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Sample Size

Our sample size estimation was based on the change score in the reverse Stroop
task, which is the primary outcome in this study. The following text was also presented
in our protocol paper [1]. We selected ST as the primary outcome measure because 1)
learning therapy was expected to improve executive functions, and a previous study
showed that learning therapy can improve executive functions, as measured by FAB [2],
2) reverse ST is a task that is often used to measure executive functions [3], and 3)

reverse ST has been standardized, with high reliability and validity in Japanese



populations [4, 5].

We expected to detect a large effect size (#?= 0.14) of the change score in the
reverse ST between learning therapy and waiting list control groups. the sample size
was determined using G * power [6] based on 80% power, a two-sided hypothesis test,
an alpha level of 5%, an analysis of covariance (ANCOVA) model that includes a
baseline reverse ST, age and sex as a covariate. The sample size calculation indicated
that we need 32 participants in each of the learning therapy and waiting list control

groups with consideration of a 20% drop-out rate.

Inclusion and Exclusion Criteria

This intervention was conducted to investigate the beneficial effects of learning
therapy for a range of cognitive functions in healthy older adults. Details of inclusion
and exclusion criteria were also presented in our protocol paper [1]. The criteria
included participants who reported themselves to be right-handed, native Japanese
speakers, unconcerned about their own memory functions, not using medications known
to interfere with cognitive functions (including benzodiazepines, antidepressants or
other central nervous agents), and having no disease known to affect the central nervous

system, including thyroid disease, multiple sclerosis, Parkinson disease, stroke, severe



hypertension (systolic blood pressure over 180, diastolic blood pressure over 110), and
diabetes. All subjects had normal vision. None had a history of neurological or
psychiatric illness. Each participant was over 65 years old. Criteria excluded
participants who had Intelligence Quotient (1Q) lower than 85, as derived from Japanese
Reading Test (JART) [7]. Participants who had participated in another cognition-related

intervention study were excluded.

Details of cognitive functional measures

ST: Stroop task (ST) measured executive functions including response inhibition and
impulsivity. Hakoda's version was a paper and pencil version of ST [4]. In this test,
participants must check whether their chosen answers were correct, unlike the
traditional oral naming ST. We used a reverse ST and a ST. In the reverse ST, in the
leftmost of six columns, a word naming a color was printed in another color (e.g., ‘red’
is printed in blue letters); the other five columns were filled respectively with five
different colors from which participants must check the column with the color matching
the written word in the leftmost column. In the ST, in the leftmost of six columns, a
word naming a color was printed in another color (e.g., ‘red’ is printed in blue letters)

and the other five columns contain words naming colors. Participants must check the



column containing the word naming the color of the word in the leftmost column. In

each task, participants were instructed to complete as many of these exercises as

possible in 1 min. The primary measure for this task is the number of correct items.

VFT: Verbal fluency task (VFT) measured executive functions. We used the Japanese

Version of VFT [8], which had two tasks (letter fluency task (LFT) and category fluency

(CFT) task). In LFT, a Japanese letter, ‘ka’, was given to each participant, who was then

asked to generate common nouns beginning with this letter—as many as possible in 60

s. In CFT, a category name (Animal) was given to each participant, who was then asked

to generate many words of a certain category (Animal). The participants were instructed

not to include proper nouns or to repeat one that had already been stated. The primary

measure for this task was the number of reported words. The reliability and validity of

Japanese LFT were independently verified [8].

LM: Logical Memory (LM) evaluated the performance of episodic memory. LM was

a subtest of the Wechsler Memory Scale-Revised (WMS-R) [9]. LM consisted of two

short-paragraph-length stories (Story A and Story B). In LM, participants must

memorize the short story. The stories were scored in terms of the number of story units

recalled, as specified in the WMS-R scoring protocol. We used either Story A or Story B.

The primary measure for this task was the number of correct story units recalled.



FSN: First and Second Names (FSN) evaluated memory ability in everyday life. FSN

was a subset of Rivermead Behavioral Memory Test (RBMT) [10]. RBMT measured

episodic memory as it was used in everyday life. Therefore, subsets of RBMT were

similar to everyday situations. In FSN, participants must memorize first and second

names with faces (photographs). Subsequently, they must recall the first and the second

names when the face was shown again later. We used four faces (four first names and

four second names). The primary measure of this test was the total number of correct

answers in both first and second names. The maximum raw score of FSN was 8.

DS: Digit Span (DS) was a subtest in Wechsler Adult Intelligence Scale-Third

Edition (WAIS-111) [11]. Digit Span, which had two subsections (DS-F and DS-B),

evaluated short-term memory and working memory. DS-F measured short-term memory

by simply requiring participants to repeat numbers. DS-B measured working memory

by requiring participants to memorize numbers and repeat the numbers in reverse order.

For DS-F, participants repeated numbers in the same order as they were read aloud by

the examiner. For DS-B, participants repeated numbers in the reverse order of that

presented aloud by the examiner. In both, the examiner read a series of number

sequences which the examinee must repeat in either forward or reverse order. DS-F has

16 sequences. DS-B had 14 sequences. The primary measures of this test were raw



scores that reflect the number of correctly repeated sequences until the discontinue
criterion (i.e., failure to reproduce two sequences of equal length) was met [11]. The
maximum raw score of DS-F was 16. The maximum raw score of DS-B was 14.

JART: The Japanese Reading Test (JART) measured reading ability [12]. JART was a
Japanese version of the National Adult Reading Test (NART), which had a reading test
of 50 irregularly spelled words in English (e.g. ache) [13]. JART was a reading test
comprising 25 Kanji compound words (e.g. #i4¢, fEEL). The reading stimuli were
printed out randomly for reading. The participants were asked to read each Kanji
compound word aloud. This task assessed reading ability and 1Q. The primary measure
for this task was the number of correct items.

D-CAT: The Digit Cancellation Task (D-CAT) evaluated attention [14]. The test sheet
consisted of 12 rows of 50 digits. Each row contains five sets of numbers 0-9 arranged
in random order. Consequently, any one digit appeared five times in each row with
randomly determined neighbors. D-CAT consisted of three such sheets. Participants
were instructed to search for the target number(s) that had been specified to them and to
delete each one with a slash mark as quickly and as accurately as possible until the
experimenter sends a stop signal. Three trials were done, first with a single target

number (6), second with two target numbers (9 and 4), and third with three (8, 3, and 7).



Each trial was administered for 1 min. Consequently, the total time required for D-CAT

was 3 min. In the second and third trials, it was emphasized that all the instructed target

numbers should be cancelled without omission. The primary measure of this test was

the number of hits (correct answers). We used only the number of hits in the first trial.

Cd: Digit Symbol Coding (Cd) was a subtest of WAIS-11I [11]. This test measured

processing speed. For Cd, the participants were shown a series of symbols that were

paired with numbers. Using a key within a 120 s time limit, participants draw each

symbol under its corresponding number. The primary measure of this test was the

number of correct answers.

SS: Symbol Search (SS), a subtest of WAIS-11I containing 60 items [11], measured

processing speed. For this subtest, participants visually scanned two groups of symbols

(a target group and a search group) and reported whether either of the target symbols

matches any symbol in the search group. Participants responded to as many items as

possible within a 120 s time limit. The primary measure of this test was the number of

correct answers.
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