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The Influence of Musical Activities on
Cognitive Control Mechanisms

Overview and empirical findings

Varga, Agnes — Marton, Klara — Jakab, Zoltan — Lang, Sarolta

This article provides an overview of the ways music therapy may contribute to the
improvement of cognitive control mechanisms, which play a central role in managing
our goal-directed behaviors. First, we introduce the cognitive control model of
Cohen (2017) and we summarize the main findings of the literature about the near
and far transfer effects of music therapy. The integration of these two theoretical
frameworks will allow us to describe the associations between higher-level cognitive
control functions and music processing. In the second part of this paper, we present
the preliminary findings of our recent study. We examined the relationship between
formal regular music training and cognitive control in young adults by focusing on
working memory updating and cognitive flexibility. We used the N-back paradigm
with manipulations in task complexity and modality (visual (letters and shapes);
auditory (pitches and timbres)) to examine whether long-term musical experiences
affect working memory updating and cognitive flexibility. Our results revealed that the
musicians were more accurate in working memory updating than their non-musician
peers. Further, the musicians’ performance was significantly better in the pitch N-back
task than in the timbre N-back. In contrast to accuracy, the groups did not differ in
reaction time. Our first results support the notion that musical training may promote
the development of certain cognitive control skills, but further research is needed to
better understand this relationship.

Keywords: musical activity, cognitive control, cognitive flexibility, working memory
updating

Introduction

Cognitive control is a complex mechanism, which underlies our ability to
pursue goal-directed behaviours (Cohen, 2017). It plays a central role in
educational success, work, and everyday life activities across the lifespan
(Rhoades et al., 2009; Brock et al., 2009; Jacobson et al., 2011; Diamond & Fiske,
2013). Cognitive control intervention may be an important part of habilitation
and rehabilitation processes. Several disorders have been shown to involve
deficits in cognitive control functions: e.g., autism spectrum disorder (de
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Vries et al., 2015; Solomon et al., 2016; Hogeveen et al., 2017), attention deficit
hyperactivity disorder (de Zeeuw et al., 2012; Jarrett et al., 2016) and specific
language impairment (Marton et al., 2014; Marton et al., 2016) among others.

Individual differences in cognitive control can be explained by the cognitive
flexibility theory (Botwinick et al., 2001). In this widely accepted framework
cognitive flexibility indicates the adaptability of the cognitive system to
immediate changes in information that is being processed during task
performance (Botwinick et al., 2001). A number of studies investigated the
factors that contribute to cognitive flexibility (aging, socioeconomic status,
occupation, life experience), among these are musical activities that have been
in the focus of a growing number of studies in recent years (Thaut, 2010; Zuk
et al., 2014; Siepsiak & Krejtz, 2016; Jaschke et al., 2018; Porflitt & Rosas, 2020;
Chen et al., 2021).

The aim of this article is to demonstrate how regular musical activities
can advance cognitive development by facilitating cognitive flexibility. First,
we present an overview of the existing research on this topic, explain the
underlying theoretical connections, address some of the main controversies
in literature, and suggest potential directions for further research based on the
results of our preliminary study.

Cognitive control and cognitive flexibility

Cognitive controlisacomplex construct (Cohen, 2017), which refers to the ability
to pursue goal-directed behaviours instead of more habitual or immediately
more compelling behaviours (Egner & Hirsch, 2005), allowing information
processing and behaviour to vary adaptively over time with changes in task
objectives. It supports the maintenance of the activation level of newly picked-
up information and the retrieval of relevant contents from memory, as well
as the suppression of irrelevant information and/ or behavioural responses
(Dudukovic & Kuhl, 2017). More efficient cognitive control may be reflected
by faster interpretation of information (shorter reaction times) (Marton et al.,
2017). Although the terms cognitive control and executive functions are often
used as synonyms in the literature, behaviours associated with the cognitive
control account are more clearly defined and closely linked to specific
neurobiological structures and processes (Marton, 2016).

The most prominent features of the cognitive control model are flexibility
and adaptation: two mechanisms that play a critical role in information
processing and learning. The adaptability of the cognitive control system
can be illustrated by the working memory updating process. There are several
frameworks and experimental paradigms associated with working memory
updating, however, in the current study we are using the interference model by
Oberauer to interpret updating performance, which involves rapidly refreshing
working memory representations to focus on information relevant to the task
goal (Oberauer, 2002). Successful updating requires two conceptually different
mechanisms: stability and flexibility. In order to accurately recognize target
items, strong, stable working memory representations of content-context
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bindings are needed, whereas flexibility is required to refresh the previous
representations of content-context bindings in order to process new incoming
information efficiently (Wadhera et al., 2018).

Cognitive flexibility is reflected by the cognitive system’s responses to
different contextual changes. (Cohen, 2017) For example, if certain items,
conditions, or tasks are frequently repeated, our performance becomes
faster and more accurate. Thus, performance becomes more automatized
with practice because the cognitive system adapts to the repeated items and
processes. In contrast, if the task becomes more complex, or more difficult,
that is, if the conditions change, then we become slower and less accurate
because the task requires more top-down control from our cognitive system.

According to the cognitive control account (Cohen, 2017), controlled and
automatic processes create a continuum; the more cognitive control is needed,
the less automatic the behaviour becomes. Automatization also means that
more capacity can be freed up for other cognitive operations (Botvinick et al.,
2001). However, the same behaviour may be more automatic in one situation
and more controlled in another one, depending on the person’s experience with
a given task (learning effect) and on the contextual conditions, such as task
features (e.g., set size) or interfering processes in a given situation (Botvinick
& Cohen, 2014; Cohen, 2017). For example, in a memory task, the more items
we must remember, the more control is needed. If there is interference among
the items to-be-remembered (e.g., they are phonologically similar), then even
more control may be required. Thus, performance on cognitive tasks depends
on numerous factors including individual differences in control functions, task
conditions, and familiarity with the task:

A number of these cognitive control phenomena can be observed directly
in musical activities:

1. The execution of controlled tasks is slower than that of automatic ones.
(Example: while practising a new piece of music we need more control, but
later it becomes automatic.)

2. The controlled processes may be competing and interfering with each
other and with some more automatic processes while playing music.
(Example: while playing music one needs to look at the notes -even preview
some beats-, listen to the other musicians, keep the tempo, and the right
loudness, etc.)

3. The controlled processes may rely on a central, limited capacity system
(Example: one’s working memory capacity limits the activities performed
in parallel, like it is difficult to play drums and sing at the same time)
(Shiffrin & Schneider, 1977; Schneider & Shiffrin, 1977).

As these examples show, musical activities provide a rich set of opportunities
to train cognitive control functions. In the next section we are introducing
music’s developmental mechanism of action and clarifying some important
terms used in our study.
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Music as a driving force of development

Playing, listening to and creating music involve practically every cognitive
function (Zatorre & Salimpoor, 2013; Zuk et al., 2014). In addition, its
emotional, psychological effects make music a good motivator in any
pedagogical, developmental, and therapeutical situation. Musical activities are
both social and enjoyable interventions with positive effects on functional and
structural brain plasticity and may enhance general cognitive and perceptual
motor function (Cooper, 2019). Music’s widely known transfer effect can be
explained by the greatly distributed brain areas involved in music performance
that support many other cognitive and perceptual-motor skills (Mansouri et
al,. 2017). Transfer of learning takes place when skills learned in one particular
area either generalize to new areas or increase general cognitive abilities
(Brookes et al., 2011). There are two broad categories of transfer to distinguish:
near transfer (the transfer of skills within the same domain) and far transfer
(the transfer of skills across two distant domains, for example music and
mathematics) (Sala & Gobet, 2017).

Despite the rich relevant literature, it remains difficult to provide a complex
model describing how music affects the different cognitive, linguistic, and
motor functions for the following reasons:

1. Music is a multi-faceted phenomenon; it has numerous forms (e.g.,
listening to, creating or playing music), however, researchers studying
these different aspects are still referring to these various activities by using
the same terms (Schulze et al., 2012; Mansouri et al., 2017);

2. Music has different roles in different situations: it can be a means for an
end, as in therapy; it can be the end itself in artistic or intellectual endeavor
as it happens in composing, performance or pedagogy; it can also be
the subject of a study as in music theory; or the object of an aesthetic
experience, and so on (Abrams, 2011; Guetin et al., 2013, Francois et al.,
2013; Krick et al., 2017);

3. The methods - how music is used in intervention - vary widely (music may
be used in its entire complexity or there could be specific focus on different
musical elements, such as meter, rhythm, melody, harmony, pitch, tonality,
or volume);

4. The timeframe of music intervention may also differ across studies (the
effects of music may vary over time) (Boso et al,. 2007; Aalbers et al., 2017;
Bugos & DeMarie, 2017);

5. The effects of different musical methods also differ depending on the
target population, e.g., subjects without relevant health problems; patients
with brain injury, or cognitive delay (Hutter et al., 2014; Lesiuk et al., 2018;
Cooper, 2019);

6. Finally, inconsistent results in different studies may be related to a lack of
specific music instruction use: results of recent studies strongly suggest
that far-transfer effects of active music participation depend on the nature
of the instruction used in music-making (Norgaard et al., 2019).
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For these reasons we need to distinguish and specify the terms “musical
activities” and “music training”. The former term is used as an umbrella term
for any kind of musical activities where music can be both the goal and/or
the tool in the process. Participants may exhibit different levels of musical
proficiency (from none to high proficiency), and they may be a more passive
or an active member during the process. The latter term refers to music studies
(learning to play an instrument or to sing, typically in a music school or from
a private teacher), where playing music is a goal and the process itself may
involve many different types of musical activities in a complex way.

While the overall topic of this paper is the relationship between musical
activities and cognitive control, we will focus on the developmental aspect of
music. In the present chapter, we report results from a musical training study
and based on the findings, we discuss the implications of musical activities in
general.

Music — improving cognitive control

According to various training studies, cognitive control skills can be improved
through targeted tasks and exercises (Diamond, 2012; Kolb et al., 2012;
Diamond & Fiske, 2013, Janus et al., 2016). A large body of research indicates
that musical activities can provide effective tools and structures for cognitive
control improvement (Thaut et al., 2009; Thaut, 2010; Siepsiak & Krejtz, 2016;
Guo et al,. 2018). Nonetheless, studies focusing on the effects of musical
activities on cognitive control functions are still rare.

The results of a longitudinal study indicate a positive influence of long-term
music education on cognitive abilities such as inhibition and planning, and
support a far transfer effect from music education in primary school children to
academic achievement mediated by cognitive control sub-functions (Jaschke
et al., 2018). Music’s benefits have been attributed to the practice of intensive
memorization, visuo-motor skills, focused attention and the use of shared
performance cues required for learning and performing music (Chaffin, 2007;
Pallesen et al., 2010; De Dreu et al., 2012, Matthews & Kitsantas, 2013).

The following studies investigate the notion of a modality-general
(regardless modality, both audio and visual) but process-specific (limited to
specific processes of cognitive control) relationship between musical abilities
and cognitive control skills — which have important connections to our later
introduced research topic.

Zuk and colleagues compared musically trained and untrained children
and adults on various cognitive control tasks (Zuk et al., 2014, Zuk et al.,
2018). Both children and adults with musical training outperformed their
untrained peers in different cognitive tasks (not modality specific), however,
the group differences were not general (i.e. process-specific). Musically trained
adults performed better than their untrained peers on measures of cognitive
flexibility, verbal fluency and working memory measured by a standardized
executive function battery. Children’s groups were also investigated using
functional Magnetic Resonance Imaging (fMRI) to monitor the neural
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correlates of cognitive functions. The two groups of children differed in
measures of verbal fluency and processing speed, and musically trained
children showed significantly greater activation in the pre-Suplementary
Motor Area (pre-SMA) / Suplementary Motor Area (SMA) and the right
Ventrolateral Prefrontal Cortex (VLPFC) during rule representation and task-
switching. Results support a modality-general but process-specific approach
of musical activities influence on cognitive control.

Similarly, Slevc and colleagues investigated whether musical experience
and ability predicts individual differences on inhibition, updating and
switching - in both auditory and visual modalities (Slevc et al,. 2016). Results
show that musical ability predicted better performance on both auditory and
visual updating tasks (a variety of potential confounds were controlled, like
age, handedness, bilingualism, and socio-economic status). Another finding
of this research was that musical ability was not clearly related to inhibitory
control (as assessed with auditory and spatial Stroop tasks) or to cognitive
flexibility (assessed with auditory and visual task switching tasks). Therefore,
this study further supports the idea that cognitive advantages associated with
musical ability are not limited to auditory processes, but are limited to specific
aspects of cognitive control (Slevc et al., 2016). On the other hand Moreno and
colleagues suggest in a study that musical experience might lead to general
inhibitory control advantages (Moreno et al., 2015). The explanation might
partly come from the difference between the theoretic backgrounds of these
investigations. Inhibitory control is not a single function, it can be divided into
response inhibition and several types of interference control (Botvinick et al.,
2001). Previous studies that assessed the relationship between musical training
and inhibitory control failed to investigate these separate components with the
appropriate tools within the same experiment. It is also important to mention,
that interference control (the ability to overcome distraction from irrelevant
information) undergoes considerable improvement during childhood till the
age of 13-14 and is fully developed in adults (Cragg, 2016), while response
inhibition develops during preschool ages 4-6 (Davidson et al., 2006). These
age dependent developmental components also interact with the relationship
between musical ability and cognitive control.

Roden and colleagues’ longitudinal study has shown that children with
an 18-months long extended music education program (with 45 minutes of
weekly instrumental music training) outperformed their peers in control group
in working-memory capacity tasks. The computerized test battery included
seven subtests, which address the central executive, the phonological loop and
the visuospatial sketchpad components of Baddeley’s working memory model.
Results suggest that children receiving music training benefit specifically in
those aspects of cognitive functioning that are strongly related to auditory
information processing (Roden et al., 2014). In another study Moreno and
colleagues have found that even a short-term, but intensive musical training
with a computerized program can enhance verbal intelligence and executive
functions tested with a go/no-go task (Moreno et al., 2011).
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Taken together, musical activities have a positive effect on various cognitive
control mechanisms in both children and adults. Former research is not unified
regarding the modality dependent and process-specific nature of this effect,
and neither the detailed mechanisms of this connection. Related literature is
difficult to synthetize because of the following reasons:

1. Past studies have typically discussed cognitive control only generally
without systematically differentiating between various aspects of cognitive
control mechanisms.

2. Because of the differing theoretical frames, previous studies have used a
variety of experimental tasks, evaluation methods, explanations.

3. There are also a wide variety of criteria used to distinguish musicians from
non-musicians.

4. Relevant studies differ also in the definition of music (time frame, type
of musical activity, is music a goal or a tool in the process, see previous
section for full list).

5. The targeted populations are ranging from primary school children to
elderly adults. (Slevc et al., 2016)

In the following section we present the preliminary findings of our current
study which can help us to further explore the connection between musical
activities and cognitive control.

Preliminary findings of our current research

In a current study of ours we look at the relationship between formal regular
musical training and cognitive control in young adults. In the present paper
we focus on working memory updating, which exemplifies the previously
highlighted cognitive flexibility mechanisms. We used the N-back paradigm
with manipulations in task complexity and variants of modalities to examine
whether musical experience affects working memory updating performance.

Research Questions

1. Do musician and non-musician young adults differ in working memory
updating if the tasks include interfering lures and manipulations of
memory load?

2. Does the working memory performance differ perceptual modality
(auditory vs visual) and stimulus type (especially pitch and timbre) of the
test?

Hypotheses

Concerning question 1: According to Botvinick’s conflict monitoring theory,
we assume that the musician group will perform significantly better than the
non-musician group, especially in the most demanding, third set size condition
(Botvinick et al., 2001).

Concerning question 2: Previous research suggests that musicians perform
better in the auditory modality than non-musicians (Ding et al., 2018),
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especially in the pitch variant in which they get much experience through
musical activities. However, as music training doesn’t emphasize timbre
variations (Schulze et al., 2012) we expect that the between-group difference
will be less expressed with respect to timbre. Musicians’ knowledge of musical
regularities might also contribute to a different, more efficient strategy use and
better working memory performance in the auditory tasks (Ding et al., 2018).

Methods

Participants

39 neurotypical young adults were recruited for this study (see Table 1). 18
were trained musicians (studying music for at least 6 years) and 21 had no
experience with music (except general music lessons in elementary school).
Participants in both groups were matched for age, gender and socioeconomic
status. All participants were university students in Budapest: musicians from
Kébanyai Music Studio, non-musicians from ELTE Barczi Gusztav Faculty
of Special Needs of Education. Exclusion criteria included bilingualism,
regular dancing lessons, experience in martial arts, yoga and computer games
(life experiences which improve cognitive control according to literature).
Participants’ hearing was also tested previously (entrance criteria: min. 20 dB
or more on both ears on speech frequencies (0,5-1-2 kHz), min 30 dB on 3
kHz, and 40 dB on 4 kHz).

Table 1
Demographic data of participants
Non-musicians Musicians

N 21 18
Average age 21.3 21.2
SD of age 1.39 0.81
Minimum age 19 20
Maximum age 25 23
% of women 76% 61%

Stimuli and procedure

The N-back task is a commonly used as continuous performance assessment
that measures working memory updating. The encoding, refreshing and
retrieval processes during this task require attribution of each stimulus
(content) to the appropriate temporal position (context), known as content-
context bindings. The variations of the task differ in set size, stimulus type and
modularity (for example in a visual letter task the subject reads the letters from
a screen, in an auditory letter task the test could consist of the experimenter
reading a list of letters to the test subject).
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In our research we used both visual (letters and shapes) and auditory
(pitches and timbres) versions of the task to investigate whether modality type
influences working memory performance. Subjects’ task was to judge, on each
trial, whether the current stimulus matched the one that was presented n steps
prior (Wadhera et al., 2018). For set size, the number of items to be held in
working memory varied across three conditions: 1-back, 2-back and 3-back.
Lures were only used in the visual task; in the auditory tasks the lure ratio
was set to zero (Tsuchida & Fellows, 2009), This choice was made because
the auditory stimuli seemed, on the basis of pilot tests, much more difficult
to memorise than shapes and letters. In our pilot runs we found that lures in
the auditory tasks resulted in chance-level performance for most participants.

In the proactive interference condition, 25% of the distractor items were
lures presented prior to a target item at n-1 and n-2 positions. This condition
was designed to measure the effect of previous target items presented as
distractors on working memory updating performance across set sizes.
In the retroactive interference condition, 25% of the distractor items were
lures presented after a target item at n+1 and n+2 positions. This condition
was designed to measure the effect of post target presentation of previous
distractor items in incorrect temporal positions on working memory updating
performance. Because of the nature of retroactive interference, it could only be
manipulated in set sizes higher than the 1-back.

Testing took place in a quiet room at ELTE Bérczi Gusztav Faculty of
Special Needs of Education. The tasks were presented on the screen or via
headphone, using E-prime software on a laptop, which collected accuracy
and response time data. The laptop keyboard was used for response selection.
The researcher provided detailed instructions and practice time (there
was a 65% correct answer entrance limit to the test). There was an interval
of 2400 ms between each stimulus item, which were presented for 600 ms.
Participants were required to press the green button for a target and the red
button for a distractor placed on the “M” or “X” keys. Location of the response
buttons on the keyboard and presentation order of each condition were both
counterbalanced across participants.

The letter and shape paradigms included eight conditions including three
set size conditions: 1-back, 2-back and 3-back. Each set size included a neutral
and a proactive condition. In addition, the 2 and 3-back set sizes also included
a retroactive condition. The pitch and the timbre paradigm included only 2
conditions: 2-back and 3-back.
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Table 2
N-back variations used in the current study
Modality Stimulus Distractor 1-back 2-back 3-back
timbre none v v
auditory
pitch none v v
none v v v
letter proactive v 4 v
retroactive v v
visual
none v v v
shape proactive 4 4 v
retroactive v 4
Data Analysis

There were three dependent variables used to analyze data for this task.
Accuracy was defined as percentage of correct answers. For reaction time
(measured in ms) we calculated mean, median, and trimmed mean (20%
trimming). To characterize sensitivity we calculated (i) d primes (d’) according
to signal detection theory (SDT) and also (ii) hit/false alarm (HF) ratios. Since
d’ and HF ratios are non-linearly related, they may produce substantially
different results in linear correlation tests. In particular, we were interested
in correlations between RT on the one hand, and accuracy and sensitivity on
the other, hence we used both accuracy, and the two sensitivity indicators in
our analyses. Independent variables included previous musical experience
(musicians/non-musicians), type of stimulus, set size, and presence of
interference items.

The statistical methods used in the analysis were one-way comparison of
independent samples, two-way mixed ANOVA and correlation tests. Since
preliminary tests have shown that the distribution of our dependent variables
was not normal, robust and nonparametric tests were used to analyze the
outcomes.

Results

One of our main questions was whether musician and non-musician young
adults differ in working memory updating. After type-I error correction no
significant differences in reaction time or accuracy were found between the
two groups: see Tables 3 and 4.
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We also looked at whether the working memory performance of the two groups
differed according to the modularity type (audio or visual). We hypothesized
that group differences would be obtained with pitch stimuli. This hypothesis
is supported: we found that in terms of accuracy and sensitivity to pitches
musicians outperformed non-musicians (see Table 4. for accuracy, and table
5. for sensitivity)

Table 5
Sensitivity
sensitivity (d’) Welch test Yuen test
test type o o Cohen’s d
o . t P Y P
musicians cians
2-back pitch 2,281 3,193 -0,911 -2,815 **0,0080 -2,713 *0,0145
3-back pitch 1,144 1,642 -0,607 -1,834 0,0755 -2,217 *0,0378

Since there were no significant differences in reaction time between the two
groups in these tasks (see Table 3.) - this means that musicians tend not to be
faster, but more accurate with pitch stimuli than their non-musician peers.
Finally, the effect of group and stimulus type on three indicators of cognitive
control functions (RT, per cent of correct responses [accuracy], and d-prime)
was examined in two-way mixed ANOVAS (Group (2) X Stimulus type(4)-
within-subjects), for the to-back and three-back tasks separately. The results
are summarized in tables 6.a. and 6.b. In terms of speed the groups did not
differ. There was, however, a marginally significant between-group difference
(p<0.1) both in the accuracy and d-prime scores in the 2-back condition, and
one for accuracy in the 3-back condition. In all these cases musicians performed
better (see tables 6a and 6b for the corresponding group by stimulus type
means). Next, the effect of stimulus type was significant for each of the three
dependent variables, for both set sizes. There was no interaction anywhere.
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Due to the absence of interaction, and the modest or missing between-group
differences, we decided to unite the two groups, and examine the effect of
stimulus type in more detail. Figure 1 shows the corresponding graphs, and
the results of post hoc tests (Tukey) are summarized in Table 7.

Figure 1

The effect of stimulus type on the three dependent variables: reaction time, accuracy —
per cent of correct responses, and d-prime (Black bars show the means (based on the
entire sample), gray caps represent CI95 half-width.)
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Table 7

Summary of post hoc Tukey tests for the effect of stimulus type in the six ANOVAs
(Abbreviations and symbols: tmb — timbre, ptc — pitch, lett — letter, shp — shape; *:
p<0.05; ** p<0.01.)

Indicator timbre- | timbre- | timbre- | picture- | picture- | letter-
pitch letter shape letter shape shape
Averagere- | ; qo.. | 576 | 15917 | 10,88 | 10,03* | 0,85
action time
el ACC 676" |946* | 2,15 2,7 461 | 7,31%
d 7,69%* 9,14** 0,08 1,44 7,78%* 9,22**
Averagere- | , 12,78 | 12,68** |10,73** |10,63** |0,1
action time
3-back ACC 5,89%* 15,46** 8,85%* 9,56** 2,96 6,60**
d’ 5,11%* 13,31* 4,48* 8,21%* 0,63 8,84**

The pattern is quite similar for the two set sizes. With respect to RT, letters
and shapes did not differ. Subjects were faster with pitch than with timbre
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in the two-back condition; however, this difference did not reach significance
in the three-back condition. Responses to both pitch and timbre were slower
than those to any of the visual stimulus types. Regarding performance,
accuracy and d-prime show essentially the same pattern, although not exactly
the same differences were significant in the two set size conditions. Timbre
was more difficult than pitch, for both set sizes. Letters and shapes were not
equally difficult (despite producing identical reaction times). Letters proved
substantially easier than shapes. Letters were easier than timbres, for both
set sizes. Shapes were easier than timbres when the working memory load
was higher (3-back); not so, however, when it was smaller (2-back); the same
was true of the relationship between pitches and letters (pitches were easier
in 3-back, but not in 2-back). Interestingly the opposite trend was observed
for pitches and shapes: pitches were easier than shapes when the working
memory-load was smaller (2-back), but this difference disappeared with
higher memory load (3-back).

Discussion

The present research aimed to explore the relationship between musical
training and cognitive control abilities in young adults. Working memory
updating performance was used to measure and illustrate how mechanisms
of cognitive flexibility manifest in students with different musical experiences.
There are two main findings to be discussed.

First, working memory updating performance doesn'’t clearly distinguish
musician and non-musician young adults - although in terms of accuracy
musicians performed better than non-musician.

Second, musicians’ accuracy was significantly better in the pitch tasks of
the auditory modality, but not in the timbre N-backs - while there was no
significant difference in reaction time.

According to Botvinick’s conflict monitoring theory (Botvinick et al., 2001)
and former research with professional musicians (Herholz & Zatorre, 2012;
Fennell et al., 2020; Chen et al., 2020) and previous studies on the long-term
effect of musical training on working memory updating (Nutley et al., 2014)
we assumed, that the group of musicians would perform significantly better
than the non-musician group. In terms of reaction time we did not find a
significant difference, and there was only a slight trend showing that musicians
performed more accurately than non-musicians. Regarding accuracy musician
performed significantly better in pitch tasks, for further details and possible
explanations pls. see next paragraph. Investigating the lack of group difference
in reaction time and accuracy in the most tasks, one explanation can be that
participants of previous research where professional classical musicians, while
our subjects were jazz and pop musicians. Given that training in classical
music (including playing instruments) supports the development of other skills
including cognitive control, it is reasonable to assume that jazz and pop music
can do so as well. Earlier studies relied on cognitive control frameworks other
than Cohen’s CC paradigm, and Botwinick’s theory, so failed to distinguish
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the different mechanisms of cognitive control from each other (like response
inhibition and types of interference) in the same experiment and used also
different working memory concepts (for example, Baddeley’s or Cowan’s).
These studies used different assessment tasks, so their results are not directly
comparable to ours (Schulze et al., 2012, Berz, 1995).

Our finding that musicians’ accuracy was significantly better in the pitch
tasks than that of non-musicians, is paralleled by similar results in the literature
(Schulze et al., 2012; Fennell et al., 2020). In a recent experiment Fennel and
colleagues found, that young musicians performed more accurately on the
working memory tasks than their non-musician peers, particularly for the
verbal and musical working memory stimuli — while have shown no significant
different on working memory tasks with visuospatial stimuli. Musicians’
knowledge of musical regularities might also contribute to a different, more
efficient strategy use and due to this a better working memory performance
in the auditory tasks (Ding et al., 2018). After summarizing the questionnaires
about the strategies of the subjects we might find further connections between
musicians’ performance, strategy and modality type in the future.

While our findings provided support for the relationship between regular
musical activities and cognitive abilities, this relationship warrants further
investigation. Our next analysis will be focused on the question whether the
musician group rejects more proactive distractors than the non-musician peers.
For this reason, we plan to compare the reaction times for all item types (target,
new distractor, proactive distractor and retroactive distractor) and also examine
the average and median of reaction time. A further question is whether any
variables related to musicians’ past experiences, such as age of onset of music
training, hours of practicing per week, or type of instrument played predict
working memory updating performance. We hypothesize that the age at which
music training starts influences later working memory performance. This is
because there is a sensitive period for music learning, hence music training
with early onset has a long-term effect on cognitive control performance (Chen
et al., 2020). Relying on recent studies, we also assume, that subjects in the
musician group have different cognitive control performance profile according
to the instrument they play (Porflitt & Rosas, 2020) and the groups instrument
distribution can also influence the groups working memory performance.

Conclusion

In the 21* century life success depends increasingly on skills and competences
which are related to the mastery of cognitive control processes such as goal
setting, planning, organizing, prioritizing, memorizing, initiating, shifting and
self-monitoring (Fadel & Trilling, 2009; Gropen et al., 2011). Findings in the
literature suggest that music may support cognitive and emotional development
in many ways (Trainor et al., 2009; Herholz & Zatorre, 2012; Miendlarzewska &
Trost, 2014 ; Schroeder et al., 2016; Guo et al., 2018). Musical activities’ transfer
effects on cognitive control mechanisms came recently often in focus, although
literature is not united in many details. (Okada & Slevc, 2018; Sala & Gobet, 2020).
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Our first goal in the current paper was to provide a brief review of the
literature about both music as an influential factor in cognitive development,
and cognitive control. Further, with the help of the first results of our ongoing
research, ouraim was to introduce the underlying cognitive control mechanisms
that might be affected by musical activities and to identify those components
that can help us to develop more focused and effective methods for music
intervention in education, and in developmental or clinical populations. Our
first results support the working hypothesis that musical training may promote
the development and maintenance of certain cognitive control skills, although
the introduced investigations form only a section on the entrance level of our
ongoing wider research.

Musical activities provide a safe and joyful context for practicing and
exercising cognitive control and can contribute as an impactful and cost-
effective tool to improve 21st century skills. Further research in Cohens
cognitive control theoretical frames, investigating musical activities effect
on the separate cognitive control components can lead us to more detailed,
comparable information and appropriate application of musical tools in
education, development, and healthcare.
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