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中 文 摘 要 ： 本研究的研究團隊自102學年度起即深入實驗學校現場,與校方協作
規畫「校本執行功能培育方案」,實驗學校148位老師與全校學生均
參與研究。多來實驗學校已成功建立培育執行功能的校園文化。鑑
於「學生是否具備帶著走的能力?」 是教育界共同努力的真實效度
標準,本研究持續追蹤102-104學年度入學共三屆學生(N=649, 647,
與737)畢業後兩年的執行功能表現,並與學校人員、學生、與家長座
談,以多元角度檢視三年校本方案介入後之長期成效。三屆學生畢業
後追蹤資料顯示畢業生整體對「校本執行功能培育方案」持正向肯
定,當比較學生在「甫入學」、「畢業前」、「畢業後兩年」等三個
不同時間點執行功能表現,發現學生在多數面向執行功能呈穩定提升
,且在畢業後得以維持,呈現小效果值。其中啟動性、自我檢查、彈
性、計劃組織、工作記憶等面向均見進步,而以自我覺察及反應抑制
的進度相對有限,此發現值得教育界思考。此外,與不同人員(學校行
政人員、教師、學生)之焦點團體座談也顯示校園內的教學與活動內
涵均因此校本方案的推動而有正向變化,研究成果對學術界與教育實
務界都能有重要貢獻。

中文關鍵詞： 執行功能、校本方案、長期成效、縱貫性追蹤研究

英 文 摘 要 ： Contemporary educators all over the world value the
importance of executive function(EF) in the brain. We
initiated a long-term school-based EF promoting project in
fall, 2013, a total of 148 teachers and 2,500 students in
one senior high school campus participate in this
longitudinal research. After years of hard efforts, this
campus has now transformed to be with climate which highly
values fostering the executive function development of
students. Given that educating student to be self-activated
in the long run is the core validity criterion in
education. Cohort sequential design is conducted to trace
the EF performance of 2016-2018 graduates(N=649, 647, 737),
thus to evaluate the longitudinal effect of this school-
based EF promoting program. Both quantitative and
qualitative data are to be collected following the mixed
method research framework. Results revealed a positive
long-term effect of this school-based intervention program:
students EF are improved and keep maintained after 2 years
from graduation. Generally there shows a small effect on
many EF domains such as initiation, self-checking,
flexibility, plan/organization and working memory;
Meanwhile, results also revealed that students improve the
least on self-awareness and response inhibition, which
deserve our further attention. Qulatative results based on
focus group interviews provided positive responses too,
viewpoints from the principal, teachers, students, and
parents supported the positive effects of such a school-
based EF promoting program. Current work could make
important contributions to both academic research and



education practice fields.

英文關鍵詞： Executive functioning、School-based program、Long-tern
effect、longitudinal follow-up research
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中文摘要 
 

本研究的研究團隊自 102學年度起即深入實驗學校現場,與校方協作規畫「校本執行功

能培育方案」,實驗學校 148位老師與全校學生均參與研究。多來實驗學校已成功建立

培育執行功能的校園文化。鑑於「學生是否具備帶著走的能力?」 是教育界共同努力

的真實效度標準,本研究持續追蹤 102-104學年度入學共三屆學生(N=649, 647, 與 737)

畢業後兩年的執行功能表現,並與學校人員、學生、與家長座談,以多元角度檢視三年

校本方案介入後之長期成效。三屆學生畢業後追蹤資料顯示畢業生整體對「校本執行

功能培育方案」持正向肯定,當比較學生在「甫入學」、「畢業前」、「畢業後兩年」等三

個不同時間點執行功能表現,發現學生在多數面向執行功能呈穩定提升,且在畢業後得

以維持,呈現小效果值。其中啟動性、自我檢查、彈性、計劃組織、工作記憶等面向均

見進步,而以自我覺察及反應抑制的進度相對有限,此發現值得教育界思考。此外,與不

同人員(學校行政人員、教師、學生)之焦點團體座談也顯示校園內的教學與活動內涵

均因此校本方案的推動而有正向變化,研究成果對學術界與教育實務界都能有重要貢

獻。 

 

關鍵詞: 執行功能、校本方案、長期成效、縱貫性追蹤研究 

 

 
英文摘要 

Contemporary educators all over the world value the importance of executive function(EF) 

in the brain. We initiated a long-term school-based EF promoting project in fall, 2013, a total of 

148 teachers and 2,500 students in one senior high school campus participate in this 

longitudinal research. After years of hard efforts, this campus has now transformed to be with 

climate which highly values fostering the executive function development of students. Given 

that educating student to be self-activated in the long run is the core validity criterion in 

education. Cohort sequential design is conducted to trace the EF performance of 2016-2018 

graduates(N=649, 647, 737), thus to evaluate the longitudinal effect of this school-based EF 

promoting program. Both quantitative and qualitative data are to be collected following the 

mixed method research framework. Results revealed a positive long-term effect of this 

school-based intervention program: students EF are improved and keep maintained 

after 2 years from graduation. Generally there shows a small effect on many EF domains 

such as initiation, self-checking, flexibility, plan/organization and working memory; 

Meanwhile, results also revealed that students improve the least on self-awareness and 

response inhibition, which deserve our further attention. Qulatative results based on 

focus group interviews provided positive responses too, viewpoints from the principal, 

teachers, students, and parents supported the positive effects of such a school-based EF 

promoting program. Current work could make important contributions to both 

academic research and education practice fields.  

  
Key words: Executive functioning、School-based program、Long-tern effect、longitudinal 

follow-up research  
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Abstract 

This study investigated the longitudinal effects of a school-based executive function (EF)– 

promotion program for teenagers aged 12 to 17 years. Unlike add-on short-term interventions, 

this program was aimed at transforming the school into one that routinely fosters the EFs of all 

students on campus. In Study 1, a quasiexperimental design with a nonequivalent control group 

was employed for comparing the third-year EFs of the control group (n = 461) and the 

experimental group (n = 535) while controlling for their first-year EF performance. In Study 2, 

three consecutive student cohorts (n =649, 647 and 737, respectively) studying under this 

program were followed up for 5 years to monitor the development of their EF skills. The results 

demonstrated that students who received their entire 3-year high-school education on a campus 

valuing the nurturing of EF exhibited much improved overall EF skills compared with other 

high-school graduates, and most of these improved EF skills upon graduation were maintained 

at 2 years after graduation. Of the seven studied EF subdomains, inhibition and self-awareness 

were the least improved abilities in this tier-1 school-wide intervention. Schools are the most 

suitable communities for prevention science. Educators should value such programs and 

consider implementing them in more campuses worldwide. Limitations and suggestions for 

future research were discussed. 

Keywords: adolescents, executive function, school-wide intervention, Taiwan 
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Introduction 

Executive function (EF) refers to the higher-level cognitive functions governed by the 

frontal lobe of the human brain. EF serves as an umbrella term that covers many related, yet 

distinct, constructs (Das & Misra, 2015; Miyake & Friedman, 2012; Royall et al., 2002). EF is 

defined by the World Health Organization (WHO) as follows: 

Specific mental functions especially dependent on the frontal lobes of the 

brain, including complex goal-directed behaviours such as decision 

making, abstract thinking, planning and carrying out plans, mental 

flexibility, and deciding which behaviours are appropriate under what 

circumstances. 

It includes 

functions of abstraction and organization of ideas; time management, 

insight and judgement; concept formation, categorization and cognitive 

flexibility (WHO, 2001). 

 

EF is critical in the performance of self-initiating, flexible, and goal-oriented behaviors; it 

is also crucial for effective self-management, self-regulation, and problem-solving (Anderson, 

2002, 2008; Dawson & Guare, 2018; Goldberg, 2001; Hofmann, Schmeichel, & Baddeley, 

2012; McClosky et al., 2009; Meltzer, 2018). Research has suggested that EF is significantly 

related to various major factors in human lives across lifespan, such as daily adaptive functions 

in older people (Allen & Allen, 1987; Biederman, 2004; Garcia-Molina, Guitart, & 

Roig-Rovira, 2010; Royall, Cabello, & Polk, 1998) and academic achievement in students 

(Jacob & Parkinson, 2015). Many students with learning problems exhibited EF difficulties 

(Borella, Carretti, & Pelegrina, 2012; Cutting et al., 2009; Gathercole & Alloway, 2008; Sesma 

et al., 2009; Ylvisaker & Feeney, 2008). The number of EF-related studies has grown 
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tremendously since 2000, which is consistent with a statement by Kaufman (2010): “executive 

function is an issue for everyone, not just children and adults with particular diagnostic labels.” 

 Contemporary development of brain-based education and trends in educational reforms 

globally have highlighted the importance of nurturing teenagers’ EF in regular school settings 

for several reasons. First, prevention science has gained prominence in recent years. For 

example, to prevent mental, emotional, and behavioral disorders, the National Research 

Council and Institute of Medicine encouraged the development of a nurturing environment 

(O’Connell, Boat, & Warner, 2009). “If we want to prevent multiple problems and increase the 

prevalence of young people who develop successfully, we must increase the prevalence of 

nurturing environments” (Biglan et al., 2012, p.258). Professionals recognize the importance 

of connecting the field of cognitive neuroscience with intervention (Bryck & Fisher, 2012; 

Viding et al., 2011). Solving problems by focusing on prevention science has been highlighted 

as one main goal in the field of school psychology in the 21st century (Shapiro, 2006). Burns 

(2011) also suggested the value of combining ecological theory and prevention science and to 

use interventions in campus that promote strengths rather than reduce symptoms. Second, 

adolescence is a key phase of brain development (Fuhrmann, Knoll, & Blakemore, 2015; 

Selemon, 2013). Brain development during this period has major effects on future memory and 

social coping development. Many mental illnesses may be triggered in later life if coping skills 

were not well nurtured during the teen years. The WHO (2014) also emphasized that positive 

development in teenagers affects the health development of the whole world. Third, 

researchers have been promoting the importance of implementing interventions in peoples’ 

daily lives. For example, in reviewing the EF/self-regulation intervention literature, Ylvisaker 

and Feeney (2002) suggested the following: “The primary role for rehabilitation specialists is 

to help everyday people effectively organize and modulate their support for and everyday 

interactions with children with disability” (p.51). Teachers and parents have frequent 
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interactions with teenagers; therefore, schools and homes are the most critical settings for 

nurturing EF/self-regulation. 

Furthermore, problem-solving abilities are increasingly valued in contemporary 

educational systems worldwide. Compared with their outstanding performances in 

mathematics and science, Taiwanese students only ranked seventh out of 44 nations in 

problem-solving in the Programme for International Student Assessment (PISA) 2012 and 

ranked 18th out of 52 in collaborative problem-solving in PISA 2015 (OECD, 2014, 2017). 

Despite their high academic achievements, Taiwanese students ranked the first out of 70 

nations in fear of failure (OECD, 2019), and have consistently exhibited lower learning 

efficacy, motivation, and interest in learning (Martin et al., 2008, 2012), These findings 

accentuate the urgent need of nurturing students’ EF in Taiwan. In fact, this awareness is 

consistent with the goals of recent national educational reforms and newly revised curriculum 

guidelines for 12-year base education in Taiwan (Ministry of Education, 2014), which 

emphasized empowering students for lifelong learning as the current challenge. 

Many studies have supported the relevance of EF training (Blair et al., 2007, 2008; 

Hughes, 2011; Meltzer, 2007, 2010, 2018; Meltzer et al., 2001, 2004, 2007; Otero et al., 2014). 

Researcher have found that EF intervention helps improve learning efficacy, learning interest, 

and academic achievement (Garon et al, 2008; Meltzer,2018; Posner & Rothbart, 2007; Rueda 

et al., 2005). Such interventions are suited to implementation in a general community culture 

that prizes EF improvement. “Executive function/self-regulation interventions and supports 

should be understood as components of a general community culture in which development of 

self-regulation or autonomy is a primary value. Such a culture can be constructed in family 

homes and school alike” (Ylvisaker and Feeney, 2008, p.414). Researchers have also suggested 

that long-term intervention is required for effectively strengthening students’ EF thinking skills, 

and students should be able to practice their learned skills repeatedly and apply them in actual 
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activities in diverse situations (Chance, 1986; Diamond & Lee, 2011; Marlowe, 2000). 

With consideration of all these guidelines in the literature, a school-based EF-promotion 

program was collaboratively designed by a team of researchers and school professionals in 

Taiwan. Unlike add-on short-term interventions, this program envisioned a broader 

transformation by integrating EF-nurturing functions into the school’s daily routines. Fostering 

a school climate that highly values EF nurturing was the foundation of the program. The 

hypothesis was that being educated in such a campus for all three high-school years would 

nurture and effectively improve students’ EFs. The goal of this study was to evaluate the 3- and 

5-year longitudinal effects of this school-wide EF-promotion program. In particular, the main 

research questions were as follows: (a) Compared with students on other campuses, what, if 

any, are the EF changes in students educated on a campus that prizes EF? (b) Do the findings 

remain at 2 years after graduation? (c) Which EF subdomain exhibits the most and least 

improvement? 

 

Methods 

 

This study was conducted in four rural high schools in central Taiwan. All schools are 

located in neighboring townships within the same county. Among the four participating 

schools, one served as the experimental school, which implemented the school-based 

EF-promotion program on campus in fall 2013, and the other three schools represented the 

control condition of regular Taiwan campuses for comparison. The experimental school is a 

midsized high school with 140 teachers and approximately 2,300 students aged 12 to 17 years. 

The school receives approximately 650–750 new students each year. 

School-wide EF-promotion program 

Steps in Campus Transformation 
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To help the school transform into one that nurtures EFs during students’ everyday campus 

activities, the researchers and school professionals expended tremendous effort. (1) A 

distinctive school culture that strongly values EF improvement was first discussed with and 

supported by all those who would be involved (including administrators, teachers, and staff) in 

the project. In particular, nurturing seven subdomains of EF was set as the core principle for 

education. These subdomains were self-initiation, goal-orientation/plan/organization, 

inhibition, flexibility, self-awareness/judgment, self-checking, and working memory (Chen et 

al., 2013, 2020; Meltzer, 2010, 2018). (2) Serving as both consultants and partners, the 

researchers provided full support in terms of teacher professional development by organizing 

EF-related workshops and holding frequent meetings with relevant school members for 

discussions. (3) After school members understand the importance of EF nurturing in the 

long-term success of both students and the school and are equipped with EF-related knowledge 

and skills, they become better designers of students’ learning environment (Brown, 1997; 

Zwiers & Crawford, 2011). All teachers worked in teams and adjusted both their methods and 

their teaching content to promote students’ EF skills. EF-related knowledge, skills, procedures, 

and practices were carefully designed and embedded into the curriculum and activities 

whenever possible. (4) Researchers provided prompt feedback to school members on a regular 

basis, which helped the school remain focused on the main goal during program development. 

 

The EF-Nurturing Features. 

In the experimental school, students were educated in a natural school environment with 

EF-nurturing elements for all three high-school years. The major features were as follows. (1) 

Explicitly teach EF strategies and integrate them into the classroom curriculum. Such strategies 

included techniques for promoting metacognitive awareness (such as planning, organizing, 

shift flexibility, memorizing, and checking their own work), self-management, and school 
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learning (such as note taking, test taking, study skills, and summarizing). (2) Foster 

self-efficacy by guiding students to organize their own long-term learning profile. Students 

were directed to maintain records of their learning and the activities they participated in and 

practice relevant EF-improvement skills frequently, such as thinking or planning beforehand 

and introspection afterward. (3) Increase the frequency of using social modeling strategies, 

which help students consciously or unconsciously engage EF capacities during daily activities. 

(4) Increase the number of hands-on assignments that create an environment for students to 

learn by doing, practice steps in collaborative problem-solving, and practice how to organize 

written or oral outcome reports. (5) Enrich students’ learning experience by designing diverse 

school activities that support the training of different brain functions. (6) Activate students’ EF 

thinking process by raising questions and using cues during daily teacher–student interactions. 

(7) Encourage students to cultivate an interest in sports and guide them to establish healthy 

exercise habits. 

 

Instruments 

We used a standardized EF assessment in Taiwan, the Behavioral Rating Scale for 

Executive Function (BRSEF), to measures students’ EFs. The BRSEF is a 70-item self-rated 

scale that provides scores on one composite (overall EF) and 7 subdomains (working memory, 

self-initiation, goal-orientation/plan/organization, flexibility, inhibition, 

self-awareness/judgment, and self-checking). With a recent representative norm developed 

based on 7,925 Taiwanese teenagers aged 9 to 17, all composites and subscales demonstrated 

good reliability and validity, with average internal reliability estimates ranging from 0.96 to 

0.97 for the EF composite and from 0.80 to 0.91 for the subscales (Chen et al., 2013, 2020). 

 

Study 1 
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Study 1 examined the 3-year impact of this school-wide program. A quasiexperimental 

design with a nonequivalent control group was used for comparing EFs between students in the 

control group (n = 461) and experimental group (n = 535). Students from three other high 

schools located nearby and with similar socioeconomic status backgrounds served as the 

control group. The self-rated EFs of all students were pretested during their first semester in 

high school (fall 2014) and posttested upon graduation (summer 2017) by using the 

standardized BRSEF. Analysis of covariance was conducted to compare the group differences 

on posttest EF scores while controlling for the pretest EF scores as the covariates. Partial ω2 

was calculated to represent effect size, with values of .01, .06, and .14 indicating small, 

medium, and large effects (Cohen, 1988; Cohen et al., 2001). 

 

Study 2 

Study 2 examined the 5-year impact of this school-wide program. We were chiefly 

interested in students’ EF performance 2 years after graduation. Self-rated EF performance for 

students who received the EF-promotion intervention for all their high-school years was 

collected at three time points: the beginning of the first semester in high school (Year 1), the 

end of the last semester in high school (Year 3), and 2 years after high-school graduation (Year 

5). To provide a more comprehensive picture of the program’s effects, the self-rated EF 

performance of three consecutive student cohorts were also tracked. Cohort A comprised the 

whole 2013 enrollment of 649 students in the experimental school; students were tested in fall 

2013 (Year 1) and followed up in summer 2016 (Year 3) and summer 2018 (Year 5). Data for 

33% of the total sample (n = 216) were successfully collected for the full 5-year period. No 

difference was observed between those who did and did not complete the follow-up in terms of 

proportion of their grade (χ(1)
2 = 0.80, p > .05) and first-year EF performance (t = .37 to 1.41, p 

> .05), However, the sex proportion was uneven between these two groups (χ(1)
2 = 7.11, p < .05). 
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The group that completed follow-up had a slightly higher female proportion. Cohort B 

comprised the whole 2014 enrollment of 647 students in the experimental campus; students 

were tested in fall 2014 (Year 1) and followed up in summer 2017 (Year 3) and summer 2019 

(Year 5). Data of 33% of the total sample (n = 213) were successfully collected for the full 

5-year period. No differences were observed between those who did and did not complete the 

follow-up in terms of sex proportions (χ(1)
2 = 0.95, p > .05) and first-year EF performance (t 

= .10 to 1.43, p > .05). Grade proportions were slightly uneven between these two groups (χ(1)
2 

= 4.77, p < .05), and the ratio of junior high-school students (aged 12–14 years) to senior 

high-school students (aged 15–17 years) was 31:69 in the group with complete follow-up and 

23:77 in the group without complete follow-up. Cohort C comprised the whole 2015 

enrollment of 737 students in the experimental school; students were tested in fall 2015 (Year 1) 

and followed up in summer 2018 (Year 3) and summer 2020 (Year 5). Data of 42% of the total 

sample (n = 313) were successfully collected along the 5-year period. Differences in sample 

characteristics were found in terms of grade proportion of (χ(1)
2 = 10.11, p < .05), sex 

proportion (χ(1)
2 = 14.24, p < .05), and first-year EF performance (t = .1.73 to 3.49, p < .05). 

Generally, the group that completed follow-up had slightly more student from the senior 

high-school group, more female students, and higher first-year EF performance. 

For data from each of the three cohorts, repeated-measures analysis of variance (ANOVA) 

was conducted to compare the EF scores at Years 1, 3, and 5. Partial ω
2 
was calculated for effect 

size estimations. 

 

 

Results 

Study 1 

Table 1 presents the 3-year impact of this school-based EF-promotion program. Overall, 
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results revealed a significant and small-to-medium sized effect of this program. Compared with 

students from other high schools, students in this experimental campus exhibited higher EF 

skills upon graduation. For students aged 15–17 years, the experimental group exhibited 

significantly higher overall EF score (partial ω2 = .04, 95% confidence interval [CI] = .01–.08) 

and all EF subdomains (partial ω2 ranged from .01 to .04). For students aged 12–14 years, the 

experimental group excelled in overall EF (Partial ω2 = .03, 95% CI = .00–.09) and in five EF 

subdomains (partial ω2 ranged from .00 to .07); the subdomains of inhibition and 

self-awareness were the exceptions. 

<<< Insert Table 1 here >>> 

 

Study 2 

Table 2 presents the 5-year follow-up results for three consecutive cohorts who graduated 

from this experimental campus. For each cohort, repeated-measures comparisons were 

performed between EF performance at three different timepoints: enrollment, graduation, and 

2 years after graduation. Because of limited sample sizes, comparisons were performed on the 

entire group, aged 12–17 years, for each cohort. 

<<< Insert Table 2 here >>> 

Repeated-measures ANOVA and post hoc tests revealed the following results. For Cohort 

A (2013 enrollment), overall EF did not improve significantly; however, significant and small 

improvements were identified on three subdomains: working memory, self-checking, and 

self-initiation (partial ω2 ranged from .01 to .02). For Cohort B (2014 enrollment), small and 

significant improvements were identified on overall EF (partial ω2 = .01, 95% CI = .00–.04) 

and on four subdomains, namely working memory, self-checking, self-initiation, and 

goal-orientation/plan/organization (partial ω2 ranged from .01 to .02). For Cohort C (2015 

enrollment), significant improvements were identified on overall EF (partial ω2 = .02, 95% CI 
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= .01–.04) and on five subdomains, namely working memory, self-initiation, 

goal-orientation/plan/organization, flexibility, and self-awareness (partial ω2 ranged from .02 

to .03). For all the aforementioned significant findings, post hoc tests generally revealed the 

same pattern: Year 3 performance was higher than that of Year1, and no difference was 

observed between Year 3 and Year 5 performance. Improved EF skills upon graduation (Year 3) 

were maintained at 2 years after graduation (Year 5). 

For all three cohort samples, the overall intervention effects appeared small in the 

beginning but grew progressively larger every year; this was true both in terms of the 

increasing breadth of affected EF subdomains and in the magnitude of overall EF effect sizes. 

Of all seven EF subdomains, inhibition was the only domain that exhibited no significant 

improvement in any of these three consecutive cohort samples. 

 

Discussion 

We conducted this study to determine the longitudinal effects of transforming a school 

into a community with practical EF-nurturing functions. This program was particularly 

valuable because it was not an add-on short-term intervention that requires extra school hours 

for teachers and students. Instead, it was designed to naturally integrate into daily school 

routines. We consider this the most feasible method of implementing EF-nurturing features in 

schools in the long term. 

The overall results were promising. First, findings based on between-group comparisons 

demonstrated that students who received their 3-year education in this experimental campus 

exhibited much improved overall EF skills compared with other high-school graduates, 

controlling for their preintervention EF performance. Furthermore, findings based on 

repeated-measure designs revealed that most of these improved EF skills upon graduation were 

maintained at 2 years after graduation. Second, we observed a trend that suggested the overall 
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intervention effects became stronger with time. These findings reflect the genuine qualitative 

transformation process that has been occurring on this experimental campus. The key to 

success of such a school-based program is the collaboration of all school members. The 

capability and readiness of staff in designing an effective EF-nurturing curriculum or relevant 

activities appear to improve as their experience grows. The current quantitative results indicate 

that the EF-nurturing program in this experimental campus has been successful since its launch 

in 2013 and has been continually improving each year. The results were consistent with our 

long-term qualitative findings (Chen et al., 2016, 2020): this school-based program was found 

to benefit not only students themselves but also staff members, including school administrators, 

teachers, general staff, and even parents. A positive feedback loop has been developed and 

continues to grow on this campus. 

In this study, inhibition and self-awareness exhibited the least improvement of all seven 

studied EF subdomains. These two may be more subtle and implicit constructs, which could be 

more difficult to improve through regular school activities. Studies have reported limited 

effects of inhibition control training (Diamond & Lee, 2011; Enge, Behnke, & Kliegel, 2014). 

After reviewing the results of functional magnetic resonance imaging studies, Jaeger (2013) 

reported that compared with adults, adolescents exhibit decreased activity in several brain 

regions associated with inhibitory control. Neurobiological factors during adolescence seem to 

play a role. Nevertheless, evidence-based interventions such as mindfulness practices (Bender 

et al, 2017; Greenberg & Harris, 2012; Klingbeil et al., 2017; Lux, Decker, & Nease, 2020) and 

social emotional learning training (CASEL, 2014, 2018; Durlak et al., 2011; Taylor et al., 2017) 

could be valuable additions to the current program (Diamond & Lee, 2011). Furthermore, 

while scrutinizing data from Study 2, we found that Year 5 group medians, but not means, on 

these two subdomains actually improved. This indicates that the 3-year school-based 

intervention was effective for the majority of the students, but some students were being left 
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behind; some students with weaker inhibition and self-awareness caused the observed larger 

individual differences at 2 years after graduation. Considering the popular tiered approach to 

prevention and intervention (Ysseldyke et al., 2006; Tilly, 2008), the current program was 

designed as a tier-1 school-wide intervention, focusing on building EF skills for all students on 

campus. Additionally, we have noted a need to launch tier-2 small group instruction for 

students with weaker EF skills that specifically targets the inhibition and self-awareness 

subdomains.  

This research is not without limitations. In particular, we used students’ self-rated EF 

behavior ratings as the measure, which is similar to the approach employed in several other 

studies that used rating scales, such as the Behavior Rating Inventory of Executive Function 

(BRIEF) (Gioia et al., 2000, 2015). Because of the large sample sizes involved in such a 

school-wide program and the few standardized tools available in Taiwan, only the students’ 

self-ratings were used as the measure in this study. Because constructs measured using 

behavior ratings and ability measures could reflect different details, further research should 

apply multiple measures whenever possible. 

In conclusion, the current findings supported the long-term beneficial effects of the 

school-wide EF-promotion program. These results have implications for all educators and 

school professionals. Integrating EF-nurturing elements into daily school routines is a 

cost-efficient method to strengthen students’ brain functions. Schools are the most suitable 

communities in which to perform prevention science. We encourage school professionals and 

educators to value such efforts and implement them on more campuses worldwide.  
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Table 1 

 Three-Year Impact: Comparison of Experimental and Control Groups According to Third-Year EF Scores While Controlling for First-Year EF Scores 

   

Age 12-14 

   

Age 15-17 

 

(experimental group n=146, control group n=169) (experimental group n=389, control group n=292) 

       

Domain F  p Partial ω2  F  p Partial ω2 

Overall Executive function 7.20 .0078  .03 (.00-.09) 22.06 <.0001 .04 (.01-.08) 

Working Memory 11.96 .0006 .04 (.01-.09) 14.22 .0002 .02 (.01-.05) 

Self-Initiation 20.36 <.0001 .07 (.02-.13) 26.83 <.0001 .04 (.02-.08) 

Goal-orientation/plan/organization 5.81 .0166 .02 (.00-.07) 23.19 <.0001 .04 (.01-.07) 

Flexibility 14.78 .0002 .05 (.01-.11) 13.24 .0003 .02 (.00-.05) 

Inhibition 0.16 .6894 .00 (.00-.02) 7.87 .0052 .01 (.00-.03) 

Self-awareness 1.02 .3133 .00 (.00-.03) 11.19 .0009 .02 (.00-.04) 

Self-checking 9.00 .0029 .03 (.00-.08) 18.54 .0001 .03 (.01-.06) 
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Table 2 

Five-Year Impact: Repeated-Measures ANOVA Results of Testing at Three Times for Each Cohort 

   Cohort A 

(2013 enrollment) 

 

 

Cohort B 

(2014 enrollment) 

   Cohort C 

(2015 enrollment) 

 

 

Domain F (p) HSD Partial ω2    F (p) HSD Partial ω2  F (p) HSD  Partial ω2 

Overall Executive function 1.33 

(.2659) 

--- .00 

(.00-.02)  

  4.02 

(.0187) 

y1<y3  .01 

(.00-.04) 

 9.74 

(<.0001) 

y1<y3, y1<y5 .02 

(.01-.04) 

Working Memory  7.19 

(.0009) 

y1<y3, y1<y5 .02 

(.00-.05) 

  6.34 

(.0019)  

y1<y3, y1<y5 .02 

(.00-.05) 

 14.32 

(<.0001) 

y1<y3, y1<y5 .03 

(.01-.05) 

Self-Initiation 4.92 

(.0077) 

y1<y3, y1<y5 .01 

(.00-.04) 

  6.36 

(.0019) 

y1<y3  .02 

(.00-.05) 

 8.11 

(.0003) 

y1<y3, y1<y5 .02 

(.00-.04) 

Goal-orientation/plan/organization 1.63 

(.1979) 

--- .00 

(.00-.02)  

  5.70 

(.0036) 

y1<y3  .02 

(.00-.04) 

 9.35 

(.0001) 

y1<y3, y1<y5 .02 

(.01-.04) 

Flexibility 1.55 

(.2132) 

--- .00 

(.00-.02) 

  2.71 

(.0679) 

 y1<y5 .01 

(.00-.03) 

 11.36 

(.0001) 

y1<y3, y1<y5 .02 

(.01-.05) 

Inhibition  1.26 

(.2848) 

--- .00 

(.00-.02) 

  5.95 

(.0028) 

 y5<y1, Y5<Y3 .02 

(.00-.04) 

 2.39 

(.0929) 

--- .00 

(.00-.02) 

Self-awareness  2.55 

(.0792) 

y1<y3 .01 

(.00-.03) 

  0.50 

(.6042) 

---  .00 

(.00-.01) 

 9.60 

(<.0001) 

y1<y3 .02 

(.01-.04) 

Self-checking  6.37 

(.0019) 

y1<y3, y5<y3 .02 

(.00-.05) 

  5.13 

(.0063) 

y1<y3, y5<y3 .01 

(.00-.04) 

  1.00 

(.3679) 

--- .00 

(.00-.01) 
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一、參加會議經過與心得 

2019年的 Annual Convention of the American Psychological Association (APA),是在美國芝加哥舉辦，

會期由 8月 8-11日 為期四天。此會議是美加地區最大的心理學會議,也是國際間最大規模的心理學會議,

內容包含心理學各個次領域的研究新興議題,參與人員也來自世界各地! 是有機會與世界各地研究者互動

討論的好機會,因此主持人每年均固定參加此會議,除了與熟識學者老朋友們見面updating相關領域的

新進趨勢與發現,也得以認識新的學者朋友們。 

APA會議型式多元, 包括 Keynote address、Symposium、Paper present, Poster Sessions、與

Roundtable discussion等。我個人最感興趣的議題是智力理論與評量之相關發展; 執行功能與工作記憶

內涵探討與其在教育界的相關應用,及由預防科學討論校本介入方案等等。這次會議看到學界對於預防科

學在學校現場的執行應用有更深入豐富討論,且對近年國際間環境變化對教育的影響也有所討論,為期數

天的短暫充電收獲甚多。 

 

二、發表論文摘要 

Implementing A Schoolwide Executive Function promoting program: 

Impacts After 3 and 5 years 

Executive function (EF) is an important cognitive ability, which is known to be highly related to 

important factors such as problem solving, social adjustment, and achievements. Given that prevention is 

better than cure, and educational system is the best place for brain shaping. A schoolwide EF promoting 

program was developed by a collaboration team, and it has been implementing in a high school with 140 

faculties and over 4000 students aged 12-17 in Taiwan since 2013.  

 

In this experimental campus, a consensus for generating a unique school climate which strongly values 

the EF improvement was first formed. Especially, nurturing seven sub-domains of EF has been set as the core 

principle for education: which were self-initiation, goal-orientation, reaction inhibition, cognitive flexibility, 

self-awareness, self-checking, and working memory (Chen et al., 2015; Meltzer, 2010, 2018). EF related 

knowledge and substantial practices have been carefully designed and embedded into the context of 

curriculum and campus activities. The hypothesis was that once getting educated in such a campus for their 

entire three high-school years, students’ executive functions can be nurtured and improved effectively. Mixed 
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methods research design was conducted to collect multi-faced data. Current work reported the results of two 

independent longitudinal experiments.  

 

【 Study 1 】  Study one examined the three-year-impact of this schoolwide program. 

Quasi-experimental with nonequivalent control group design was conducted for comparing the executive 

functions for students in control group (n=520) and experimental group (N=769). Students from three other 

high schools which located in the same neighborhood area and with similar SES backgrounds were served as 

the control group. Executive functions of all students were pre-tested at their first semester in high school 

(2014 fall), and post-tested upon graduation (2017 summer) by a standardized EF measurement with solid 

psychometric properties and the most updated Taiwan norms, Behavior Rating Scale for Executive Function 

(BRSEF) (Chen et al., 2013). one-way ANCOVA results revealed the followings: 1) overall, there shows a 

significant small-to-medium effect of this schoolwide program on EF total composite for students both aged 

15-17 (F=22.06**, partial ω2 =.04, 95% CI=.01-.08 ) and aged 12-14 (F=7.20**, partialω2 =.03, 95% 

CI=.01-.09); 2) this program was found effective for improving all of the seven EF sub-domains: working 

memory (partial ω2 =.02 and .04, for students aged 15-17 and 12-14 correspondingly); self-initiation (partial 

ω2 =.04 and .07); goal-orientation (partial ω2 =.04 and .02); cognitive flexibility( partial ω2 =.02 and .05); 

response inhibition ( partial ω2 =.01 for students aged 15-17 only); self-awareness ( partial ω2 =.02 for students 

aged 15-17 only); and self-checking ( partialω2 =.03 and .03). 3) This schoolwide program demonstrated 

medium effects on「self-initiation」, and small to medium effects on most other EF sub-domains. Generally,

「self initiation」、「goal-orientation」、and「cognitive flexibility」were the domains showing relatively larger 

effects; while 「self-awareness」 and 「response inhibition」were the ones which gains the least. 

 

【Study 2】Study two examined the five-year-impact of this schoolwide program. Most importantly, we 

are interested in investigating students’ EF performances after 2 years of their graduation from this 

experimental campus. Self-rated EF performance for a total of 316 students (who received EF promoting 

intervention during their entire high school years) were collected at three continuous time points: the first 

semester in high school (year 1: 2013 fall), the last semester in high school (year 3: 2016 summer), and two 

years after high school graduation (year 5: 2018 summer). Repeated measure ANOVA and multiple 
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comparisons revealed the following findings: 1) this three-year schoolwide EF promoting program 

demonstrated close to medium-sized long term effects on 「self-initiation」、「working memory」、and 

「self-checking」(η2 =.04-.05); 2) small effects were found for 「goal-orientation」、「cognitive flexibility」 and 

「total EF composite」 (η2 =.01-.02);   3) Improvements on「self-awareness」and「response inhibition」

was not observed. 

 

Altogether, results of both studies supported the long-term intervention effects of the schoolwide EF 

promoting program. We encourage such EF promoting efforts to be valued and implemented in more schools. 

Nonetheless, findings also reminded that some of the sub-domains of EF, such as 「self-awareness」 and 

「response inhibition」, were harder to get improved by interventions embedded in regular school curriculum. 

Detailed discussions and limitations will be presented at the conference.  

 



 5 

 

The effects of executive function intervention: A meta-analysis 

 

Executive function (EF) is significantly and meaningfully related to many important variables in life, 

such as learning, achievement, psychological well-being, and adaptive function (Anderson, 2008; Dawson & 

Guare,2004; Gathercole et al., 2008; Goldberg, 2001). How to develop effective EF interventions for students 

in school has been getting enormous attention in recent years (Meltzer, 2004, 2007, 2018). Aiming to 

investigate what makes an evidence-based EF intervention in school settings, a meta-analysis was undertaken.  

 

The meta-analysis was designed and reported in line with the PRISMA statement. Various databases (the 

PsycArticles, ERIC, Medline, and CINAHL) were searched to identify relevant studies. To be included, 

studies had to be randomized controlled trials or quasi-experiments with a treatment and a control group tested pre- 

and post-test. A total of 19,141 papers published between 1980 and 2017 with keyword matching was screened, 83 

experimental studies with 253 comparisons (involving 3,439 trained and 3,783 controls) met the criteria for inclusion. 

Studies with various types of training approaches (such as computerized training, exercise, self-management skill 

training, mindfulness/concentrated meditation, problem-based training, memory strategy training, and training based 

on CBT approach) were included, and samples with both typically and non-typically developing trainees were 

included. For each comparison, bias corrected Cohen’s d and confidence intervals were computed via the CMA 

software (Borenstein et al, 2005). Within each study, only one effect size was computed based on each individual 

sample on each outcome measure.  

  

The results indicated that EF interventions on the average produce a positive effect (d=0.35, SE=0.02, 95% 

CI=0.31-0.39) with a significant heterogeneity (Q = 336.74, P <.000, I2 = 70.34%). Both the funnel plot and fail-safe 

N indicated no publication bias. Moderator analysis revealed a larger immediate effect (d=0.42, SE=0.03, 95% CI 

0.37-0.47) and a smaller delayed effect ( d=0.22, SE=0.03, 95% CI 0.15-0.28).  

 

Briefly, results also revealed the following main findings: First, as expected, the magnitude of effect was 

moderated by factors such as the age and characteristic of the trainees; the types of intervention and outcome 

measures, also the duration, intensity, and setting of the interventions.  Second, compared to other approaches which 
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might show profound immediate effects only, interventions based on Cognitive-Behavioral approach was found to 

show both solid immediate effect and reliable long-term effect. Third, the training effects for broader EF outcome 

domains (such as problem solving) were larger than the effects for specific EF outcome domains (such as executive 

controls, self-regulation, and working memory). Fourth, even if the interventions seemed to show a relatively larger 

immediate effect for clinical sample, the short-term gain on clinical sample tended to dismissed in the long run, and 

there existed a larger long-term effect for non-clinical samples. Finally, trainings undertaken in school settings tended 

to show a smaller effect compared to trainings given via other settings such as laboratories. Current results provided 

rich information for researchers who are interested in planning effective EF interventions for students in school. 

Future implications and limitations of this study will be discussed in details in the conference. 

 

 

 

Key words: Executive functioning、Intervention、Meta-analysis  
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