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ABSTRACT: Csikszentmihalyi’s psychological flow and self-directed learning have a well-researched and direct connection. Lacking
is an investigation of this relationship across the lifespan—the aim of this review. A search of seven primary databases and one
supplementary database (searched eight different ways) with the keywords “self-directed learning, lifespan, psychological flow”—for
English-language empirical research studies in peer-reviewed publications—provides this assessment of recent publications with high
recall and high precision. The hypothesis is that distinct topics are recognizable, concerning the relationships among self-directed
learning, lifespan, and psychological flow, regarding how self-directed learning promotes psychological flow throughout the lifespan.
As a quasi-scoping review, the standardized PRISMA-ScR is the methodology. The supplementary database search, without Boolean
functions, and yielding the highest returns, produced the five results included. Corroborating the hypothesis, three Csikszentmihalyi-
inspired topics synthesize the results: (1) feeling better in the moment, (2) body and mind are in harmony, and (3) improving the quality
of life. Based on the synthesis, the level of meaning the learner ascribes to their work determines the relationship among the three
keywords. The conclusion is that the relevance of flow to self-directed learning throughout the lifespan depends on learner engagement
in supporting their work-related purpose and meaning regarding the learning material.

Keywords: Csikszentmihalyi; Psychological flow; Self-directed learning; Lifespan; PRISMA-ScR

© 2025 The authors. This is an open access article under the Creative Commons Attribution 4.0 International
BY License (https://creativecommons.org/licenses/by/4.0/).

1. Introduction

Psychological flow is a theory pioneered by psychologist Mihaly Csikszentmihalyi (1934-2021 [1]) in 1975 [2].
Its recognition is as one of the most significant theories in contemporary psychology [3], with its study directing
extensive research [4] in various disciplines [5]. An analysis of experiences judged by individuals as enjoyable [6]
participating in activities Csikszentmihalyi described as “play-forms” [7] defines psychological flow. Most notably, his
studies of play-form participants included chess masters [8], rock climbers [9], elite athletes [10], and professional
performance musicians [11]. However, in contrast to play [12], the enjoyment focus for psychological flow is on the
conditions under which challenging activities are sustainable [13]. In the words of Csikszentmihalyi, “flow makes us
feel better in the moment, enabling us to experience the remarkable potential of the body and mind fully functioning in
harmony. However, what makes flow an even more significant tool is its ability to improve the quality of life in the
long run” [14] (p. 63). The identification of flow in an activity is a self-directed process for meeting challenges deemed
of interest to the individual. Operationally, flow is achievable dependent on the following conditions: (1) clear goals;
(2) instantaneous feedback; (3) an equivalence of skills to challenges; (4) an integration of awareness and action; (5)
any distractions from the activity are ignored; (6) failure is not considered an option; (7) no self-consciousness is
involved; (8) there is a distortion of time; and (9) the activity itself is the desired end [15]. Various methods measure
psychological flow. One is self-reporting through either structured [16] or semi-structured interviews [17,18]. Another
is the completion of standardized questionnaires, like the widely used Flow State Scale 2 (FSS-2) [19] with cross-
cultural validation [20-22], which provides a post-event assessment of flow, or the Dispositional Flow Scale 2 (DFS-
2) that interprets a presently experienced flow state [23], also with cross-cultural validation [24,25]. Still another
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measurement technique is the Experience Sampling Method (ESM)—a real-time snapshot [26] of the flow experience
and its related factors, like challenge and skill [27]. Some researchers also use physiological measures, including
neuroimaging (electroencephalography (EEG) [28] and functional magnetic resonance imaging (fMRI) [29]). These
techniques observe brain activity during a flow state to study the neurological foundations of flow. Other researchers
study physiological data, such as heart rate [30], heart rate variability (HRV) [31], and skin conductance [32].

Self-direction is a requirement of psychological flow, where these must operate together to create “the good life”,
in the estimation of Csikszentmihalyi [33]. Self-direction is the degree to which one can formulate goals and learn from
previous experiences [34,35] in making decisions free from external control [36]. It relates to self-determination, serving
as the basis for motivationally activated behavior [37], since autonomy, competence, and relatedness are essential for
enacting self-determined behaviors [37,38]. Self-direction can be measured in various ways with performance-based
tasks [39], self-reflection [40], self-reporting [41], and standardized questionnaires [42].

Self-directed learning represents one type of self-determined behavior [43]. Since self-direction depends on choice,
one can choose to self-direct learning in correspondence with the demands of others [44]. However, to correspond with
the flow, this self-direction requires self-directed learning [45,46] that arises from and is sustained by what the
individual values in achieving their personal goals [47]. Although these goals may include adhering to the standards of
a group [48], the individual’s desire and goal is to meet these standards—it is not an external imposition. Nevertheless,
learning about the necessary structures for meeting the standards is an essential ingredient to self-directed learning [49].
Several methods measure self-directed learning. Some are instruments such as the Self-Directed Learning Readiness
Scale (SDLRS) [50,51] or the Self-Rating Scale of Self-Directed Learning (SRSSDL) [52], which measure attitudes,
behaviors, and readiness for self-directed learning, or microanalytic assessment in real time during a specific task
[53,54]. Qualitative methods of assessment include self-assessment [55], process evaluation [56], and assessing the
content and structure of learning activities [57].

In considering psychological flow regarding self-directed learning through the lifespan, the assumption is that
changes over a lifetime affect both psychological flow and self-directed learning. This assumption rests on the
understanding that people change physiologically [58,59], psychologically [60,61], and in their intentions [62,63].

A post-mortem 2022 publication with Csikszentmihalyi as a co-author identified it as the first assessment of flow
throughout the lifespan [64]. What that article does not discuss is the relationship between flow and self-directed
learning. Recent empirical studies on the relationship between flow and self-directed learning include those that
differentiate by occupation [46,65—67], expertise [68—70], geographic area [71-73], and age [74—76]. What they do not
discuss is self-directed learning and psychological flow throughout the lifespan. This work will be the first to consider
the relationship among all three concepts. The aim is to identify (1) the English language, (2) empirical research studies
in (3) peer-reviewed publications with both a (4) high recall and (5) high precision by topic, representing (6) the most
promising research directions. The hypothesis is that distinct topics are recognizable using this type of limited review
to investigate relationships among self-directed learning, psychological flow, and lifespan—ones that regard the
promotion of psychological flow throughout the lifespan through self-directed learning.

2. Materials and Methods

Gathering the materials for this limited review follows the guidelines of the 2020 Preferred Reporting Items for
Systematic Reviews Statement Extension to Scoping Reviews (PRISMA-ScR) [77,78]. In choosing this method, the
intention was not to identify the range and depth of research on this subject, as would be the case in an actual scoping
review [79]. Nevertheless, the PRISMA-ScR process was viewed as the most appropriate methodology because it is
internationally standardized as a review process [80] and considered the best practice for scoping reviews [81]. What
differentiates this limited search from a scoping review is its focus on recent high-recall, high-precision peer-reviewed
publications. The choice was to limit the review to this extent as the aim of the study was to identify promising current
research directions regarding the relationships among self-directed learning, lifespan, and psychological flow.
Restricting the search in this way eliminated older research that may no longer be relevant (especially as a consequence
of the COVID-19 pandemic [82—85]), publications that are not empirical research studies, and those studies with a low
recall. They are not considered for review as they are unlikely to promote the development of empirical research on the
topic, the aim of this review.
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2.1. Databases

The method began on 3 August 2025. It involved searching six relevant primary databases (APA PsycArticles®,
Embase, Medline, PubMed, Scopus, and Web of Science) and one supplementary database (Google Scholar). A
subsequent search of ProQuest was on 30 October 2025. Included in this search were the following databases: ERIC
(Education), International Bibliography of the Social Sciences (IBSS) (Social sciences), and PsycInfo (Psychology).
There is no necessary number of databases to search when following the PRISMA-ScR process [81]. The databases
searched should be relevant to the literature, as noted in the most recent comments on scoping reviews published in
2022 [81]. However, primary databases—those with consistent results—are distinguished from those considered
supplementary databases, where the search results are inconsistent [86]. Although by this measure, Google Scholar is
labeled a supplementary database [86], a 2019 study of 12 academic databases identified it as the most comprehensive
search engine, acknowledging that it is the database most frequently used by academics. The finding is that it
outperforms the coverage of Scopus or Web of Science [87]. This conclusion was additionally reconfirmed in 2023
[88]. The extensive reach of Google Scholar, as an academically respected database, supports including this
supplementary database as part of the search process.

The keywords for the primary database searches were “self-directed learning AND lifespan AND psychological
flow”. A previous scoping review by the author demonstrated that limiting a Google Scholar search to keywords and
Boolean operators restricted the possible results [89]. Consequently, the author conducted a Google Scholar experiment
during the database search to examine the extent of returns comparing the inclusion or exclusion of Boolean operators.
For Google Scholar, using quotation marks to distinguish keywords is equivalent to the AND Boolean function.

The Google Scholar experiment showed that, in most cases, fewer Boolean operators produced more results. With
all three keywords distinguished with quotation marks, there were four results. Removing the quotation marks from the
keyword lifespan produced only two additional results. They compare with having all keywords in quotation marks.
Eleven more returns resulted from an absence of quotation marks on self-directed learning. Most significantly, there
were 970 additional results regarding psychological flow. This result compares with the results of quotation marks
differentiating all the keywords. When two of the keywords lacked quotation marks, and psychological flow was the
only one with them, there was the least difference between the results of it and when all the keywords retained quotation
marks (and thus incorporated Boolean functions), with only 21 additional results. If only self-directed learning retained
the quotation marks, the extra results from those of all quotation marks were 2796. When lifespan was the only keyword
with quotation marks, the added results were 3806 from those with Boolean operators. The most significant difference
corresponding to the initial search with all quotation marks was when they were missing from all keywords. In this case,
the results that appeared in addition to the four using Boolean functions were 10,896. These differences regard the
number of results for each of the eight Google Scholar searches, labeled A to H. They are in Table 1, along with the
results of all the primary database searches.

Table 1. (1) Numbered (#) order of search, (2) databases searched on 3 August 2025 and on 30 October 2025 (ProQuest), (3) the
search parameters, and (4) the number of returns regarding searches of the keywords “self-directed learning, lifespan, psychological
flow”, listed in the order searched.

# Database Search Parameters Returns

1 APA Keywords: self-directed learning AND lifespan AND psychological flow 17
PsycArticles® Limits: English language, Publication year: 2021-2025

Keywords: self-directed learning AND lifespan AND psychological flow

2  Embase . . . 0
Limits: English language, Publication year: 2021-2025
3 Medline Keywords: self-directed learning AND lifespan AND psychological flow 0
Limits: English language, Publication year: 2021-2025
PubMed Keywords: ((self-directed learning) AND (lifespan)) AND (psychological flow) 0
5  Scopus Keywords: self-directed learning AND lifespan AND psychological flow
Web of Keywords: self-directed learning, lifespan, psychological flow. WOS does not have the option to limit a search by
6 Science year before conducting the search 2
Limit: Publication year: 2021-2025, once the search is performed.
7 A. Google “self-directed learning” “lifespan” “psychological flow” 4
Scholar Limit: Publication year: 2021-2025
8 B. Google “self-directed learning” lifespan “psychological flow” 6

Scholar Limit: Publication year: 2021-2025
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C. Google self-directed learning “lifespan” “psychological flow”

? Scholar Limit: Publication year: 2021-2025 15

10 D. Google self-directed learning lifespan “psychological flow” 95
Scholar Limit: Publication year: 2021-2025

1 E. Google “self-directed learning” “lifespan” psychological flow 974
Scholar Limit: Publication year: 2021-2025

12 F. Google “self-directed learning” lifespan psychological flow 2800
Scholar Limit: Publication year: 2021-2025

13 G. Google self-directed learning “lifespan” psychological flow 1810
Scholar Limit: Publication year: 2021-2025

14 H. Google self-directed learning lifespan psychological flow 10.900
Scholar Limit: Publication year: 2021-2025 ’

Keywords: self-directed learning AND lifespan AND psychological flow
15 ProQuest Limits: Publication date: after 1 January 2021, Case Study, Feature, Chronology, Report, Research Topic, 69

Statistics/Data Report, English language

2.2. The Search Process

Supplementary S1 provides an in-depth record of the method followed for the PRISMA-ScR process [43]. In this
process, the “Records identified” equals the number of returns from each database searched. Only two primary databases
contributed to the 3 August 2025, results: APA PsycArticles® (n = 17) and Web of Science (n = 2). Since the aim was
to identify only publications with high recall and high precision, the author limited the number of results considered
from each of the eight Google Scholar searches to the unique ones and the first 15 pages of 10 returns per page for H.
Google Scholar. The result was (n = 150) for H. Google Scholar added to (r» = 2) for unique returns found on B. Google
Scholar + D. Google Scholar, plus (n = 1) for the unique results of C. Google Scholar + D Google Scholar, plus (n =
10) for those found only one C Google Scholar, added to (n = 1) of the unique result from E. Google Scholar, and (n =
8) of the distinct result from G. Google Scholar. F. Google Scholar produced no unique returns. The total of the assessed
records is the Google Scholar result (n =172)=(n=150+2+ 1+ 10+ 1 + 8). As such, the total records identified on
3 August 2025, was (n = 191).

Concerning the requirements of the PRISMA flow diagram [77], the databases searched are differentiated only
regarding ‘“Records identified”. There is a combination of all records returned from each database after the “Records
removed before screening”. Removed were the duplicates (n = 3), records not in English (n = 0), those not found in
peer-reviewed publications (nz = 35), and studies that were not empirical research (» = 68). Marking records as ineligible
did not use automation tools. The result of these removals on 3 August 2025, was the following records screened (n =
85). Studies not found in peer-reviewed publications included non-peer-reviewed publications and published abstracts
without a full manuscript.

Screening is in three parts following the PRISMA-ScR process [43]. A lack of keywords in the publications resulted
in the first exclusions on 3 April 2025. The result was: no self-directed learning (n = 3), no lifespan (n = 4), and no
psychological flow (rn = 63). After removing these records, the reports sought for retrieval were (n = 15). Five of these
reports could not be retrieved, leaving (n = 10) reports assessed for eligibility. An exclusion of five containing irrelevant
information was the result after reading the complete reports. The result was (rn = 5) studies included in the review, but
as one of the publications reported on two studies, (# = 6) represents the reports of included studies.

An additional search on 30 October 2025, was completed—ProQuest. The purpose was to improve the 3 August
2025, search that produced five results with additional reports. The ProQuest search included the following databases:
ERIC (Education), International Bibliography of the Social Sciences (IBSS) (Social sciences), and Psyclnfo
(Psychology). For this search, there were (n = 69) records identified. The exclusions began with those removed before
screening: duplicated (rn = 19), those not found in peer-reviewed publications (z = 9), and those not based on empirical
research (n = 6). Although screening in the PRISMA-ScR process is in three parts, no results remained after completing
the first screening part: no self-directed learning (n = 24), no lifespan (n = 5), and no psychological flow (n = 6). As
such, the addition of the ProQuest search on 30 October 2025, produced no included studies. They remained (n = 5),
with the reports of included studies (n = 6).

Figure 1 depicts the combined search process for both days in the most recent PRISMA 2020 flow diagram [90].
The boxes on the right side present the exclusion criteria flow, with the last box under “Included” on the left specifying
the final number included. Those included represent empirical studies in English, published since 2021 in peer-reviewed
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publications, with information relevant to each of the three keywords. Of interest regarding the Google Scholar
experiment is that the final five studies included were all and only from H. Google Scholar. As such, adding any Boolean
operators to the Google Scholar search ultimately returned no results for this review after exclusions.

[ Identification of studies via databases
[ Records identified (n = 260): Records removed before
= APA PsycArticles® (n = 17) screening:
S Embase (n =0) Duplicate records (n = 22)
S Medline (n = 0) Not in English (n = 0)
& PubMed (n = 0) —®|  Not found in peer-reviewed
€ Scopus (n = 0) publications (n = 44)
§ Web of Science (n = 2) Not empirical research
Google Scholar (n =172) (n=74)
ProQuest (n = 69)
. 4
Records excluded
Rei:ords Bcreenad > No self-directed learning
(n=120) (n = 27)
No lifespan (n = 9)
No psychological flow (n = 69)
> 4
=
S Reports sought for retrieval
g (n =15) ——»| Reports not retrieved (n = 5)
’ '
- Reports excluded:
ReBorts assessed for eligibility > Irrelevant information on flow
(n=10) (n=5)
e Studies included in review
S (n=5)
o Reports of included studies
£ (n=6)

Figure 1. PRISMA 2020 flow diagram for new systematic reviews that include database searches only [77].

3. Results

The results attend to the relevant sections of the PRISMA-ScR Checklist [90]. They include (1) the characteristics
of the sources of evidence, (2) the results of individual sources of evidence, and (3) a synthesis of the results.
Identification of the characteristics of the evidence sources is in the subsection on reports of included studies. Two
subsections that follow examine the results of individual sources of evidence. One concerns the study details and the
other the methodological details. The subsection on topics contains a synthesis of the results.

3.1. Reports of Included Studies

The titles of the five returns describe two types of results: flow regarding lifelong online self-directed learning [91—
93] and continuing work-related flow through self-directed learning [94,95]. The first title returned 29th in the H.
Google Scholar search [92]. The second returned 42nd [93]; the third, 77th [91]; the fourth, 84th [95]; and the fifth,
98th [94]. Two points are evident from the ordinal placement of these results in the returns. The first is that articles
concerning online self-directed learning had a higher recall than those with a work-related self-directed learning focus.
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The implication is that, for lifespan flow, online self-directed learning is most relevant. The second point is that no
returns, after the 98th, were included As such, although this review process searched the H. Google Scholar for the first
150 returns, there were likely no relevant articles with a lower recall than might have been included for review.

Those reports on online learning [91-93] were also the ones that had multiple authors. In contrast, the two reports
about in-person work had a single author [94,95].

The first return [92] was also the only conference submission. It is included here as part of an IEEE (Institute of
Electrical and Electronics Engineers) peer-reviewed publication [96]. IEEE publications are considered to undergo
high-quality peer review [97,98] and are deemed a better representation of the industry than journal publications [99].
The topic is viewed from an engineering perspective in this report and in another [91]. The other three reports come
from journals focused on psychological considerations [93-95].

It is interesting to note that 2022 is the most recent publication regarding this topic—the final year of a
Csikszentmihalyi-authored publication following his death in 2021. There are two publications from 2022 [92,95]. The
other three were published in 2021 [91,93,94]. See Table 2.

Table 2. Bibliographic details: (1) # (citation number), (2) article title, (3) authors, (4) publication source, and (5) publication year
for the 3 August 2025 search of “self-directed learning, lifespan, psychological flow” resulting from the reports included for the
appraisal of the database (Google Scholar), listed in the order of the searched returns.

# Title Authors Publication Source Year
2022 IEEE/ACIS 7th
. . . . International Conference
Metaverse learning: The relationship among quality of VR-

92 Gim G, Bae H, and Kang S Big Data, Cloud 2022
[92] based education, self-determination, and learner satisfaction m act and hang on Big Data, Lo

Computing, and Data
Science (BCD)

Journal of Marketing

[93] Self-directed learning online: An opportunity to binge LaTour KA and Noel HN . 2021
Education
Goldilocks conditions for workplace gamification: How
. . . Seo K, Fels S, Kang M, Jung C and Human—Computer
[91] narrative persuasion helps manufacturing workers create self- 2021

. . Ryu H Interaction
directed behaviors Y

. Lo . . Journal of Cognitive
Learning at work: Maximizing the potential of lifelong .
[95] Yusoff A Sciences and Human 2022
learners at the workplace
Development

[94] Jammin’ the Blues: Experiencing the “Good Life” Debrot RA Frontiers in Psychology 2021

3.2. Study Details

The aims of the five reports are disparate. The focus of the first one [92] is improving a Metaverse platform for
lifelong use by encouraging greater online participation through improving self-direction in the learning process. The
assumption is that greater satisfaction comes increased flow experience. The aim of [93] contrasts with other studies in
that achieving the flow experience through binge self-directed learning through the lifespan is considered detrimental
to learning the material taught. As such, one study examined the effect of various forms of binge learning on student
grades, while the second study investigated how to direct students away from the flow state with shorter classes. The
three remaining publications [91,94,95] all consider flow from the perspective of work through the lifespan, rather than
focusing on the psychological perception of personal enjoyment from flow. However, each does so from a different
perspective. The first [91] considers whether self-directed behavior applied to learning in Narrative Gamification is
more effective in producing flow than, most specifically, performance-focused gamification. The second explored
achieving flow in self-directed learning across the lifespan. This was regarding several psychological traits that can
improve productivity at work. It was accomplished by meeting company targets through enhancing worker innovation.
The third article examining self-directed learning in relation to flow across the lifespan investigated that biographical
factors that permit blues/rock musicians to interpret their subjective well-being as connected to the opportunity to jam
with other musicians.

The two publications with the highest recall were those with the highest number of participants. The first [92]
investigated 535 online users, while the second [93] surveyed 588 students in professional or master’s programs as
participants in one study and 99 students from the e-provider in the second. The remaining publications had fewer than
20 participants. Each was specific to a particular type of work. The first of the three [91] studied 18 male Hyundai
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employees between the ages of 25 and 20; the second [95], the top 5 employees of three organizations—primarily
middle managers with 8—10 years of experience; and the third [52], one female and six male musicians.

COVID-19 is known to have affected flow through self-directed learning at various learning levels [66,100].
However, of the five resulting publications, only two were most likely conducted during the COVID-19 [101] pandemic,
[92,95]. The first article states that the study was in March 2022. Regarding the second, the assumption is that the
research was conducted during the pandemic, as the initial submission date was August 2021. For [94], the study, from
December 2019 to January 2020, coincides with the identification of the COVID-19 virus. However, it was before the
pandemic was declared [102]. The studies of two other publications either (1) were not conducted during the pandemic
[93] (the two studies of this publication were between 2015 and 2019) or (2) likely undertaken before the pandemic,
based on their funding approval in 2019 [91].

The locations of the studies were in three areas—South Korea [91,92], the United States [93,94], and Malaysia
[95], although location is not directly stated in two of the publications, [92,95]. Unfortunately, these are the two
publications conducted during the pandemic, the time period of most relevance to the keywords. See Table 3.

Table 3. Study details (1) # (citation number), (2) study aim, (3) type of participants and their number, (4) study date, and (5) study
location for the 3 August 2025 search of “self-directed learning, lifespan, psychological flow” resulting from the reports included
for the appraisal of the database (Google Scholar), listed in the order of the searched returns.

# Study Aim Participants Study Date Location
Investigating (1) the quality variables of the Metaverse platform and 535 participants with
92 how they affect learner satisfaction in achieving flow, and (2) how the experience in using VR March 2022 South Korea (not
arc
self-determination of learners affects their flow in relation to user- or AR-based educational stated directly)
friendliness and ease of use of the platform content
Study 1: assessing whether students spread out or “binge” their self-
. . . .. . i Study 1: 588 students of
directed online learning activity to achieve a flow state, by comparing . Study 1: 2015 to
) ) . an Ivy League online
the impact of different learning schedules on student grades. . 2018
. L . professional and . .
[93] Study 2: investigating whether shorter classes lead to less self-directed ., consecutively United States
. . . master’s course provider
bingeing of material, moving students out of the flow state, as well as Study 2: 99 students of Study 1: Fall 2018
: 99 students o
how scheduling affects their net promoter status, and the current Y i and Spring 2019
. . . . . . the Study e-provider
manner in which the online provider measures satisfaction
. . . . . . . 18 male workers from .
Comparing the self-directed learning of narrative gamification against . Not provided: final
. . . . . . Hyundai Motors )
[91] other gamifications, in particular, performance-focused gamification, to funding approved South Korea
. . . Company, between the |
assess the workers’ psychological work perception and flow experience in 2019
ages of 25 and 30 years
Top 5 employees of 3
Investigating whether grit, resilience, and a desire to engage in self-  organizations (n = 15) Not provided:
[95] directed learning and re-learning in the flow of work for lifelong representing mostly manuscript Malaysia (not
learners can improve their productivity, enhance their innovation, and middle managers with received in August stated directly)
increase their meeting company targets 8-10 years working 2021
experience.

Considering (1) in what ways biographical factors and engagement

with music influence the lives of older adult blues/rock musicians who . .
. . . Seven musicians, six ~ December 2019 to __ .
[94] participate in a local blues jam, dependent on flow, and (2) the United States
. o L . . . . males and one female. January 2020.
implications for subjective well-being regarding music to inform self-

directed music education practices

3.3. Methodological Details

The outcomes of each study differed. The basis of the difference was the learner’s intention regarding their self-
directed learning. Moreover, there was a contrast between the type of flow reported and the participant’s lifelong
commitment to a flow-producing activity.

For [92], the learning concerned externally derived standards for learner success. The learners’ flow acted as an
important mediating variable for learner satisfaction. This result suggests that designing and running a systematic
platform that encourages self-directed learning is imperative to support best educational practices regarding the
Metaverse. Under these conditions, where the learner did not plan the curriculum, flow was unaffected by the quality
of information or the service quality. This result means that, as learners progressed through the Metaverse, the
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experience rather than the content connected their flow. The authors did not expect that this lack of quality would leave
participant flow unaffected. Similarly, in [93], the learner was required to conform to the standardized curriculum
expectations. In this case, achieving flow from bingeing on online classes was viewed as an unwanted outcome. This
result was especially for those who binged at the end of the course. The reason was that the learner’s focus was on
enjoyment rather than learning. Yet, in the second of the two studies for [93], when the effect of shortening the semester
was tested regarding reducing bingeing behavior, the change eliminated bingeing during the middle of the course, but
not at the beginning or the end. The focus of this article was on reducing the type of flow from online bingeing when
engaging in self-directed learning. However, the learners had a successful course outcome regardless of their bingeing.
Their attitude towards the course differed. Front bingers were more positive about the learning experience than Back
bingers. Unlike the anti-flow message presented in [93], report [91] focused on the type of gamification most likely to
create flow in Hyundai Motor Company workers. Of the three types tested (none, Conventional, and Narrative),
Narrative Gamification supported the highest productivity and flow state. According to the authors, this dependence of
Narrative Gamification on self-directed learning based on intrinsic values is the reason, unlike the other two. This
correlation with intrinsic values maintains the flow state throughout the employment period. This flow concentration,
particularly during an extended work period, was also the focus of [95]. For the top employees studied at the three
corporations, flow was directly tied to the purpose and meaning in their careers. Interestingly, when flow is career-
related, as in this study, the self-directed learning must not infringe on the meaning the employee has developed
regarding their work. As such, the most effective self-directed learning in this case comes in “bite-sized” modules,
rather than extended courses. The final publication [94] also views flow as dependent on a lifelong connection with
work—evident when the musician has the opportunity to jam. Here, self-directed learning evolves from the flow
achieved. There is a difference concerning the extended flow of top corporate employees and blues/rock musicians. It
is that top employees have an intention regarding the direction they want their flow to take them. For the musicians, the
flow is accepted for itself and, lifelong, the type of flow experienced is not expected to change.

The study type of four of the five publications [91-93,95] is quantitative. One is qualitative [94]. For the
quantitative, two studies have measurements taken by the authors—the first of [91,93]. Quantitative assessments of
author-administered surveys are found in the second [93] study, [91,92,95]. In contrast, [94] is based on a qualitative
interpretation of author-conducted interviews.

The significance of the measures related to distinct variables for each publication. The outcomes were significant
for [92] because all variable values were 0.7 or higher. For [93], a likely reason that achieving flow through binge-
watching was not encouraged is that the result for those who did not binge (Spacers) was significantly higher than for
those who binged. However, Middle-bingers were significantly higher than Spacers post-hoc, but not the Front-bingers.
When the length of the course was shortened in the second study of [93], there were significantly more Front-bingers
than in the first study. With the period for middle bingeing eliminated, Spacers and Back-bingers were noticeably
increased. Although the authors identified Narrative Gamification as the type of gamification that produces flow [91],
the difference between Narrative Gamification and Conventional Gamification was not significant when compared with
No Gamification. Concerning completion time, there was no difference among the three forms of Gamification.
Significance tests were not performed for [95]. However, 78.6% preferred self-directed learning for self-development
to be undertaken first thing in the morning, during the commute to work. Representing a qualitative study, there was no
test for significance for [94]. See Table 4.

Table 4. Methodological details (1) # (citation number), (2) study outcomes regarding the aim, (3) study type, and (4) whether the
results were statistically significant for the 3 August 2025 search of “self-directed learning, lifespan, psychological flow” resulting
from the reports included for the appraisal of the database (Google Scholar), listed in the order of the searched returns.

# Outcomes Regarding Aim Study Type Significance
Heterotrait-Monotrait Ratio value of 0.9 or
Self-determination extensively impacts VR-based education Quantitative, based on a lower, Cronbach’s Alpha 0.7 or higher,
[92] in the Metaverse equally in virtual education compared withsurvey on the satisfaction of Composite
online education, but, unexpectedly, the quality of neither VR- or AR-based Reliability of 0.7 or higher, and Dijkstra-
information nor service affected flow educational content Henseler tho A
of 0.7 or higher for all variables
Study 1: Students in flow state binged their online classes Study 1: Back-binge group: significantly
[93] during all quartiles of the semester, not just at the last Quantitative: lower than other groups; Spacers:

minute, with back-bingers representing procrastinators, and significantly higher than bingers. The
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the front-binge behavior not observed previously in online Study 1: Each time a student bingers were not significantly different

education. logs into the system, a from one another. Post-hoc, Middle-binge
Study 2: The shorter semester did not reduce flow-state virtual footprint is recorded group was significantly higher than the
binge behavior. Those who may have binged in the middle Study 2: Post-class net Spacers but not significantly different from
of the longer semester adjusted their activity either to the  promoter surveys the Front-bingers

front or the back-end of class. Both types of bingers had Study 2: significantly more Front-bingers
successful course completion; however, the Front-bingers than in Study 1, with a significant

and Spacers were more positive than Back-bingers about difference in more Spacers and more Back-
their experience bingers

. uantitative: work o
HMC workers managed the three gamified systems Q ’ a Torque value and accuracy: significant
) e . . erformance, flow . . . S
differently regarding the gamification that improved their P . . . differences in both Narrative Gamification
experience, physiological

work performance, provided a flow experience and . and Conventional Gamification (not
. . . arousal and stress, and video | . .
[91] eventually created effective work behaviors; workers with . . statistically different from each other)
. . . . .. recordings collected with . ) )
Narrative Gamification had the highest productivity and the L compared to No Gamification, with no
. ) . task completion time and . . . .
highest flow state, succeeding when they did not feel forced statistical difference in terms of completion
. accuracy assessed from log |
to perform system-given goals time
data.
Top employees look for purpose and meaning in the 78.6% prefer self-directed learning for self-
learning that they engage in, towards delivering their tasks L development and do so in the morning
. . . . . Quantitative based on . .
[95] and achieving their professional targets with a self-directed | tervi before commuting to work, with a lack of
interviews.
learning preference of “bite sized” modules with flow time being the reason it is not always
regarding the work schedule, in contrast to the learning. pursued—significance tests not performed

The ability to make individual choices about “how to
manage one’s life and surrounding world” is considered a  Qualitative, based on semi-

[94] key aspect of subjective well-being with jamming structured, open-ended Not tested
engendering feelings of affirmation, accomplishment, and  interviews

self-acceptance through flow.

3.4. Topics

To consider the common topics of the five publications regarding self-directed learning through the lifespan from
the perspective of psychological flow it is helpful to return to the optimal elements of psychological flow: (1) clear
goals; (2) instantaneous feedback; (3) an equivalence of skills to challenges; (4) an integration of awareness and action;
(5) any distractions from the activity are ignored; (6) failure is not considered an option; (7) no self-consciousness is
involved; (8) there is a distortion of time; and (9) the activity itself is the desired end [15]. Interpreting this optimal state
regarding self-directed learning throughout the lifespan must correspond to the words of Csikszentmihalyi, “flow makes
us feel better in the moment, enabling us to experience the remarkable potential of the body and mind fully functioning
in harmony. But what makes flow an even more significant tool is its ability to improve the quality of life in the long
run” [14] (p. 63). As such, three topics are derivable from this statement: (1) feeling better in the moment, (2) body and
mind are in harmony, and (3) improving the quality of life. The results from each publication are synthesizable regarding
these three topics.

The focus of [92] is the ability of flow to sustain the interest of learners in situations where the standards are
external. Achieving flow in this instance depends on a connection between self-directed learning and maintaining the
flow experience rather than retaining the intended content for learning. In this article, there is no discussion of the
importance of harmonizing the body and mind. The lack of concentration on harmonizing the body and mind regarding
flow is also in [93]. The authors regret that feeling better in the moment is the outcome of binge learning (although,
contrary to the authors’ expectations, academic performance is not affected). What the authors point to is the reduced
satisfaction that Back binge learners have with their learning. The implication is that this decreases their quality of life.
For both [92][93], there is an emphasis on the negative aspects of flow concerning self-directed learning throughout the
lifespan. This emphasis results from the standards learners are to meet not being ones for which they have a personal
attachment. Recognizing the importance of developing this type of personal attachment to externally designed goals,
[91] identifies the importance of Narrative Gamification. Also, these authors are aware of the importance of all three
topics. They find that employees can only feel better in the moment concerning flow if they willingly select to perform
system goals. This outcome requires the body and mind working in harmony—something that necessitates the use of
narrative regarding gamification. With Narrative Gamification, flow is sustainable in work-related tasks. Unlike the
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other publications, [95] does not emphasize the aspect of feeling better in the moment regarding flow. This lack of
emphasis directly relates to the study of top employees. For these employees, lifespan flow is an experience to maintain.
It is maintainable because of a harmonized body and mind resulting from these employees having careers with purpose
and meaning. Their self-directed learning must correspond with their values and not interfere with their work schedules.
For this reason, they accomplish this learning during their commute to work. Concerning the musicians interviewed
[94], their jamming related to flow. Without it, the jam ended. The aim of those interviewed is to find opportunities to
jam. Jamming helped them feel better in the moment by harmonizing their body and mind. Through their self-directed
learning, they created ways to continue jam sessions—considered by the musicians to be what improves their quality
of life. See Table 5

Table 5. Topics created by the author arising from the words of Csikszentmihalyi in [14], on page 63, for synthesizing the results
of the five publications reviewed with respect to self-directed learning, lifespan, and psychological flow.

# Feeling Better in the Moment Body and Mind Are in Harmony Improving the Quality of Life

. . Self-directed learning is tied to the flow
Flow acts as an important mediating

[92] . . . Not a focus experience rather than the content when
variable for learner satisfaction
standards are external.
Flow encourages bingeing in learning Only for Front Bingers of self-directed
[93] . Not a focus . .
course-related materials learning, not Back Bingers
1] Only when employees do not feel forced to Narrative Gamification encourages such ~ Flow can be sustained regarding self-
perform system goals harmony in flow directed learning in work tasks
Body and Mind working together in flow is Self-directed learning relates to purpose and
[95] Not a focus .
necessary for excellence meaning as an employee
[94] Relevant to beginning and sustaining a jam Collaboration continues because flow Self-directed learning relates to creating the
session harmonizes the body and mind time to engage in jams

Regarding the hypothesis—that distinct topics are recognizable through this type of limited review concerning
relationships among self-directed learning, psychological flow, and lifespan, regarding how self-directed learning
promotes psychological flow throughout the lifespan—the relationship among these variables can be interpreted.
Psychological flow helps self-directed learners feel better in the moment while simultaneously permitting a harmonious
body and mind. By accomplishing both, the individual’s quality of life improves to be sustainable throughout the
lifespan. For the relationship of the three topics of Feeling better in the moment, Body and mind in harmony, and
Improving the quality of life, for each of the five studies. Based on the synthesis, the level of meaning the learner
ascribes to their work determines the relationship among the three keywords.

4. Discussion

According to a statement by Csikszentmihalyi published at the end of his life, in 2021, “Entering into the state of
flow, respondents described it as one of intense concentration in which they tended to lose self-consciousness. Some of
the other key features of this state include having a sense of being in control of their actions, the sensation that time is
distorting, and a sense that the experience was its own reward” [103] (p. 196). This comment by Csikszentmihalyi
coincides with his early career findings [2]. This review has demonstrated that these features of flow are more than
personally relevant regarding self-directed learning throughout the lifespan; they also have a social component.

In both [92][93], the positive social value of flow about self-directed learning throughout the lifespan is questioned.
Those experiencing flow lose interest in social expectations. Their self-directed learning connects to the flow experience
rather than the prescribed content they are to learn—a result of their loss of self-consciousness, the control of their
actions, their distorted sense of time, and the experience being the reward [92]. Bingeing becomes the preferred self-
directed learning method when there is a requirement to learn prescribed course-related material. Those who “Back
binge” (binge at the course end) express reduced positive attitudes towards their learning compared with those who
space out their learning to coincide with the curriculum throughout the lifespan, although this bingeing does not appear
to affect academic results.

However, identified social problems appear to result from the learner lacking the ability to truly self-direct their
learning. In [91,94,95], the value of flow to sustaining a career and encouraging innovation is the focus. Recognizing
the narrative is relevant to maintaining flow [91], that flow can relate to an entire career [95], and that creativity in flow
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guides self-directed learning [94] demonstrates that, if social interests work in concert with flow, that flow is not only
personally satisfying throughout the lifespan—it is productive socially.

An earlier publication by the author examining psychological flow in athletes, musicians, and researchers [46]
noted that flow for athletes and musicians most often was evident during an evaluated skills performance. In contrast,
researchers might maintain flow throughout the entire period of their investigation. For them, presenting their work at
a conference is unlikely to produce a flow experience. The relationship of flow to athletes and musicians over the
lifespan contrasts with that of researchers in this limited review. For athletes and musicians, their flow through self-
directed learning is related to opportunities to perform throughout their life—a point reinforced by [94]. However, for
researchers, flow throughout the lifespan relates to self-directed learning regarding their research program. Similarly
top executives, they experience flow when their employment purpose and meaning correspond with self-directed
learning [95]. For top researchers, flow and self-directed learning can be a continuous process throughout the lifespan
[68]. This difference between the lifespan flow of athletes and musicians compared to that of researchers has been
differentiated as external flow versus internal flow [104]. Contrary to social concerns about flow and inattention, a 2019
study of external and internal flow found a negative relationship between flow and inattention, and people who
experience flow more frequently appear to demonstrate relatively less inattention in everyday contexts.

An additional consideration is whether self-directed learning regarding flow throughout the lifespan is similar to
the hyperfocus associated with ADHD [74,75] or autism [76]. From this perspective, hyperfocus is detrimental to social
functioning, while psychological flow is considered favorable [76]. However, recent research has questioned this
association between flow and hyperfocus. Results suggest that hyperfocus and flow are distinct, inversely related
constructs, or that the investigation methods influence different accounts of their task absorption experiences [105].

4.1. Triangulation

Various methods study the same phenomena with triangulation [106]. The purpose is to overcome research bias
and validity problems [107], increasing confidence in the findings [108]. The four recognized means of triangulation
are: (1) method triangulation, (2) investigator triangulation, (3) theory triangulation, and (4) data source triangulation
[106,107,109]. However, different terminology regarding triangulation complicates its understanding [110]. This study
achieved triangulation in various ways.

By following the PRISMA-ScR, there is one method. Therefore, achieving method triangulation is possible with a
supplementary file (Supplementary S1) listing the returned results from each search in the order of their return. This
file permits method accuracy assessment. As such, although the investigation is by a sole researcher, the results can be
reviewed by any other researcher. Comparison of psychological flow with self-determination theory [37], and with the
hyperfocus associated with ADHD [111,112] or autism [113], achieves theoretical triangulation. Searching seven
primary databases relevant to the topic and one supplementary database in eight different ways achieves data source
triangulation. Without extending the search to Google Scholar, there would have been no relevant results for this review.

4.2. Limitations

There were no returns on this topic from several primary database searches (Embase, Medline, PubMed, and
Scopus)—representing an unexpected result. Keyword bias could be the reason. Generating and comparing keywords
after reading articles is identified as an effective means to enhance the relative accuracy of keywords [114]. Using this
method was not part of this search, as APA PsycArticles®, Web of Science, and ProQuest—the other primary
databases—produced results. Therefore, it is unlikely that a gap in the field is the cause for the lack of returns from
Embase, Medline, PubMed, and Scopus. In such cases, the advice is to search the supplementary database Google
Scholar [115]. Employing this method was productive. Nevertheless, without Embase, Medline, PubMed, and Scopus
as primary databases in the included reports, the expected comprehensiveness is reduced. However, the reason for these
primary databases producing no returns may be that the search engine is more precise in including scoped articles.
Although APA PsycArticles®, Web of Science, and ProQuest returned results, ultimately, none were included.

Another reason these primary databases produced no results may be that they were not the relevant databases to
select. The focus of two of the publications Google Scholar returned was engineering rather than health. As such, health
databases were irrelevant to their search. That an engineering database was relevant for searching self-directed learning,
lifespan, and psychological flow had not been considered. That the suitability of searching engineering databases, such
as IEEE Xplore, Engineering Village [116], or Compendex [117], was not recognized represents a limitation.
Nevertheless, an after-the-fact test search of these databases also returned no results.
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One researcher alone completed the searches. Conducting research without a team may lead to cognitive bias [118].
Two steps counteract possible cognitive bias: (1) PRISMA-ScR procedures for scoping review [119] were followed,
and (2) a supplementary file of all searches that produced returns was created. This file is Supplementary S1. It provides
information on all the returns for the primary databases, the first 150 results for H. Google Scholar, and the additional
unique returns from the other A.-G. Google Scholar searches.

This review of recent publications with high recall in the style of a scoping review analyzes five studies and six
reports. The paucity of studies from this approach limits the empirical depth and generalizability of the analysis. The
consequence is that, rather than empirical, this work is primarily a conceptual and methodological contribution that
lacks sufficient in-depth scientific analysis. The empirical quality of this study is also limited by not being a complete
scoping review nor a systematic review and meta-analysis [98,99]. Therefore, the study is missing a deeper critical
evaluation of its quality and methodological rigor. A scoping review would include all relevant publications of any kind
written at any date [81]. As the focus was on investigating those publications regarding this topic since the death of
Csikszentmihalyi in 2021 [1]—providing the most promising research directions—it does not a systematic review and
meta-analysis would include an evaluation of the sample sizes [120] and an assessment of the validity of the
measurement tools [121]. Since this work is not a systematic review and meta-analysis, it does not. In following the
advice on when to undertake a scoping review [122,123], the aim of this review precluded following the PRISMA
guidelines for systematic reviews and meta-analyses.

An additional limitation of the reports included is that none comprehensively addresses self-directed learning,
psychological flow, and lifespan development simultaneously. Moreover, doing so is not the intent of the publication.
Instead, the author examined the articles for the points made about the three topics and their relationships. As such, if
the authors of the included reports had intended to investigate the three topics comprehensively, the results might have
differed. Regarding the relationship among the three subjects, the authors’ intentions are unknown. This lack of
knowledge is a limitation.

A final limitation is that, although each empirical study should include all relevant keywords, [92] did not include
“self-directed learning™ as a distinct concept. Instead, [91] concerns “self-directed behaviors”, of which “learning” was
a focus. Since the article effectively examines self-direction as a concept, [91] was not excluded. However, not
mentioning this keyword specifically is a limitation.

4.3. Future Research Directions

As the first work to consider flow and self-directed learning throughout the lifespan, there is room for substantial
research in this area. A first attempt, an investigation of the most recent literature with high recall on self-directed
learning and psychological flow throughout the lifespan, is the practical value of this work. With a wide selection of
databases for this undertaking, this initial attempt offers a comprehensive foundation for fruitful research directions, a
full scoping review, and a future systematic review and meta-analysis of the topic.

In undertaking this study, the assumption was that lifetime changes affect psychological flow and self-directed
learning. The basis of this assumption was that people change physiologically [58,59], psychologically [60,61], and in
their intentions [62,63] over their lifetime. Future research should investigate this assumption from three perspectives:
changes to physiology, psychology, and personal intentions regarding self-directed learning, along with the concept of
psychological flow.

The returns demonstrated that online self-directed learning is most relevant for flow through the lifespan. Based
on this result, a topic for future research is the value of online self-directed learning to achieving and maintaining flow
throughout the lifespan. Since those reports on online learning [86—88] had multiple authors, an added area to research
in this regard is the optimal number of authors for such an investigation. Also to be considered when assessing the role
of self-directed online learning for promoting psychological flow throughout the lifespan is the role of COVID-19 [66].

The included studies were all published in 2021 or 2022. The last co-authored paper of Csikszentmihalyi was in
2022, following his death [64]. Another area that might produce fruitful research is investigating the relevance of
Csikszentmihalyi as a current researcher to continuing research on all aspects of psychological flow. The purpose would
be to evaluate the effect of Csikszentmihalyi’s consistent publications throughout his life on interest in this topic and
whether, with his death, the interest subsides.

When Csikszentmihalyi and his associates investigated flow throughout the lifespan, they did so without
considering self-directed learning [64]. Their focus was on changes to flow and human physiology over time. That a
decline in functional capacity does not prohibit the experience of flow was their conclusion. Flow-inducing activities
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can be engaged in by readjusting skills, reducing challenges, or reinvesting time in other flow-conducive activities. This
limited review has examined flow from a different perspective. Here, the focus was on the value of self-directed learning
regarding flow within a social context. Before this review, research on flow has concentrated on the personal value of
flow. Additional research is needed to examine flow from a social context, including its possible relationship to
hyperfocus [111-113].

The finding that the two publications with the highest recall were those with the most participants points to the
need for additional studies on the relationship among self-directed learning, psychological flow, and lifespan that
include a large number of participants. This level of research would improve the validity and recall level of the studies
in database searches.

The studies that mentioned their location were in three areas—South Korea [91,92], the United States [93,94], and
Malaysia [95]. Given that these are all highly developed countries, there is significant room for cross-cultural
comparisons in online self-directed learning, particularly with countries that lack consistent internet access [ 124].

The type of flow reported was in contrast to the participant’s lifelong commitment to the activity that produces
flow. Another area for future research is evaluating commitment to achieving psychological flow in relation to the
number of flow activities reported throughout the lifespan when engaged in self-directed learning.

Four of the five publications [91-93,95] were quantitative, one was qualitative [94]. More quantitative research is
necessary for improved data reliability, accuracy, integrity, and veracity. However, equally valuable is additional
qualitative research. This necessity is especially so as various reliable measures of psychological flow—structured [16]
or semi-structured interviews [17,18]—are qualitative. Similarly, so are those measuring self-directed learning: self-
assessment [55], process evaluation [56], and assessing the content and structure of learning activities [57].

Research concerning the three topics mentioned by Csikszentmihalyi, identified in the five publications, would be
valuable. These topics are (1) feeling better in the moment, (2) body and mind are in harmony, and (3) improving the
quality of life. The evolution of feeling better in the moment with flow, from self-directed learning throughout the
lifespan, represents one area of relevant research. How the body and mind function harmoniously with self-directed
learning through the lifespan when flow is evident is another research topic. By maintaining flow through self-directed
learning, the third is investigating the possibility of improved lifespan quality. These are examples of research questions
that may be productive for the three topics.

Theoretically, the three topics focus on two aspects of psychological flow—feeling better in the moment, and the
body and mind acting in harmony—to work in conjunction with self-directed learning, and together they serve to
improve the quality of life. This improved quality of life is then possibly maintainable throughout the life span. What
this relationship does not explain is how often a person must experience psychological flow for any improvement in
their quality of life. Future research is necessary to answer this question. Perhaps it is required to experience
psychological flow at meaningful periods in life—another point to be studied. Moreover, although psychological flow
may depend on self-directed learning, it is unknown if experiencing psychological flow is necessary to promote the type
of self-directed learning that leads to an improved quality of life. Future investigations should also consider when it
matters that learning be self-directed to support a better quality of life. Whether self-chosen other-directed learning can
support and improve quality of life throughout the lifespan in a manner comparable to self-directed learning involving
psychological flow is to be identified.

Google Scholar was the only database returning relevant results for this review. Therefore, investigating its
relegation to a secondary database supports a previous suggestion, made earlier this year for the same reason [89].
Please see the detailed analysis of the matter in that work.

5. Conclusions

This limited review followed the PRISMA-ScR process. It aimed to identify (1) high recall, (2) high precision, (3)
empirical research studies, (4) written in English, (5) in peer-reviewed publications, and (6) representing the most
promising research directions by topic. The hypothesis was that distinct topics would be evident from this limited review
of the relationships among self-directed learning, psychological flow, and lifespan. How they would be apparent is
through the promotion of psychological flow throughout the lifespan with self-directed learning. Returned were five
relevant studies representing six reports with disparate themes regarding the three keywords from the database searches.

Self-directed online learning for achieving psychological flow throughout the lifespan was a significant theme.
From these results, corroborating the hypothesis, three Csikszentmihalyi-inspired topics were relevant: (1) feeling better
in the moment, (2) body and mind are in harmony, and (3) improving the quality of life. The finding was that
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psychological flow helps self-directed learners feel better in the moment. It did so while also permitting their body and
mind to act harmoniously. Accomplishing both provides an improved quality of life that is sustainable throughout the
lifespan. Although the results were small in number, the topics point to new areas of research regarding psychological
flow. These topics provide the basis of several possible avenues of future research. A fundamental research area in this
regard would distinguish psychological flow from hyperfocus regarding self-directed learning throughout the lifespan.
As the first review of empirical research regarding the relationship among self-directed learning, psychological flow,
and lifespan, this work is valuable.

Supplementary Materials

The following supporting information can be found at: https://www.sciepublish.com/article/pii/756,
Supplementary S1: Results of the database searches of 3 August 2025, and 30 October 2025, of the keywords “self-
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