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Introduction: This study aimed to examine the effects of a digital visual art
learning intervention on the cognitive and psychological functions of healthy
older adults with no prior experience in art.
Methods: An open-label pilot randomized controlled trial was conducted, with
participants (mean age = 69.43 ± 2.70 years) aged 65 to 74 assigned to either an
intervention (n = 37) or control (n = 35) group. Cognitive and psychological
functions were assessed before and after 20 sessions of digital visual art learning.
In each session, participants mainly worked on lectures and prepared tasks
related to basic themes in art. In the final stage, each participant engaged in
individual creative activities and aimed to complete their works.
Results: In the Frontal Assessment Battery, which evaluates frontal lobe function,
a significant trend was observed in the interaction between group and time (p =
0.062), and although an improvement trend was observed in the intervention
group, the change did not reach statistical significance.
Conclusion: These findings suggest that digital art could potentially enhance
executive function in older adults, providing important insights into its
applicability within this population.
Clinical trial registration: https://center6.umin.ac.jp/cgi-open-bin/ctr_e/ctr_
view.cgi?recptno=R000058589, identifer UMIN000051427
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1 Introduction

The world’s population of adults aged 65 years and older has tripled in approximately
40 years from 258 million in 1980 to 771 million in 2022 and is expected to increase by a
further 17% by 2050 (United Nations Department of Economic and Social
AffairsPopulation Division, 2022). Under these circumstances, ensuring that older
adults maintain healthy lifestyles is an important issue both for individuals and society
as a whole. For older adults to live healthy lives, they should have access to learning
opportunities, regardless of their age (Hardy et al., 2017; Schoultz et al., 2020). The World
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Health Organization (World Health Organization, 2015) has
recommended lifelong learning and growth for all, regardless of
individual ability level, by emphasizing the importance of creating
accessible opportunities. Furthermore, society—with increased
expectations for the potential of older adults—has undergone a
shift in attitudes toward old age, now thought of as a “period of
opportunity and wellbeing, with retention, or development, of the
psychological resources to cope with life’s challenges” (Bowling,
2007). This highlights the need to create an environment in which
older adults can continue to learn new things and assume new
challenges.

Among various learning opportunities, participation in artistic
activities has been shown to contribute to improvements in cognitive
function, mental health, physical functioning, and quality of life
among older adults, thereby promoting healthy aging (Groot et al.,
2021; Noice et al., 2014; Tymoszuk et al., 2020). Research using
large-scale data from the Wisconsin Longitudinal Study reported
that, even after adjusting for confounding factors, engaging in
participatory arts for up to 1 hour weekly and receptive arts for
up to 3 hours weekly enhanced executive and language functions
(Bone et al., 2024). Additionally, continuous participation in
participatory art workshops held at the Montreal Museum of
Fine Arts was shown to improve the quality of life and health
status of community-dwelling older adults (Beauchet et al., 2020).
These findings collectively suggest that engagement in artistic
activities offers substantial benefits for the health and wellbeing
of older adults.

This study focuses on digital art, a relatively new form of artistic
expression. As a genre of contemporary art created using digital
technologies, digital art expands the boundaries of traditional art
and enhances accessibility through technological integration
(Srivastava, 2019). Moreover, the use of digital tools promotes
greater interaction with science, technology, media, and
computers, thereby stimulating aesthetic exploration (Özdemir,
2022). The scope of digital art is broad, but this study focuses
specifically on digital visual art characterized by drawing. While
digital art encompasses multimedia works and installations, the
digital visual art addressed in this study is defined as “activities that
involve drawing, painting, photo editing, and other visual
expressions using digital devices such as tablet devices and pen
tablets.” Digital visual art offers several advantages over traditional
analog art, including expanded expressive possibilities, high
portability, and ease of operation—specifically, the ability for
users to complete tasks with just the touch of a finger (Darewych
et al., 2015). Analog art involves the burden of preparing and
cleaning tools and materials, compensating line instability due to
hand tremors and pen pressure adjustments, and dealing with the
fear of the irreversibility of mistakes during the process of creating
artwork; the characteristics of digital art, however, can overcome
these barriers, providing a more accessible gateway to art activities
for older adults. Furthermore, learning multiple real-world skills,
including drawing, can enhance cognitive function in older adults
(Leanos et al., 2023). Therefore, environments where both artistic
and digital skills can be acquired simultaneously through digital
visual art are expected to offer significant advantages for older
adults. However, it has also been reported that a certain
proportion of older adults experience anxiety or resistance when
using digital technologies (Di Giacomo et al., 2019; Kim et al., 2023).

Thus, it is essential to examine whether digital visual art can serve as
a content area that is easily adaptable and accessible for older
populations.

Furthermore, compared to traditional art, there is an
overwhelming lack of research examining the effects of digital
visual art, a topic that necessitates more detailed consideration
when aiming for broad application among the older population.
Intervention studies on older adults using traditional visual
arts—concerning which much knowledge has been
accumulated—have reported improvements in various cognitive
domains, including global cognitive function (Cetinkaya et al.,
2019; Ciasca et al., 2018; Zhao et al., 2018), memory (Lee et al.,
2019; Mahendran et al., 2018; Noice et al., 2004), attention (Lee et al.,
2019; Mahendran et al., 2018), executive function (Brown et al.,
2021; although this intervention primarily involved conceptual art,
elements of visual art were included), and cognitive flexibility
(Brown et al., 2021). Drawing activities have been suggested to be
associated with various domains of cognitive functioning and to
promote neuroplasticity (Bolwerk et al., 2014). Among these
domains, executive function, which is closely linked to frontal
lobe activity, appears to be particularly relevant. Executive
function refers to complex cognitive processes that require the
integration and coordination of multiple sub-processes to achieve
goal-directed behavior (Elliott, 2003). Previous studies investigating
the relationship between creative drawing and brain activity have
reported increased activation of neural networks associated with
executive functions (Bolwerk et al., 2014; Chamberlain et al., 2014;
De Pisapia et al., 2016; Raimo et al., 2021). Furthermore, decline in
executive functioning is considered a prominent feature of cognitive
aging, with significantly lower scores observed among older adults
compared to younger individuals (Idowu and Szameitat, 2023).
Given this background, creative drawing activities may serve as a
promising approach to support and enhance executive functioning
in older adults. In terms of psychological outcomes, interventions
using traditional visual arts have been shown to reduce depressive
symptoms (Ciasca et al., 2018; Hattori et al., 2011; Kang et al., 2010;
Kongkasuwan et al., 2016; Pongan et al., 2017) and anxiety (Ciasca
et al., 2018). Moreover, a review by McQuade and O’Sullivan (2023)
revealed that engagement with visual arts may also contribute to
improvements in social factors, such as reduced feelings of loneliness
and enhanced sense of community and social connectedness.

In contrast, only a limited number of studies have explored the
use of digital art in practice (Choe, 2014; Kaimal et al., 2019; Kim
and Chung, 2023; Darewych et al., 2015). While none of these
studies specifically targeted older adults, and all four adopted
qualitative approaches, they not only highlighted the potential of
digital art to enhance mood and facilitate the exploration of creative
play in ways that may not be possible in the physical world (Kaimal
et al., 2019) but also provided opportunities for enjoyable artistic
engagement and vivid expression of positive emotions (Kim and
Chung, 2023). Choe (2014) investigated the advantages and
disadvantages of using iPads for digital art in art therapy through
interviews with experts. While disadvantages include potential
technical difficulties, the addictive nature of internet-connected
devices, the limited size of the screen (working canvas) compared
to traditional media, and a lack of messiness; advantages include
being able to easily edit (redo and undo) work, the portability of
using a handheld device, the ability to create multiple outcomes of an
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image, and interactive features. A recent comprehensive review on
Digital Creative Art Interventions (DCAIs) targeting older adults
identifies DCAIs as an innovative approach to arts-based
interventions utilizing digital technologies. The review provides
an overview of previous studies in this field, indicating that
DCAIs have been implemented through various modalities,
including music, dance, museum experiences, photo collages,
theater, visual art interactions, and multimodal artistic activities
(Du et al., 2025). Moreover, it highlights the substantial potential of
DCAIs to serve as novel approaches for promoting the physical and
mental health of older adults. However, within this review, only one
study addressing visual art was identified, and notably, the
intervention did not involve participants in active artistic creation
such as drawing or painting. Instead, it focused on full-body
engagement with traditional visual art content in an interactive
manner (Camurri et al., 2024). This finding underscores the
significant lack of empirical evidence regarding visual art
interventions utilizing digital technologies specifically designed
for older populations. As previously discussed, digital visual art
holds several unique features that may enhance, complement, or
even yield distinct effects compared to traditional art-based
interventions. Given this, the current paucity of research
addressing the potential cognitive and psychological benefits of
digital visual art among older adults represents a critical gap in
the literature. It is therefore essential to investigate how both digital
and traditional forms of visual art impact the cognitive and
psychological functioning of this population.

Thus, the purpose of this study is to examine the effects of digital
visual art learning intervention on the cognitive and psychological
functions in healthy older adults. We hypothesize that utilizing
digital visual art learning will contribute to new approaches to
extend older adults’ healthy life span and improve their
quality of life.

2 Methods

2.1 Research design and procedure

This study was designed as a quantitative, longitudinal, and
experimental study, employing an open-label pilot randomized
controlled trial (RCT) framework. The quantitative approach was
chosen to enable objective measurement of cognitive and
psychological outcomes, while the longitudinal design allowed for
tracking changes over a 6-month intervention period. The
experimental nature of the study, specifically the use of
randomized controlled trials was intended to provide evidence
regarding the effectiveness of interventions involving digital
visual art learning. The decision to position this research as a
pilot trial was based on the novelty of the intervention and the
limited number of prior empirical studies targeting healthy older
adults in this context. A pilot approach was deemed appropriate to
generate foundational data and assess feasibility, thereby informing
the development of a future large-scale trial.

The intervention group (IG) and the control group (CG) were
compared to evaluate the effects of participating in 20 digital art
learning sessions on outcome measures assessed at pre- and post-
intervention time points. IG participants were required to engage

continuously in digital visual art activities, whereas CG participants
were instructed to maintain their usual routines during the 6-month
intervention period and refrain from actively participating in any
art-related activities.

This study was conducted at the Institute of Development,
Aging and Cancer, Tohoku University, in Sendai, Miyagi
Prefecture, Japan, from October 2023 to January 2025.
Participants were randomly assigned to the IG and CG using
random computer-generated numbers linked to the ID of each
participant. The study was an open-label pilot RCT, and both
researchers and participants were aware of their assignments.

The study followed the CONSORT guidelines, as illustrated in
Figure 1. Participants were recruited from community-based
settings through advertisements in local information magazines.
To ensure the availability of intervention resources and maintain
intervention quality, it was conducted in two separate periods. In the
first, participants were recruited in October 2023, followed by
assessments and the intervention from November 2023 to June
2024. In the second, participants were recruited in May 2024,
followed by assessments and the intervention from June 2024 to
January 2025. The detailed study protocol has been described
elsewhere (Uno et al., 2025).

2.2 Participants

The participants were healthy older adults aged 65–74 years.
This age group corresponds to the “young-old” population (ages
65–74) in Japan. As health-related risks increase with advancing age
(Guo et al., 2022), this age range was selected with consideration for
cognitive and physical burden, as well as for the participants’
adaptability to tablet-based operations and their relatively high
potential for sustained engagement in the intervention. In
addition, In this study, “healthy” was defined as individuals who
were generally in good health, with no history of dementia or
neurological disorders, and living independently in their
own homes.

The inclusion criteria were as follows: (1) males or females aged
between 65 and 74 at the time of enrollment; (2) living
independently at home; (3) no prior experience of painting
beyond school-based art classes; and (4) willingness to provide
written informed consent to participate in the study. The
exclusion criteria were: (1) a history of dementia or neurological
disorders; (2) severe visual or hearing impairments; (3) diagnosis of
a psychiatric disorder; and (4) concurrent participation in another
clinical study.

A total of 85 individuals consented to participate in the study.
However, 13 participants (6 from the IG and 7 from the CG)
withdrew, resulting in a dropout rate of 15.30%. Ultimately,
72 participants (37 in the IG and 35 in the CG) completed all
phases of the study. Their data were included in the final analysis.

2.3 Assessment instruments

2.3.1 Demographic variables
Participants were asked to report their age, sex, years of

education, current medical history, previous medical history,
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medication intake, and supplement intake. Medication intake, and
supplement intake were obtained as supplementary information and
were not used in the analysis of this study.

2.3.2 Measurement of cognitive function
The Frontal Assessment Battery (FAB) (Dubois et al., 2000)

was used to measure overall frontal lobe function, including
executive function. It consists of six domains: (1)
conceptualization (answering categories of two or three words),
(2) mental flexibility(recalling as many words as possibly that
starts with a specified letter in 1 minute), (3) motor programming
(imitating Luria’s rock-paper-scissors hand series), (4) sensitivity
to interference (two-one-tapping task in which the participant
must show the opposite response to the examiner’s alternating
signals), (5) inhibitory control (go/no-go task, in which the
participant must suppress a previously given response to the
same stimulus), and (6) grasping behavior(the examiner extends
their hand and instructs the participant not to touch it and checks
for abnormal behaviors such as grasping). Each item is scored on a
scale of 0–3 points. Total scores ranged from 0 to 18 points. The
reliability and validity of the Japanese version have been confirmed
in Nakaaki et al. (2007).

The Rey Auditory Verbal Learning Test (RAVLT) was used to
assess language memory (immediate recall, delayed recall, and
recognition) (Rey, 1964; Schmidt, 1996). The RAVLT is an
internationally widely used neuropsychological test, and its
convergent validity and test-retest reliability have been confirmed
in previous studies (de Sousa Magalhães et al., 2012). Additionally,
the RAVLT has been suggested to predict the progression fromMCI
to dementia (Moradi et al., 2017). In this study, we used the Japanese
version (Wakamatsu et al., 2003) developed based on the same
paradigm. After learning one list of words and working on another
list of words as an interference task, participants were asked to recall
the first 15 words again (immediate recall). Thirty minutes later,
they were asked to replay the list of words (delayed recall) and re-
recognize them. The number of correct responses was used as the
score for the list study, immediate replay, delayed replay, and
recognition.

The Trail Making Test (TMT) was used to assess processing
speed, sequencing, cognitive flexibility, and visuomotor skills (Bowie
and Harvey, 2006). Its reliability and validity have been
demonstrated in previous studies (Sánchez-Cubillo et al., 2009;
Wagner et al., 2011). In this study, a Japanese version of
the TMT developed based on the same paradigm was used

FIGURE 1
CONSORT flow diagram.
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(Japan Society for Higher Brain Function, 2019). In Part A,
participants were asked to connect 25 randomly scattered
numbers in sequence with a line as quickly as possible. In Part B,
they were asked to connect numbers and letters with alternating
lines; both parts used trial time as a score, with shorter trial times
indicating higher performance. The difference between in trial time
Part A and Part B—ΔTMT—was used to assess cognitive flexibility-.

The Japanese version of the Cognitive Flexibility Inventory
was used cognitive flexibility (Dennis and Vander Wal, 2010;
Tokuyoshi and Iwasaki, 2012). It consisted of 16 items and
7 scales, with a score range of 16–112 points. The reliability
and validity of the Japanese version have been confirmed by
Tokuyoshi and Iwasaki (2012).

The Stroop task was used to measure inhibitory control. In this
study, we used a Stroop and reverse Stroop task developed by
Hakoda and Watanabe (2005). The test consisted of four tasks.
In Task 1 (reverse Stroop control), participants selected a color patch
corresponding to the meaning of a color word printed in black ink.
In Task 2 (reverse Stroop interference), they selected the color patch
matching the meaning of a color word printed in an incongruent ink
color. In Task 3 (Stroop control), participants selected a color patch
corresponding to the meaning of a black-ink color word. In Task 4
(Stroop interference), they focused on the ink color of an
incongruent color word and selected the matching word from a
list printed in black. Each trial lasted 60 s and was preceded by a
practice session. In this study, we used the Stroop interference rate
and the reverse Stroop interference rate as indices, referring to
previous studies (Hakoda and Sasaki, 1990). This method calculated
the degree of interference proportionally based on the difference in
the number of correct answers between control tasks and
interference tasks, while eliminating the effects of speech rate and
motor ability through a matching reaction pattern (Hakoda and
Sasaki, 1990). This method demonstrated high retest reliability and
showed no practice effect or order effect. A lower interference rate
indicated better performance. The calculation formula is as
shown below:

Stroop interference � number of correct answers in the color(
− word task − number of correct answers
in the Stroop task)/ number of correct(
answers in the color − word task) × 100

Reverse Stroop interference � number of correct responses in(
the word − color task − number of
correct responses in the reverse
Stroop task)/ number of correct(
responses in the word − color task)
× 100

The Digital Cancellation Test (D-CAT) was used to measure
attentional function (Hatta et al., 2023) across three administrations.
In the first administration, one designated number was deleted from
a random sequence of numbers, and thereafter the number to be
deleted increased one by one to measure. In this study, the workload,
which is the total number of retrieved numbers, was used as the
measurement index, with higher workloads indicating better
attentional function. The reliability and validity have been
confirmed by Hatta et al. (2012).

Forward and backward Digit Span were used to measure short-
term memory and working memory, respectively (Wechsler, 1987).
Participants were asked to play the numbers in the order in which

they were read by the examiner in the former (forward), and in the
reverse order (backward) in the latter. The number of correct
answers was used as the score. Standardized in Japanese and
confirmed for reliability and validity (Nihon Bunka
Kagakusha, 2018).

Cognitive function tests were performed in the order described
above. RAVLT-delayed replay was administered after the
completion of the Digit Span, ensuring that 30 min had elapsed
since the RAVLT-immediate replay.

2.3.3 Measurement of psychological function
To measure mental health, we used a shortened version of the

Japanese version of the Geriatric Depression Scale 15 (GDS-15-J)
(Sugishita et al., 2017), which requires a “yes” or “no” response to
15 items. Total scores ranged from 0 to 15 points, with higher scores
indicating poorer mental health. The reliability and validity have
been confirmed by Sugishita et al. (2016).

To measure life satisfaction and happiness, we used the Japanese
version of the Life Satisfaction Scale (SWLS) (Oishi, 2009), which
consists of 5 items and is rated on a 7-point scale. Total scores
ranged from 5 to 35 points, with higher scores indicating higher life
satisfaction and happiness. The reliability and validity have been
confirmed by Oishi (2009).

2.3.4 Measurement of drawing skills
In IG, drawing ability tests were conducted during the 1st and

20th lessons. Task A (block) and Task B (hand with pencil) were
selected based on previous studies (Chamberlain et al., 2014), and
drawing tasks were performed with a digital pen tablet while the
black and white photographs shown in Figure 2 were presented to
participants. The scoring was developed with reference to previous
studies (Rincon-Gómez et al., 2016) and was based on four aspects:
line (line quality and stability), proportion (spatial perception of
parts and the whole), accuracy (representation of detailed parts), and
perspective (depth and relative position). Each aspect was scored
from 0 to 3. Scores for Task A and Task B ranged from 0 to 24 points.
Scoring was done by a university professor specializing in fine arts.

2.4 Health-oriented intervention protocol:
digital visual art learning

There are no previous empirical studies on structured digital
visual art interventions targeting healthy older adults. Since such
interventions are pioneering efforts, the digital visual art learning
program in this study was developed based on discussions and
consensus among experts in art education and educational practice,
including university professors specializing in art, and digital art
practitioners. The goal of the intervention was to engage older
adults—all of whom were art beginners—in learning digital visual
arts. All interventions were conducted in the same location within
the university facility where the required digital equipment
was installed.

The IG was required to participate in a total of 20 weekly 90-min
digital visual art lessons over a 6-month period. Each group was
further subdivided into four to six members who attended the
lessons. One or two researchers specializing in psychology or
neuroscience and one or two art club students were in
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attendance to provide guidance and support for each session. Prior
to the start of the intervention, participants received several lectures
on basic digital pen tablet operation by a staff member of the digital
pen tablet development company (Wacom Corporation, Saitama,
Japan) to ensure that they acquired certain skills. At the beginning of
each lesson, the researcher gave a lecture on the day’s theme for
approximately 10 min, following which the participants were asked
to work on a task based on that theme for approximately 60 min.
Several types of low-to high-difficulty tasks were available, and the
participants were asked to choose the one best suited to their ability
level. At the end of the lesson, participants had time to reflect on the
day and share their impressions of each other’s work. They were
allowed to take a break at any time during the lesson, chat with other
participants, and engage in a free atmosphere.

The content of the 20 lessons was divided into five steps: (1)
practice with basic digital pen tablets, (2) shading in black and white,
(3) color practice, (4) other important topics (such as perspective),
and (5) creating a final artwork. The themes and activities of each
session of the digital art learning intervention are presented in
Table 1. The digital drawing device used in the lessons was a
Wacom Cintiq-16 (Wacom Corporation, Saitama, Japan). Clip
Studio Paint (Celsys, Tokyo, Japan) was the drawing software used.

To prevent interruptions to study participation, both groups
were asked to attend two online health lectures during a 6-month
period. These lectures on basic dementia and dementia prevention
were given by a certified physician. To present the results of the
lessons, an exhibition of the final works was held at the end of all
interventions and examinations. The event was also attended by CG
participants, and a booth was set up where they could experience
digital equipment, thus providing them a place and an opportunity
to engage in digital art.

2.5 Ethical considerations

This study was conducted with the approval of the Ethics
Committee of Tohoku University Graduate School of Medicine
(ID: 2024-1-209). Written informed consent was obtained from
all participants. The study was registered as a clinical trial in the
UMIN-CTR (UMIN000051427).

2.6 Statistical analysis

As a baseline assessment, scores on each of the pre-intervention
demographic variables and measures of cognitive and psychological
function were evaluated using uncorrelated t-tests and chi-square
(χ2) tests. Although sex is an important demographic variable, sex-
specific analyses were not conducted in this study due to the limited
sample size associated with the pilot trial design. The sample did not
have sufficient statistical power to detect interaction effects or
conduct stratified analyses by sex. Therefore, sex was examined
only for baseline equivalence between groups. Next, to measure the
intervention effects of digital art, an analysis of variance (ANOVA)
with linear mixed models was used to examine the main effects of
time (pre-post) and group (IG-CG) and the interaction of the two on
the dependent variable. In addition, to examine the relationship
between changes in drawing skills and scores of cognitive and
psychological functions, we divided the groups into two
subgroups, one with large changes in drawing skills scores at two
time points and the other with small changes. We then conducted an
unpaired t-test using the changes in cognitive and psychological
functions of the two subgroups as the dependent variables. The
significance level for all statistical analyses was set at p < 0.05.
However, results with p-values less than 0.10 were also reported as
trends to highlight potentially meaningful patterns, while also
acknowledging their limited statistical support. Missing values
were addressed using multiple imputation methods. The number
of pseudo-datasets was set to 10, and the analysis was performed by
means of estimates integrating these datasets. SPSS version 27 (IBM,
New York, United States) was used for statistical analysis.

3 Results

3.1 Demographic variables

The means [standard deviations (SD)] of demographic variables
for the two groups of participants are shown in Table 2. The chi-
square test was performed for sex, current medical history, and past
medical history. Meanwhile, independent sample t-tests were
applied for age and years of education. No significant differences

FIGURE 2
Drawing skills tasks: (A) Task A (block); (B) Task B (hand with pencil).
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TABLE 1 Contents of each session.

# Theme Activities Objects Expected outcomes

Practice with basic digital pen tablets

#1 Explanation of the entire
program
Explanation of basic
functions of pen tablets and
software
Introduction to the use of
layers, drawing ability test

Trial writing, photo tracing Become familiar with digital tools and the
overall structure of the program

To understand the purpose of the program
as a whole
Become familiar with drawing activities
To learn basic operation of equipment and
software
To learn the basic operation of the
equipment and software
To become familiar with hand/visual
interaction and digital drawing through
tracingetc.

#2 Manipulation exercises,
shapes and shadows

Image tracing, layer duplication, and
bucket functions

Understanding the basics of form in
painting and learning the tools and
techniques for drawing

Practice describing in black and white

#3 Expression of three-
dimensional objects

Wire mesh writing over the image,
observation drawing utilizing auxiliary
lines

Better understanding of spatial structure
and depth

Acquire three-dimensional expression
based on observation and the ability to
distinguish between light and shadow
Deepening understanding of complex line
drawings and visual composition, such as
composition and focus
Even in monochrome expressions without
color, it will be possible to express three-
dimensionality and spatiality by utilizing
shadows and shades
Improved operability of digital tools and
increased concentration on drawing

#4 Line practice Reproduce complex line shapes such as
tree trunks and rock formations

Improve accuracy and variation of lines

#5 Expression of light and dark Gradation exercises using pencil and
pastel tools

Learn the basics of gradation and light/
dark expression

#6 Review of useful tools
(undo/redo, zoom, etc.)

Observation drawing of black and white
photographs for assignment, shading
using pastel tools

Review of techniques learned so far

#7 Application of shading (core
shadow, projected shadow)

Drawing practice using burg plates Learn how to shade more accurately

#8 Composition basics
(3 partitioning method,
focal point)

Composition with cropped images (digital
collage), use of selection tools

Learn the basics of composition in
painting

Color practice

#9 Introduction to color theory
(Hue, Saturation, Lightness)

Colorizing a black-and-white photo
(using the “Colorize” layer property)

Understand the relationship between light
and color and learn to operate basic
coloring tools

To understand the concepts of hue,
saturation, and lightness, and the basics of
color psychology, such as warm and cool
colors
To be able to blend colors and process
boundaries according to purpose using
palettes and brush settings
To be able to improve expression and
creativity through color and to explore
personal style

#10 Concept of warm and cold
colors

Sketching exercise using a limited palette Understand the characteristics of warm
and cold colors

#11 Edge processing basics
(hard and soft edges)
Color Blending Techniques

Parallel copying exercises with full
paletteParallel copying exercises with full
palette

Learn to operate more advanced tools to
enable detailed expression

#12 Understanding of brush
types and important settings
(opacity, etc.)

Explore your own style by experimenting
with different brushes

Try out various brush types to find the one
that best suits your image

Other important topics

#13 Perspective basics Exercises on the subject of landscape
painting

Learn basic perspective To be able to draw the spatial composition
of landscapes and still lifes based on an
understanding of perspective
To be able to clarify the theme you want to
express and select the appropriate
composition and viewpoint
Develop compositional skills and
judgment by comparing and considering
multiple ideas through thumbnail sketches

#14 Application of perspective
techniques

Exercises on the subject of still life
painting

Learn more advanced perspective and how
to place viewpoints in paintings

#15 Consideration of ideas using
thumbnail sketches

Create multiple versions of the painting
and study the overall composition of the
painting

Learn how to develop ideas, which is
important in creating artwork

Creating a final artwork

#16 Review of key lessons and
final project preparation

Selection of objects and photographs to be
used

Reflection on previous studies Integrate what you have learned so far and
reflect it in a single finished work

(Continued on following page)
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were found between the IG and the CG for any of these variables,
indicating that the characteristics of the groups were homogeneous.
In addition, only RAVLT-recognition was significantly higher in the
IG for baseline cognitive and psychological function scores (p =
0.028), but no significant differences between the two groups were
observed for the other measures.

3.2 Effects of interventions on cognitive and
psychological functions

A linear model-based ANOVA was conducted on the dataset
after multiple imputations to examine the main effects of time
(pre - post) and group (IG - CG), as well as their interaction, on
the dependent variables. The results of the analysis are presented
in Table 3. In addition, several examples of final artworks
created by IG participants during the sessions are shown
in Figure 3.

For the FAB, while no significant interaction between time and
group was found, a significant trend was observed [t = 1.864, SE =
0.419, 95% confidence interval CI (−0.040, 1.602), p = 0.062]. Post
hoc tests with Bonferroni correction indicated that in the IG, post-
intervention scores were significantly higher than were pre-
intervention scores [t = −3.170, SE = 0.264, 95% CI
(−1.356, −0.320), p = 0.002], whereas in the CG, no significant
difference was found between pre- and post-intervention scores
[t = −0.174, SE = 0.328, 95% CI (−0.700, 0.585), p = 0.862]. In
addition, no significant differences were observed between the IG
and CG at either time point [pre: t = 0.518, SE = 0.380, 95% CI
(−0.549, 0.942), p = 0.605; post: t = −1.451, SE = 0.402, 95% CI
(−1.372, 0.212), p = 0.147].

Regarding the RAVLT, significant main effects of time were
observed for the list learning(t = −3.470, SE = 1.215, 95% CI
[-6.598, −1.835], p = 0.001), immediate recall [t = −2.056, SE =
0.408, 95% CI (−1.637, −0.039), p = 0.040], and delayed recall
[t = −3.173, SE = 0.383, 95% CI (−1.967, −0.465), p = 0.002]
components, with significantly higher post-intervention scores
observed in both the IG and CG. A significant main effect of
group was found for RAVLT-recognition [t = −2.882, SE = 0.224,
95% CI (−1.084, −0.206), p = 0.004], with the IG showing
significantly higher scores than the CG at both pre- and post-
intervention time points. No statistically significant results were
observed for other measures of cognitive function or psychological
function, such as GDS-15-J and SWLS.

3.3 The relationship between drawing skill
and cognitive and psychological functions

The relationship between drawing skill—an indicator of learning
outcomes resulting from the intervention—and cognitive and
psychological functions was examined. Specifically, the
association between changes in drawing ability (post–pre scores
on the drawing skill test) and changes in cognitive and psychological
functions (pre–post scores on each measure) were analyzed
within the IG.

The mean (SD) scores on the drawing skill test were 6.08 (2.19)
and 8.24 (3.10) at pre-and post-intervention across the IG. As the
median change from pre to post was 3 points, participants were
categorized into a “high improvement group” (≥3-point
improvement) and a “low improvement group” (<3-point
improvement) consisting of 19 and 18 participants, respectively.

TABLE 1 (Continued) Contents of each session.

# Theme Activities Objects Expected outcomes

Not only will you develop creativity and
expressiveness, but you will also cultivate
independence, concentration, and
perseverance
Through the creation of a finished work,
you will gain a sense of accomplishment
and self-affirmation

#17–19 Final project production While we encourage the completion of
one work on a favorite subject of the
participants, multiple creations are also
acceptable

Through the creation of a final project,
participants will put into practice the
knowledge and skills they have learned in
the program

#20 Final project production,
drawing ability inspection

Completion of final artwork The goal is to complete the final work

TABLE 2 Demographic variables.

Variable Intervention group (n = 37) Control group (n = 35) p-value

Sex

Male/Female 18/19 20/15 0.471

Age (SD) 69.30 (2.77) 69.57 (2.67) 0.274

Year of education (SD) 14.38 (1.75) 15.03 (1.69) 0.114

Current medical history

Yes/No 22/15 18/17 0.636

Past medical history

Yes/No 24/13 21/14 0.808

The χ2 test was used for sex, current medical history and past medical history comparisons and the t-test for age and years of education.
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Descriptive statistics for each group’s drawing ability test scores are
presented in Table 4. In addition, several outputs of drawing skills
tasks conducted on actual participants are shown in Figure 4.
Independent samples t-tests were conducted with the group as
the independent variable and the change scores in each cognitive
and psychological function as dependent variables. A significant

group difference was observed only for the RAVLT-list scores, with
the low improvement group showing significantly greater
improvement [t = 2.156, SE = 2.012, 95% CI (0.395, 8.284), p =
0.031]. No significant differences were observed for the other
measures and no other significant main effects or interactions
were observed for the remaining outcome measures.

TABLE 3 Means and standard deviations of cognitive and psychological functions and the results of analyses.

Variable Intervention group (n = 37) Control group (n = 35) Group × Time

Pre Post Pre Post p-value

Mean SD Mean SD Mean SD Mean SD

FAB 15.95 1.61 16.78 1.40 16.14 1.61 16.20 1.98 0.06a

RAVLT-list 46.14 7.44 50.35 9.69 43.77 10.58 48.46 9.06 0.80

RAVLT-immediate 10.16 2.62 11.00 2.80 9.55 2.96 10.48 2.67 0.89

RAVLT-delay 9.65 2.78 10.86 3.27 9.75 3.11 10.52 2.78 0.44

RAVLT-recognition 14.57 0.80 14.81 0.52 14.06 1.11 14.17 1.16 0.66

TMT-A 39.28 10.39 36.72 10.11 39.89 11.27 38.16 10.35 0.74

TMT-B 80.17 29.60 74.31 20.92 77.71 30.16 84.73 53.17 0.20

ΔTMT 40.88 28.63 37.60 30.55 37.81 29.05 46.57 53.44 0.75

CFI 69.57 6.92 70.95 6.30 69.89 8.28 71.34 8.91 0.94

Reverse Stroop Interference (%) 9.42 10.46 11.49 9.19 10.56 9.56 10.59 9.18 0.20

Stroop Interference (%) 14.93 20.83 12.33 12.54 17.28 15.08 16.14 20.24 0.75

D-CAT-1 282.65 61.43 287.49 59.97 286.37 51.00 283.29 59.04 0.49

D-CAT-2 230.27 46.67 227.68 48.78 233.31 40.65 238.40 48.48 0.36

D-CAT-3 174.30 36.15 177.54 38.22 178.74 41.22 188.46 42.49 0.31

Digit span-forward 7.86 2.31 7.76 2.35 7.57 2.12 7.20 2.23 0.51

Digit span-backward 6.68 2.07 6.46 2.06 6.40 1.97 6.60 1.93 0.39

GDS-15-J 2.53 2.45 2.59 2.53 3.23 3.34 3.21 2.78 0.86

SWLS 22.78 5.01 23.54 4.88 21.23 5.89 22.20 5.89 0.75

FAB: the frontal assessment battery; RAVLT: the japanese version of the rey auditory verbal learning test; TMT: the trail making test; ΔTMT: The Trail Making Test part B- The Trail Making

Test part A; CFI: cognitive flexibility inventory; D-CAT: the digit cancellation test; GDS-15-J: The shortened version of the Japanese version of the Geriatric Depression Scale 15; SWLS: the

satisfaction with life scale.
ap < 0.10.

FIGURE 3
Examples of final artworks created by IG participants.
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4 Discussion

This study investigated the effects of a 20-session digital visual
art learning intervention on cognitive and psychological functions in
healthy older adults aged 65 to 74 with no prior experience in art.
Although statistical significance was not reached, the IG
demonstrated a trend toward improvement on the FAB, a
measure of frontal lobe function. In contrast, no significant
effects were observed on other cognitive or psychological
indicators, suggesting that engagement in digital art could
potentially enhance cognitive functions related to the frontal
lobe, such as executive function, in older adults.

A review of previous studies revealed that while cognitive
benefits of visual arts interventions have been reported for older
adults with cognitive decline, clear cognitive improvements are less
frequently observed in healthy older adults without cognitive
impairment (Masika et al., 2020). One possible explanation is
that individuals with cognitive decline may exhibit greater
cognitive plasticity than do those without cognitive decline
(Rosebud and Knopman, 2013), highlighting the challenge of
identifying effective activities for cognitively healthy populations
(Masika et al., 2020). However, an intervention study by Brown et al.
(2021), which targeted healthy older adults without cognitive
impairment, reported significant improvements in executive
function and cognitive flexibility following a conceptual art
intervention, which included elements of visual arts. This finding
is partially consistent with the results of the present study. Drawing

engages a variety of cognitive functions, including attention,
decision-making, motor control, visual information processing,
and working memory (Katz et al., 2021). Notably, creative
drawing processes activate the executive control network in the
prefrontal cortex (Bolwerk et al., 2014; De Pisapia et al., 2016).
Associations with similar frontoparietal networks have also been
reported (Raimo et al., 2021), suggesting that such creative
engagement may induce structural changes in regions such as the
medial frontal gyrus, a part of the frontal lobe (Chamberlain et al.,
2014). Therefore, sustained engagement in digital art—an inherently
creative activity—may contribute to observable improvements in
executive functions, particularly those related to frontal lobe activity.
However, it is noteworthy that, in this study, the FAB exhibited a
trend toward improvement in executive function, while other tests
that also measure executive function, such as the TMT and the
Stroop task, did not show clear changes. This result may be because
of differences in the domain of executive function that each test
measures. The FAB was developed as a comprehensive measure of
executive function (Dubois et al., 2000). The TMT, on the other
hand, focuses primarily on cognitive flexibility, while the Stroop task
focuses on specific executive functions such as inhibitory control.
Therefore, aspects of executive function that revealed improvements
on the FAB may have not matched those measured on the TMT or
the Stroop task. In addition, since mental fatigue affects cognitive
performance (Van der Linden et al., 2003), the order in which the
tests were administered may have played a significant role in the
results. Specifically, participants may have felt more mental fatigue
during the TMT and the Stroop task, which were administered in the
middle-to-late stages of the test, than during the FAB, which was
administered at the beginning. This may have affected the results. In
the RAVLT, although a significant main effect of time was observed,
both the IG and CG showed increased scores, suggesting that the
observed improvements were likely due to practice effects. No clear
improvements were found in the other cognitive indicators. Masika
et al. (2020) contend that key features of effective visual art
interventions involve components requiring a high level of
cognitive engagement including art analysis/cognitive evaluation
and tasks that stimulate creativity during art processing. Although

TABLE 4 Means and standard deviations of drawing skill test scores in each
group.

Time High - group (n=19) Low - group (n=18)

Mean SD Mean SD

Pre 6.11 2.72 6.06 1.57

Post 10.16 2.33 6.22 2.52

Post - Pre 4.05 1.23 0.17 1.99

FIGURE 4
Outputs of drawing skills tasks: (A) Task A (block); (B) Task B (hand with pencil).
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the current program included a variety of tasks designed to stimulate
creativity, the components involving art analysis, cognitive
evaluation, and reflection were limited to brief write-ups at the
end of each session. Ample time for deeper introspection or focused
verbalization was not incorporated, resulting in potentially
insufficient cognitive engagement to improve functions other
than executive function.

No effects of the intervention were observed on psychological
functions, as measured by the scores on depression symptoms (GDS-
15-J) and life satisfaction (SWLS). Previous studies on visual arts
interventions for older adults with diagnosed depression or depressive
tendencies have reported improvements in depressive symptoms
(Choi and Jeon, 2013; Ciasca et al., 2018; Im and Lee, 2014; Hsu
et al., 2017; Kang et al., 2010) and self-esteem (Ching-Teng et al.,
2019). These interventions were typically carried out by professional
art therapists under therapeutic settings, dedicating considerable time
to the verbal interpretation and discussion of artworks. According to
Dunphy et al. (2019), the emotional and internal mechanisms of such
interventions involve the creation of art, providing a valuable distance
for the externalization of internal subjective experiences and enabling
visual communication. In addition, the completion of the artwork
contributes to the strengthening of agency. The intervention in this
study was intended for healthy older adults and was, therefore, more
of a learning experience rather than a therapeutic intervention by a
professional art therapist. No active approach to the psychological
aspects of the participants was adopted by researchers and art
demonstrators, as the program content predominantly focused on
teaching and exploring digital art techniques.

A study by Kim (2013), that also targeted healthy older adults,
revealed certain psychological improvements, such as reductions in
negative emotions and anxiety and increases in self-esteem.
However, the intervention included significant time spent on
group discussions (15–20 min of a 60–75 min session). In
contrast, the intervention in this study allotted only
approximately 3–5 min at the end of each session to complete a
brief reflection sheet and share any impressions. The content of the
reflection sheet included determining the participants’
understanding of the day’s lesson, their emotions during the
session, and optional, non-mandatory free-text feedback on the
session. Based on these observations, the lack of psychological
improvements in the present study could be attributed to several
factors: the relatively good mental health of participants prior to the
intervention, limited involvement by intervenors, and time allocated
for externalizing and verbally processing participants’ internal
subjective experiences through art. The time allocated for deep
introspection or discussion among participants was insufficient.

No statistically significant relationship was found between
changes in drawing skills resulting from the digital visual art
intervention and changes in cognitive or psychological functions.
Previous research has revealed that training in visual arts can lead to
changes in neural processing within brain regions that mediate the
integration of perception and action (Schlegel et al., 2015). In addition,
it has been suggested that drawing expertise may not stem from
improved perceptual abilities but from enhanced capacity to
transform perceived information into creative actions (Perdreau
and Cavanagh, 2011). From this perspective, while artistic drawing
itself may serve as a stimulus contributing to cognitive function, the
process of acquiring drawing expertise emphasizes integrating

perceived information with motor control and coordination
between eye and hand movements—functions supported by
complex brain networks. Therefore, improvements in drawing
expertise may be more closely reflected in changes in brain
network connectivity than in improvements in specific subdomains
of cognitive function as measured in the present study. Furthermore,
the drawing ability assessment employed in this study was originally
developed as a general measure of traditional drawing skills
(Chamberlain et al., 2014). However, acquiring digital visual art
skills involves not only basic artistic abilities but also the effective
use of digital software and tools. The skills participants developed
through the program included effective use of pen functions, layer
management, selection tools, and diverse coloring
techniques—elements beyond conventional drawing activities.
Thus, the learning outcomes of the program may not have been
fully captured by a drawing skill test focused solely on traditional
drawing ability. Regarding psychological functions, as noted by
Dunphy et al. (2019), the internal and subjective world of
participants plays a critical role. Therefore, participants’ subjective
sense of achievement—such as feeling that they had
“improved”—may be more strongly associated with psychological
effects than with objective evaluations of drawing ability. In light of
these considerations, future research should revisit the evaluation
indicators used to assess the relationship between drawing skill and
cognitive/psychological functions. Refining both the task design and
evaluationmethods to better reflect the specific learning content of the
program will be an important challenge.

This study has several limitations. First, its results only
exhibited significant trends rather than a clear significant
difference; therefore, they should be interpreted cautiously. The
results of this study demonstrated trends toward improvement
rather than statistically significant differences. Several factors may
have contributed to this outcome, including limitations in sample
size, insufficient control of confounding variables such as
participants’ social and leisure activities, potential shortcomings
in the newly developed intervention program, and possible
mismatches between the selected outcome measures and the
actual effects of the intervention. As a pioneering attempt, this
study is positioned as a pilot investigation, and the findings provide
valuable insights for future research. Moving forward, it will be
essential to address these limitations by expanding the sample size,
refining the research design. Second, the study did not incorporate
measures related to social interaction. Masika et al. (2020), Masika
et al. (2022) contended that visual art exerts its effects on cognitive
and psychological functioning through the three mechanisms of
physiological, cognitive, and social stimulations. In the present
study, each group consisted of fixed members, and the long-term
nature of the program appeared to foster the formation of small-
scale communities among participants. Social interaction has been
shown to positively influence both cognitive function (Kelly et al.,
2017) and psychological wellbeing (Nyqvist et al., 2013) among
older adults. Future studies should include indicators of social
interaction and analyze their associations with cognitive and
psychological outcomes to allow for a more comprehensive and
ecologically valid understanding of the effects of digital art
learning. Third, while this study employed quantitative methods
to analyze the data, quantitative analysis alone could not capture
the subjective and individualized experiences of participants
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throughout the digital art learning process. Previous research has
utilized qualitative methods to explore participants’ inner
experiences in greater depth (Cantu and Fleuriet, 2017;
MacLeod et al., 2016; Rose and Lonsdale, 2016; Stickley et al.,
2016). In addition, some studies have adopted mixed-methods
approaches combining both quantitative and qualitative data
(Camic et al., 2014; Phinney et al., 2014). These studies have
provided rich insights into participants’ emotional states during
the creative process, their renewed appreciation of the world and
its beauty (Cantu and Fleuriet, 2017), personal growth (e.g.,
acquiring new abilities through the creation of art), and a sense
of meaning and fulfillment (e.g., personal expression, perceived
significance, and satisfaction) (MacLeod et al., 2016)—aspects that
go beyond what can be measured through quantitative indicators
alone. Therefore, future research should incorporate qualitative
approaches in addition to quantitative methods to further
elucidate the multifaceted effects of digital art learning on older
adults. Moreover, the program content and instructional methods
should be continuously updated to optimize its effectiveness in
maintaining and enhancing cognitive and psychological
functioning. Therefore, future studies should address the
identified limitations and advance the development of more
refined and adaptable digital art programs.

5 Conclusion

This study details one of the first attempts to examine the effects
of digital visual art learning on cognitive and psychological functions
in healthy older adults. Its results suggest that digital visual art
learning tends to improve frontal lobe functions, mainly executive
functions. The findings of this study highlight the potential utility of
digital visual arts learning as an innovative, non-pharmacological
approach to support cognitive function in older adults and may
promote healthy longevity in the community. Future studies should
develop effective and adaptive digital art learning programs for older
adults by increasing the sample size, while examining indices of
social interaction and adopting a more individualized approach
using qualitative methods as well.
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