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Objective: This study investigated the e�ects of a school-based skill-training

intervention in attention control and executive functions for pupils with

hyperactivity-impulsivity (H-I) and cognitive control (CC) deficits. Themain aim

was to examine whether the intervention di�erently influenced H-I and CC,

and whether cognitive abilities or conduct problems moderated response to

the intervention.

Method: Elementary school pupils from 41 schools participated the study

and were divided into an intervention group (n = 71) and a waitlist control

group (n = 77). Intervention outcomes were assessed with an inventory

assessing executive function di�culties (including H-I and CC) completed by

classroom teachers.

Results: Significant intervention e�ects and positive changes were detected

in CC but not in H-I. Significant intervention e�ects were found mainly among

pupils with low levels of conduct problems.

Conclusions: The results suggest that a skill-training intervention has

specific positive e�ects on CC, but conduct problems may diminish response

to intervention.

KEYWORDS

executive functions, intervention, treatment e�cacy, moderators, conduct problems,

cognitive abilities

School-based group intervention in attention and
executive functions: Intervention response and
moderators

Executive functions (EF) enable us to control our thoughts and actions (Barkley,

2012) and are thus pivotal for adapting to our environment. Sufficient EF enable self-

regulation of behavior through more advanced functions, such as planning, adapting

and evaluating one’s behavior (Nigg, 2017). These abilities are especially needed in daily
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activities in a school setting where they are employed both in

academic situations, and more broadly, in situations, including

social interactions (Boekaerts, 1999). On a basic level, difficulties

in EF compromise children’s abilities to inhibit responses and

distracting stimuli, to maintain or focus attention to update

information in working memory, and to flexibly switch the

focus of attention (Miyake et al., 2000; Pfiffner et al., 2006;

Nigg, 2017). Difficulties with EF are fairly common in school-

age children and are often associated with the diagnosis

of attention deficit-hyperactivity disorder (ADHD; Swanson,

2003). However, even relatively mild EF difficulties can influence

daily functioning, impede academic work and social interactions

(Loe and Feldman, 2007; Moore et al., 2018) and on-task

behavior (Sonuga-Barke, 2002). Inattention, in particular, may

cause persistent impairments in daily functioning and result in

completing fewer tasks and in less practice in learning situations,

which may eventually lower academic achievement (Pfiffner

et al., 2014). Thus, effective interventions accessible at school are

needed to prevent adverse outcomes of EF deficits in learning.

Studies focusing specifically on children with ADHD have

found the three nominal subtypes of deficits [predominantly

inattentive, predominantly hyperactive-impulsive (H-I), and

combined type; American Psychiatric Association, 2013] to be

relatively unstable over time, and an alternative dimensional

model using the amount of inattention and H-I symptoms

has been suggested (Willcutt et al., 2012). Executive function

deficits seem to be mostly related to the inattentive type of

ADHD but to a lesser extent to H-I symptoms (Martel et al.,

2007). Due to the continuum-like nature of EF deficits, children

without a formal diagnosis are also known to be at risk of poor

academic outcomes and are likely to need support at school

(Loe and Feldman, 2007; Lahey and Willcutt, 2010). It has also

been shown that especially symptoms of inattention and poor

ability to flexibly adjust behavior in learning situations seem

to be deleterious to academic success (Aro et al., 2005; DuPaul

and Volpe, 2009; Sayal et al., 2015). Therefore, interventions

should especially target attention, and focus on enhancing

skills that enable efficient learning in classroom settings. These

skills comprise maintenance of attention, adjusting behavior

according to task demands as well as active maintenance of goal-

oriented behavior, and they can be seen as the main components

of cognitive control (CC; Nigg, 2017).

School-based interventions targeting attention and EF (e.g.,

Bikic et al., 2017; Evans et al., 2018) can focus on improving

skills required in school learning, which has been shown to

enhance the generalization of the effects to learning and on-

task behavior (Moore et al., 2018). However, as the variation

in outcomes of such interventions is large (Evans et al.,

2018; Moore et al., 2018), more knowledge is needed about

the effects of school-based interventions and, in particular,

about the factors moderating the response to them. This

study examined the effect of a comprehensive school-based

intervention (Maltti; Paananen et al., 2011) in multi-sited and

real school learning contexts. The intervention was provided

for elementary pupils with attention and EF difficulties. It

comprised behavioral, cognitive, and skills training elements,

and it aimed to improve participants’ on-task behavior in

learning situations. In this study, we first investigated whether

the intervention influenced the changes CC needed in on-

task situations in schools. Second, we investigated whether

pupils’ pre-intervention characteristics (i.e., cognitive skills and

conduct problems) moderated intervention outcomes. More

precise knowledge of the intervention outcomes and of factors

related to response can inform us about what effects can be

expected and observed in classroom settings, and to whom this

type of support should be offered.

Training interventions

Previously, behavioral interventions (parent training,

classroom management and combinations) focusing on

behavioral problems have been shown to be particularly

effective (Evans et al., 2014; Fabiano et al., 2015), but children

with deficits in EF may also need support for executive and

attentional skills (Pfiffner et al., 2014). Focusing only on

problem behavior—that is, impulsivity, inefficiency and task

avoidance—may lead to ignoring possible skill deficits that

might be partly producing the observable behavior (Barkley,

1997). Therefore, skills training interventions targeting context-

specific skills (inhibition, planning and strategies) and aiming

to mitigate impairments produced by EF deficits are needed

(Hinshaw et al., 2015).

Evidence suggests that the effects of school-based skill-

focused interventions emerge if school-related skills are

practiced in the intervention (Langberg et al., 2011; Langberg

et al., 2018; Abikoff et al., 2013; Evans et al., 2014; Re et al.,

2015). Effects have been reported on cognitive skills, such as

EF, planning and organization skills (Evans et al., 2014, 2016,

2018; Pfiffner et al., 2014; Langberg et al., 2018). The effects

on teacher-rated inattention and H-I in classroom have varied

(Evans et al., 2018). In their intervention study, Pfiffner et al.

(2014) detected improvements in teacher-reported inattentive

symptoms, whereas Miranda et al. (2013) found effects on

both H-I and inattentive symptoms. Furthermore, the observed

intervention effects on inattention and H-I may vary depending

on whether the informant is a teacher or a parent (Moore

et al., 2018). These previous studies have mainly focused on

behavior related to ADHD, and cognitive aspects have gained

less attention. In their intervention study, Capodieci et al. (2019)

found that a group-based skill-focused intervention improved

participants’ control of attention, inhibition, and performance in

reasoning tasks. This suggests that skill-centered interventions

may benefit CC. Because better knowledge of the specific effects

of school-based training interventions targeting EF skills needed

in school could guide further intervention development in

school settings, we analyzed whether school-based skills training

had effects specifically on CC or also on H-I.
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Moderators of intervention e�ects

Even though school-based interventions on EF can be

effective, variations in outcomes are common (Evans et al., 2018;

Moore et al., 2018). A better understanding of the moderators

of intervention response could help identify individuals who

could potentially benefit from certain intervention types in

school settings. Existing evidence suggests that among children

with diagnosed ADHD, the severity of ADHD symptoms

moderates the intervention response (Hinshaw, 2007; Moore

et al., 2018), but less is known about the moderating effects of

pre-intervention cognitive skills. We were especially interested

in cognitive skills as moderators because problems with EF

are known to be associated with cognitive deficits. Especially,

language skills and working memory are proposed as cognitive

prerequisites of EF (Barkley, 1997; Vygotsky, 2012) and deficits

in these (Bruce et al., 2006; Friedman et al., 2022) as well as in

visuo-spatial processing (Cardillo et al., 2020) are known to co-

occur with attention problems. However, only few studies have

addressed effects of cognitive abilities on intervention outcomes.

Langberg et al. (2013) showed that cognitive ability did not

moderate the response to training intervention, whereas the

Multimodal Treatment of ADHD study (MTA; a multisite study

evaluating behavior therapy, medications, and the combination

of the two) found that low IQ in association with severe

inattention and H-I symptoms and parental depression was

related to a worse response (Hinshaw, 2007). Due to a lack of

evidence and the strong association between cognitive abilities

and intervention outcomes, we addressed the influence of verbal

and visuo-constructive skills and working memory on the

intervention response.

Although EF deficits often co-occur with behavioral

problems (e.g., Barkley et al., 2006; Miyake and Friedman, 2012;

Danforth et al., 2016), there is uncertainty about how they

influence the intervention response. The MTA study (Hinshaw,

2007; Hinshaw et al., 2015) showed that co-occurring conduct

or oppositional defiant disorders (ODD) did not moderate

intervention outcomes among children with diagnosed ADHD.

On the other hand, because Langberg et al. (2018) suggested

that the effectiveness of homework and organizational skill

interventions might vary more strongly among children with

severe behavioral problems (H-I and ODD symptoms), the

present study examined the extent to which conduct problem

symptoms influenced intervention responses.

Present study

We investigated the outcomes of a manualised school-

based skills training intervention (Maltti; Paananen et al.,

2011) on teacher-rated on-task and learning behaviors in the

classroom. The group intervention was implemented in the

Finnish elementary school context as part of conventional

special educational support. First, we tested the intervention’s

effects on CC and H-I. Given that the intervention aimed to

improve inhibition in on-task situations and task completion

strategies, and based on previous studies (Pfiffner et al., 2014;

Capodieci et al., 2019), we hypothesized that positive changes

would be found in CC, but not in H-I. Second, based on theories

on the development of EF (Barkley, 1997; Vygotsky, 2012;

Cardillo et al., 2020), we also tested whether pre-intervention

language skills, visuo-spatial skills, (i.e., WISC-IV Vocabulary

and Block Design scores) and working memory (WISC-IV

WM Index) moderated intervention response. As there is no

previous knowledge of the cognitive moderators of school-

based training interventions, we did not set a hypothesis.

Third, we investigated whether the pre-intervention level

of conduct problem symptoms moderated the intervention

outcomes. As previous findings suggest that conduct problems

do not play an obvious role as moderators (Hinshaw et al.,

2015), we hypothesized that they would not affect the

intervention outcomes.

Methods

The study was conducted in Finnish primary schools over

two different cohorts during the years 2013-2017. The first

cohort consisted of Finnish-speaking schools and the second

of Swedish-speaking schools (both are official languages in

Finland). School personnel from the participating schools

were provided a handbook with detailed instructions and

intervention materials, and three to four training sessions were

provided by the researchers. Training attendees were divided

into intervention or waitlist group based on order of registration

(first cohort) or by randomizing at the school level (second

cohort). Altogether, 25 experimental intervention groups, with

a total of 104 pupils, were formed. Because the objective was

to investigate the Maltti-intervention implemented-as-designed

(see Nelson et al., 2012), only intervention groups with high

fidelity were included in the main analyses (19 groups with

a total of 80 pupils; see Figure 1), but we also tested how

intervention fidelity influenced intervention outcomes. The

interventions were delivered on average one session per week

excepting holidays during the school year (August-June in

Finland), starting in October or November and ending in May.

Participants

The first inclusion criterion for the intervention was

presented during the first training session to intervention

providers as follows: “Children having symptoms of inattention,

hyperactivity, and/or executive difficulties to such a degree that

they impaired children’s academic progress.” The classroom

teachers were asked to observe and select candidates for

Frontiers in Psychology 03 frontiersin.org

https://doi.org/10.3389/fpsyg.2022.975856
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Paananen et al. 10.3389/fpsyg.2022.975856

FIGURE 1

Flow chart for participant selection.

participation based on this criterion. The final decisions

regarding students’ participation in the intervention were made

by school personnel, usually by a multi-professional group, and

taking parents’ views into consideration. This is in accordance

with typical special education procedures in Finland, where

diagnosis is not required for special educational support, but

decisions are based on in-school evaluations (Björn et al., 2016).

In addition to the EF deficits observed, the overall EF deficit

symptoms must be in the top 25th percentile based on the

ATTEX EF deficits questionnaire filled in by teachers. Written

consent was obtained from parents for both intervention and

study participation.

Altogether, 191 pupils were assigned to the intervention

group (n = 104) or waitlist group (n = 87). The participants’

first languages were Finnish (n = 71 [43 in intervention

group], 37.2%), Swedish (n = 119 [60 in intervention group],

62.3%), and Russian (n = 1 [in intervention group]; 0.5 %).

All participants followed the standard curriculum and were

fluent in the instructional language. Pupils who started ADHD

medication during the intervention period, pupils not within

the top 25th percentile regarding EF difficulties and children

in intervention groups with low implementation fidelity were

excluded from the analysis of intervention effect. Pupils with full

information in pre- and post- assessments were included in the

final analysis (Figure 1).

Pupils came from 41 different primary schools across

districts in Western, South, Eastern, and Central Finland

(intervention group: 17 (32.0%) urban, 8 (68.0%) sub-urban or

rural; waitlist group: 9 (56.3%) urban, 7 (43.8%) sub-urban or

rural). In Finland, differences in pupils’ performances between

schools are very small (Arffman et al., 2010; Mullis, 2017).

Further, the national curriculum and the Basic Education Act

stipulate common guidelines for teaching and the provision

of support at schools across municipalities. Accordingly, we

did not expect significant variations between pupils’ schooling

and abilities, but we did test intervention and waitlist groups’

equivalency for the basic descriptive variables and the possible

influence of school on intervention effects.

Intervention providers

The intervention training for the first cohort of providers

consisted of four six-hour sessions, one in the spring semester
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and one in the fall before the intervention period, and two

during the school year when interventions were running. This

training showed that it could be carried out in a shorter period of

time, therefore, for the second cohort, training consisted of three

six-hour sessions, one in the spring semester and one in the fall

before the intervention period, and one when the interventions

were running. No financial or otherwise incentives were offered

to the providers.

In the first cohort, the intervention providers were recruited

for the study from a cost-free Maltti-intervention (Paananen

et al., 2011) training course targeted to school personnel

(teachers, special education teachers, and school psychologists).

The course was financed by the Finnish Board of Education.

Attending the study was voluntary for the training course

participants who were all novices in terms of the Maltti-

programme before the training and the study. In the second

cohort, intervention providers were recruited by directly

contacting all Swedish-speaking elementary schools in Finland

with students in grades 1–6, for whom we could find updated

contact information. All participants who signed up and

attended the training course were asked to participate in the

study, and all agreed. The participants were all novices in terms

of the Maltti-program. The training courses were provided by

Finnish-Swedish non-profit foundations.

All the intervention providers worked in the schools where

the intervention took place. Of the providers, 25 (55.6%) worked

as special education teachers, 10 (22.2%) as general education

teachers, 7 (15.6%) as school psychologists, and 3 (6.7%) as social

workers. Teachers and psychologists hold a higher education

master’s degree. Social workers also hold either a master or

bachelor’s degree. Because the intervention was delivered within

special education, none of the providers was expected to

be the classroom teacher of the participating pupils. In the

experimental group, three intervention groups (with 13 pupils)

had one of their two providers as also their classroom teacher,

and therefore, the same teachers also evaluated participants’

behavior in classrooms.

Intervention

The Maltti-programme (“Patience”; Paananen et al., 2011)

is targeted at children aged 7 to 11 years who have difficulties

in attention control and task execution in classroom learning

situations due to attentional and EF difficulties. The program

includes 20 detailed instructions and materials for 60 to 75

mins intervention sessions for groups of four to six children,

conducted in school facilities (Table 1). Maltti consists of

exercises and tasks emphasizing three aspects of on-task and

learning behavior: (i) Inhibition and attention control, (ii)

Action selection and planning, and (iii) Strategy-use. The

program consists of three phases during which children practice

(1) allocation of attention to relevant stimuli and verbalisation

(sessions 1–5), (2) regulation of one’s own behavior in task

situations to inhibit prepotent or overlearned reactions and

behaviors (sessions 6–8), and (3) working and task completion

strategies (sessions 9–20). Maltti employs behavioral methods

(i.e., clear, effective and positive worded instructions and

contingency-based behavior management systems) to enhance

participants’ on-task skills; cognitive and skill-training (i.e.,

modeling, verbalisation, strategy training and suppression of

automatic or overlearned responses) to enhance attentional

control and prolonged time of information processing, and

stop and go signals to prolong the information processing time

and to support systematic working. All sessions are structured

following the same schedule. The routines and rules are explicit

and remain unchanged throughout the sessions. Pupils are given

feedback and they earn tokens. The sessions end with a game

or playful activity intended to be a pleasant conclusion of

each session.

Measures and assessments

Measures

Language skills were assessed using the Vocabulary and

visuo-spatial skills were assessed with the Block Design subtests

and working memory with the Working Memory Index (WMI)

from the Wechsler Intelligence Scale for Children (WISC IV;

Wechsler, 2010). Vocabulary and Block Design subtests were

selected as they correlate highly with the respective indices (r =

0.86 Vocabulary with Verbal Comprehension Index and r= 0.77

Block Design with Perceptual Reasoning Index) of the WISC IV

(Wechsler, 2010).

Symptoms of conduct problems were assessed with the

teacher-completed Conduct Problems subscale of the Strengths

and Difficulties Questionnaire (SDQ; Goodman, 1997). The

score ranges from 0 to 10, with 0–2 points indicating average

levels, 3 points slightly raised, 4 points high, and 5–10

points very high levels of conduct problems (Borg, 2013). The

Cronbach’s alpha in a Finnish cohort of 7- to 9-year-olds for the

Conduct Problem scale ranged from 0.66 (for girls) to 0.73 (for

boys). In the present sample, Cronbach’s α was 0.71.

Overall EF symptoms, H-I and CC were measured using

the teacher-completed ATTEX questionnaire (Klenberg et al.,

2010). It comprises 55 items in 10 subscales: Distractibility,

Impulsivity, Hyperactivity, Directing attention, Sustaining

attention, Shifting attention, Initiative, Planning, Execution of

action, and Evaluation. We used aggregated Total scores of all

items and aggregated subscales for H-I (subscales 1–3, max. 40)

and for CC (subscales 4–10, max. 70). The ATTEX has a high

internal consistency (Total score α= 0.98; Klenberg et al., 2010).

In the present study, high consistency was found for the Total

score (α = 0.94; 55 items), H-I (α = 0.93; 20 items) and CC (α

= 0.93; 35 items). As ATTEX items tap difficulties, a decrease in

score is a positive result.
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TABLE 1 Treatment features of the Maltti intervention.

Targets Tasks, materials and

methods

Required skills Predetermined goals for

earning tokens

Phase 1 (sessions

1–6)

Allocation of attention to

relevant stimuli and

verbalisation of tasks

• Modeling and scaffolding

• Tasks: visual and auditory

attention tasks (e.g., visual

searching tasks, auditory

repetition task)

• Attention control (focus,

sustaining)

• Focusing on relevant

information

• Verbalisation and reflection of

perceptions and thoughts

• Completion of task and

verbalisation of solutions

• Completion of task according

instructions

• Completion of task as instructed

in a specific order

Phase 2 (sessions

6–8)

Regulation of one’s own

behavior in task situations to

inhibit prepotent reactions

and behaviors

• Stop and go signals (Stop and

green light signs) showing time

for planning and thinking and

completing a task

• Tasks: visual searching tasks

(e.g., organizing card series),

coding, visual problem solving

(e.g., reasoning of the rules in

visual-problem solving tasks)

• Task and problem definition

• Inhibition of reactive behaviors

• Control of actions

• Using Stop and go signal to

complete tasks

• Verbalisation of the solutions

Phase 3 (sessions

9–20)

Working and task completion

strategies

• Modeling

• Task completion strategy use: (a)

problem definition, (b)

planning, (c) completion of a

task according the plan and (d)

reviewing the task completion

• Tasks: visual and logical

problem-solving tasks, social

problem-solving tasks, reading

comprehension and

mathematical verification and

problem-solving tasks (strategy

use in these tasks)

• Task and problem definition and

planning

• Sustained attention

• Flexible adaptation of actions

• Cooperative working with other

pupils

• Completions of tasks according

task completion strategy

• Completions of tasks

independently according task

completion strategy

• Verbalisation of the solutions

• Cooperative planning and

prosocial behaviors (working in

pairs, helping other pupils)

Structure “Warm-up” Practices Feedback and tokens Game or play practices

“How are you” round and

review of previously learned

skills and presentation of new

materials and skills

Practices of required skills with

materials and tasks

A token system; pupils earned

stickers or points, and by collecting

them, pupils received rewards at

after earning an agreed number of

tokens

Board games, card games or

playing in a group; intended to be a

pleasant ending for each session

and to improve/maintain positive

group cohesion

Social validity was measured in the second cohort with

a questionnaire consisting of five statements (e.g., “The

intervention reduces the pupils’ difficulties on-task behavior,” “The

intervention is easy to implement”). The scores were on a Likert

scale ranging from 1 (totally disagree) to 6 (totally agree).

Cronbach’s α for the scale was 0.85.

Assessments

The pre-intervention WISC-IV tests were completed

by psychologists (either research group member or school

psychologist) in schools during the school hours. Pre-

intervention ATTEX-questionnaires were completed by

teachers in the autumn before the intervention, post-

intervention in the following spring, and follow-up in

the following autumn, one month after the beginning

of the school year. Parents reported ADHD diagnoses

and medications before and after the intervention

period. In the second cohort, social validity assessments

were completed by intervention providers at the end

of the intervention periods for both intervention and

waitlist groups.
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Intervention fidelity

Intervention providers were given an intervention manual

with detailed instructions for delivery. Fidelity was assessed with

a checklist and interviews. The criteria for fidelity evaluations

followed the structure of each intervention session. Providers

fulfilled the criteria-checklist after each session to determine

whether the intended topics (i.e., what’s-up round, modeling,

practices, feedback, and game/plays session) were covered. They

were interviewed at the end of the intervention to evaluate

and confirm the given fidelity information. In cases in which

less than 80% of planned topics were covered during the

intervention period, the group was excluded from the analyses.

Statistical analyses

Interventions with high fidelity were delivered in two

different language environments (Finnish and Swedish), in

19 different schools; therefore, the possible influences of

language environment and school on intervention effects and

the necessity of two-level or nested analysis were tested before

answering the research questions. Preliminary analyses with

one-way ANOVA were used to compare the groups at baseline

in age, grade, ATTEX total score, H-I, CC, and conduct problem

symptoms, cognitive skills, mothers’ education, and proportion

of ADHD diagnoses and medication use. Preliminary analysis

also included the investigation of missing data. To test the

influence of intervention fidelity on the intervention effect

within the experimental group, univariate ANOVA was used

setting intervention fidelity as a between-subject factor, and the

ATTEX total gain score (from pre- to post-intervention) was set

as the dependent variable. The average score of the social validity

measure is reported.

To answer the research questions, mixed-model ANOVA

was used to analyse changes in outcome measures (i) between

pre- and post-intervention and (ii) between pre-intervention

and follow-up assessments. In the models, the ATTEX scores

at three time points (pre-intervention, post-intervention, and

follow-up) were entered as within-subject factors and the group

as a between-subject factor. Group × moderator interaction

analyses were conducted to determine how moderators

influenced the intervention outcomes. In case a group ×

moderator interaction was statistically significant or very close

to statistical significance, additional analyses were conducted to

determine howmoderators influence the intervention outcomes.

The moderator analyses (levels of cognitive abilities and conduct

problem severity) were performed using the Johnson-Neyman

method and Process Macro 3.4. (SPSS extension; Hayes, 2018)

which allows to analyse a range of pre-intervention values in

which groups differ in their intervention gain relative to values

TABLE 2 Comparison of the baseline descriptive values between the

intervention and waitlist groups.

Group

InterventionWaitlist control

group group

Variables M (SD) M (SD) Significance of

the mean

difference

N 71 77

Age (years) 9.31 (1.11) 9.67 (1.28) ns.

Grade level 3.07 (1.13) 3.32 (1.21) ns.

ATTEX total score 59.39 (19.69) 59.68 (17.76) ns.

H-I score 21.01 (10.36) 21.59 (8.63) ns.

CC score 38.38 (13.08) 38.04 (13.53) ns.

VoSs 7.61 (2.61) 7.35 (2.61)a ns.

BDSs 8.59 (3.22) 8.81 (3.16)b ns.

WMI 15.93 (5.17) 16.26 (4.85)b ns.

SDQ CP score 2.16 (2.00)c 2.81 (2.14)a ns.

Education mother 3.48 (1.23)d 3.33 (1.16)e ns.

Percentage Comparison of

the proportions

ADHD diagnose 11.3 9.1 ns.

ADHDmedication 8.5 5.2 ns.

H-I, Hyperactivity-Impulsivity; CC, Cognitive control; VoSs, Vocabulary standard score;

BDSs, Block design standard score; WMI, Working memory Index; CP score, Conduct

problem score; Only pupils with full information in ATTEX pre- and post-assessments

included. an= 75, bn= 74, cn= 70, dn= 61, en= 55.

of the moderator values. The ATTEX pre-intervention and post-

intervention assessment time point scores were set as the within-

subject factors and the group × moderator as an interaction

term. Pre-intervention ATTEX Total score was entered as a

covariate to improve the accuracy of the model (Langberg et al.,

2018).

Results

Results of the preliminary analysis

Comparison between the intervention and waitlist group

participants did not reveal statistically significant differences in

age, grade level, ATTEX scores, conduct problem symptoms,

WISC-IV scores, or mothers’ education (Table 2). The number

of children with an ADHD diagnosis or with ADHDmedication

did not differ between the two groups. Language environment

{[F(1, 69)] = 2.64, p = 0.172} or school {[F(16, 53)] = 1.44, p =
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TABLE 3 ATTEX scores at pre-, post-, and follow-up assessments.

Intervention group Waitlist control group

(n = 71) (n = 77)

Pre M (SD) Post M (SD) aFollow-up M (SD) Pre M (SD) Post M (SD) aFollow-up M (SD)

ATTEX score

H-I 21.01 (10.36) 18.35 (10.50) 17.28 (10.07) 21.57 (8.69) 20.15 (9.11) 19.31 (9.45)

CC 38.38 (13.08) 32.90 (14.64)* 32.66 (15.84) 38.04 (13.53) 37.17 (12.89)* 34.55 (15.30)

H-I, Hyperactivity-impulsivity; CC, Cognitive control; *statistically significant differences between profile groups at the p< 0.05 level between pre- and post-assessments. aIn the follow-up

assessment, the number of participants was 70 in the intervention group and 69 in the waitlist group.

0.16} had no significant effect on the ATTEX gain score; thus, a

single-level model could be used in the main analysis.

Missing data affecting pre- and post-assessments were

mainly due to missing teacher ratings. Analysis of the

randomness of missing of data using Little’s CAR showed that

it was completely at random (χ2
= 41.19, p = 0.066). There

were no statistically significant differences in the outcome or

moderator variables as measured at T1 between pupils missing

data from any timepoints compared to pupils with complete data

except for age, where pupils withmissing data were slightly older

{[F(1, 162)]= 12.219, p < 0.001}.

Overall, 6 intervention groups (19 participants) out of 25

had lower than 80 % fidelity rate. Fidelity influenced the ATTEX

Total gain score {pre- vs. post-test; [F(1, 90)]= 14.97, p < 0.001,

ηp² = 0.14; pre- vs. follow-up [F(1, 89)] = 16.43, p < 0.001, ηp²

= 0.16}. The pupils in the low-fidelity intervention groups had,

on average, more EF deficit symptoms in the post-assessments

compared to the pre-intervention assessments (M = 6.55, SD =

16.12) and even more symptoms in the follow-up than in the

post-assessments (M = 12.50, SD = 17.64). These six groups

were excluded from the following analysis. In the second cohort

social validity assessments were completed by 38 intervention

providers (intervention, and waitlist after their intervention

period). The results of the social validity assessments indicated

high social validity, (M= 4.29, SD= 0.76).

Intervention outcomes and moderation
analysis

The analyses revealed that the intervention group improved

more in CC compared to the waitlist group during the

intervention {[F(1, 146)] = 5.15, p = 0.025, ηp² = 0.03; Table 3}.

Although the achieved gain endured in the intervention group,

comparison of pre- and follow-up phases between groups did

not show a significant difference in change in CC. Comparisons

of H-I between the different time points were not statistically

significant (Table 3).

A near statistically significant interaction effect of conduct

problems and group on the ATTEX Total score and the

CC {[F(1, 140)] = 3.42, p = 0.066} was found. The process

FIGURE 2

The linear connection between conduct problem symptoms

and teacher-rated gain in the CC score (process analysis; Hayes,

2018). Statistically significant area of di�erence 0.00–3.20 for

the ATTEX CC score on the SDQ conduct problem subscale.

moderator analysis showed that when the conduct problem

score was low (i.e., < 3), there was a significant relationship

between group and the intervention gain; Maltti participants

had significantly higher gains in the CC compared to the

waitlist participants if their conduct problem scores were low

(Figure 2). A total of 79% of the Maltti participants and 67%

of the control participants were in this range of values of

conduct problems. Conduct problems did not moderate the

intervention effect on H-I. Pre-intervention language skills,

visuo-spatial skills, or working memory scores did not have an

effect on the intervention outcomes. As an additional analysis,

we investigated the response between the groups among those

whose conduct problem score was below three. The pairwise

comparisons revealed that, among pupils with a low level of

conduct problems, there was a larger imminent intervention

effect in CC with medium effect size {[F(1, 105)]= 8.60, p= 004;

ηp²= 0.08}.

Discussion

The main purpose of the study was to explore the effect

of a school-based intervention (Maltti) conducted as part of

schools’ special educational support on EF deficit symptoms
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observed in a classroom setting and, especially, to examine the

moderators of the intervention response. The results revealed

that the intervention supported the positive development of

on-task skills and behaviors. More specifically, a significant

intervention effect and positive change were detected in CC,

but not in H-I, between pre- and post-assessments, which

was in concordance with our expectations, as the intervention

was targeted at skills that aim at improving attention and

inhibition control in on-task situations and task completion

strategies. Significant intervention effect was detected between

pre- and post-assessments but not between pre- and follow-up

assessments. Consistent with previous findings (e.g., Langberg

et al., 2013), we found that pre-intervention language skills,

visuo-spatial skills, or working memory did not moderate

the intervention outcomes, whereas pre-intervention conduct

problems moderated the intervention outcomes.

Intervention e�ect

Altogether, the results indicated statistically significant

effects and a functional relationship between the intervention

and a change in behavior. Significant group differences

in teacher-rated EF deficits and on-task behaviors were

detected between pre- and post-assessments but not between

pre-assessment and follow-up. Even so, problem behaviors

continued to decrease until the follow-up measurement in

the intervention group, demonstrating maintenance of the

intervention effect. Although the intervention effect was

statistically significant, it must be noted that the teacher-rated

deficits showed, on group level, a 16% decrease. However, it

could be argued that quite large and inherently socially valid

changes are needed before being noticeable by the type of

outcome measure used in this study. The changes in behavior

resulting from the intervention were observed in the pupils’

natural setting and associated with socially meaningful and

important outcomes. In addition, social validity inventory

showed that respondents agreed with statements that the

intervention was effective and feasible.

The findings, showing intervention change in pupils’

behavior in the classrooms, that is, outside the delivery setting,

have pedagogical relevance, as they show pupils’ ability to use

the new skills in learning situations. One profound limitation

of interventions for children with attention deficits has been

the lack of generalization of the effects across different settings

(Abikoff, 2009; Evans et al., 2018). Moreover, the gain was

observed in CC, which is relevant for learning, and which

was the target of the training during the intervention period;

that is, allocating attention to relevant stimuli, regulation,

and inhibition of prepotent reactions in on-task situations

and strategy use and systematic working habits. The findings

support the previous notion that training the specific skills

needed in the classroom benefits children with deficits in EF

(Abikoff et al., 2013; Pfiffner et al., 2014; Langberg et al.,

2018). The Maltti intervention practices did not significantly

diminish participants’ H-I observable in classroom, suggesting

that this type of cognitive training intervention does not have

an influence on H-I, which is also in line with a previous study

(Pfiffner et al., 2014).

It must be noted that the teacher-rated behavior change in

the waitlist group was quite substantial between the post- and

follow-up assessments. One reason for the positive change in

behavior ratings in this group may be leaking of the Maltti

intervention principles in the waitlist schools, which is possible

in active and development-oriented schools. The training of the

intervention providers of the waitlist school personnel started

in the spring preceding the autumn in which they started their

intervention period. The entire school year-long waiting period

might have created an urge to start specific support in addition

to “support as usual” for the pupils in the waitlist group.

Moderator e�ects

Cognitive skills (i.e., language and visuo-spatial skills,

working memory) did not moderate the response to the

intervention, which is in accordance with a previous study by

Langberg et al. (2013). This suggests that the materials and

principles of theMaltti intervention enhanced the basic elements

of on-task behaviors that are not related to or dependent on the

assessed cognitive skills. Although the finding is encouraging,

it should also be noted that the variation in cognitive skills

was rather small, which may have diminished the power of

the analysis. Thus, more research is needed on the effects of

cognitive skills as moderators on intervention response, also

outside skill training.

Conduct problems did influence the intervention outcomes;

moderator analysis showed that in the intervention group,

improvements were demonstrated mainly among pupils with

low levels (average or slightly raised) of conduct problems.

Our results indicated that school-based training interventions

that focus on on-task skills do not necessarily benefit pupils

with higher levels (high or very high) of conduct problem

symptoms, which is in line with Langberg et al. (2018).

There are several possible explanations for this result. Pupils

with conduct problems may be either more resistant to

behavior change, or defiant behavior and disobedience or

oppositionality prevent active participation in group activities

and practices, thus resulting in poorer development of on-

task skills (McClelland et al., 2000). Further, generalization of

the practiced skills may be weaker among pupils with conduct

problems resulting from unchanged and negative interaction

between teacher and pupil or pupil’s tendency to stick to

maladaptive and disruptive behavior. It is also plausible that

the pupils with conduct problems had other types of distress

not considered in this study, perhaps related to home or
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parenting. One prominent line of research and intervention

development could therefore be the integration of parenting

support and skill training for these pupils (see e.g., Leijten et al.,

2020).

Intervention fidelity

Previous research has shown that successful implementation

of behavioral interventions and good implementation fidelity

improve the intervention outcomes of evidence-based practices

(Monzalve and Horner, 2020). Similarly, in the present study,

the fidelity of the intervention implementation influenced

intervention responses. An unanticipated finding was that low

intervention fidelity intervention resulted in negative effects

on pupils’ on-task behaviors, which were detected even in

the follow-up phase. It is likely that even not attending

the intervention could have been more beneficial for these

pupils, than attending the intervention group with poor

fidelity. This raises intriguing questions on why and how low

fidelity causes negative intervention effects, or what causes

low fidelity. Pre-intervention data revealed that levels of

pupils’ attention deficit or conduct problem symptoms were

not higher in groups with low fidelity; actually, levels of

symptoms, both in attention deficit and conduct problems,

were lower in the low fidelity intervention groups. Based

on these data, we can infer that low fidelity was not

associated with particularly difficult pre-intervention problem

behaviors. Conducted fidelity interviews revealed that low

fidelity may be associated, instead, with maladaptive adult-

pupil interaction. It is possible that communication in the

groups did not boost positive task orientation, and that

intervention providers may have paid attention to negative

behavior instead of task orientation and positive feedback,

thereby triggering oppositional behavior in the pupils. This

process could be understood from the point of view of

the therapeutic alliance, as it has been shown that the

formation and maintenance of a good child–therapist alliance

has the potential to aid in achieving positive psychotherapy

outcomes among adolescents (for a meta-analysis, see Karver

et al., 2018). If communication between adults and pupils

has been negatively toned, at worst some pupils may have

interpreted the intervention as a punishment or felt that

the adult is not “for me and with me.” This supplementary

information raises important questions about the integrity of the

interventions in the school context, and the topic needs to be

further studied.

Limitations

The study was conducted in a naturalistic setting that

exposed it to some limitations. Full randomization of

participants was not possible, and the study was conducted with

a quasi-experimental design. Previously, some authors have

strongly argued that unblinded assessments and the proximity

of the assessor cause biased data (e.g., Sonuga-Barke et al.,

2013). Teachers who rated pupils’ behavior in the classroom

setting were aware of the pupils’ intervention condition and

of the general goal of the intervention. However, there are

several reasons to believe that the positive changes in behaviors

reflected generalization of the practiced skills into the classroom

settings rather than the expectation effect of the classroom

teachers. The classroom teachers (except for three teachers out

of 45 intervention providers who were involved in intervention

delivery) did not receive any training component, nor were they

explicitly familiarized with intervention ingredients or specific

skills that were practiced in the intervention group sessions.

Furthermore, intervention providers or teachers were not taught

any methods to support the generalization of practiced skills

into classroom settings. In addition, teacher rated evaluations

reflected the level of intervention fidelity that teachers were not

aware of. Although blinding the assessments for stakeholders

in a naturalistic setting is difficult, a multi-informant method

and systematic observations should be used in the future

to diminish the possible biases in data. To control for the

possible leak of training to the waitlist group, we recommend

that future studies use successive multiple observation-based

measurement points (systematic observations or direct behavior

ratings; Christ et al., 2009). Such an assessment could reveal

whether anticipation or the start of intervention has immediate

effects on interpretations of children’s behavior, or whether

the intervention generates gradual change in behaviors as is

expected in training interventions.

Conclusions and future directions

The results of this study indicated that the school-

based comprehensive group intervention combining behavioral,

cognitive, and skills training methods positively influenced

behavioral manifestations of CC in the classroom setting but

did not influence H-I. The results also revealed that the

intervention was more effective for pupils with fewer conduct

problem symptoms. Given that the intervention response was

minor among pupils with more severe conduct problems,

we recommend other intervention methods, particularly those

targeting conduct problems for these pupils (see Kazdin, 2018).

To obtain greater improvements in both H-I and conduct

problems, training interventions should be integrated with

behavioral interventions focusing on behavioral control and

acting-out behavior in the classroom (Pfiffner et al., 2006;

Karhu et al., 2018; Capodieci et al., 2019). Accordingly,

for children without attention and EF problems but with a

primary need for H-I behavior support, behavioral management
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interventions should be preferred instead of, or before,

training interventions.

A strength of this study was that it showed positive

results from intervention that was conducted in ecological and

multi-sited contexts with a low threshold for participation,

that is, pupils were eligible for participation based on

teacher identification of need for support. Along with better

accessibility, interventions implemented with integrity in the

school context are cost-effective compared to treatments outside

school hours (Pfiffner et al., 2014). The study shows that

even a relatively short training for school personnel may be

enough to obtain competence to conduct a manualized group-

based intervention that benefit pupils’ EF. It must be noted

that although the present results reflected positive intervention

effects for pupils in the intervention group, especially for those

with low levels of conduct problems, the downside was that poor

intervention fidelity resulted in worsening on-task behavior in

the classroom setting. This finding underlines the importance of

the integrity of the intervention when trying to achieve positive

changes in behavior and learning in a special educational

setting. Further research should be undertaken to investigate the

intervention fidelity and integrity, pupil-teacher interactions,

and methods that enable generalization of special educational

support to classroom settings.

As noted above the intervention had limited effects,

especially on children with H-I and those with conduct

problems. Therefore, in the future the implementation of

individualized support plans alongside skill training may enable

extending the intervention efforts to the classrooms (e.g., using

functional behavior assessment-based approaches; March and

Horner, 2002). Further, the use of multiple measurement points

could assist in identifying for whom and in which conditions the

intervention is beneficial and could also offer the possibility of

modifying the intervention to improve its effect, especially for

pupils not benefiting from it. Better knowledge of the factors

influencing the successful implementation of the intervention

programme would help to better integrate the intervention into

the school context and to better offer support to children with

EF deficits symptoms.
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