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A B S T R A C T

Determining the degree of external regulation by educators in the increasing digitalization of the school context 
is one of the most important issues we are facing in the future of students' learning. Educators must determine 
how to set up the learning environment and amount of direction provided to elicit their student's best perfor
mance. Standardized test assessments of cognitive abilities provide an important reference point for oper
ationalizing how degree of examiner structure and direction during the administration of these tests may be 
related to individual differences in student performance. Our analysis of standardized instructions of several 
different measures of cognitive assessments illustrates how these assessments vary in their degree of external 
regulation, such as specifications of set up of physical environment, amount of instruction and feedback pro
vided, examiner direction during administration and timing factors. Based on a coding scheme to identify and 
quantify these factors, we present a proof of concept by examining whether degree of external regulation may 
explain individual differences in test performance, particularly in at-risk learners such as child and youth with 
ADHD. Operationalizing what we have learned from years of refining instructions for standardized test 
administration can serve as a useful reference point for determining factors to optimize student learning within 
the digitalization of learning environments.
Educational relevance statement: This paper discusses the importance of the environment (more specifically, the 
testing environment) for students' success, particularly at-risk learners such as students with ADHD. To illustrate 
how environmental structure can impact student performance, instructions for standardized test assessments of 
cognitive skills were used to show how environmental structure can be operationalized in learning environments. 
Standardized test assessments of cognitive abilities provide an important reference point for operationalizing 
how degree of examiner structure and direction during the administration of these tests is related to individual 
differences in student performance. In this paper, we surveyed the instructions of some of the most common 
standardized assessments of cognitive abilities (intelligence and executive function tasks) to operationalize the 
types and degree of structure provided as part of the instructions and administration of these tests. Then, we 
identified illustrative studies to demonstrate how the nature and amount of examiner direction may explain 
individual differences in test performance, particularly in at-risk learners such as students with ADHD. Finally, 
the relevance for at-risk learners in online learning environments is discussed, given that this environment may 
be particularly challenging for educators to control and regulate to optimize learners' success.

A key role of educators is to teach content and skills, but managing 
and optimizing the learning environment is a necessary requirement for 
the success of all students, including at-risk learners. External regulation 
refers to learning influences imposed from outside the learner, such as 
teacher guidance, prescribed structure, rules, and instructions, as 
opposed to internally generated self-control that originates within the 

learner (de la Fuente, Sander, Kauffman, & Yilmaz Soylu, 2020). 
External regulation is associated with structural features and charac
teristics of the learning environment that stimulate and support 
learning. For example, the type of tasks and the sequencing of the task 
procedure, the organization of time and space in the instructional set
tings, and the mechanisms of feedback have been described as central 
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features in functional learning environments (Allal, 2010). When 
external structure is adequate, it allows the learner to use their cognitive 
and attentional resources to focus on understanding the content and 
material, rather than having to attend to the organization or manage
ment of the learning environment. Effective teaching involves managing 
and balancing these environmental considerations with the individual 
differences of the learner. Typically developing learners benefit from 
additional external regulation (Azevedo, Greene, & Moos, 2007).

Standardized tests of cognitive skills, such as intellectual abilities 
and executive functions [such as Wechsler Intelligence Scale for Chil
dren, Fifth Edition (WISC-V; Wechsler, 2014) and the Delis-Kaplan Ex
ecutive Function System (D-KEFS; Delis, Kaplan, & Kramer, 2001)] 
provide examples of highly structured testing environments which can 
provide insights into operationalizing the types of external regulation 
and structure that can be provided in a learning environment. Specif
ically, these tests are designed to specify and manage environmental 
factors related to the test, such as instructions and administrative pro
cedures that are specified and consistent across all examinees, so that 
test results can be interpreted based on the specific knowledge or skill 
being assessed (Sattler, 2018). However, the interface between perfor
mance on highly structured tests and performance in real-world contexts 
has been a noted limitation of these measures, leading to the develop
ment of assessment tools that may reflect performance under less 
structured conditions, such as ratings of executive function (Gioia, 
Isquith, Guy, & Kenworthy, 2000; Toplak, West & Stanovich, 2013; 
Schweitzer & Zion Golumbic, 2024). Thus, there is a continuum for 
degree of external regulation or structure in the testing environment that 
has been informative with respect to the assessment of cognitive per
formance (Ledochowski, Andrade, & Toplak, 2019). The purpose of the 
current paper is to use standardized assessment of cognitive skills in 
testing situations to operationalize and code the types of external 
regulation and structure provided in this environment, including mea
sures with higher and lower degrees of standardization of test admin
istration. Then, we use this coding scheme to determine whether at-risk 
learners, such as children with Attention-Deficit/Hyperactivity Disorder 
(ADHD), demonstrate performance differences based on a review of 
published studies that have used these assessment tools. In particular, 
children with ADHD need extra support from educators to compensate 
for difficulties in their internal regulation (Blotnicky-Gallant, Martin, 
McGonnell, & Corkum, 2014; Elik, Wiener, & Corkum, 2010; Marti
nussen, Tannock, & Chaban, 2011). We introduce this as a novel 
approach for identifying environmental factors that may be used to 
enhance the learning environment for students, and to also inform 
strategies for teaching and learning in digital environments.

1. Operationalizing types and amount of direction provided in 
standardized assessment of cognitive skills

Standardized test assessments of cognition (such as intellectual 
abilities and executive functions) provide an opportunity to operation
alize the ways and degree of structure and direction provided by an 
examiner in a testing situation. Standardized testing situations provide a 
useful reference point to operationalize features that provide structure 
and external regulation to optimize testing performance. The impor
tance of standardized procedures in the administration of cognitive and 
achievement measures has been well understood since the origins of 
psychometric testing in psychology (Anastasi & Urbina, 1997). The 
primary goals of standardized assessment are to ensure that the measure 
has been administered in exactly the same manner across examinees, so 
that deriving test scores are comparable across examinees who have 
taken the assessment (Sattler, 2018). All test administration manuals 
have instructions on how to set up a standardized environment, 
including arranging the physical environment and test materials, giving 
instructions and asking questions, encouraging and clarifying responses 
and timing items (Sattler, 2018). Some minor departures from stan
dardized procedures are permitted as long as they do not change the 

nature of the test. With highly specific administration instructions for 
the testing environment, performance differences across examinees can 
be attributed to individual differences in their competencies, skills and 
behaviours.

As the goal of standardized tests to measure competence was to have 
comparable scores across individuals on content items that were ob
tained under the same standardized and optimal conditions, several 
features were added to the administration instructions to develop cir
cumscribed methods that would control or eliminate factors other than 
knowledge or skill of the domain being tested in the particular subtest. 
Thus, we suggest that an important dimension to operationalize is the 
amount of direction and specification that is provided by the examiner 
(or educator), which we will generically refer to as the amount of 
structure provided in the testing situation. The more structure in a 
standardized testing situation that is provided limits or restricts the 
types of responses and behaviours that may be provided or expressed by 
the examinee. That is, increased structure in testing administration may 
optimize the conditions for the examinee to demonstrate their best 
performance on the content items of these tests.

Standardized measures of intelligence and executive function (such 
as Wechsler Intelligence Scale for Children, Fifth Edition (WISC-V; 
Wechsler, 2014), the Delis-Kaplan Executive Function System (D-KEFS; 
Delis et al., 2001) are conventionally used for assessment of cognitive 
skills and would be considered highly structured standardized measures 
designed to specifically measure knowledge and skills under optimal 
testing conditions (Sattler, 2018). For example, there are specific in
structions with respect to setting up the physical space for testing, 
manualized and exact instructions for task instructions and feedback 
provided, degree of feedback and encouragement to examinee during 
testing and limits on amount of time permitted for questions. All of these 
features of the testing situation are specifically designed to control for 
other factors and explanations for the examinee's performance. Thus, 
these standardized features provide an opportunity to operationalize 
and define the types of standardized procedures that may shape per
formance in other learning environments. For example, removing dis
tractions from the environment greatly eliminates the possibility that 
other stimuli were the focus of the examinee as an explanation for 
performance. More specific and elaborate instruction with sample 
problems and feedback increases the likelihood that the examinee un
derstands the task and what is required for performance. The types of 
prompts to signal the examinee to respond may importantly reinforce 
continued effort and attention. Time restriction (or timed performance) 
may stimulate momentum for the task (Lee, Osborne, Hayes, & Simoes, 
2008; McInerney & Kerns, 2003), but it may also potentially inhibit 
performance if there is anxiety (Caviola, Carey, Mammarella, & Szucs, 
2017) or negatively impact performance if it elicits impulsive tendencies 
(Noreika, Falter, & Rubia, 2013). Given the highly structured and 
standardized administration of the WISC and DKEFS tests (Delis et al., 
2001; Wechsler, 2014), we coded the administration and testing in
structions based on criteria for setting up the environment, nature of 
task instructions and feedback for explaining subtests, amount of 
examiner direction permitted and timing considerations for each of 
these tests.

In addition to consideration of standardized tests that are highly 
structured with respect to administration instructions, degree of struc
ture within the testing environment, such as direction by the examiner, 
has been identified as an important variable to consider in relation to 
understanding task performance (Ledochowski et al., 2019). In fact, the 
highly standardized nature of testing environments has been a critique 
of these measures, namely that under these conditions, examiners do not 
elicit behaviours and performance that may be observed in ecologically 
valid and real-world environments (Gioia et al., 2000). It has been 
suggested that any differences or difficulties in executive function per
formance, such as performance on the D-KEFS, are likely to be limited as 
the organization and structure required for successful performance are 
provided by the examiner (Salthouse, Atkinson, & Berish, 2003). 
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Similarly, Gioia, Isquith, and Kenealy (2008) have argued that “in
dividuals with substantial executive dysfunction can often perform 
adequately on well-structured tests when the examiner is allowed to cue 
and probe for more information, relieving the individual of the need to 
be appropriately inhibited, flexible, strategic in planning, and goal 
directed.” (p. 180).

The Behavioural Assessment of the Dysexecutive Syndrome in Chil
dren (BADS-C; Wilson, Evans, Alderman, Burgess, & Emslie, 1996) was 
designed to assess executive function performance in more natural and 
real-world contexts relative to more standardized measures of executive 
function. Similarly, there are other cognitive measures intended to 
assess performance, but seem to provide considerably less direction and 
instructions for administration (such as the Rey-Osterrieth Complex 
Figure test; ROCF; Rey & Osterrieth, 1944), or are designed to provide 
less examiner direction during testing (such as the Conners Continuous 
Performance Test, Third Edition (CPT-3; Conners, 2014). We included 
these measures to develop our coding criteria with the expectation that 
these tests would have less directive and specified instructions for the 
standardized administration of these tests. It is important to acknowl
edge that all of these measures are intended to assess different types of 
cognitive skills and abilities. However, these measures also importantly 
vary in the standardization of administration during testing, a consid
eration that has not been considered systematically in the literature to 
date.

Operationalizing the standardized procedures during test adminis
tration can serve as a proxy for determining whether external regulation 
and structure may impact actual performance. Increased structure in a 
standardized test administration allows the examiner to fully manage 
the testing situation, decreasing the need for the examinee to manage 
and self-regulate their responses and behaviour. This relates to a that has 
been made by psychometricians between maximal versus typical per
formance situations (see Ackerman, 1994, 1996; Ackerman & Hegges
tad, 1997; Cronbach, 1949; Matthews, Zeidner, & Roberts, 2002). 
Maximal or optimal performance situations are those where the task 
interpretation is highly constrained, and the person performing the task 
is instructed to maximize performance. Optimal performance measures 
examine efficiency of goal pursuit, which include tests of intelligence and 
cognitive aptitude, such as executive function tests (Stanovich, 2009). 
Alternatively, typical performance situations are unconstrained in that 
no overt instructions to maximize performance are given, and thus the 
task interpretation is determined to some extent by the participant. The 
goals in typical performance situations may be somewhat more open, 
but the issue at hand is what a person would typically do in such a sit
uation, given fewer constraints. Standardized tests which specifically 
define the conditions of the physical environment and permittable task 
instructions and feedback by the examiner provide more defined 
external regulation and structure of the testing situation. These types of 
constraints can support an environment to maximize or optimize per
formance. Alternatively, less defined environments during standardized 
testing may permit more opportunity for the examinee to display typical 
performance, which may lead to performance differences. For example, 
fewer sample problems, less feedback provided and fewer permitted 
queries to elaborate and clarify responses would reflect less external 
regulation and may impact actual performance.

The first purpose of this project was to review several cognitive 
performance-based tasks and identify characteristics of administration 
and instructions of several standardized measures that provide external 
regulation and structure during testing.

2. Coding external regulation and structured in the 
administration of standardized tests

We selected five performance-based measures of intelligence and 
executive function to operationalize the ways that examiners provide 
structure during test administration. These tasks included the Wechsler 
Intelligence Scale for Children, Fifth Edition (WISC-V; Wechsler, 2014), 

the Delis-Kaplan Executive Function System (D-KEFS; Delis et al., 2001), 
the Behavioural Assessment of the Dysexecutive Syndrome in Children 
(BADS-C; Wilson et al., 1996), the Rey-Osterrieth Complex 
Figure (ROCF; Rey & Osterrieth, 1944) and the Conners Continuous 
Performance Test, Third Edition (CPT-3; Conners, 2014). These mea
sures were included to sample tests that had relatively high structure 
(WISC-V and B-DEFS) and relatively lower structure (CPT-3 and ROCF) 
during testing administration. The BADS-C, also a measure of executive 
function, was selected because it aims to evaluate real-life problem- 
solving abilities (Wilson et al., 1996). Table 1 provides an overview of 
the measures and subtests included.

3. Standardized test administration: Review of test 
administration instructions to operationalize structure of testing 
environment

3.1. Method and tasks included

Table 1 provides an overview of the measures and subtests included.
The page numbers of the administration testing manual that were 

reviewed for coding were as follows: (1) WISC-V six core subtests: pages 
1–2, 14–16, 26–31, 47–49, 56, 77–81, 86–98, 113–115, 117–161 
(Wechsler, 2014); (2) D-KEFS all nine subtests: pages 39–45, 55–58, 
79–83, 91–96, 105–113 (Delis et al., 2001), (3) BADS-C five subtests: 
pages 1–8 (Wilson et al., 1996), (4) ROCF: pages 1–3 (Rey & Osterrieth, 
1944) and (5) CPT-3: pages 1–3, 11–14 (Conners, 2014).

The development of the coding scheme was based on reviewing the 
instructions for the WISC-V. The WISC-V is a commonly used measure of 
intelligence that measures several domains, including: verbal compre
hension, visual spatial, fluid reasoning, working memory, and process
ing speed, but it also provides a Full-Scale IQ score (Wechsler, 2014). At 
the outset, we were aware that the WISC-V would have the most detailed 
and elaborate test instructions for administration given the history and 
extensive development of this tool (Sattler, 2018). Thus, this measure 
was selected first to develop our coding scheme to provide an exhaustive 
list of criteria for consideration. For the remaining measures, the coding 
scheme based on the WISC-5 was used to review the instructions of the 
other tests. Instructions for the general administration of the test and 

Table 1 
List of measures (and subtests) included in this review.

Test Age

1. WISC-V (Wechsler, 2014)  

- Block Design
- Matrix Reasoning
- Digit Span
- Coding
- Vocabulary

6–16 (and 11 months) years of age.

2. D-KEFS (Delis et al., 2001)  

- Trail Making
- Verbal Fluency
- Design Fluency
- Colour-Word Interference
- Sorting
- Twenty Questions
- Word Context
- Tower Test

8–89 years of age.

3. BADS (Wilson et al., 1996)  

- Playing Card Test
- Water Test
- Key Search Test
- Zoo Map Test
- Six Part Test

6–16 years of age.

4. Rey-Osterrieth (Rey & Osterrieth, 1944) 5–14 years of age.
5. Conners CPT 3 (Conners, 2014) 8 years of age and older.
6. UPT-2 (Ledochowski et al., 2019) 6–12 years if age.
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instructions for each of the subtests were included as part of the review.
In addition to the WISC-V, we selected a well-known standardized 

measure of executive function (D-KEFS; Delis et al., 2001) and a measure 
of executive function to assess real-life problem-solving (BADS-C; Wil
son et al., 1996). The D-KEFS (Delis et al., 2001) is a standardized 
measure of executive functions, including cognitive flexibility, problem- 
solving, inhibition, and verbal and non-verbal creativity. We expected 
the D-KEFS to also have highly detailed and structured instructions for 
administration. The BADS-C is also a standardized measure of executive 
functions, which was designed to evaluate real-life problem-solving 
abilities, such as planning, cognitive flexibility, impulse control, and 
temporal judgment (Wilson et al., 1996).

We selected two additional measures expected to have somewhat less 
structure specified in the instructions for administration: the Rey- 
Osterrieth Complex Figure (ROCF; Rey & Osterrieth, 1944) and the 
Conners Continuous Performance Test, Third edition (CPT-3; Conners, 
2014). The ROCF is a neuropsychological assessment of visuospatial 
abilities, memory, and planning (Rey & Osterrieth, 1944). It involves a 
participant copying a complex geometric figure and later reproducing it 
from memory. This test evaluates not only the accuracy of the figure 
reproduction but also the organization and strategy used by the exam
inee (Ardila & Rosselli, 2003). The CPT-3 (Conners, 2014) is a widely 
used computerized test designed to assess sustained attention (including 
attentiveness, impulsivity, sustained attention, and vigilance) over a 14- 
min period. During the test, the participant responds to a series of visual 
stimuli. Dependent measures include response time, errors of omission 
(missed responses), and errors of commission (incorrect responses). It is 
commonly used to assess attention-related concerns in ADHD, which is 
one of the reasons the CPT-3 was included (Corkum & Siegel, 1993; 
Faraone et al., 2016).

We also included an experimental task called the Unstructured Per
formance Test (UPT; Ledochowski et al., 2019). While the UPT is not a 
published standardized test, this experimental task was designed to 
measure performance based on little direction and interaction of the 
examinee with the examiner, so that performance is predominantly 
determined by the examinee (i.e., minimizing the external regulation). 
The UPT involves participants completing 42 simple test questions 
(simple math facts, completing simple sentences and completing pat
terns) that are randomly arranged on a large sheet of paper. Correct and 
complete responses were scored.

3.2. Coding procedure

Acknowledging that these measures are related to very different 
content domains, the purpose of the current coding scheme was to 
identify instructions that provided structure during the testing situation, 
including organization of physical space, providing instructions, re
sponses to the examinee and timing considerations. Thus, our coding 
scheme was focused on identifying the following types of instructions: 
(1) arranging the physical environment and test materials [structure 
relating to the set-up of the environment can serve to remove distrac
tions from outside of the testing room (e.g., windows) or/and inside the 
testing room (e.g., having items on the table that are not related to the 
test itself)]; (2) giving instructions and asking questions (more specific 
and precise instructions can make the task demands more salient and 
clear to the examinee, providing samples and feedback); (3) encour
aging and clarifying responses (direct the examinee's performance dur
ing testing, which can also result in increased performance) and (4) 
whether performance is timed in any manner.

In order to create the coding scheme, all of the general test in
structions and administration procedures for each test were carefully 
reviewed. As the WISC-V had the most elaborate and extensive admin
istration instructions, this test was used to generate the coding scheme. 
Two coders reviewed the Vocabulary subtest of the WISC-V to identify 
instructions related to the domains indicated above, and this was dis
cussed and reviewed by the two coders and an additional coder. Each 

coder identified instructions that provided structure for the testing sit
uation and rated the presence of these instructions (No = 0 and Yes = 1). 
Based on this baseline coding scheme, one of the coders reviewed the 
remaining WISC-V subtests, and the three coders met again to discuss, 
adjust and compile the coding scheme. Then, then a second coder coded 
the WISC-V independently. The three coders met again to resolve any 
discrepancies. Finally, the two independent coders reviewed the 
remaining five test instructions and discrepancies were resolved by a 
third coder. A summary of the coding scheme with examples is presented 
in Table 2.

The final version of the coding scheme consisted of 12 yes/no 
questions under four different domains: two questions for the physical 
environment of each task, five questions for the instruction and feedback 
domain, three questions for the examiner direction/involvement 
domain, and two questions for timing. Each independent coder coded 
the instructions for each of the standardized measures according to the 
12 questions. Each standardized test (or subtest) was assigned a struc
ture score out of 12.

4. Results

Inter-rater reliability between the two independent coders was 
determined by calculating Cohen's Kappa (K; Tabachnick & Fidell, 
2007). Cohen's kappa is a chance-corrected measure of agreement be
tween two raters and ranges from − 1 (total disagreement) to 1 (perfect 
agreement; Tabachnick & Fidell, 2007). Kappa values were calculated 
for each variable between the two raters, and the average kappa for each 
of the 12 questions for each task was calculated. For assessment mea
sures with multiple subtests, the average Kappa value is reported. There 
was some variability in inter-rater agreement, but all remained in the 
good/substantial agreement range within each of the six tasks (WISC-V: 
K = 0.927; D-KEFS: K = 0.937; BADS-C: K = 0.951; Rey-Osterrieth: K =
0.916; CPT-3: K = 0.833; and UPT: K = 0.833). The overall consistency 
was found to be in the good agreement range (Κ = 0.833 to 0.951).

Structure scores for all the standardized performance tests were 
calculated based on the answers to each coding category (yes = 1 point, 
no = 0 points). Scores were ranging from two to nine out of 12. Table 3
summarizes each subtest and overall test's structure score including the 
Kappa results. The WISC-V tests had the highest structure score (9/12), 
followed closely by the D-KEFS (8.12/12). Then, the BADS-C (6.40/12), 
ROCF (6/12) and the CPT-3 (6/12) had relatively lower scores in 
comparison to the WISC-V and D-KEFS. The UPT was not a standardized 
test, but was included because it was developed to capture skills and 
abilities with little instruction or direction from an examiner 
(Ledochowski et al., 2019). The UPT had the lowest score of 2/12, which 
would be expected given the purpose and design of this measure. The 
UPT measure was included for this reason.

There was considerable commonality in several of the instructions 
between WISC-V, D-KEFS, BADS-C, CPT-3 and the ROCF, all of which 
are published standardized measures. These commonalities included all 
four of the domains, including setting up the physical environment 
(criteria 1 and 2), specific task instructions (criterion 3), instructions to 
redirect child to persist (criterion 9) and timing of performance or 
timing cut-offs (criterion 11).

Some of the criteria were only present in the more structured tests 
(WISC-V and D-KEFS; criteria 4, 5, 6 and 7). For example, these criteria 
involved feedback regarding incorrect responding during instructions 
(criterion 4), instructions on how to probe or elicit a more elaborate 
response (criterion 6) and specific rules for discontinuing the test or 
subtest (criterion 7). These criteria reflect more elaborate instructions 
during test administration that ensure that examinees have properly 
interpreted the task demands (specifically criteria 4, 5 and 6). Some of 
the criteria were generally less likely to be present across all of the 
measures, including instruction with respect to pacing administration by 
the examiner (criterion 8), specific instructions on how to read the in
structions (such as pacing or using inflections; criterion 10) and whether 
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examinee is informed about being timed (criterion 12). Some of these 
criteria may be specific to the content of the test material, such as 
whether timing is a component of the assessment, but coding for timing 
is still relevant to consider for instructions that may be specific to a 
particular set of tests.

The score for the BADS-C (6.4/12) from this coding scheme falls 
between the tests with the highest (WISC-V and DKEFS, 9 and 8.12 
respectively) and lowest (CPT-3 and ROCF, both score of 6) scores, but 
relatively closer to the tests with lower structure scores. Including the 
BADS-C in this coding scheme was of particular interest given that it was 
designed to assess executive function performance in more natural and 
real-world contexts relative to standardized measures of executive 
function. Examining the criteria we used, items elaborating instructions 
and feedback (criteria 4, 5, 6 and 7) were largely missing for the BADS-C 
subtests relative to the WISC-V and DKEFS. However, instructions 
specifying the physical environment for assessment (criteria 1 and 2), 
examiner direction and involvement (criteria 8 and 9) and timing con
siderations (criteria 11 and 12) were present in most of the BADS-C 
instructions. Thus, there are several overlapping features in the 
administration instructions of the BADS-C that provide structure for the 
examinee.

Our second purpose was to conduct a literature review of studies 
with ADHD samples that have included these standardized measures. 
Based on our analysis of degree of structure provided by each test, we 
examined whether ADHD status would be related to degree of task 
structure of these measures.

5. External regulation in at-risk learners: The case of ADHD

At-risk learners, such as students with Attention-Deficit/ 
Hyperactivity Disorder (ADHD), require extra support from educators 
to help them manage the demands of the learning environment 
(Blotnicky-Gallant et al., 2014; Elik et al., 2010; Martinussen et al., 
2011; Zentall, 2005). This additional support is needed because of the 

Table 2 
Coding scheme. List of coding variables and examples from WISC-V (Wechsler, 
2014) and D-KEFS (Delis et al., 2001).

Domain: Criteria: Example:

Physical 
Environment

(1) Are there instructions on 
how to set up the physical 
environment?

(2) Are there instructions on 
how the examiner will 
oversee testing session?

- “Present only the blocks 
needed to construct the 
item. Remove all 
unnecessary blocks from 
child's view.” (Wechsler, 
2014)

- “Examiner sits directly 
across from the child for 
the entire session.” This is 
done so that the examiner 
can fully observe test- 
taking behaviour. 
(Wechsler, 2014)

Instruction and 
Feedback

(3) Are there specific 
instructions on how to 
complete a task and what is 
required from the child?

(4) Is there any feedback during 
test that signals incorrect/ 
inappropriate responding?

(5) Are there sample problems 
with feedback regarding 
content provided?

(6) Are there instructions on 
how to probe response, have 
child elaborate response?  

(7) Are there rules for 
discontinuing after several 
incorrect responses?

- “Watch me make my 
blocks look just like this… 
Now you (the examinee) 
make one like this.” 
(Wechsler, 2014)

- If the child makes a 
specific mistake in specific 
items (but not in all). 
“Correct only the first 
rotation error.” (Wechsler, 
2014)

- “Provide one example and 
let the child start.” In 
some subtests (e.g., Digit 
Span) the sample 
problems serve as 
qualifying items. 
(Wechsler, 2014)

- “Provide queries as often 
as necessary… but do not 
query responses that are 
clearly incorrect.” 
(Wechsler, 2014)

- Rules for discontinuing 
vary for different subtests. 
“Discontinue after 2 
consecutive scores of 0” 
(Block Design; Wechsler, 
2014)

Examiner 
Direction/ 
Involvement

(8) Is the administration 
paced by the examiner?

(9) Are there instructions to 
re-direct the child or 
encourage to persist?

(10) Are there specific 
instructions on how to 
read the instructions/ 
items to the child? (e.g., 
pacing administration)

- The examiner times each 
item and decides when to 
stop/discontinue and 
which item to administer.

- “… Offer praise such as 
Yes or Right…” (only if 
indicated to do so). The 
examiner can re-direct the 
child by saying “listen 
carefully…” If the child 
performs poorly on a sub
test and is aware of it, the 
examiner can say “that 
was a hard one, but this 
next one may be easier… 
just try your best…” 
(Wechsler, 2014)

- “Read each trial verbatim 
at the rate of one digit per 
second, dropping your 
voice inflection slightly on 
the last digit…”

Timing (11) Is the task timed or is there 
a specific or distinct time 
limit cut-off?

(12) Does the examinee know 
he/she/they is being timed

- Tasks are timed even for 
tasks without strict timing 
component. “Begin timing 
after saying the last word 
of instruction.” 
“Discontinue after 120 s 
(2 min).” (Wechsler, 
2014)

- “You will have 60 s before 
I tell you to stop.” (Delis 
et al., 2001)

Table 3 
Structure scores (out of 12) and Kappa results for each measure.

Test Structure Score 
(/12)

Structure criteria 
(#)

Kappa

1. WISC-V  

- Block Design
- Matrix Reasoning
- Digit Span
- Coding
- Vocabulary

9 
9 
10 
9 
8 
9

1, 2, 3, 4, 5, 7, 8, 9, 
11 
1, 2, 3, 4, 5, 6, 7, 8, 
9, 11 
2, 3, 5, 6, 7, 8, 9, 10, 
11 
1, 2, 3, 4, 5, 6, 9, 11 
1, 2, 3, 4, 5, 6, 7, 8, 9

0.927 
1 
1 
10 
.7270 
.909

2. D-KEFS  

- Trail Making
- Verbal Fluency
- Design Fluency
- Colour-Word 

Interference
- Sorting
- Twenty Questions
- Word Context
- Tower Test

8.12 
9 
8 
9 
9 
9 
6 
7 
8

1, 2, 3, 4, 5, 7, 8, 9, 
11 
1, 2, 3, 4, 8, 9, 11, 
12 
1, 2, 3, 4, 5, 8, 9, 11, 
12 
1, 2, 3, 4, 5, 7, 8, 9, 
11 
1, 2, 3, 4, 5, 6, 7, 8, 
11 
1, 2, 3, 6, 8, 9 
1, 2, 3, 5, 6, 8, 9 
1, 2, 3, 4, 7, 8, 9, 11

0.937 
10 
.833 
10 
.8330 
.833 
1 
1 
1

3. BADS-C  

- Playing Card Test
- Water Test
- Key Search Test
- Zoo Map Test
- Six Part Test

6.40 
5 
5 
8 
7 
7

1, 2, 3, 8, 11 
1, 2, 3, 8, 9 
1, 2, 3, 4, 8, 9, 11, 
12 
1, 2, 3, 8, 9, 11, 12 
1, 2, 3, 8, 10, 11, 12

0.951 
0.916 
0.916 
1 
1 
0.916

4. Rey-Osterrieth 6 1, 2, 3, 8, 9, 11 0.916
5. Conners CPT-3 6 1, 2, 3, 5, 9, 11 0.833
6. UPT 2 2, 11 0.833
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difficulties with executive function and self-regulation that have been 
reliably shown that individuals with ADHD have (Barkley, 1997; Cas
tellanos & Tannock, 2002; Dennis et al., 2009; Dennis, Sinopoli, 
Fletcher, & Schachar, 2008; Schachar, 2023; Willcutt, Doyle, Nigg, 
Faraone, & Pennington, 2005). Measuring the nature of these difficulties 
in ADHD has been challenging, particularly with respect to determining 
what is attributable to differences in performance attributable to the 
individual versus environmental or situational differences (Barnett, 
2017; Zentall, 2005). For example, Barkley (1997) reported that only a 
minority of individuals with ADHD had impairments in executive 
function based on highly standardized neuropsychological measures of 
executive function. Barkley (1997) suggested that highly standardized 
measures of executive function could not assess performance-related 
differences in children with ADHD, recommending that environmental 
considerations be integrated into assessments. In particular, he sug
gested the assessment of cross-situational data that are gathered over 
several intervals of time to assess impairments related to executive 
functions in ADHD (Barkley, 1997). This recommendation was also 
consistent with Brown (2006), who also recommended assessment of an 
individual's ability to perform complex and self-managed tasks in 
everyday life. There is some evidence to suggest that at risk learners, 
such as children and youth with ADHD, perform lower on measures that 
provide less structure during administration than measures that provide 
more structure (Ledochowski et al., 2019; Willcutt et al., 2005).

In addition to performance on standardized measures of cognitive 
performance, there is also evidence to suggest that children and youth 
with ADHD may be particularly sensitive to environmental structure in 
classroom environments. For example, it has been reported that idle or 
unstructured time in the classroom differentially affects children with 
ADHD, as these children displayed higher levels of hyperactivity and 
disruptive social behaviour compared to neurotypical children based on 
an observational study conducted in a classroom (Imeraj et al., 2016). 
Similarly, children with ADHD tend to display higher levels of hyper
activity during times where they need to wait (Antrop, Buysse, Roeyers, 
& Van Oost, 2002), which has been interpreted as stimulation seeking in 
these contexts. It has been suggested that individuals with ADHD may 
require different environments to help them sustain attention, particu
larly environments with an optimal amount of arousal (Lee & Zentall, 
2002; Vostal, Lee, & Miller, 2013; Zentall, 1985; 2005; Zentall, Hall, & 
Lee, 1998; Zentall et al., 1998; 2012; Zentall, Tom-Wright, & Lee, 2013; 
Zentall & Zentall, 1983), such as predictable routines and structure to 
support learning (Zentall, 2005).

The difficulties that have been reported for children with ADHD 
illustrate the importance and relevance of understanding how environ
mental structure may importantly explain performance and behaviour. 
Thus, one might expect that children with ADHD may display better 
performance in highly structured environments than in less structured 
environments, and that this may be separable from actual knowledge 
and skills. The second purpose of the current paper was to examine 
whether children with ADHD differed from neurotypical children on 
standardized measures that varied in degree of structure provided dur
ing standardized administration, based on the coding scheme developed 
in the first part of this paper.

6. Applying the coding scheme to studies of children and youth 
with ADHD

For proof of concept, we conducted a review of studies that included 
at least two of the cognitive assessment measures that vary in degree of 
structure in the standardized instructions in samples of children and 
youth with ADHD. Based on our review of instructions for administra
tion on the standardized measures chosen, the WISC-V (9/12) and D- 
KEFS (8.12/12) had the highest degree of structure for administration, 
whereas the BADS-C (6.40/12), CPT-3 (6/12) and ROCF (6/12) had 
relatively lower degree of structure provided during test administration. 
We included studies that examined these measures (higher structure vs. 

lower structure) in the same study so that we could directly compare 
effect sizes within the same study sample. Specifically, we compared the 
effect size (Cohen's d) for the WISC (including WISC-III, WISC-IV and 
WISC-V) or D-KEFS between groups (ADHD and neurotypical groups) to 
the effect size for the BADS-C, CPT-3 or ROCF.

Given that ADHD is characterized by difficulties in self-regulation, 
there should be a smaller effect size difference between groups on 
highly specific instructions to structure the testing situation, but larger 
effect sizes when instructions are less specific for structuring the testing 
situation. That is, when testing situations are highly structured, then less 
self-regulation is required which may enhance performance for in
dividuals with ADHD. On the other hand, lower structured assessments 
require more self-regulation and self-direction, which may make it more 
difficult for individuals the ADHD, negatively impacting their perfor
mance relative to neurotypical controls. Thus, we expected that the ef
fect size for the CPT-3 would be consistently larger than the effect on the 
WISC in these effect size comparisons, and that this difference is at least 
partly attributable to the degree of examiner direction and instruction 
provided across these measures.

The main criteria for studies to be included in the review was: (1) one 
more structured test (WISC or DKEFS) and one less structured test 
(BADS-C, CPT or ROCF) and (2) an ADHD and neurotypical control 
group. For this review, we used the following search strategy. The 
literature search was conducted from May to August 2023 using the 
online search engines PubMed, PsychInfo, and Google Scholar. The 
Boolean “AND” was used to include one more structured test (WISC or 
DKEFS), one less structured test (BADS, CPT or ROCF) and the keyword 
“ADHD.” As the WISC-V is the most recent version of this test, we 
included all previous versions of the WISC test to identify more studies 
(WISC-III, WISC-IV, and WISC-R). Thus, after all eligible studies were 
gathered, WISC was replaced by WISC-V, WISC-IV, and WISC-III. The 
CPT-3 and CPT-2 were both searched. The ROCF was also searched by 
the name Rey Auditory Verbal Learning Test (RAVLT) and the Rey Vi
sual Design Learning Test (RVDLT). After all the articles were gathered, 
duplicate records were removed. Some studies only included a subset of 
subtests for the WISC or DKEFS, but these studies were included. Two 
studies were excluded as the participants with ADHD were medicated 
(Hai et al., 2022; Hinshaw, Carte, Fan, Jassy, & Owens, 2007), and one 
study was excluded when it was determined that the comparison group 
was not neurotypical (Moradi, Rajabi, & Mansouri Nejad, 2022).

We identified seven articles that met our criteria, including both 
higher (WISC or DKEFS) and lower structured (BADS-C, CPT-3 or ROCF) 
tests in samples with children and youth with ADHD and neurotypical 
controls. The final articles included in the effect size calculation were 
Boyer, Geurts, and Van der Oord (2018), Crawford and Dewey (2008), 
Hai et al. (2022), Hyun et al. (2018), Park et al. (2014), Parsons, Bow
erly, Buckwalter, and Rizzo (2007), and Seidman, Biederman, Faraone, 
Weber, and Ouellette (1997). Group means (and SDs) for ADHD and 
neurotypical groups were taken for the cognitive measure that had a 
higher structure rating based on our coding system and the cognitive 
measure with a lower structure rating based on our coding scheme. Two 
effect sizes were generated for each study using Cohen's d. For example, 
the mean test score for WISC for neurotypical minus the mean test score 
for the ADHD group divided by the standard deviation. These effect sizes 
for each study are shown in Table 4.

All of the seven articles showed a higher effect size between ADHD 
and controls in the less structured tests (BADS, CPT and ROCF) 
compared to the more structured tests (WISC and D-KEFS). Boyer et al. 
(2018) assessed planning skills of adolescents with ADHD compared to 
controls using D-KEFS and BADS. The effect size for the D-KEFS was d =
0.20 and the effect size for BADS was d = 0.30. Crawford and Dewey 
(2008) examined how visual perceptual functioning in children with 
ADHD and learning problems. Skills were assessed using WISC and 
ROCF. The effect size for the WISC was d = 0.30 and the effect size for 
BADS was d = 0.45. Hai et al. (2022) investigated the superior frontal 
gyrus and anterior cingulate cortex in children with ADHD and their 
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clinical relevance to executive function. They used both the WISC and 
CPT to measure executive function. The effect size for the WISC was d =
0.41 and the effect size for CPT was d = 0.45. Hyun et al. (2018) used 
both WISC and ROCF to test working memory in children and adoles
cents with ADHD. The effect size for the WISC was d = 0.82 and the 
effect size for ROCF was d = 1.17. Park et al. (2014) compared intelli
gence and neuropsychological function in children with ADHD using 
both WISC and ROCF. The effect size for the WISC was d = 0.17 and the 
effect size for ROCF was d = 0.30. Parsons et al. (2007) had both D-KEFS 
and CPT in their study. They conducted a controlled clinical comparison 
of attention performance in children with ADHD in a virtual reality 
classroom. The effect size for the D-KEFS was d = 0.44 and the effect size 
for CPT was d = 1.04. Finally, Seidman et al. (1997) tested children with 
ADHD and its effect on school failure using both WISC and ROCF. The 
effect size for the WISC was d = 0.25 and the effect size for ROCF was d 
= 0.37.

6.1. General discussion

The administration instructions for standardized measures for 
cognitive skills can be used to operationalize the types of external 
regulation and environmental factors that can impact performance. 
Standardized assessment tools also vary in the degree of structure and 
specification with respect to the testing environment. We developed a 
coding scheme to operationalize the ways that external regulation and 
structure are defined in the instructions for standardized test adminis
tration of cognitive skills. We identified four main domains for this 
coding scheme: (1) details regarding set-up of the physical environment; 
(2) instruction and feedback in relation to the content of the test pro
vided by the examiner; (3) instructions with respect to amount of 
permitted direction and involvement by the examiner; and (4) timing 
considerations. Using this coding scheme, we coded five standardized 
measures of intellectual ability and executive functions (WISC-V, D- 
KEFS, BADS-C, CPT-3 and ROCF) and one experimental measure (UPT). 
We found that these measures varied in the degree of structure provided 
in the administration instructions for these measures. Specifically, the 
instructions for the WISC-V (score of 9/12) and DKEFS (score of 8.12/ 
12) had the highest scores in our coding scheme, relative to the CPT-3 
and ROCF (score of 6/12, for each) and the BADS-C (score of 6.40/12).

We found the most commonality in instructions related to setting up 
the physical environment, specific task instructions, instructions to 
redirect child to persist and timing of performance or timing cut-offs 
(which were common across the WISC-V, D-KEFS, BADS-C, CPT-3 and 
the ROCF). Some of the criteria were less common across the stan
dardized tests, including feedback regarding incorrect responding dur
ing instructions, instructions on how to probe or elicit a more elaborate 
response, specific rules for discontinuing the test or subtest and specific 
instructions on how to read the instructions (such as pacing or using 
inflections). The commonality among these particular criteria is that 
they ensure that examinees have properly interpreted the task demands. 
These criteria in particular were present in the two measures with the 
highest scores on our coding scheme, the WISC-V and D-KEFS.

Based on our use of the coding scheme developed to operationalize 
the ways that external regulation and structure are provided during the 
administration of standardized measures of cognitive skills, Table 5
summarizes these criteria with some minor adjustments to our original 

Table 4 
Illustrative studies of cognitive performance-based tasks that vary in degree of 
structure provided in administration instructions based on coding scheme in 
ADHD and control samples.

Study Sample Measures Included (More 
Structured Versus Less 
Structured Based on 
Coding Scheme)

Effect Size 
(Cohen's d)

1. Boyer et al. 
(2018)

ADHD Group: 
115 
Neurotypical: 34 
Mean Age of 
Sample: 14.4 yrs

More Structured: 
DKEFS Tower Test and 
Trail Making Test 
Less Structured: BADS all 
subtests

DKEFS: 
0.20 
BADS: 
0.30

2. Crawford 
and Dewey 
(2008)

ADHD Group: 
115 
Neurotypical: 73 
Mean Age of 
Sample: 11.5 yrs

More Structured: WISC 
(Block Design, 
Vocabulary) 
Less Structured: ROCF 
(Copy and Delayed 
Recall)

WISC: 0.30 
ROCF: 
0.45

3. Hai et al. 
(2022)

ADHD Group: 26 
Neurotypical: 24 
Mean Age of 
Sample: 11.2 yrs

More Structured: WISC 
Vocabulary, Block Design 
and 
Arithmetic 
Less Structured: CPT 
Omission, Commission 
and 
Perseverative errors

WISC: 0.41 
CPT: 0.45

4. Hyun et al. 
(2018)

ADHD Group: 30 
Neurotypical: 30 
Mean Age of 
Sample: 14.5 yrs

More Structured: WISC 
Visuospatial Index and 
Working 
Memory 
Less Structured: ROCF 
Copy Recall, Immediate 
Recall, and Delayed 
Recall

WISC: 0.82 
ROCF: 
1.17

5. Park et al. 
(2014)

ADHD Group: 38 
Neurotypical: 24 
Mean Age of 
Sample: 9.5 yrs

More Structured: WISC 
Full Scale 
Less Structured: ROCF 
Copy Organization, 
Immediate and 
Delayed Recall Accuracy

WISC: 0.17 
ROCF: 
0.30

6. Parsons 
et al. (2007)

ADHD Group: 10 
Neurotypical: 10 
Mean Age of 
Sample: 10.4 yrs

More Structured: DKEFS 
Trail Making A and B 
Less Structured: CPT 
Omission Error and 
Commission Error

DKEFS: 
0.44 
CPT:1.04

7. Seidman 
et al. (1997)

ADHD Group: 65 
Neurotypical: 41 
Mean Age of 
Sample: 11.8 yrs

More Structured: WISC 
Vocabulary and Block 
Desig 
Less Structured: ROCF 
Copy Organization, Copy 
Accuracy, 
Incidental Delay 
Organization and 
Accuracy

WISC: 0.25 
ROCF: 
0.37 Table 5 

Final Coding Criteria.

Domain: Criteria:

(1) Physical Environment (A) Are there instructions on how to set up the 
physical environment?

(B) Are there instructions on how the examiner will 
oversee the testing session?

(2) Instruction and 
Feedback

(A) Are there specific instructions on how to complete 
a task and what is required from the child?

(B) Are there sample problems? Is feedback regarding 
content provided?

(C) Is there any feedback during the test that signals 
incorrect/inappropriate responding?

(D) Are there instructions on how to probe response? 
Instructions for child to elaborate response?

(E) Are there rules for discontinuing after several 
incorrect responses?

(3) Examiner Direction/ 
Involvement

(A) Does the examiner introduce new instruction or 
task demand during the test?

(B) Are there instructions to re-direct the child or 
encourage to persist?

(C) Are there specific instructions on how to read the 
instructions/items to the child?

(4) Timing (A) Is the task timed?
(B) If Yes: 

- Is there a specific or distinct time limit cutoff? 
- Does the examinee know they are being 

timed? 
- Is there a need for special accommodations?
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scheme. In particular, we have added one additional criterion under 
examiner direction/involvement: Does the examiner introduce new in
struction or task demand during the test? As we initially based our 
coding criteria on the WISC-V, we saw that some of the other tests 
mentioned other important things to consider (i.e., introduction of new 
instruction or task demands), and therefore, we added the most prom
inent ones to the coding scheme. In addition, consideration of whether 
timing is a consideration may depend somewhat on the content or 
domain area of the test, which may be optional, but any time restrictions 
in a testing situation would be relevant to consider.

In addition to developing the coding scheme for external regulation 
and structure in standardized assessment of cognitive skills, we exam
ined whether our ratings of these measures were related to performance 
in individuals who may be at particular risk with respect to the impact of 
environment factors, particularly children with ADHD. Based on a re
view of papers that included both measures with higher scores in our 
coding system (WISC or DKEFS) and lower scored in our coding system 
(BADS-C, CPT-3 or ROCF). We identified seven articles that met our 
criteria in samples with children and youth with ADHD and neurotypical 
controls. Overall, we found that the effect sizes (comparing samples of 
ADHD children to neurotypical controls) for tests that had lower struc
ture scores based on our criteria were higher than the effect sizes for 
tests that had higher structures scores based on our coding scheme, 
which is consistent with what was expected. Specifically, the effect sizes 
for the tests with a lower structure score on our criteria ranged from 0.30 
to 1.17 and the effect sizes for the tests with a higher structure score 
ranged from 0.17 to 0.82. However, our review only provides a proof of 
concept to illustrate how degree of structure in administration in
structions on standardized measures of cognitive skills may impact 
children and youth with ADHD. More systematic work is needed to 
further examine and elucidate which factors may be most critical. For 
example, content area will be particularly important to examine more 
systematically, as children and youth with ADHD have consistently 
shown lower performance on the continuous performance tests 
compared to neurotypical children, suggesting a particular difficulty in 
sustained attention (Corkum & Siegel, 1993; Faraone et al., 2016). 
However, sustained attention may look different in more and less 
structured environments, which would be interesting to further examine 
in individuals with ADHD.

One of the interesting observations was the pattern of findings for the 
BADS-C. The BADS-C was designed to assess executive function perfor
mance in more natural and real-world contexts relative to standardized 
measures of executive function (Wilson et al., 1996). While the BADS-C 
did display a relatively lower score based on our coding scheme relative 
to other standardized tests (WISC-V and DKEFS), there were several 
overlapping features in the administration instructions of the BADS-C 
that provide structure for the examinee. In particular, instructions 
specifying the physical environment for assessment, examiner direction 
and involvement and timing considerations were present in most of the 
BADS-C instructions. This suggests that amount of structure provided 
during test administration should not be conflated with skills in real- 
world situations. That is, a test may attempt to simulate the types of 
demands encountered in real-world contexts, it should not be assumed 
that the task necessarily reflects an unstructured environment simply 
because it resembles an activity that occurs in real-world settings. There 
may be occasions where there will be a small or modest correlation 
between structure and real-world tasks, such as real-world activities that 
require structure. However, it is likely conceptually possible to create 
separable dimensions of structure and real-world context. Thus, if 
structure provided during task administration and real-world context 
are conceptually separated, this may explain some of the findings in the 
ADHD literature. For example, some studies have reported significant 
correlations between standardized measures of executive function and 
tasks designed to capture executive functions in the real-world 
(Lawrence et al., 2004) but other studies reporting no associations be
tween such measures (Rosetti et al., 2017). For example, “how 

cognitively demanding” a task is versus ecological validity of the task is 
a conceptual separation of these types of issues, such as in ADHD 
(Torralva, Gleichgerrcht, Lischinsky, Roca, & Manes, 2013).

We recognize the limitations of this approach, namely that the 
assessment measures included in this paper measure very different 
cognitive skills. The measures for this analysis were chosen based on 
identifying tests that vary in the specificity of instructions for adminis
tration. Our attempt was to get a broad set of cognitive measures that 
vary in the degree of standardization, but we knew at the outset this 
would be a limitation and decided that the value of including this 
particular set of measures would be a useful start to identify criteria for a 
coding scheme regarding external regulation and structure in the envi
ronment. It is important to note that the instructions coded were not 
based on the content of the test materials (such as verbal knowledge or 
speed of processing) but rather based on instructions that were inde
pendent of the content of the standardized test.

During this time of rapid change and uptake of technological in
terfaces, it will be useful to operationalize these features across tradi
tional settings (in-person) and online settings. There is increasing 
interest in how online interfaces compare with traditional methods, 
especially when content may be directly comparable. For example, 
(Delgado, Vargas, Ackerman, & Salmerón, 2018; also, Ackerman & 
Goldsmith, 2011) reported a reliable print advantage over digital text in 
a meta-analysis on reading comprehension. Studies such as this one, 
where content is directly comparable across in-person and online envi
ronments, would benefit from whether the actual design of the interface 
(how it may provide structure for students) impacts learning. We also 
have a limited understanding of how the features of the technological 
environment interface with different learners. We hope to stimulate 
some new perspectives on how the learning environment (degree of 
structure provided) and individual differences in learners (such as at- 
risk learners with ADHD) may interact when there is a high reliance 
on technological tools for learning. For example, when material is highly 
complex or difficult, at-risk learners may benefit from additional 
structure and direction from an examiner/educator, but in other con
texts, less structure may be warranted to maintain flexibility in the 
learning environment.

7. External regulation: implications for learning in the digital 
world

Determining the degree of external regulation by educators in the 
increasing digitalization of the school context can be challenging. Even 
before the reliance on technology for learning, educators grappled with 
how to optimize the learning environment to elicit their students' best 
performance. Identifying characteristics pertaining to the amount of 
direction became a key consideration for addressing the needs of all 
learners and is particularly important currently as education has come to 
rely on digital tools (Decuypere, Grimaldi & Landri, 2021; Sharma & 
Singh, 2024). Educators must determine how to set up the learning 
environment and the amount of direction provided to elicit their stu
dents' best performance.

This paper addresses key variables related to external regulation for 
optimizing student learning within the digitalization of learning envi
ronments. This is particularly important for at-risk learners (e.g., stu
dents with ADHD) who require a highly regulated environment 
compared to their neurotypical peers. Recognizing the features that can 
provide structure for the learner will be helpful for educators, given the 
growing emphasis of digital tools in schools. The features summarized in 
Table 5 based on our analysis of instructions for standardized tests of 
cognitive skills, are equally relevant for the digital environment. The 
factors in Table 5 are operationalized for educators to consider and 
could extend to the digital environment, as external regulation is no 
longer provided by some active instructor. For example, one consistent 
difference between the standardized tests was the removal of distraction 
in the physical environment. Specifically, how do educators think about 
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those distractions in the digital environment? Is there feedback given to 
the learner now that the educator might not be physically by their side? 
Cues to encourage persistence? For students who are self-directed 
learners who can learn effectively across different approaches and 
adjust accordingly, the degree of external regulation by online educa
tional tools may not be as critical as for at-risk learners. However, for 
students who may require additional external regulation to be successful 
learners, such as students with ADHD, managing the amount of external 
regulation may be a key to their success, such as considering the de
livery, pace and complexity of the content in the increasing digitization 
of education.

Before the digitization of the school context, educators made virtu
ally all of decisions in the classroom, such as organizing the physical 
space, making lesson plans to create scripts to ensure understanding of 
the content and building in strategies to promote persistence in learning 
among students. The manner in which educators structure and organize 
the learning environment can be integral for fostering executive func
tions and self-regulated learners in the classroom (Faith, Bush, & Daw
son, 2022). With the increasing digitization of the school context, 
identifying and operationalizing characteristics that provide opportu
nities to systematically manage the amount of external regulation within 
the learning environment will be useful to optimize these environments.
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