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Musical training has been evidenced to facilitate music perception, which refers
to the consistencies, boundaries, and segmentations in pieces of music that are
associated with the Gestalt principles. The current study aims to test whether
musical training is beneficial to non-musical cognitive ability with Gestalt
principles. Three groups of Chinese participants (with early, late, and no musical
training) were compared in terms of their performances on the Motor-Free Visual
Perception Test (MVPT). The results show that the participants with early musical
training had significantly better performance in the Gestalt-like Visual Closure
subtest than those with late and no musical training, but no significances in other
Gestalt-unlike subtests was identified (Visual Memory, Visual Discrimination,
Spatial Relationship, Figure Ground in MVPT). This study suggests the benefit of
early musical training on non-musical cognitive ability with Gestalt principles.

early musical training, Gestalt, visual closure, motor-free visual perception test,
non-musical cognitive ability

Introduction

The Gestalt theory in psychology was developed in Germany as a reaction to Elementalism and
Behaviorism (Schultz and Schultz, 2004; Kaya and Akdemir, 2016). It proposes that the operational
principles of the mind and brain are parallel, holistic, and analogical, with self-organizing tendencies
(Garner, 1978; Delige, 1987; Narmour, 1989; Kimchi, 1994, 2003; Darwin, 1997, 2008; van der Helm,
2004; Wagemans et al,, 2012). The Gestalt theory was originally defined as the ability to form human
senses, especially in terms of the visual perception and recognition of whole figures rather than a
collection of simple curves or lines (Garner, 1978; Pomerantz, 1981; Rock, 1986; Kimchi, 1992, 1994;
Wagemans, 1995, 1997; Wagemans et al., 2012).

Like the visual domain, music has been greatly examined through the Gestalt theory, which refers
to similarity, closure, continuity, proximity, conformity, etc. (Delige, 1987; Narmour, 1989; Darwin,
1997, 2008). Pitch, rhythm, melody, and emotion, which are the major components of music
organization, reveal an integration of cognitive phenomena (Lerdahl and Jackendoff, 1983; Darwin,
1997, 2008; Jackendoff and Lerdahl, 2006; Sussman, 2007). For example, the auditory features are
extracted when listening to music; they then enter the auditory sensory system (or echoic memory)
and form a representation of auditory Gestalt (Griffiths and Warren, 2004; Koelsch, 2011). Tonal
Pitch Space, which was put forward by Lerdahl (2001) and emphasizes the understanding to music
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perception, is primarily based on the Gestalt principles of similarity and
proximity (Klumpenhouwer, 2002).

The benefits of musical training to musical abilities (e.g., pitch,
rhythm, melody perceptions) and some non-musical abilities (e.g.,
language, math, spatial reasoning) have been widely confirmed. Based
on the Gestalt and musicology theories, individuals with musical
training experience are able to accurately employ the concept of fugue (a
polyphonic music genre with independent lines that can simultaneously
unfold in different relationships; see Levi, 1978) in their music perception
(Jacobs, 1960). Deliege and Ahmadi (1990) found that individuals with
musical training show more consistency when they perceive a boundary
or segmentation in a music auditory stream compared to untrained
individuals. Deliege et al. (1996) and Mungan et al. (2017) found that
musicians tend to employ declarative knowledge about tonal relations
when they play a coherent piano piece. Clarke and Krumhansl (1990)
found that musicians can strongly evaluate surface-related features (e.g.,
rhythm, contour, pauses) and boundaries when they listen to a
Stockhausen piano piece.

However, as far as we know, no study has examined whether musical
training experience could benefit non-musical cognitive ability linked
to the Gestalt principles. Moreover, previous studies have evidenced the
different effects of early and late musical training because early training
may have greater effects on brain function or structure than late training
(Hensch, 2005; Steele et al., 2013), such as improved maturation in the
sensorimotor region or enhanced white matter in the corpus callosum
(Steele et al., 2013), which may facilitate non-musical cognitive abilities
(e.g., language, attention, decision-making; Steele et al, 2013;
Miendlarzewska and Trost, 2014; Hou et al., 2017). Therefore, the
current study aims to test the hypothesis that early musical training is
beneficial to non-musical cognitive ability linked to the Gestalt
principles compared to later and no musical training. Visual Closure,
one subtest from the Motor-Free Visual Perception Test (MVPT), was
used as a test because it refers to the Gestalt-like ability to perceive a
whole figure when fragments are missing (McCane-Bowling, 2006).

Methods
Participants

Data for this study came from a larger project (see He et al., 2010;
Chenetal, 2013; Houetal,, 2014, 2015). A total of 563 undergraduates
at Beijing Normal University participated in the MVPT and other
cognitive tests (see below for details). Among them, 42 participants
(11 men and 31 women) had early musical training (e.g., keyboard,
piano, violin, and accordion) starting before the age of 7years (see
Table 1); 49 participants (11 men and 38 women) had late musical
training (e.g., piano, clarinet, keyboard, and saxophone) starting after
the age of 8years (see Table 1). From 472 participants who had no
musical training, 60 participants (11 men and 49 women; see Table 1)
were selected to roughly match the early and late training participants
in terms of age, gender, and IQ.

Measures

Musical training history: Participants were asked about the age at
which they started formal musical training, the types of musical
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instruments they used, and the number of years for which they had
undergone formal training (see Hou et al., 2017).

MVPT: The MVPT (version 3) is used to test the ability of visual
perception without motor involvement. Five categories of visual
perception were tested: Visual Closure, Visual Memory, Visual
Discrimination, Spatial Relationship, and Figure Ground. Visual Closure
involves the Gestalt-like ability to perceive a whole figure when fragments
are missing; Visual Memory involves the ability to recognize a stimulus
following a brief interval; Visual Discrimination requires the ability to
discriminate between salient object features; Spatial Relationship involves
the accurate perception of one object amongst other objects; Figure
Ground refers to the ability to discriminate an object from its background
(Brown etal., 2003; McCane-Bowling, 2006). Cronbach’s alpha is 0.90 or
above (Colarusso and Hammill, 2003; Zhu et al,, 2010). A line drawing
was shown to the participants and they were asked to choose the
matching one from a set of four presented drawings. The accuracy rate
for each item was used as the statistical index (see Hou et al., 2022).

Wechsler Adult Intelligence Scale: The Wechsler Adult
Intelligence Scale (WAIS) was used to test intelligence. From the total
11 subtests in the original WAIS, 3 verbal subtests (General
Information, Similarity, and Digit Span) and 3 performance subtests
(Block Design, Picture Completion, and Digit Symbols) were adopted
in the WAIS-III Chinese Version that we used here. During testing,
Digit Span, General Information, Picture Completion, and Similarity
were verbally administered, Digit Symbols were measured with paper
and pencil, whereas the Block Design was administered with blocks.
The WAIS was individually tested, and the raw scores of each
participant were transformed into a standardized IQ score (see Hou
etal,, 2014, 2017, 2022).

Results

From Table 1, the three subgroups of participants were successfully
matched because they had no differences in age, gender, and
IQ. Moreover, the early training group had significantly more training
years than the late training group.

One-way ANOVA analysis showed that in each item of MVPT, the
three subgroups only significantly differed in Visual Closure (see
Table 1). Post hoc analysis showed that the participants with early
musical training performed significantly better in Visual Closure than
those with late and no musical training (early vs. late: p =0.02; early
vs. no: p=0.02). Participants with late and no musical training showed
no significant differences in their Visual Closure performance
(p =0.93) (see Figure 1). Moreover, the three subgroups had no
significances in the other four MVPT subitems (see Table 1).

Table 2 shows the intercorrelations among the variables. Age at start
of training was significantly correlated with years of training and Visual
Discrimination. Years of training was significantly correlated with Visual
Closure. Visual Closure was significantly correlated with Visual Memory;,
Visual Discrimination, Spatial Relationship, Figure Ground, and
IQ. There were also significant correlations between related constructs,
specifically, between Visual Memory and Visual Discrimination/Figure
Ground/IQ, respectively; between Visual Discrimination and Spatial
Relationship/Figure Ground/IQ, respectively; between Spatial
Relationship and Figure Ground; and between Figure Ground and IQ.

Because years of training, IQ, and four other MVPT items were
significantly correlated with Visual Closure, analysis of covariance was
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TABLE 1 Characteristics and test performance of the participants.

Characteristics

Early

Musical training group

10.3389/fpsyg.2023.1134116

F (2,148)

Late None

Age in years Years 20.45 (1.10)* 20.14 (1.26) 20.55 (1.31) 0.86 0.31 0.01 5.90
Gender (men/women)® Number 42 (11/31) 49 (11/38) 60 (11/49)

Handedness All right-handed | All right-handed | All right-handed

Age at start of musical training in years | Year 5.52(0.63) 10.66 (1.71) 64.32 0.00 0.44 549.39
Years of training Years 5.33(3.82) 2.82(2.34) 13.46 0.00 0.13 130.87
Test performances

1Q 1Q score 128.48 (5.97) 128.19 (7.55) 127.05 (8.25) 1.04 0.33 0.02 56.26
Visual closure Accuracy rate 95.05 (6.32) 90.42 (8.82) 90.58 (11.26) 3.62 0.03 0.05 0.01
Visual memory Accuracy rate 85.15 (11.53) 84.26 (10.08) 84.91 (11.23) 0.08 0.92 0.01 0.01
Visual discrimination Accuracy rate 93.07 (8.47) 90.17 (12.53) 88.40 (11.90) 2.11 0.13 0.03 0.01
Spatial relationship Accuracy rate 84.76 (19.66) 83.27 (21.35) 81.72 (23.48) 0.24 0.79 0.00 0.05
Figure ground Accuracy rate 54.76 (26.16) 57.14 (23.09) 51.38 (22.20) 0.80 0.45 0.01 0.06

*Shown in parentheses are SD (except for gender distribution).
*Gender distribution did not differ by group, y2 =3.22,p =0.23.
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FIGURE 1

Visual closure scores of the three groups. Error bars indicate
standard errors. *p < 0.05.

performed to examine whether group differences remained after
controlling for years of training, IQ, and the other four items. The results
showed that the inclusion of these variates affected the group differences
in Visual Closure (F 145 =2.12, p=0.12, #°=0.03, MSE=0.01).

Discussion

Many studies have confirmed the effect of musical training (George
and Coch, 2011; Wong and Gauthier, 2012; Matthews et al., 2018), even
late or short musical training (Wong et al., 2019; Che et al., 2022; Zanto
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etal,, 2022), on visual perception, but no study has examined the effect
of musical training on visual perception associated with the Gestalt
principles as far as we know. Through the Visual Closure subset from
the MVPT, the current study confirms our hypothesis that, unlike late
musical training, early musical training is beneficial to non-musical
cognitive ability associated with Gestalt-like ability.

Unlike other visual perceptual skills, such as Visual Discrimination
(the ability to recognize similarities and differences between shapes,
sizes, colors, objects, and patterns), Figure Ground (the ability to filter
visual information that is not important so that an individual can
focus on the relevant visual information), and Visual Memory (the
ability to immediately recall what the eye has seen), Visual Closure
allows an individual to know what an object is even when the object
is only partially visible, and it is necessary to quickly view objects and
mentally determine what they are before an individual sees the entire
object (Colarusso and Hammill, 2003; McCane-Bowling, 2006). This
is similar to a separation or boundary in music, which is usually
located at a place that plays a crucial role in a piece of music and can
catch the listener’s attention, allowing them to extract information for
a better understanding of the piece (Mungan et al, 2017). The
attention of the listener is caught at a more implicit level in
non-musicians but at a relatively explicit level in musicians (Bigand
and Poulin-Charronnat, 2006; Mungan et al., 2017). Indeed, early
musical training can improve the ability of attention processing
(Schlaug et al., 2005; Moreno et al., 2009; Posner and Patoine, 2009;
Kraus et al,, 2012, 2014; Nutley et al., 2013). This might explain why
early musical training could drive better performance on music
segmentations with a more top-down and explicit method (Mungan
et al, 2017) that could possibly transfer to non-musical cognitive
performance.

Moreover, the Gamma band (y), a physiological index through
the electroencephalography (EEG) measure, reflects numerous
neural oscillations and synchronization in the high-frequency range
(>30Hz) an enhanced ability of cognitive integration, and it can
also detect phase synchronization (or synchrony) (Singer and Gray,
1995; Rodriguez et al., 1999; Mormann et al., 2000; Bhattacharya
et al.,, 2001; Jausovec and Habe, 2003; Hou and Liu, 2009; Urakami
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TABLE 2 Intercorrelations (Pearson’s r) among major variables.

10.3389/fpsyg.2023.1134116

Variables Years of MVPT
AL Visual Visual Visual Spatial
closure memory discrimination relationship

Age at start of training —0.64** 0.02 —-0.121 —0.04 —0.18* —-0.07 —-0.12
Years of training —0.10 0.19% 0.03 0.12 0.00 —0.06
1Q 0.19% 0.25%* 0.20% 0.15 0.18%
Visual closure 0.20* 0.45%%* 0.24%% 0.27%%
Visual memory 0.18%* 0.14 0.20*
Visual discrimination 0.40%%* 0.33%*
Spatial relationship - - 0.33%%

N =151. For the purpose of correlational analyses, years of training was assigned 0 for the participants who had no musical training, and, correspondingly, age at start of training was assigned

the average age of 20 years.
*p <0.05, ** p <0.01.

etal, 2013; Tseng et al., 2019). Its induced evocation or oscillations
not only represent the attention and memory representations or
other cognitive functions (Herrmann, 2001; Bauer et al., 2006;
Poikonen, 2018), but also be responsible for Gestalt processing (Keil
et al., 1999; Herrmann, 2001; Kaiser and Lutxenberger, 2003;
Griffiths and Warren, 2004; Lachaux et al., 2005; Sedley and
Cunningham, 2013; Sanyal et al., 2017; Poikonen, 2018). Some
studies have shown that, compared to non-musicians, early musical
training in musicians induces Gamma significance during music
listening (Bhattacharya et al., 2001; Bhattacharya and Petsche,
2001) or music imagery (Urakami et al., 2013) or when they
perform a classical Shepard-Metzler mental rotation task
(Bhattacharya et al., 2001). This is possibly because musical training
may integrate implicit music memory (Bhattacharya et al., 2001;
Bhattacharya and Petsche, 2001; Urakami et al., 2013) or direct
internal self-reference (Urakami et al., 2013) or bind together
several features of the intrinsic complexity of music in a dynamic
way (Bhattacharya et al., 2001).

Furthermore, early musical training has preferable impacts on
brain function and structure compared to late musical training
(Hensch, 2005; Steele et al., 2013). A brain white matter study found
that early musical training (before 7 years old) significantly facilitates
neural maturity, such as the sensorimotor cortex (Steele et al., 2013)
that is associated with the processing of attention and top-down
control (Sumner et al., 2006; Witt and Stevens, 2013; Belkaid et al.,
2017; Morillon and Baillet, 2017), both of which are linked to Gestalt-
like ability (Li and Logan, 2008; Shen et al., 2013; Zaretskaya et al.,
2013; Katsuki and Constantinidis, 2014; Marini and Marzi, 2016).
Moreover, early musical training can biochemically improve the level
of dopamine D4 receptors in the prefrontal region of the brain
(Nemirovsky et al., 2009; Cocker et al., 2014; Miendlarzewska and
Trost, 2014), and dopamine expression can enhance executive control
or attention (Durston et al.,, 2005; Bakermans-Kranenburg et al.,
2008; Barnes et al., 2011; Sweitzer et al., 2013; Cleveland et al., 2015;
Qian et al., 2018).

We also found that, although age and IQ in the three groups were
successfully matched, the effect of early musical training on Visual
Closure was not independent of years of musical training, IQ, and four
other subitems; after controlling for these variates, the effect of early
training on Visual Closure performance did not significantly remain
in this study. McCane-Bowling (2006) showed that overall visual
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perceptual ability relies on the five subtests that have interrelated
processes in MVPT. Indeed, our study also shows their significant
intercorrelations. However, all the MVPT subitems, except Visual
Closure, showed no significance among the three subgroups in our
study. Moreover, the start time of training (early vs. late) seems to
be insignificant. This is consistent with some previous studies that
showed that age at the start of musical training (before vs. after the age
of 7) is not associated with other cognitive abilities, such as vocabulary,
IQ, reasoning, digit span, and letter-number sequences (Bailey and
Penhune, 2010, 2012; Hou et al., 2017). Therefore, the deeper inner
relationship between IQ, duration of musical training, some kinds of
visual perception, and Gestalt-like visual processing should
be further investigated.

The current study has some limitations. First, the three groups
differed not only in early vs. late vs. no musical training but also in
terms of musical instruments, music style, and training frequency.
Therefore, these potential variables may covary with early vs. late
training; for example, early training may be of higher frequency than
late training, or early training may generally refer to the piano,
whereas late training may refer to wind instruments (Hou et al., 2017).
Second, participants in the current study were Chinese non-musicians,
i.e., they were not music majors in college, were not making a living
as a musician, and did not appear to become professional musicians;
thus, this study should be extended to professional musicians with
other cultural backgrounds, and further examination is needed.

In summary, early musical training is associated with better
non-musical cognitive ability with Gestalt principles. Replicating the
current study in populations with other cultural backgrounds and
examining the related neural basis are needed.
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