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A B S T R A C T

Background: Neurological illness can produce a disorganization of behavior, including verbal disinhibition,
despite apparent preserved intelligence. Neuropsychological tests of such behavioral control mechanisms may
predict real-world performance of healthy people, such as success or misbehavior in educational contexts.
Method: In two separate studies, we examined how the Hayling Test of verbal response suppression predicts
grades and classroom misbehavior.
Results: Verbal suppression errors and spontaneous strategy use were significant predictors of undergraduate
grades. Using a modified version of the Hayling Test designed to reduce strategic responding with high school
students (mean age 16), higher grades were predicted by shorter response suppression latencies and better
working memory scores, and classroom misbehavior was predicted by lower working memory scores.
Conclusion: Verbal response suppression and spontaneous strategy use, both closely linked to disorganized be-
havior in neuropsychological patients, predict academic achievement but seem unrelated to classroom mis-
behavior, which is associated with weakness in working memory.

1. Introduction

Students vary on many dimensions, including their motivation,
personality and of particular relevance here, their cognitive abilities. In
fact, based on a review of meta-analyses it has been estimated that
variation in academic achievement at university level is around 50%
dependent on individual differences between the students, with only
about 20–25% dependent on differences between professors, such as
attitude or teaching styles [1].

Traditionally, psychologists have attempted to understand this be-
tween-student variation through the concept of general cognitive
ability, i.e. intelligence. However, although intelligence is a good pre-
dictor of academic ability in younger learners [2,3], it is rather limited
in understanding achievement at higher levels such as late high school
and university study. In fact, some studies have failed to detect any
correlation between intelligence test scores and grades achieved by
high school [4] or undergraduate students [5,6].

One alternative approach has been from cognitive psychology, in
which attempts are made to link specific cognitive processes to

academic performance, usually measured through grades. This research
has particularly linked subprocesses of working memory to success in
certain subjects. For example, visuospatial working memory ability
appears to be an important individual difference that predicts how ef-
ficiently young people learn mathematical skills and concepts, but
phonological loop processes are more important in later use of the
mathematical skills [7]. Phonological processes are also closely linked
to language grades [8]. This corpus of research, mainly conducted in
young children, has suggested that specific features of working memory
have domain-specific contributions to educational performance.
Nevertheless, working memory is very closely associated with general
intelligence, with about two-thirds of the variance in children's working
memory ability attributable to general intelligence [9]. Furthermore,
there is evidence that working memory is a poor predictor of academic
performance of older learners, such as undergraduate students [10].

An alternative approach comes from neuropsychology. The frontal
lobes have long been associated with adaptive goal-directed behavior
and impaired real-life functioning in disorders that compromise frontal
lobe functioning [11,12]. Interestingly, there have been multiple
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reports of adult patients with damage to the frontal lobes who became
grossly disorganized in their lives. This disorganization resulted in
frequent debts, dismissal from employment, dropping out of higher
education, etc. Nevertheless, despite their real-life failures, the patients
maintained high intelligence as shown by normal or in several cases,
well above normal, IQ scores [13–17]. This suggests that some neu-
ropsychological abilities associated with frontal lobe functioning may
be useful in measuring abilities that are relatively distinct from in-
telligence yet still contribute to real-life successful adaptive behavior.

The cognitive and neuropsychological approaches are not mutually
exclusive, as there is significant cross-fertilization between the per-
spectives, particularly regarding working memory and executive func-
tions in general. The latter covers a wide range of abilities but is often
thought to be summarized by three basic factors: working memory,
shifting and inhibition [18]. One feature of executive function, verbal
response suppression, may be of particular relevance in understanding
academic attainment in older learners (e.g. adolescent students and
undergraduates). This can be seen as a form of inhibition, but unlike
most cognitive assessments of inhibition (e.g. Go/No-go, Stop-signal), it
involves the suppression of verbal responses. Furthermore, neu-
ropsychological evidence suggests that the biological basis of the form
of verbal response suppression discussed here is different to that of
other forms of inhibition, such as that measured by the Stroop task
[19]. However, in contrast to the numerous studies of working memory
as a predictor of academic achievement, there are very few studies of
verbal response suppression as a predictor.

The principal neuropsychological test for verbal response suppres-
sion is the Hayling Test [20,21]. This was developed to measure the
disorganization of behavior of patients with damage to the frontal
lobes, one manifestation of which is verbal disinhibition. This is char-
acterized by, for example, lewdness, jocularity, and insensitivity to the
social context [22]. Indeed, verbal disinhibition can be caused by a
variety of illnesses that damage the frontal cortex [23–27]. Basically, a
single trial on the Hayling Test involves participants completing a
sentence that lacks the final word by saying a word that makes no sense,
i.e. suppressing the prepotent response. Neuropsychological studies
have consistently linked performance of this test to the integrity of the
frontal lobes, in particular, the right prefrontal cortex [20,28–30]. It is
also notable that impaired Hayling Test performance in frontal patients
is independent of changes to general intelligence [19,29], and in
healthy adults, Hayling Test performance is not correlated with IQ [10].
This further supports the proposition that assessments such as the
Hayling Test may provide an alternative neurocognitive perspective to
understanding academic achievement.

Indeed, we previously studied the Hayling Test and several other
neuropsychological tests linked to frontal lobe functioning, as well as a
measure of intelligence, as potential predictors of Grade Point Average
scores (GPA) in university students. This revealed that the Hayling Test
outperformed all of the other neuropsychological tests, including one of
working memory, in predicting GPA [10]. Furthermore, Hayling Test
performance was better than intelligence test scores and explained a
significant amount of additional variance in GPA to that explained by
the intelligence test. This hints at an alternative approach to under-
standing academic achievement of older learners such as under-
graduates. Rather than intelligence or working memory, mechanisms
linked to behavioral control such as response suppression may be more
important in complex environments such as late high school or higher
education. This is because these educational contexts require significant
self-directedness, initiative, etc. In support of this approach, a study
that used the Behavior Rating Inventory of Executive Function-Adult
Version [31] with undergraduate students reported that the Behavioral
Regulation Index was consistently negatively correlated with different
indexes of academic attainment [32]. In fact, self-discipline, a trait
closely linked to frontal-lobe functioning [33], explains more than
twice the variation in academic performance of adolescents than in-
telligence [34].

The Hayling Test may simply be a good measure of this frontally-
mediated behavior regulation. This makes sense if the Hayling Test is
really measuring the ability to suppress contextually inappropriate re-
sponses. However, it has been suggested that the reason that Hayling
Test performance is linked to frontal lobe functioning is that perfor-
mance is open to strategy use, which is itself a prefrontal-linked func-
tion [35]. While healthy individuals tend to spontaneously apply stra-
tegies to perform the Hayling Test, frontal lobe damaged patients do
this less often and less efficiently [28]. This suggests that the Hayling
Test may actually be measuring spontaneous strategy use, and the
previously observed association with GPA may be a reflection of that,
not of response suppression per se.

In this research, we attempted to explore in more detail the re-
lationship between Hayling Test performance and academic achieve-
ment in older adolescents and young adults. Two separate studies are
reported. In the first, we attempted to replicate our previous finding
that Hayling Test performance is a good predictor of GPA in university
students. In the second study, we examined various other issues related
to Hayling Test performance and academic achievement. These include
the contributions of response suppression and spontaneous strategy use,
whether the effect generalizes from undergraduate students to high
school students, and the role of general verbal ability. Furthermore, as
it is potentially measuring behavioral regulation, we investigated
whether Hayling Test performance is related to classroom misbehavior.

2. Study 1

The principal aim of this study was to replicate our previous finding
that verbal response suppression is associated with academic achieve-
ment in university students [10]. A secondary aim was to assess the two
other principal executive functions, working memory and switching. As
the Hayling test is a verbal test, we included working memory and
switching tests that also use verbal material. Furthermore, as
Robinson et al. [28] have shown that the poor response suppression as
measured by error scores or response times may actually be caused by a
failure to spontaneously use strategies, at least in frontal lobe patients,
we also coded all responses for strategy use using the same criteria as
Robinson et al. (2015).

2.1. Method

2.1.1. Participants
A sample of 50 undergraduate students (24 female, 48.00%) at

Universidad San Francisco de Quito, Ecuador, was recruited. Due to an
error, age was not recorded, but all were in their first semester of study,
and the modal age would be highly likely to be 18 as that is the typical
age of starting university in Ecuador. The most common majors being
studied were psychology (n=17, 34.00%), followed by industrial en-
gineering (n=9, 18.00%) and mechanical engineering (n=6,
12.00%).

2.1.2. Cognitive assessments
All participants were assessed with three cognitive tests. The

Hayling Test is comprised of two parts, 1 and 2. In both parts, 15
sentences are read to the participant by the experimenter. However, in
each sentence, the final word is missing, and it is the task of the par-
ticipants to quickly say a word that completes it [20,21]. The sentence
context constrains responses, such as “The captain should be the last to
leave a sinking...”. Part 1 is simply an initiation task with no suppres-
sion component in which participants complete sentences as quickly as
possible with appropriate words. However, as we were only interested
in suppression performance, in this study, we used only the Hayling
Test Part 2. In this section, the participants are required to quickly
complete each sentence with a word that makes no sense, such as ‘ba-
nana’. Therefore, they have to suppress any prepotent responses primed
by the sentence. A Spanish-language version of the Hayling Test was
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used here, which has previously been used for research [10,36].
Response times (in seconds) on the Hayling Test are recorded with a

stopwatch from the last word spoken by the experimenter to the onset
of the response by the participant. Regarding the error score for Part 2
(as used here), if the participant performs well, producing a word
completely unrelated to the sentence, they receive zero error points.
However, if they produce a word that sensibly completes the sentence,
which is what they were instructed not to do, they receive three error
points. An intermediate response that does not complete the sentence
reasonably, but still shows an influence of semantic context receives
one error point. Such one-point responses are words that are semanti-
cally related to, or opposite to, the prepotent response. The total of
these scores across the 15 trials gives the suppression error score. High
scores indicate poor performance (maximum 45 points).

In addition to the main performance measures, we coded all re-
sponses in terms of the response type classifications of Robinson et al.
[28]. These can be used to detect specific strategies used to produce
correct (nonsense) responses. In this analysis, we are only interested in
the strategies used to produce correct (0 error point) responses. These
are classified as being ‘correct and visible’, ‘correct and semantic to a
previous response’, and ‘correct and both visible and semantic to a
previous response’. We used this to tally counts of visible strategic re-
sponses, semantic strategic responses, and total strategic responses
(visual, semantic, or both). As there were 15 trials, the maximum
possible frequency for each strategy type is 15 (i.e. the participant used
that particular strategy on every trial).

As a measure of verbal working memory, we used the Counting
Span Test [37]. This is similar to a simple digit span assessment but
contains elements that provide interference, particularly tasking
working memory. Participants are asked to count aloud dark blue cir-
cles among arrays of light blue circles and dark blue squares (i.e. per-
form a conjunctive search). At the end of the count, they then say aloud
the total before the next trial begins. After several trials, they are asked
to recall the list of total counts in the correct order. The length of the
sequences (i.e. number of totals to recall) begins at two and increases
gradually to five, with two trials at each length. For scoring, we used
unit-weighted partial credit scoring, as this has been shown to be a good
measure of performance in working memory span tasks [37].

As a measure of switching ability, we used the Trail Making Test
provided in the Delis-Kaplan Executive Function System [38]. As the
baseline measure of speed of responding, we used the average time to
complete the Number Sequencing and Letter Sequencing conditions.
The variable of interest is calculated by dividing the time taken on the
Switching condition by the baseline speed of responding time. This has
been validated as the best measure of switching ability on the Trail
Making Test [39].

2.1.3. Procedure
All participants provided written informed consent, in accordance

with the institutional ethics committee approved protocol. Participants
were tested individually on all the tests listed above, in the order listed.
Assessment of each participant took approximately 15 minutes. After
the semester in which the data was collected, the University computer
systems were accessed to obtain the average GPA for the semester. GPA
in this university ranges from 0–4 (best).

2.1.4. Statistical analysis
Data distributions were checked with Shapiro-Wilk tests. Any data

distributions that were significantly nonnormal were transformed to
improve their distributions with the RANKIT method [40]. Pearson
correlations were used for all bivariate analyses and were two-tailed
with a significance level of 0.05.

2.2. Results and discussion of Study 1

The correlation coefficients between cognitive variables and GPA, as

well as mean scores, are shown in Table 1. There were no significant
correlations between GPA and working memory capacity as measured
by the Counting Span Task. Nor was there an association with switching
ability as measured by the Trail Making Test. However, there were
significant correlations between Hayling Test Part 2 performance and
GPA. There was a significant negative correlation with the suppression
error score, indicating that students with lower GPA tended to make
more verbal suppression errors. In this study, we did not include the
Hayling Test Part 1, which is mainly used to measure initiation time as
the task requirement is to produce sensible words to complete the
sentences. This omission was because we were interested only in sup-
pression. However, it is likely that Part 1 produces a response-set of
predictable word sentence completion, which may increase the error
rate on Part 2. Our omission of Part 1 may, therefore, have reduced the
frequency of suppression errors, and should be considered a limitation
of the current study.

In addition to the correlation between GPA and suppression error
scores, there was also a significant positive correlation for the count of
responses that used a strategy. Examining the table, this seems to be
mainly driven by the association between GPA and visual strategies
(such as naming objects visible during testing) rather than semantic
strategies (such as repeating words from previous sentences). To con-
firm this, we performed a separate analysis on the total number of
strategic responses calculated as those with a clear visible strategy plus
those which were ambiguous (both verbal and visual). This new total
correlated with GPA at r= .274, p= .054. This showed a trend for
statistical significance, and the size of the correlation is clearly greater
than that between GPA and the total number of semantic strategy re-
sponses.

These correlations suggest that the actual ability measured by the
Hayling Test Part 2 that correlates with GPA may be spontaneous
strategy application and not response suppression per se. On the one
hand, the current result does replicate the previous finding that Hayling
Test Part 2 performance is a significant correlate of academic perfor-
mance in university students, and it appears to have a stronger re-
lationship than other cognitive tests [10]. On the other hand, the pat-
tern of correlations involving strategic responses suggests that,
although the Hayling Test Part 2 is generally used as a measure of re-
sponse suppression, some participants spontaneously use strategies to
achieve low error scores. It may actually be this strategy application
which is associated with academic achievement. Nevertheless, the ob-
servation that spontaneous strategy application during testing is a sig-
nificant correlate of GPA adds to our understanding of the role of ex-
ecutive functions in academic attainment.

The issue of response suppression versus spontaneous strategy use is
a consequence of the way that the Hayling Test is administered. As
alluded to in the introduction, there are several features of the Hayling
Test that mean participants can approach it in different ways, or use
different cognitive abilities, to achieve the required performance out-
come. One of these features is that in the standard administration there
are 15 trials of initiation (Part 1) in which the task is to complete the

Table 1
Mean (+SD) scores on the cognitive tests by the university sample and their
correlations with grades.

Scale /maximum possible score Mean (+SD) r

Counting Span Total score /8 5.859 (1.090) .100
Trail Making Test Switching cost 2.028 (0.790) .009
Hayling Test Median RT 1.106 (0.646) −.170

Suppression total error score /45 4.200 (3.928) −.301*
Correct with a semantic strategy
/15

0.820 (0.941) −.057

Correct with a visual strategy /15 5.380 (3.697) .224
Correct with any strategy /15 6.580 (3.742) .294*

⁎ p < .05.
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sentences normally, followed by 15 trials of suppression (Part 2) in
which the task is to produce a nonsense response. This allows partici-
pants to potentially prepare strategies, as they know the task demands
well in advance. A second feature is that participants can potentially
pick a nonsense word and hold it in working memory, ready to say at
the appropriate moment. From the perspective of the participants,
picking a word such as ‘mushroom’ will probably allow them to pro-
duce a nonsense response to whatever sentence the experimenter reads
to them. In Study 2, we used a standard Hayling Test, plus a modified
Hayling Test designed to block strategic responding such as holding
words in memory ready for use. This allows us to better understand the
contributions of strategy use and response suppression to academic
attainment. With the modified Hayling Test, if the correlation with GPA
is maintained despite the changes to the task to block strategy use, there
probably really is a relationship between response suppression and
academic achievement.

A further issue addressed in Study 2 is whether this relationship
between academic achievement and Hayling Test performance is spe-
cific to adults in higher education. In several studies with school chil-
dren, working memory performance has been found to be the best
predictor of academic grades, particularly in language and mathematics
[2,7,8,41,42]. However, in this study and in our previous research with
university students [10], working memory ability has been found to
have no association with grades, while supposed response suppression
(Hayling Test Part 2 errors) does. In study 2, we used a high school
sample of participants (age range 15–17). As these participants per-
formed both a standard Hayling Test and the novel modified Hayling
Test, in addition to testing the differential influence of response sup-
pression/strategy application, we were able to explore the general-
izability of the basic results to school performance.

That response suppression may be linked to academic achievement
at university level, whereas other executive functions such as switching
and working memory are not, as observed in the current study, requires
some explanation. One factor may be that the mechanism through
which working memory contributes to academic achievement in
younger learners is that better working memory directly facilitates
comprehension and calculation, i.e. students with better working
memory ability can hold and process information more efficiently in
real-time [7]. However, there is evidence that response inhibition may
be associated with school grades through longer-term mechanisms,
such as good inhibition ability being a feature of greater self-control
and self-directed learning [43]. Further support for this comes from the
observation in children that while working memory ability may be
specifically associated with reading and mathematical ability, ‘execu-
tive functions’ (i.e. inhibition, switching and planning) may have a non-
specific association with academic achievement in general [41]. This
has intuitive attraction as a mechanism for why young people with
good response suppression/inhibition may also tend to achieve better
grades. The emphasis on response suppression as self-control, also
suggests that associations between suppression task performance may
go beyond associations with grades and may also be linked to classroom
behavior. In Study 2, in addition to investigating relationships between
Hayling Test performance and grades, we also examine whether it is
associated with classroom misbehavior in school-age adolescents.

Finally, as the Hayling Test is ostensibly a test of verbal response

suppression, and performance has been shown to correlate substantially
with verbal ability in young adults [44], in Study 2 we also investigated
whether general verbal ability could explain why students with higher
GPA tend to have better performance on verbal response suppression.

3. Study 2

3.1. Method

3.1.1. Participants
One-hundred and six high-school students were recruited over two

semesters at a state-run school in Quito, Ecuador. Mean age in years,
calculated from date of birth and interview date, was 16.077
(SD=0.551, range 14.987–16.994). Fifty-five (55.887 %) were male,
and the majority (103/106, 97.170%) identified as being ethnically
‘mestizo’ (mixed European and Native American ancestry). A pre-
liminary analysis of the first 66 participants has previously been pub-
lished as a Spanish-language conference proceeding [45].

3.1.2. Materials
3.1.2.1. Assessment of misbehavior. To measure classroom behavior, we
developed a brief scale containing five items, known hereafter as the
Misbehavior Scale. The five items included in the Misbehavior Scale
pertain to issues identified as particular concerns by one of us (DV),
who was a teacher at the school where the data was collected. The items
asked about academic dishonesty, interruptions, lateness to class,
aggression to fellow students and aggression to teachers. A custom
scale was developed because student behavior scales available in
Spanish and validated for this country were not available.
Furthermore, scales of classroom behavior that are available in
English and have been previously associated with cognitive
performance, such as Conner's 3 Teacher's Short Form [46], focus on
the impressions of teachers concerning impulsive behavior, executive
functioning, etc. of their students. The associations with performance
on executive function tests are therefore not surprising. In this research,
we wished to examine associations between Hayling Test performance
and actual reported classroom misbehavior.

The questions asked (in Spanish) and the English translations are
shown in Table 2. Teachers were asked to rate, on a Likert scale from
1–4 (never to always), how each student tends to behave in their par-
ticular class on those 5 behaviors.

3.1.2.2. Assessment of cognitive abilities. To measure verbal response
suppression, we used the Hayling Test Parts 1 and 2. The original test
was published in English, but we used a published Spanish version that
has been shown to have good reliability [47].

We will refer to this in the text that follows as the standard Hayling
Test, to distinguish it from a modified version that we also used, de-
scribed later. The standard Hayling Test has two parts. On Hayling Part
1, the task is simply to complete sentences with an appropriate word.
The test measures initiation, but there is no suppression component.
Due to the simplicity of this task, errors are very rare; the variable of
interest is the response time as this gives an indication of initiation
speed.

After Hayling Part 1 is completed, participants perform the Hayling

Table 2
Questions in the Misbehavior Scale.

Item Original Spanish English translation

1 Realiza actos de deshonestidad académica Performs acts of academic dishonesty
2 Interrumpe la clase (usa su celular, se levanta, hace ruido, etc.) Interrupts the class (uses their cell phone, gets up, makes noise, etc.)
3 Llega tarde a clase Arrives late to class
4 Agrede física o verbalmente a sus compañeros/as (ejemplo: golpes, insultos sexistas o

racistas)
Assaults classmates physically or verbally (examples: punches, sexist or racist
slurs)

5 Es irrespetuoso /a o agresivo/a con su profesor/a Is disrespectful or aggressive to the teacher
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Part 2. The administration of this and stimulus materials are equivalent
to those in Part 1, i.e. 15 sentences in which the last word is missing.
However, as described previously in Study 1, the task is now to suppress
the prepotent obvious response and say something that makes no sense
in the context of the sentence. We calculated the suppression error score
and divided that by the number of trials to obtain an error score per
trial measure. Although the Hayling Test is usually used with adult
populations, its use has recently been extended to adolescents [48].

As the Hayling Test is basically a measure of verbal response in-
itiation (Part 1) and verbal response suppression (Part 2), we also in-
cluded a measure of general verbal ability. This was the Vocabulary
subscale from the Wechsler Intelligence Scale for Children-IV (WISC)
Spanish Version [49]. This involves participants providing definitions
for 36 words of graded difficulty. This is a widely validated and reliable
test of linguistic ability for use with children and adolescents.

We also included a measure of verbal working memory capacity:
The Reading Span Test. Good performance on this test is associated
with shorter inhibition response times on the Hayling Test [44], sug-
gesting performance on the latter may be partly driven by verbal
working memory ability, perhaps through facilitating the strategic
storage of verbal responses in working memory (discussed further
below). The Reading Span Test involves participants reading sentences
aloud. In addition, they are required to remember the last word of each
sentence until a point when they are asked to recall the last words.
There are several sets of sentences so that the number of words is
gradually increased, from two sentences (two words to recall) up to five
sentences (five words to recall). This is considered to challenge ex-
ecutive control as participants need to maintain the to-be-recalled
words while simultaneously reading aloud, so it is described as a
working memory span task. Performance on the Reading Span Test is
highly correlated with various measures of linguistic comprehension
[42]. We used a Spanish language version [50], which is presented on a
computer screen. As with the Counting Span Task used in Study 1, we
used unit-weighted partial credit scoring [37].

Finally, we also included a new experimental version of the Hayling
Test, referred to hereafter as the modified Hayling Test (see Fig. 1). The
test is essentially the same as the standard test. Participants must
complete sentences with either an appropriate word or an inappropriate
word (as they do in the standard Hayling Test Parts 1 and 2 respec-
tively). The aim of this modified version is to reduce preplanning and
storage of responses ready for utterance at the start of the response time
recording. There are three key modifications to that end. The first is
that whether an initiation or a suppression response is required is not
told to the participants until the start of the response time recording.
The standard Hayling Test has 15 initiation trials followed by 15 sup-
pression trials. In the modified Hayling Test, there are 9 initiation trials
and 14 suppression trials presented in a fixed pseudo-random sequence.
The sentences to be completed are presented on a computer screen in a
PowerPoint file. At the start of the response time recording, the ex-
perimenter advances the slide which then shows either a green tick
mark accompanied by a chime sound or a red cross accompanied by a
beep. The participant is instructed to complete sentences with an ap-
propriate word when presented with a tick mark and chime or an in-
appropriate word when presented with a cross and beep. This mod-
ification, therefore, removes the predictability of which trial is coming
next, which is inherent in the standard Hayling Test.

The other modifications are designed to increase working memory
load so that it becomes difficult to maintain possible responses for use
in coming trials. This was achieved by adding a working memory span
task component. Mixed within the 9 initiation trials and the 14 sup-
pression trials are 7 trials in which the sentence does not have to be
completed by the participant. On those 7 trials, at the point at which an
initiation or suppression response is usually prompted (with a tick or a
cross), the word completing the sentence is presented to the partici-
pants on the computer screen as a written word (in purple type). The
task of the participant is to hold this word in memory until prompted to

recall later in the test. There are either three or four intervening trials
between word presentation and word recall, in an unpredictable se-
quence. Effectively this means that throughout the task, participants are
attempting to maintain a single word in short-term memory and that
word changes every few trials.

The final modification of the Hayling Test is that the participant
must read aloud the entire sentence. In the standard Hayling Test, the
experimenter reads the incomplete sentences aloud, and the participant
gives only the final words to complete them. Making the participants
read the sentences plus responses makes it difficult for them to store
responses for use in coming trials. The modified Hayling Test can be
seen as a combination of the standard Hayling Test Parts 1 and 2
(measuring initiation and suppression) with a Reading Span Task
(measuring verbal working memory span).

The modified Hayling Test presented here contains 14 suppression
trials, 9 initiation trails and 7 memory trials. Therefore, it has the same
number of trials overall as the standard Hayling Test. The 30 sentences
used here in the modified version are different from the 30 sentences
used in the standard Hayling Test described above (developed in Spain)
and were taken from a version developed for use in Cuba [36].

3.1.3. Procedure
All 106 participants were recruited from a single school. The data

was collected in two consecutive academic years to provide a sufficient
sample size. The participants were all students at the school and pro-
vided written assent to participate, and a parent or guardian ad-
ditionally provided written consent for their participation, in ac-
cordance with the institutional ethics committee approved protocol.
Each participant was assessed individually in a quiet office at the
school. Basic demographic data were collected, followed by the various
cognitive tests. Participants were first tested on the WISC Vocabulary
Test. Following this they were tested on Parts 1, then 2, of the standard
Hayling Test. This was administered in its standard format with re-
sponse times recorded on a stopwatch. Next, all participants completed
the Reading Span Test, which was presented on a laptop computer
screen. Finally, the modified Hayling Test was administered. This was
given last as it contains elements of the previously administered tests
(standard Hayling Test and Reading Span Test) and so participants were
already familiar with the task demands. The test was administered as a
PowerPoint file on a laptop computer. At the appropriate time, when a
participant was to complete a sentence, the experimenter would ad-
vance the slide that indicates the type of trial (memorize, initiation, or
suppression). Each application of the modified Hayling Test was audio
recorded. The experimenter listened to the recording after the partici-
pant had left the test session and transcribed the content of the re-
sponses (utterances) and response times on a standard record form. The
participants were then debriefed, thanked for their participation, and
given a small gift of a highlighter pen worth about $1.50.

At the end of the semester in which the cognitive data was collected,
we took the final class grades for each participant for that semester
from the school database. Additionally, the verbal responses on the
standard and modified Hayling tests were scored for strategy use.

During the semester of data collection, we asked the teachers in four
classes to complete the Misbehavior Scale for each participant.
Therefore, we had four Misbehavior Scales completed for each parti-
cipant. This allowed us to take an average of misbehavior scores to
minimize variation caused by situational factors (i.e. students behaving
better in some classes than others).

3.1.4. Statistical analysis
Data were processed with SPSS Version 23. For time-based mea-

sures, median response times were calculated for each participant in
each condition. For the standard Hayling Test and modified Hayling
Test, the two versions have different numbers of suppression trials (15
in the standard and 14 in the modified version). In order to compare
performance between these two versions, absolute scores for errors and
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strategy counts were not used. Instead, scores per trial were calculated
for each participant. Consequently, the maximum total per item score
for strategy counts are all one point, and the maximum total error
scores per item are three points. As examples, if a participant made five
correct responses on the modified Hayling Test which exhibited visual
strategies, their adjusted score would be 5/14=0.357; if a participant
achieved a total error score of 20 points on the standard Hayling Test,
their adjusted error score would be 20/15=1.333 (or 1.333 error
points per trial).

For the other cognitive tests, the raw total scores were entered into
SPSS. Age-adjusted scores were only available for one of the tests (WISC
Vocabulary) but are not based on the Ecuadorian population, and so
were not used. Instead, age is entered as a covariate in all correlation
and regression comparisons. To prevent the effects of extreme scores
excessively influencing regression analyses, scores were Winsorized at 3
SDs. As in Study 1, data distributions were checked with Shapiro-Wilk
tests, and any data distributions that were significantly nonnormal were
transformed with the RANKIT method [40]. These transformed scores
were used for the correlational analyses (Pearson coefficients). How-
ever, for regression analyses, untransformed scores were used, but the
distributions of the residuals were checked for normality of distribu-
tions with Shapiro-Wilk tests. For within-subject analyses, when the
distributions of data remained nonnormal even after transformation,
non-parametric analyses were performed with Wilcoxon matched-pairs
sign-rank tests (for which the standardized test statistic is reported).
Otherwise, for normally distributed data, ANOVA was employed. All
analyses were two-tailed with a significance level of 0.05.

3.2. Results and discussion of Study 2

In the first analysis, we examined the statistical properties of the
scale of behavior used in the study - The Misbehavior Scale. The first
three items, Dishonesty, Interruptions, and Punctuality, had

approximately normal distributions based on skewness and kurtosis.
However, the final two items, Aggression to Students and Aggression to
Teachers both demonstrated positively skewed and leptokurtic dis-
tributions. For this reason, internal consistency was estimated by cal-
culating the mean inter-item Spearman correlation. This was found to
be 0.501 (range 0.278 to 0.662), a mean and range suggesting good
internal consistency and unidimensionality [51].

Next, we examined performance on the modified Hayling Test. The
first step was to compare performance of the modified Hayling Test
with the standard Hayling Test, in order to see how the modifications
changed performance. The variables of interest are shown in Table 3
and are all calculated and reported as per trial scores, to adjust for the
different number of trials in the modified and standard Hayling Tests.
For example, the reported figure of 0.035 for semantic strategies on the
standard Hayling Test signifies that the mean average for the group was
to make 0.035 responses that appeared to use a semantic strategy for
each sentence completed, or in other words a mean average 0.525 se-
mantic strategies over the whole 15 sentences (0.035 × 15). Compared
to the standard Hayling Test, the modified Hayling Test was associated
with longer initiation times (Wilcoxon Signed-Rank Test= 7.282,
p< .001), longer suppression times (F(1,104)= 114.809, p< .001,
d=1.041), longer adjusted suppression times (suppression times minus
initiation times), F(1,104)= 20.591, p< .001, d=0.441), and higher
suppression error scores (Wilcoxon Signed-Rank Test= 8.126,
p< .001). These increases suggest that the modified Hayling test de-
graded performance for both initiation and suppression, in comparison
to the standard Hayling Test, probably because of the increased cog-
nitive load.

Of particular interest here is whether spontaneous strategy appli-
cation was reduced as that was the aim of the modifications. This was
confirmed. Overall, participants made fewer responses that appeared to
use a strategy on the modified Hayling Test, in comparison with their
performance in the standard version (Wilcoxon Signed-Rank Test= -

Fig. 1. Schematic representation of the sequence of stimuli and trials in the modified Hayling Test. The sample stimuli show how 4 trials were administered (1
working memory, 1 suppression, and 2 initiation).
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6.866, p< .001).
However, although the modifications significantly reduced the

number of visual strategies detected (Wilcoxon Signed-Rank Test= -
6.805, p< .001), there was no significant difference between versions
of the Hayling test for semantic strategies (Wilcoxon Signed-Rank
Test= 0.470, p= .638). It appears that although the modified Hayling
Test used here reduced strategy use overall, it did so by reducing the
frequency of visual strategy use. An explanation for this is tentatively
suggested. The extra cognitive load probably reduced visual strategy
use, as it requires attention and effort. For example, to use a visual
strategy, one has to look around the room and pick something, such as
the window, and then use the word ‘window’ to complete the sentence.
Semantic strategy use is rather different, and would involve, for ex-
ample, saying the word ‘apple’ to complete a sentence, when a previous
response had already been semantically related to that, such as ‘orange’.
Perhaps, such semantically related responses occur not through a de-
liberate search for a response, but through semantic priming. This
phenomenon occurs when exposure to a word makes that or related
words more likely to be produced or recognized, and generally occurs
automatically, without effortful control [52].

In the next analyses, we examined whether classroom misbehavior
or academic achievement are correlated with performance on the
standard cognitive tests (WISC Vocabulary, Reading Span, standard
Hayling Test). These are also shown in Table 3. For academic grades,
there was only one significant correlation. This was for the number of
correct responses on the Hayling Part 2 in which semantic strategies
were used. Interestingly, this was a negative correlation, suggesting
school students with higher grades were less likely to use that strategy
than students with lower grades. One interpretation of this may be that
semantic responses on the Hayling Part 2 may actually indicate rela-
tively poor error monitoring, i.e. difficulty preventing oneself from
producing automatic semantic primed responses. This is similar to the
explanation proposed for why patients with damage to the right pre-
frontal cortex make more subtle semantically related responses on the
Hayling Test than patients with left prefrontal damage [28], as the right
prefrontal cortex has been previously identified to have a role in error
monitoring [53].

This negative correlation between semantically related strategies in
the standard Hayling Test and academic grades is opposite to the cor-
relation found in Study 1, in which there was a positive correlation
between any strategy use and grades of university students, which
seemed mainly driven by the use of visual strategies. It may be that the

more cognitively-able students are more likely to use effortful strategies
such as picking a visible object when performing the standard Hayling
Test, or they are better able to monitor and prevent semantically
primed responses. These cognitively-able students may also tend to
have higher GPA.

It is also notable that there was no significant association between
grades and the Hayling Part 2 suppression error score. Therefore, we
failed to replicate the finding from Study 1. Regarding the Misbehavior
Scale, there were no significant correlations with any of the standard
cognitive measures (i.e. Vocabulary, Reading Span, standard Hayling
Test). Overall, the associations between grades and classroom mis-
behavior and the standard cognitive tests revealed only one significant
association, between overall grades and semantic strategy use on the
Hayling Test Part 2.

We turn now to an examination of the correlations of educational
measures with the modified Hayling Test, which was developed speci-
fically for this research. This combined task essentially has four dif-
ferent concurrent measures; working memory score, initiation response
time, suppression response time, and suppression error score. In addi-
tion, as is usual with the Hayling Test, we calculated the suppression
time minus initiation time score. The correlations between these scores
and the target variables of grades and classroom misbehavior are also
shown in Table 3. Unlike in Study 1, there are no significant associa-
tions between educational variables and strategy use, perhaps due to
the measures taken to reduce such strategies in the modified version of
the test. Nor is there an association with the working memory span
score. In contrast, there are now negative correlations between grades
and response suppression times, indicating that students with higher
grades had more efficient verbal response suppression. This is ob-
servable in the two different suppression trial response times, the
simple measure of absolute time to respond, and the version that is
adjusted by subtracting the median response time on initiation trials.

On the Misbehavior Scale, as with the standard Hayling Test, the
modified Hayling Test produced no associations with verbal response
suppression. Interestingly though, performance on the embedded
working memory span task was negatively correlated with classroom
misbehavior. This indicates that poorer working memory performance
is associated with more classroom misbehavior. That this correlation
was only revealed in the modified Hayling Test, and not with the
Reading Span Test, may be due to the extra cognitive load induced in
the former. It is worth remembering that the modified Hayling Test is
considerably more challenging to perform than either the standard

Table 3
Mean (+SD) scores on the cognitive tests by the high school sample and their correlations with grades and misbehavior.

Scale /maximum possible score Mean (SD) Correlation with
Grades Misbehavior

Vocabulary Total score /68 38.566 (6.749) .000 .151
Reading Span Total score /15 8.602 (1.408) .184 −.063
standard Hayling Test Initiation time 0.766 (0.134) −.117 −.037

Suppression time 1.426 (0.692) −.066 −.020
Suppression time – initiation time 0.658 (0.650) −.036 −.033
Suppression error score (per trial) / 3 0.383 (0.444) −.081 .011
Correct with a semantic strategy (per trial) /1 0.035 (0.067) −.200* .112
Correct with a visual strategy (per trial) /1 0.305 (0.258) .071 .029
Correct with any strategy (per trial) /1 0.345 (0.258) −.022 .071

modified Hayling Test Initiation time 1.088 (0.380)*** .085 −.176
Suppression time 2.172 (0.723)*** −.222* −.068
Suppression time – initiation time 1.082 (0.690)*** −.269** −.016
Suppression error score (per trial) /3 1.100 (0.517)*** .001 −.036
Correct with a semantic strategy (per trial) /1 0.030 (0.056) −.061 .068
Correct with a visual strategy (per trial) /1 0.138 (0.156)*** .078 .037
Correct with any strategy (per trial) /1 0.170 (0.167)*** .063 .030
Memory span /7 4.745 (0.986) .164 −.228*

*p < .05, **p < .01, p < .001. In the Mean (SD) column, the *s indicate significant differences between performance on the standard and modified Hayling Tests.
The Strategy scores are the tally of trials in which the strategy was observed divided by the number of trials (15 in the standard Hayling Test and 14 in the modified
Hayling Test). The Suppression error scores are similarly adjusted to be per trial.
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Hayling Test or the Reading Span Test, as it essentially requires parti-
cipants to perform aspects of both simultaneously.

Overall, the results of the correlational analyses with the modified
Hayling Test provide evidence that grades of the high school students
are correlated with their verbal response suppression ability. On the
other hand, misbehavior is correlated with their verbal working
memory performance.

However, all of the modified Hayling measures are likely to interact
on suppression performance as they are derived from the same test. For
this reason, linear regression analysis was also used to reassess the re-
sults of the correlational analyses. The benefit of linear regression
analysis is that the association of each independent variable (cognitive
performance) with the dependent variable (grades or misbehavior) can
be assessed, with the other independent variables held constant (en-
tered simultaneously). This essentially checks whether the results ob-
served in the simple correlational analyses are due to, or masked by,
associations between the different independent variables, such as
speed-accuracy trade-offs.

For the linear regression analysis predicting grades, we included
initiation times, suppression times, suppression error scores, and
working memory span performance as independent variables of parti-
cular interest. We also included age and WAIS Vocabulary scores to
control for general verbal ability. The results are shown in Table 4.

With all variables entered, the regression produced a significant
model predicting grades, F(6, 99)= 2.932, p= .011, with an R of 0.388
(adjusted R2= .099). However, within the model, only suppression
response times and working memory scores were significant predictors
of overall grades. Higher grades were associated with lower response
suppression latencies and higher working memory scores, although
initiation times were approaching significance at p= .055. This re-
gression result confirms the results with bivariate correlations.
However, working memory additionally emerged as a predictor of
grades, whereas the correlation was not significant. As the regression
method included WAIS Vocabulary scores, variation in language skills
is unlikely to be the cause of the associations between Hayling sup-
pression times and working memory scores.

Furthermore, this regression model appears to have acceptable
statistical properties. The Variance Inflation Factors (VIFs) were all low
(range 1.025–1.223) indicating multicollinearity is not a problem. In
addition, the distribution of residuals from the model did not differ
significantly from normality (Shapiro-Wilk test= 0.983, p= .209).

For the linear regression predicting classroom misbehavior, the
same procedure was followed with the same independent variables. The
results are shown in Table 5. This again produced a significant model
predicting classroom misbehavior, F(6,99)= 2.313, p= .039, with an
R of 0.351 (adjusted R2= 0.070). However, within this model, response
suppression was not a significant predictor of classroom misbehavior.
Age appeared as a significant predictor; younger age associated with
more misbehavior. Working memory scores remained significantly as-
sociated with the dependent variable, indicating lower working
memory performance was associated with greater classroom mis-
behavior.

Regarding the psychometric properties of the model (shown in
Table 5), the VIFs were acceptable (range 1.025–1.223). However, the

residuals differed significantly from a normal distribution (Shapiro-
Wilk= .947, p< .001). Nevertheless, the Shapiro-Wilk test is very
sensitive to deviations from normality in large samples, and the sta-
tistics for skewness of 0.747 (standard error= 0.235) and kurtosis of
-0.081 (standard error= 0.465) are within the acceptable range for
normally distributed data [54].

4. General discussion

Since the case study of Phineas Gage, it has been known that da-
mage to the frontal lobes often produces verbal disinhibition. John M.
Harlow, the physician who treated Gage after his accident described
him thus “He is fitful, irreverent, indulging at times in the grossest
profanity (which was not previously his custom)...”, p 227 [23]. Such
observations of verbal disinhibition have frequently been repeated in
patients with damage to the frontal lobes [24–27]. Furthermore, brain
imaging studies have consistently indicated that verbal response sup-
pression involves activation mainly of the frontal lobes [55,56], and
neuropsychological studies have shown that frontal damaged patients
have particular difficulties with verbal response suppression tasks
[20,28–30].

Although other neurocognitive functions associated with frontal
lobe functioning have been widely investigated in non-clinical domains,
such as education (particularly working memory), verbal response
suppression has rarely been studied. In a previous study, we reported
that the Hayling Test, a neuropsychological assessment designed to
capture impairments in verbal response suppression after frontal lobe
damage, was a particularly good predictor of academic grades of a
mixed sample of undergraduate students studying a variety of majors
[10]. This suggests that, like intelligence, it has a rather general asso-
ciation with academic performance, in contrast with working memory,
which appears to be quite domain-specific, being particularly asso-
ciated with language and mathematics performance.

Nevertheless, although intelligence test and the Hayling test per-
formance both may have rather general associations with academic
attainment, they appear to be independent associations. This is sug-
gested by the fact that Hayling Test suppression scores do not correlate
with intelligence test scores in healthy individuals [10,48]. Also, the
neuropsychological evidence suggests that verbal response suppression
on the Hayling Test is impaired by lesions to the frontal lobe, in-
dependently of concomitantly reduced general intelligence [29]. Fi-
nally, from an educational perspective, verbal response suppression
scores on the Hayling Test and intelligence test scores explain in-
dependent amounts of variance in academic grades [10]. The current
research attempted to explore in more detail the association between
verbal response suppression and academic achievement, and several
issues are discussed in turn below.

First, the original finding that Hayling Test Part 2 performance
predicts academic achievement is replicated in two different samples.
Furthermore, as previously observed [10], the relationship with aca-
demic achievement was numerically larger than for any of the other
cognitive measures explored. In the undergraduate sample, greater
suppression errors were associated with lower grades. In the high
school sample, although there was no association with error scores,

Table 4
Linear regression analysis predicting grades in the high school sample.

B SE B β t p

Age −0.798 0.557 −0.136 −1.434 0.155
Vocabulary −.011 .045 −.024 −.251 0.803
Initiation time 1.670 .859 .198 1.943 0.055
Suppression time −1.370 0.455 −0.308 −3.011 0.003
Suppression errors −0.025 0.047 −.052 −.536 0.593
Working memory 0.652 0.305 0.200 2.136 0.035

B = unstandardized beta, SE B = standard error for B, β = standardized beta.

Table 5
Linear regression analysis predicting misbehavior in the high school sample.

B SE B β t p

Age −1.881 0.848 −0.214 −2.217 0.029
Vocabulary 0.079 0.068 0.110 1.149 0.253
Initiation time −1.524 1.310 −0.120 −1.163 0.248
Suppression time 0.167 0.694 .025 0.241 0.810
Suppression errors −0.029 0.071 −.040 −0.407 0.685
Working memory −1.136 .465 −0.233 −2.441 0.016

B = unstandardized beta, SE B = standard error for B, β = standardized beta.
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there was with response times: students with longer suppression re-
sponse latencies had lower grades. Why two measures of response
suppression are differentially associated depending on sample is un-
clear. However, it is possible that accuracy in response suppression and
time for response suppression draw on different neurocognitive pro-
cesses. This is suggested by a voxel-based lesion-symptom mapping
study of patients with frontal lobe lesions which showed that accuracy
on the Hayling Test Part 2 is dependent on the integrity of the orbito-
ventral prefrontal cortex while normal response latencies in the same
task are dependent on the integrity of the medial-rostral prefrontal
cortex [30]. An alternative explanation may simply be that the mod-
ifications made to the Hayling Test altered the way that participants
traded-off speed and accuracy. It possible that on the standard task,
participants focused primarily on accuracy, while in the modified ver-
sion, participants prioritized fast responses or vice versa. Such a change
in emphasis between speed and accuracy of performance could change
whether it is response latencies or error scores which are associated
with academic grades.

A second observation is that spontaneous strategy use was asso-
ciated with academic performance. Again, this was shown in the two
different samples. For the undergraduate sample, there was a positive
correlation between strategy use and grades, probably driven mainly by
the use of visual strategies, such as naming objects in view during as-
sessment. For the high school sample, there was a negative correlation
between the ostensibly semantic strategy of producing words related to
previous responses. However, as discussed earlier, an alternative in-
terpretation is that such semantically-related responses occur in-
voluntarily due to priming, and in fact attention is required to prevent
them. An implication of this is that for the Hayling Test in general, more
investigation is needed to clarify whether both semantic and visual
responses should be considered as strategies applied by participants.
Nevertheless, the current results suggest that at least spontaneous visual
strategy use is predictive of academic achievement of university stu-
dents, and adds to our understanding of the role of top-down cognitive
control in success within higher education.

A third observation is that strategy application is not the sole cause
of the associations between Hayling Test Part 2 performance and aca-
demic grades. The modified Hayling Test, adapted specifically for this
research, was able to significantly reduce the number of visual strate-
gies used, yet an association remained between GPA and suppression
performance. This suggests that the response suppression ability is as-
sociated with academic achievement, at least in the high school sample.

A fourth observation is that variation in neither working memory
ability nor general verbal ability underlie the association between
suppression ability and GPA. We argue this because, in general, mea-
surements of working memory capacity (the Counting Span and the
Reading Span Tests) did not significantly predict grades, whereas
measures of response suppression did. Furthermore, in the regression
model of scores on the modified Hayling Test, both suppression la-
tencies and working memory scores were significantly associated with
grades, suggesting independent amounts of variance in grades of the
two different cognitive measures. Similarly, WAIS Vocabulary scores
were not correlated with grades in the high school sample, and Hayling
suppression latencies were significant even with WISC Vocabulary
scores entered into the model.

A fifth observation is related to the fact that even though there were
no significant correlations between grades and Counting Span (in the
undergraduate sample) or Reading Span performance (in the high
school sample), there was a significant correlation with the working
memory test embedded within the modified Hayling Test (used only
with the high school sample). In general, this is consistent with previous
research that has suggested a role for working memory in high school
academic achievement [57], but not at university level [10]. Further-
more, even at high school level, whether or not an association is ob-
served between working memory scores and grades is dependent on the
demands of the specific working memory task employed [57].

The final observation refers to the links to classroom misbehavior.
Given that response suppression appears to have associations with
academic achievement, it is tempting to hypothesize that it will also be
linked to classroom misbehavior. One could see how poor response
suppression could result in the types of misbehavior we recorded, e.g.
frequent interruptions or aggression. Indeed, one of the key predictors
of classroom misbehavior is a diagnosis of attention-deficit/hyper-
activity disorder (ADHD) [58], and a prominent theory of the neu-
ropsychological profile of ADHD is that behavioral inhibition is a core
deficit underlying the problems with other executive processes [59].
However, we could find no links between response suppression (or for
that matter strategy use) as measured by the Hayling Test and class-
room misbehavior.

Although with the Reading Span Test of working memory there was
no link to classroom misbehavior, on the embedded working memory
span task in the modified Hayling Test, such an association was de-
tected. Poor working memory scores predicted higher ratings of class-
room misbehavior by teachers. The reason that this was only detected
in our embedded working memory task may be because that version
involved different cognitive demands. In our memory task embedded
within the modified Hayling Test, the requirement was simply to recall
a single word, though while performing several other attention-de-
manding tasks between presentation and recall. Therefore, it likely
challenges central resources (such as the central executive) more than
phonological storage capacity. Our finding is consistent with research
with younger children that has suggested that although working
memory scores predict classroom misbehavior, it is variation in pro-
cessing efficiency, not working memory capacity per se that drives the
relationship [60].

In addition, although we did not measure ADHD, it may be that our
Misbehavior Scale was capturing information about ADHD sympto-
mology. This could explain why high misbehavior scores were statis-
tically linked to relatively poorer working memory performance:
Children with ADHD typically show poor working memory, this in-
volves phonological and visuospatial processes, but central executive
processing efficiency is particularly affected [61]. This would be con-
sistent with our finding that the association was only detected in the
embedded version of the test, assumed to particularly challenge central
attentional processes. Why response suppression efficiency is not as-
sociated with classroom behavior is less clear, particularly if we assume
that misbehavior is related to ADHD-type symptomology and that a
response inhibition deficit is the core cognitive problem in ADHD [59].
However, other theories of ADHD do not emphasize response sup-
pression and instead point to working memory problems as being
central to the cognitive profile of the disorder, proposing that a core
working memory deficit that leads to disorganized behavior such as
stimulation seeking and hyperactivity [61,62]. The current results
could be interpreted in a similar fashion, as they suggest that relative
weaknesses in working memory are associated with greater classroom
misbehavior.

In summary, therefore, our results suggest the Hayling Test of verbal
response suppression may be useful for identifying the neurocognitive
processes associated with real-life success, such as in education. In
particular, we presented evidence that verbal response suppression
ability and spontaneous strategy use are both related to academic
achievement and that working memory ability is related to classroom
misbehavior. The substantial evidence pointing to the role of the pre-
frontal cortex in Hayling Task performance [20,28,30,55,56], and the
fact that that region is very late to mature, associated with lengthy
development of response suppression ability [63,64], may suggest that,
in young people, efficiency of processing of the prefrontal cortex un-
derlies the associations reported here.

A further issue is the role of functional differentiation of cognitive
function over the course of development. In children, there is a greater
correlation between abilities such as working memory and response
inhibition than there is in adolescence and adulthood [65]. This
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differentiation of functions as people move into adolescence and
adulthood is mirrored by functional neuroanatomical changes in which
spatially near brain regions become more functionally segregated, i.e.
their activity levels become less correlated [66]. In particular, devel-
opment from childhood to adolescence is associated with increased
executive control ability, which is linked to increasing focal activation
of prefrontal cortical regions [67].

That developing into adulthood is associated with greater cognitive
and neural differentiation may explain why, in children, intelligence is
linked to academic achievement, while in older adolescents such as
reported here, more specific executive processes such as response sup-
pression appear to be important factors. This differentiation may also
explain why Hayling Test performance differed somewhat between our
high-school and university samples. Both groups performed a version of
the standard Hayling Test, but it was only in the older university stu-
dents that response suppression error scores were associated with
grades. It is possible that as the prefrontal cortex and specific executive
processes become more differentiated, their associated impacts on
variation in real-life performance such as educational grades become
more apparent. Nevertheless, one has to be extremely cautious linking
behavioral data such as this to anatomy, and these tentative hypotheses
should be evaluated accordingly. Although, some support comes from
an fMRI study with medical students that linked academic achievement
to level of prefrontal activation [68].

However, some limitations of the current research should be ac-
knowledged. The research is observational, and no causation between
task performance and academic grades can be asserted. In addition, the
Hayling Test, which was the central assessment, is primarily a clinical
test [21], and may not measure the same construct in healthy young
people as it does in neurological patients. Consequently, whereas a
neuropsychologist may infer frontal lobe involvement from Hayling
Task performance in the clinic, the same inference may be less valid in
healthy participants. Nevertheless, a study of Hayling Test performance
over the healthy adult lifespan suggested that the changes to perfor-
mance appear to be consistent with age-related changes to the frontal
lobes, and the performance of the oldest healthy participants was
equivalent to that of younger frontal lesioned patients [69]. This sug-
gests that the processes underlying Hayling Test performance in healthy
and neurologically impaired patients may be equivalent.

A related issue is that due to floor and ceiling effects in healthy
participants, the Hayling Test may fail to adequately measure perfor-
mance as a continuous variable. On the other hand, our modified
Hayling Test was able to raise response times and error rates, and the
extra demands may make the test more useful in non-clinical samples
than the standard clinical scale. Further research may be able to resolve
these issues and shed further light on why verbal response suppression
seems to be a particularly good predictor of academic achievement of
late adolescent and adult students.
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