivity, inattention, anxiety and depression. Compared to 

those with only TMT data (N=1139), those with complete NP test data (N=708) had better 

performance in TMT-A (M = 15.27 vs. M = 13.97, p<0.001), TMT- B (M=32.38 vs. 

M=30.88, p<0.05) and TMT-C (M=18.80 vs. M=17.64, p<0.01). In Stroop performance the 

both groups had similar test scores in all subtests: color naming (M=35.91 vs. 34.36), word 

reading (M=27.18 vs. 26.22), color word (M=61.97 vs. 58.96) and set sifting (M=67.73 vs. 

M=67.66) and the N=708 sample did not differ (color naming p=0.075, word reading 
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p=0.134, color word reading p=0.078 and set sifting p=0.966) from the intensive sample 

(N=890).  

 

2.2. Assessment Methods 

 

Neuropsychological tests 

Two NP tests were used to evaluate EF: TMT and California Stroop. In both test time (in 

seconds) and number of errors were analyzed.  

 

The Trail Making Test has originally two parts: A and B (Reitan, 1955). In this study the 

TMT Children’s version with the 15 units was used instead of the original 25. Children’s 

version also includes an additional alphabetical part (Part A-Alphabetic, later TMT-C) for 

checking the knowledge of alphabets (see Närhi et al., 1997).  In TMT-A, participants have 

to connect numbered circles in numerical sequence (1,2,3, …) and in TMT-C circles have 

to be connected in alphabetical order (A,B,C,..). In TMT-B the subject connects circles by 

alternating between numbers and letters (1, A, 2, B, …). TMT is considered to measure 

attention, psychomotor processing speed and visual search abilities. The Part B is a 

complex attention task that demands cognitive flexibility: working memory and divided 

attention (Poutiainen, Kalska, Laasonen, Närhi & Räsänen, 2010). The commonly used 

TMT measure of EF that is less affected by simple processing speed is the difference 

score between trials B and A (TMT-B - TMT-A). 

 

The California Stroop is a variation of the Stroop task (Homack & Riccio, 2003). In addition 

to inhibitory control, it measures the set-shifting component of EF. The California Stroop 

includes four subtests. First three are based on the original Stroop: color naming, word 

reading and naming the color of ink in which the color word is printed (color word). In the 

fourth additional subtest, participants have either to name the color of the ink in which the 

color word is printed or to read aloud the color word: a random switching condition that 

requires maintaining two rules and alternate between them (naming the ink of the color of 

the words or reading the color word when the words are surrounded by a rectangular 

frame) (Lezak, 2004). The Golden Stroop (1978) version includes 100 stimuli (Lezak, 

2004). In the California Stroop version, time in seconds is assessed to complete 50 items. 

This was used as the measure of performance in each part.  
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To investigate the effects of errors dichotomic error variables (0 errors vs. 1 or more 

errors) was computed both to TMT and Stroop. 

 

Multidimensional Peer Nomination Inventory 

The Multidimensional Peer Nomination Inventory (MPNI) was originally developed for peer 

nomination to detect the characteristics of behavior that is not noticeable for adults 

(Pulkkinen, Kaprio & Rose, 1999). MPNI represents a model of emotional and behavioral 

regulation developed by Pulkkinen (1995). Versions for self-evaluation, parent- and 

teacher ratings are also available, but in the present study, only teacher ratings were 

included. The original MPNI consists of 30 items but seven questions were added to 

teacher rating to cover hyperactivity-impulsivity and inattention. MPNI teacher ratings 

covered behavioral problems i.e. externalizing behavior (impulsivity, aggression and 

inattention), emotional problems i.e. internalizing behavior (depression and anxiety) and 

adjustment (constructiveness, compliance and social activity). Teachers were asked to 

rate the twins on a four-point scale (0=does not apply, 1 = applies sometimes, 2= certainly 

applies, 3 = applies in a pronounced way). A mean of the items was calculated and 

included subscales were impulsivity (7 items), inattention (4 items), depression (5 items) 

and anxiety (2 items) with all mean scores ranging from 0 to 3. 

 

The items to measure hyperactive / impulsive behavior were: 1) is restless, unable to sit in 

class; 2) often acts harshly; 3) talks all the time; 4) has difficulties in waiting his or her own 

turn; 5) runs about and climbs everywhere in spite of warnings 6) disobedient at school 

and 7) is hyperactive. The items for inattention were: 1) is unable to concentrate anything; 

2) is forgetful; 3) tends to ignore instructions and 4) is conscientious with homework 

(reversed item).  

 

The five  items of depressive behavior were;  1)  worries  a  lot;  2)  seems  to  be sad and 

depressed  a  lot  of  the time; 3)  is easily  offended/starts  crying  if  someone  is nasty  to 

him/her;  4)  is lonesome, without  friends;  5) clings to adults or is too dependent. The 

anxiety items measured social anxiety and included two items: 1) is shy with other kids 2) 

is frightened and nervous about new things or new situations.  These internalizing 

behavior subscales served as control variables when investigating associations of 

inattention and impulsivity with executive functions.  
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2.3. Data analysis 

 

Statistical analysis: descriptive statistics were done by using SPSS 25.0 for Windows. Sex 

differences were investigated using Wald test which is suitable for non-independent 

sample (in other words we controlled clustered family data of twins from same families). 

Similarly, regression models including TMT/Stroop measures as dependent variables (time 

in seconds and number of errors) and MPNI subscales as independent variables were 

adjusted for the family structure of the data by using STATA 13.1.  Due to expected high 

correlations between the MPNI measures, especially inattention-impulsivity association, 

variance inflation factor and tolerance values were checked for all regression models 

including all four MPNI measures as independent variables.  

 

3. Results 

 

3.1. Descriptive statistics 

  

Descriptive statistics for the NP test time measures (all time measures had a normal 

distribution) are reported in Table 1. Also means and standard errors for teacher ratings for 

hyperactivity, inattention, depression and anxiety (all measure had slightly skewed 

distribution with more individuals having a score of zero) as measured with MPNI are 

shown in Table 1.  
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Table 1. Descriptive statistics of neuropsychological time measures and MPNI subscales 

at 14 years (N=708) 

NP 

measures 

Time in seconds 

M(SD) 

Boys (N=376) 

M (SD) 

Girls (N=332) 

M (SD) 

Wald test for sex differences*  

Trail Making     

TMT-A 13.97 (4.92) 13.47 (5.00)   14.22 (5.35) F (1, 382) =   1.53, p=0.2166 

TMT-C** 17.64 (7.98) 18.12 (9.35) 17.09 (6.04) F (1, 382) =   2.74, p=0.0986 

TMT-B 30.88 (14.33) 32.24 (16.63) 29.33 (10.98) F (1, 382) =   7.87, p<0.0053 

TMT B-A 16.91 (13.14) 18.51(15.50) 15.10 (9.50) F (1, 382) = 13.20, p<0.0003 

Stroop     

Color naming 34.36 (6.39) 35.97 (6.60) 32.53 (5.61) F (1, 382) = 43.66, p<0.0001 

Word reading 26.22 (4.37) 27.32 (4.63) 24.98 (3.68) F (1, 382) = 44.70, p<0.0001 

Color Word  58.96 (15.26) 62.01 (15.26) 55.50 (14.53) F (1, 382) = 27.57, p<0.0001 

Set Shifting 67.66 (17.77) 71.24 (18.32) 63.60 (16.22) F (1, 382) = 29.69, p<0.0001 

MPNI     

Impulsivity 0.51 (0.66) 0.69 (0.74) 0.31 (0.50) F (1, 382) = 53.87, p<0.0001 

Inattention 0.64 (0.66) 0.80 (0.71) 0.46 (0.56) F (1, 382) = 41,16, p<0.0001 

Anxiety 0.80 (0.78) 0.68 (0.74) 0.93 (0.81) F (1, 382) = 14.03, p<0.0002 

Depression 0.55 (0.49) 0.50 (0.45) 0.60 (0.52) F (1, 382) =   5.38, p<0.0208 

* adjusted for clustered family data (i.e. twins from same family were controlled) 

** was conducted for the fluent knowledge of alphabets  

 

The number of errors in TMT and Stroop are shown in Tables 2 and 3, respectively. 

Participants made only few errors in TMT Part A and Stroop color and word – subtests 

(amount of correct answers <90%). However, in TMT-C (alphabets) 19,5% of the 

participants had at least one error. The amount of errors was greater in more challenging 

tasks with Stroop set-sifting task including most errors: 50% of participants had one or 

more errors.  
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Table 2. The number of errors in TMT 

Errors TMT-A 

N (%) 

TMT-C 

N(%) 

TMT-B 

N(%) 

0 656 (92.7) 570 (80.5) 524 (74.0) 

1 46 (6.5) 119 (16.8) 152 (21.5) 

2 6 (0.8) 9 (1.3) 25 (3.5) 

3 - 8 (1.1) 4 (0.6) 

4 - 1 (0.1) 1 (0.1) 

5 - - 1 (0.1) 

6 - 1 (0.1) 1 (0.1) 

 

 

Table 3. The number of errors in Stroop 

Errors Color 

N (%) 

Word 

N(%) 

Color Word 

N(%) 

Set Shifting 

N(%) 

0 647 (91.4) 688 (97.2) 511 (72.2) 356 (50.3) 

1 49 (6.9) 16 (2.3) 100 (14.1) 168 (23.7) 

2 8 (1.1) 4 (0.6) 54 (7.6) 83 (11.7) 

3 2 (0.3) - 19 (2.7) 39 (5.5) 

4 1 (0.1) - 10 (1.4) 33 (4.7) 

5 1 (0.1) - 5 (0.7) 10 (1.4) 

6 - - 5 (0.7) 3 (0.4) 

7 - - 2 (0.3) 7 (1.0) 

8 - - - 4 (0.6) 

9 - - - 2 (0.3) 

10 - - - 1 (0.1) 

11 - - - 1 (0.1) 

12 - - 1 (0.1) - 

13 - - 1 (0.1) 1 (0.1) 

 

 

3.2. Sex differences in NP tests and MPNI  

 

No significant sex differences were evident in TMT A and C parts, whereas boys had on 

average poorer TMT-B and TMT B-A performance than girls (Table 1). There were also 
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significant sex differences in all Stroop time measures indicating better performance in 

girls in all four parts (p’s < 0.001). 

 

There were also sex differences in all MPNI subscales. On average, boys were rated to 

have more impulsive behavior and inattention than girls whereas girls had higher anxiety 

and depression ratings than boys.  

 

3.3. Associations between NP test measures and MPNI subscales 

 

Correlations 

Due to the non-normal distribution of MPNI measures, nonparametric Spearman 

correlations between NP measures and MPNI subscales were reported. All significant 

correlations indicated that higher scores in all MPNI subscales were related to poorer 

performance in all parts of TMT (Table 4). TMT-A correlated significantly only with anxiety 

and depression. TMT-C was significantly correlated with inattention, anxiety and 

depression but not with impulsivity. TMT-B was significantly correlated with all MPNI 

subscales.  Finally, TMT B-A (difference score) measure was significantly associated only 

with impulsivity and inattention (Table 4). 

 

Table 4. Bivariate correlations between TMT time variables and MPNI subscales at 14 

years (N=708)  

TMT 

MPNI 

TMT A TMT C TMT B TMT B-A 

Impulsivity -0.015 (0.685) 0.039 (0.298) 0.074 (<0.050) 0.101 (<0.010) 

Inattention 0.042 (0.268) 0.076 (<0.05) 0.126 (<0.001) 0.130 (<0.001) 

Anxiety 0.199 (<0.000) 0.135 (<0.001) 0.117 (<0.005) 0.025 (0.513) 

Depression 0.172 (<0.001) 0.173 (<0.001) 0.140 (<0.001) 0.056 (0.134) 

 

Stroop (color word and set sifting) correlations with impulsivity and inattention measures 

ranged from 0.188 to 0.240 and were significant at the 0.001 level. Mild correlations at the 

0.50 level were also related to depression. 
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Table 5. Bivariate correlations between the Stroop time measures and MPNI subscales 

(N=708)  

Stroop 

MPNI 

Color Word Color Word Set Shifting 

Impulsivity 0.133(<0.001) 0.087 (<0.050) 0.200 (<0.001) 0.188(<0.001) 

Inattention 0.159(<0.001) 0.164(<0.001) 0.236 (<0.001) 0.240(<0.001) 

Anxiety 0.077(<0.050) 0.070 (0.063) 0.029 (0.446) -0.016(0.675) 

Depression 0.083(<0.050) 0.112(<0.005) 0.082 (<0.050) 0.082(<0.050) 

 

Table 6 presents Pearson correlations between the NP test measures. Correlations 

ranged from 0.077 to 0.286 and all were statistically significant at the level of p<0.05. 

 

Table 6. Bivariate correlations between TMT and Stroop time measures at 14 years 

(N=708)  

TMT 

Stroop 

TMT A TMT C TMT B TMT B-A 

Color 0.256 (<0.001) 0.266 (<0.001) 0.255 (<0.001) 0.182 (<0.001) 

Words 0.268 (<0.001) 0.286 (<0.001) 0.163 (<0.001) 0.077 (<0.040) 

Color Word 0.171 (<0.001) 0.240 (<0.001) 0.198 (<0.001) 0.152 (<0.001) 

Set Shifting 0.178 (<0.001) 0.229 (<0.001) 0.181 (<0.001) 0.131 (<0.001) 

 

Regression analyses 

Linear regression analyses included were conducted separately for each NP measure as 

the dependent variable, with all four MPNI subscales as independent variables (all models 

included sex and age as covariates). 

 

Only higher anxiety was significantly related to slower performance in TMT-A (t = 2.42, p = 

0.016) and none of the MPNI subscales were significantly related to TMT-C performance 

(Figure 2). Higher Inattention, but not other MPNI subscales, was related to slower 
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performance in TMT Part B (t = 2.12, p = 0.034) and TMT B-A (t=2.05, p = 0.041). (Figure 

2).  

 

Figure 2. Linear regression analyses of the associations between the TMT and MPNI 

measures (N=708)  

  

 

When examining the Stroop performance, higher inattention was significantly and 

consistently related to slower performance in all parts of the Stroop (Figure 3): color (t = 

1.97, p = 0.050), words (t = 4.21, p = 0.000), color word (t = 3.53, t = 0.000) and to set 

sifting (t = 3.29 p = 0.001). Higher impulsivity was significantly associated with faster 

performance in Word reading (t = -3.70, p = 0.000), whereas no other statistically 

significant impulsivity-Stroop associations were detected.  

 

Higher anxiety was related to slower Stroop color performance (t=2.10, p=0,037), but 

emotional problems (anxiety and depression) were not significantly related to other Stroop 

measures (Figure 3). 
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Variance inflation factor and tolerance values indicated that all four MPNI measures could 

be included in the models simultaneously. Further, analyses were run by including each 

MPNI measure separately in regression models with results being generally similar (results 

not shown). However, in these analyses, higher impulsivity was related to poorer 

performance in Stroop subtests, also in Word subtest. Including only these two MPNI 

measures (impulsivity and inattention) in the models yielded similar results compared to 

models with all four MPNI measures (also variance inflation factor and tolerance values 

being acceptable). Correlation between impulsivity and inattention was 0.692 but these 

additional analyses indicated that these two measures could be used in the same model. 

 

Figure 3. Linear regression analyses of the associations between Stroop 

performance and MPNI (N=708) 

 

 

In further logistic regression analyses regarding TMT-B, Stroop color-word and set-sifting, 

dichotomic error variables (0 or 1 or more errors) were used and tested whether the MPNI 

subscales were associated with errors. There were no significant associations between 

any of the MPNI subscales and TMT-B errors: impulsivity (z=0.81, p=0.914), inattention 

(z=1.31, p=0.191), anxiety (z=1.03, p=0.305) and depression (z=-1.87, p=0.062). When 



 20 

analyzing Stroop color-word performance, only impulsivity was related to making errors 

(z=2.35, p=0.019). Inattention (z=-0.11, p=0.916), anxiety (z=-0.28, p=0.782) and 

depression (z=1.10, p=0.270) were not significantly associated with Stroop color-word. 

However, when conducting logistic regression analysis with single independent variables 

(i.e., including one MPNI measure), also inattention was significantly related to making 

errors (z=2.68, p=0.007). Errors in Stroop set-shifting were not significantly related to 

MPNI measures: inattention (z= -0.06, p=0.951), impulsivity (z= 1.65, p=0.099), anxiety 

(z= -0.40, p=0.689) and depression (z= -0.47, p=0.637). Using single MPNI independent 

variable in the model, only inattention was significantly associated with making errors in 

Stroop set-sifting (z=2.30, p=0.021). 

 

 

4. Discussion 

 

The purpose of the present study was to investigate how NP tests measuring EF (TMT 

and Stroop) were associated with behavioral observations of inattentiveness and impulsive 

behavior, reported by teachers. Moreover, sex and internalizing problems, namely 

depression and anxiety, were controlled. When considering the three-component model of 

Miyake et al., (2000) Stroop color word subtest measures inhibition and Stroop set shifting 

and TMT B (Lehto, 2003) the shifting component of EF. 

 

Statistically significant and consistent correlations between inhibition and shifting (TMT-B, 

TMT B-A, Stroop color word, set shifting) and impulsivity/inattention were detected, 

whereas other MPNI scales were not consistently related to NP measures. Earlier studies 

examining the correlations between objective EF measures and teacher ratings (mainly 

assessed with BRIEF) in population-based samples are limited. In a review of 20 studies, 

only low correlations (median correlation 0.19) between observational measures and 

behavioral ratings were detected, and only 24% of the correlations were reported 

statistically significant (Toplak et al., 2013). However, the review included a variety of 

different clinical samples and different age groups (both children and adults).  In the 

present study, inattention was significantly associated with TMT-B, TMT-B-A and all 

Stroop measures. Specifically, pupils who had more inattentiveness at the classroom 

setting also had also poorer performance in NP tests measuring EF.  
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The study found moderate and significant sex effects on inhibition and shifting (TMT B, 

TMT B-A, Stroop) and MPNI. On average, in the MPNI ratings, boys exceeded girls in 

externalizing behavior and girls had more internalizing behavior than boys in 14 years of 

age. The sex differences in the inattentive subscale scores have been reported earlier 

(Barman et al., 2004) at the baseline assessment, boys being more inattentive than girls. 

In a Finnish normative study on the Attention and Executive Function Rating Inventory 

ATTEX (questionnaire filled by teachers), similar sex differences were noted in the 

attention and executive function scores (Klenberg, Jämsä, Häyrinen, Lahti-Nuuttila & 

Korkman, 2010). Sex difference in attention deficits is well-known, with boys having more 

attentional problems in general (Koponen & Jehkonen, 2019). In future, additional sex 

specific norms for attentional ratings and EF tests could further help to assess 

childhood/adolescence behavioral problems as is the case for the ATTEX instrument. Sex 

specific norms could also help in diagnostic procedures, especially concerning girls who 

are estimated to be underdiagnosed with regard to ADHD (e.g. Koponen & Jehkonen, 

2019; Sayal, Prasad, Daley, Ford & Coghill, 2018). The present study emphasizes sex as 

an important factor, both in NP tests and behavioral ratings and suggests that these 

differences should be taken into account when evaluating ADHD related behavior and 

traits, e.g. inattention.  

 

Inhibition and shifting, as indicated by performance in TMT-B, TMT B-A and in Stroop color 

word and set shifting subtests, were specifically associated with inattention but not with 

impulsivity or internalizing behaviors.  Surprisingly, impulsivity was related to faster 

processing speed as measured with Stroop word reading. However, this association was 

evident only when inattention and internalizing behaviors were included in the model. 

Impulsivity was related to number of errors in Stroop color word performance. These 

findings are concurrent with earlier results regarding MPNI ratings: inattention explained by 

low updating (containing working memory and shifting) and low inhibition explaining 

impulsivity (Pulkkinen, 2017).  

 

Anxiety was found to be associated with the processing speed measures (TMT-A and 

Stroop color) reflecting the contribution of symptoms of anxiety on the speed of mental 

processes. Updating has been previously found to explain emotional problems measured 

by both by MPNI via social anxiety (Pulkkinen, 2017). In the present study, no associations 

between EF and depression were detected. 
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Taken together, this study shows that teachers are competent raters for the externalizing 

behavior of their pupils. This was found despite the Finnish school system, in which 

teachers of 14 years old pupils usually teach only one academic or non-academic subject 

thus observing a given child only a few hours a week. 

 

However, this study supported the use of the Stroop including the inhibition and set shifting 

subtests in clinical practice when assessing EF in adolescents. The California Stroop used 

in the present study, consists the set shifting task that has similar features than the 

NEPSY-II Inhibition subtest (Korkman, Kirk & Kemp, 2008). This subtest includes a 

switching task where children are required to alternate between naming and inhibition. The 

results of the present study support the importance of using inhibition and set shifting tasks 

in NP assessment protocol when assessing attention difficulties in children and 

adolescents. 

 

The results of the present study suggest that impulsivity and inattention are distinct 

components of attentional problems and as such they should be looked separately instead 

of combining them as a single measure of attentional problems. These findings are also in 

line with the age-typical developmental stage of attention skills: impulsivity traits decline 

with age from childhood to adulthood whereas inattentional problems are more stable 

during childhood/adolescence development (Faraone, Biederman & Mick, 2006). Studying 

inattention and impulsivity separately is also important when looking at neural or genetic 

correlates of attentional disorders.   

 

This study had some limitations. First, performance in the NP tests of the present study 

may have been affected by dyslexia among some subjects.  TMT is based on fluent 

knowledge of alphabets, and performance in Stroop requires a fluent reading of the words. 

Earlier studies have found that reading disabilities are likely to affect performance on TMT 

B (Närhi et al., 1997). In this study, we controlled knowledge of alphabets in including in 

the analyses only participants with complete TMT and Stroop performances, but this 

procedure is not a reliable screen for dyslexia but only a vague proxy.  

 

Another limitation for this study is that it may be difficult for teachers to observe inattention 

traits when they teach a given pupil only for limited hours per week. However, if anything, 
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this would attenuate the relationship between inattention and NP test performance. 

Teacher ratings for inattention have been shown to be more accurate than parent ratings 

(Hartman et al., 2007). There may be several reasons behind that, but in general parents’ 

ratings might show effects of e.g. sibling contrast, whereas teachers interact with many 

students in same age-group students on a daily basis. Moreover, internalizing problems 

like anxiety and depression may also hard to identify, particularly in the age group of the 

present study. Moreover, anxiety was measured using only two questions that and may be 

considered reflecting mainly social anxiety (Pulkkinen, 1995).  

 

Twins of the present study are representative of the population (Pulkkinen, Vaalamo, 

Hietala, Kaprio & Rose, 2003), and using a non-clinical population-based sample is a 

strength of this study. The sample allowed proper sex comparisons of the NP test data and 

teacher ratings as well examining the associations between objective measures and 

behavior ratings. Further studies are needed to evaluate the role of a wider and more 

comprehensive set of objective measures. Including parents and adolescents themselves 

as raters and comparing the ratings of them with teacher ratings would give a more 

reliable and multifaceted view of the relationship between objective EF-measures and 

ratings of externalizing behavior.  

 

NP assessment should always be done using a comprehensive test battery of EF tests, 

and using behavior ratings. NP tests measure optimal performance in motivational one-to-

one situation whereas behavioral ratings (e.g. teacher rating) measure attention skills in 

motivationally and emotionally varying group contexts (e.g. in school related situations). 

Both approaches are valuable measures for clinicians when evaluating behavioral traits 

that may be associated with e.g. ADHD.  

 

In conclusion, although NP measures and teacher ratings of behavior problems capture 

different aspects of EF, the study found a significant association between these two, 

especially with regard to teacher ratings of inattention and EF measures.  Although the 

results give some support for parallelism of these evaluations, they also emphasize the 

importance of including both objective and more subjective assessments to complement 

the evaluations.  More research regarding the relationship between performance-based 

and behavioral ratings in different age-groups is needed. 
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