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Smartphones are ideal for tracking individuals’ behavioral responses. Traditional laboratory-based psychological trials aimed at
training cognitive functions face a problem when participants cannot finish their tasks within a scheduled time. In this paper, we
developed a self-training system that helps people to enhance their cognitive functions through mental exercises. /e system
utilizes the advantages of mobile computing and Internet connection. Participants can finish their mental exercises no matter
where they are and can send the results back to the data server. Administrators can track all participants’ status on a web-based
system. /is study investigates in situ the 20-session use of a mobile application. /e results reveal that the users significantly
enhanced their level of executive functions. /e dropout rate was very small. /is application, which uses a cloud data server,
makes it more efficient and cost-effective in conducting psychological training programs. /e proposed system provides a basic
smartphone-based system for psychological trials and can be further improved by combining other techniques such as speech
recognition and data-mining techniques.

1. Introduction

With the recent advances in wireless network technology,
smartphones are playing an increasingly important role in
humans’ daily lives [1, 2]. People can use smartphones to
communicate with each other via the Internet. Many in-
teresting applications such as games and e-book readers can
be installed on a smartphone. /e mobile computation
capability of smartphones makes them powerful tools and
provides researchers from different academic disciplines
with a new opportunity to collect varying data from more
users worldwide. Smartphones are ideal for tracking indi-
viduals’ psychological and behavioral responses [3]. For
example, smartphones can be used to track one’s sleep
behaviors [4] or to help users with practicing mindfulness
skills in their daily life [5]. /e smartphone is also an ideal
platform to plan and implement information systems
designed for learning or training [6].

/is paper develops a new cognitive-training protocol.
Traditionally, participants in psychological trials must finish

their tasks in a laboratory at a scheduled time. A complete
experimental trial consists of several tasks that must be done
on different days. However, many participants will not finish
their experiments because they cannot get to the laboratory
at their scheduled time due to weather, traffic, or other
personal reasons. In social science research, this attrition
issue (i.e., subject loss or dropout) may limit a study’s
validity and increase the costs of collecting sufficient data
[7, 8].

An efficient solution to overcome this problem is to
develop a smartphone-based application for participants
so that the participants can finish their tasks anywhere at
any prespecified time. In this paper, we propose a new
self-training system, which can be applied to enhance
individuals’ performance in high-order cognitive func-
tions, called executive functions (EFs) [9, 10]. /is
self-training system allows participants to do reading and
arithmetic exercises on their smartphones at any place,
and the results will be sent back to the data server. Baker
et al. [11] found that playing computer learning games
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can result in increased cortical activation. /e results of
brain imaging studies have revealed that reading sen-
tences aloud [12, 13] and doing simple arithmetic op-
erations [14, 15] greatly activate individuals’ prefrontal
cortex. Researchers have also indicated that these two
tasks involve cognitive processes requiring executive
functioning. During a training session, some participants
may miss some exercises. /e administrator should be
aware of this situation, and the participant needs to be
notified. /erefore, the proposed self-training system has
the following three goals:

(1) /e participants must be able to do mental exercises
(reading and arithmetic) on a smartphone by
themselves, no matter where they are

(2) /e administrators must be able to monitor the
response profile of each participant, including their
voices when reading and the results of their arith-
metic exercises

(3) /e system must automatically remind participants,
to reduce the attrition rate

Different from most applications installed on smart-
phones, the applications for psychological experiments must
meet some special requirements. First, the privacy of user
information and their experimental results must be strictly
protected, both on smartphones and in data servers. Data
transmission between smartphones and the data server
should be secured. Second, the user interface must meet the
guidelines of psychological experiments specified in [7, 8].

To meet the requirements and goals for the expected
self-training system, we designed and developed an Android
application and a backend system. /e application can be
installed on all Android smartphones with Internet access.
Every day when a participant finishes their exercise, the data
of the exercise results will be uploaded to the data server./e
experiment’s administrator can track the results from all of
the experiment’s participants. /erefore, if a participant
misses some exercises or does not concentrate on doing the
exercise, the administrator can notify the participant. /e
authors expect that after the experiments are completed,
most participants will be able to finish the training and most
of the result data will be valid and useful. Moreover, after
accepting training by our system, the participants are ex-
pected to improve in terms of EF.

/e proposed system provides a basic system for psy-
chological trials. In the future, some techniques can be added
to the system for further use. For example, the trials can be
adopted according to the participants’ answers. /e system
would then become an adaptive trial system. Another ex-
ample is that the experimental results can be further ana-
lyzed based on data-mining techniques, with which the
results of trials can be predicted and some interesting results
can be obtained.

/e rest of this paper is organized as follows. We define
EF and discuss previous works on smartphone-based ap-
plications in the next section./is system’s requirements are
listed in Section 3. Section 4 describes the system’s devel-
opment and implementation steps. Some statistics and

results are shown in Section 5. Finally, some concluding
remarks will be given.

2. Literature Review

In this section, we first introduce the definition and recent
studies of the executive functions. /en, the applications
installed on smartphones for psychological experiments are
reviewed.

2.1. $e Executive Functions. /e EFs can be defined as
cognitive processes that involve the abilities to initiate,
plan, engage in goal-directed behaviors, and monitor the
consequences of one’s actions [9, 10]. /eories and ac-
cumulating evidence indicate close relationships between
EFs and emotional regulation [16–18] attitude change,
and thinking and creative abilities [19]. EFs are essential
for problem-solving and environmental adaptation. /us,
the investigations into EFs have promising value for
positive psychology, which is aimed at improving people’s
positive emotions and attitudes and enhancing their
strengths and potentials. Recent neurocognitive studies
generally indicate that EFs are located in humans’ pre-
frontal cortex [20–22]. Notably, researchers have dis-
covered the plasticity of this area and developed training
programs to activate the prefrontal cortex and hence
improve EFs [23, 24]. /erefore, developing protocols to
improve fundamental cognitive functions and, hence,
emotion regulation and problem-solving abilities would
be valuable.

Recent studies have also demonstrated positive corre-
lations between EFs and students’ academic achievement.
For instance, researchers have adopted the Trail-Making Test
[25] to measure adolescents’ shifting ability and found that
their performance was positively correlated with their
mathematics grades [26]. Researchers have used the oper-
ation span task [27] to measure elementary school students’
updating function and found that updating function could
positively predict students’ English, mathematics, and sci-
ence class performances [28]. Best, Miller, and Naglieri [29]
examined the complex EFs of students aged 5 to 17 (the
subtests involved planning and monitoring from the Cog-
nitive Assessment System (CAS); [30]) and found a steady
strength in the correlations with students’ math and reading
achievement across ages.

/e reviews of Gruzelier [31] indicated that neuro-
feedback (NF) training can improve cognitive performance
in healthy adults. NF is effective in enhancing individuals’
attention [32], sensory sensitivity [33], and workingmemory
[34, 35]. Despite these positive results of NF, the application
of NF is still limited due to the large costs involved. Basically,
NF is a lab-based method, making it time-consuming and
location-restricted. It usually consists of eight to 10 sessions,
each taking from half an hour to one hour [35, 36].
Moreover, a certain percentage of people (around 10%
across different studies) are unable to learn to self-regulate
through NF, who are sometimes called nonresponders.
Some trainees may drop out due to fatigue or because they
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cannot attend the training sessions as scheduled for personal
reasons.

Behavioral training is another evidenced EF-enhancing
approach. Researchers have indicated that regular behav-
ioral activities such as solving simple arithmetic problems
and reading aloud—so-called “mental exercise”—can ef-
fectively improve EFs in both elderly and young adults
[37–39]. In short, behavioral training might be a simple and
convenient means of enhancing individuals’ EFs.

Compared with NF, behavioral training is more con-
venient, instrument-free, easily customized, and self-
administrated. /ese characteristics of behavioral training
provide great opportunities in mobile computing to develop
a self-administering training tool for people who want to
improve their fundamental cognitive functions. /us, the
major purpose of the present study is to develop an
EF-training tool that will enable participants to do “mental
exercise” (to read aloud and solve arithmetic problems) by
themselves on mobile devices. /e participants’ EF mea-
surements in the posttraining stage (T2) are expected to
improve in comparison with their performance in the
pretraining stage (T1).

2.2. Smartphone-Based Applications for Psychological and
Behavioral Studies. Some researchers have employed mo-
bile-phone-based tools to track and share behavior data [40],
such as stress and sleep behavior [4, 41, 42], mindfulness and
worry [5, 43], movement behaviors [44], and interpersonal
behaviors [45–47]. Some recent review studies demonstrated
the efficacy of smartphone-based applications in interven-
tion contexts [48, 49].

For example, Yu et al. [47] developed a mediation tool
for improving the interaction between depressed individuals
and caregivers. /e mobile care mediation tool allows de-
pressed individuals and their specific caregivers to share
their moods and current states. Not only did the depressed
individuals reduce their reassurance-seeking behaviors, but
the caregivers’ burden was also reduced. Meanwhile, the
users also reported high satisfaction with their relationship.
Additionally, psychologists can explore the interpersonal
and emotional factors of depressed individuals and care-
givers with the assistance of technology. Cahittro and
Vianello [5, 43] developed a mobile mindfulness app
(AEON) to assess participants’ mindfulness and user ex-
perience with the app. Several participants in this study
experienced decentering from their worries when using the
app. Howells et al. [50] also demonstrated the viability of the
smartphone-based mindfulness intervention which could
effectively enhance individuals’ well-being.

Nouchi et al. [51] asked participants to play a com-
mercial brain-training video game (Brain Age, published by
Nintendo Co. Ltd., including arithmetic and reading ac-
tivities) on a portable console (NintendoDSi) at home over 4
weeks, with at least 4 training days each week. /e results
showed that Brain Age improved EFs, working memory, and
processing speed in young adults. /e active control group,
which played a puzzle game (Tetris) instead, can make
improvements in their visuospatial abilities alone but not in

EFs. /e authors concluded that the Brain Age game might
be a convenient way to improve EFs. Nevertheless, it is still
unclear which activities in this complicated video game can
enhance EFs. In fact, the Brain Age game comprises activities
other than solving arithmetic problems and reading aloud.
Based on the evidence of previous studies [39, 52, 53], the
cognitive-function-boosting effects might be due to solving
arithmetic problems and reading aloud specifically.

Since the Nintendo DSi does not have the functions that
record participants’ data (such as playing time and scores), a
stopwatch was provided for participants to record their
game performance in a training journal. /e experimenters
had to check whether the participant-reported practice times
in the training journal matched the actual practice times on
the stopwatch.

3. System Requirements

In this section, we first precisely define the terminologies
used in this paper. /e system requirements of the
smartphone-based application and backend system are
then described.

3.1. Terminology. In this paper, we use the following ter-
minology to describe the entire psychological experiment
system. Users of this system can be classified into two
categories: administrator and participant. /e participant in
the system is the subject of the experiment while the ad-
ministrator conducts the experiment. A participant will do a
15-minute exercise every day. An exercise includes both
reading articles and arithmetic operations. /e multiple
exercises completed by each participant are called a session,
and the set of sessions conducted by a single administrator is
called a training project.

3.2. Detailed System Requirements. /e proposed system
consists of two main parts: a smartphone-based application
and a backend system. /e detailed requirements of the two
parts of the system are described in the following sections.

3.3. Smartphone-Based Application. /e training exercises
are completed via smartphone-based applications. Results of
data are stored in the smartphone and are sent to the
backend system via a secure connection. /e detailed re-
quirements of the smartphone-based application are as
follows:

(i) Because the protection of personal information is
the most important issue in this system, login and
password checking is required. By using an account-
management procedure, the application can be used
by multiple participants on a single device.

(ii) For each person, only one exercise can be done per
day. When the number of exercises reaches 20, the
participant will have completed their training
session.
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(iii) In each exercise, the minimum reading exercise
time is set to 7 minutes, and the residual time is used
for the arithmetic exercise. /e exercise will stop
when 15 minutes is up.

(iv) For each person, difficulty levels are set separately
for the reading and arithmetic exercises. For each
participant, the difficulty levels of the reading and
arithmetic exercises are set in advance.

/e reading exercises will include different articles at
different difficulty levels. /e articles are manually classified
into three levels by the administrator. /e three difficulty
levels are set based on the materials used in formal education
for different age groups [39]. Each level comprises 80 ar-
ticles, which are randomly selected for reading. No article
will be presented twice to a participant throughout the
training session.

For arithmetic exercises, the problems are first divided
into the following three levels.

(i) Level 1: Only integer addition, subtraction, and
multiplication problems can be generated. /e
addition andmultiplication problems are carry-save
problems. /e subtraction problems require no
borrowing.

(ii) Level 2: /e problems are integer addition, sub-
traction, and multiplication problems without any
constraints.

(iii) Level 3:/e problems are Level 2 problems as well as
the integer division problems. For the division
problems, the dividends are all divisible.

/e principles used to generate the arithmetic problems
are as follows:

(i) Level EASY: 50% Level 1 and 50% Level 2 problems
(ii) Level NORMAL: 20% Level 1 and 80% Level 2

problems
(iii) Level HARD: 20% Level 2 and 80% Level 3 problems

3.4.Web-BasedBackendSystem. /e backend system is used
to manage participants and collect training results. /e
requirements of the backend system are as follows:

(i) For privacy protection, the backend system is se-
cured with a login/logout function

(ii) /e administrator of a training project can add,
delete, and edit a participant’s information, in-
cluding their username and password

(iii) /e system can receive voice files from smart-
phones, and the voice files can be played through a
website

(iv) Each participant’s experimental results can be
shown on a web page

4. System Development and Implementation

A smartphone-based application with a web-based backend
system in the cloud was developed to meet the requirements

specified in Section 3. /is section provides an overview of
the system architecture./e design of the smartphone-based
application and its backend system was then developed.
Finally, the integration was applied to the system.

4.1. System Architecture. A smartphone-based application
can be developed for the Android or iOS platforms. In this
paper, we developed the application on the Android 4.1
platform. /e backend system is a web-based application
with database support. We used the OpenShift cloud plat-
form [54], which supports PaaS services. /e web-based
application was developed using the PHP language, and the
database system utilizes MySQL 5.1 with the phpMyAdmin
management tool.

4.2. Database Design. A database with several tables was
designed to meet the web-based system’s requirements.
Figure 1 shows the system’s entity-relation model (ER
model). /e database contains six entities. /e
ADMINISTRATOR table records the account and password
of each administrator. Different administrators are re-
sponsible for different sets of participants and deal with
different training projects. /e PARTICIPANT table con-
tains the information about each participant, and the Admin
ID field is used to associate each participant with their
administrator. Two difficulty levels—namely, reading level
and arithmetic level—are used to select the articles for
reading and to generate arithmetic problems. For security
reasons, the password fields in ADMINISTRATOR and
PARTICIPANT are the encrypted strings after the MD5
hash function is applied to the original password strings.

When a participant completes an exercise, the results will
be uploaded to the system and stored in three tables. /e
EXERCISE table contains who completed the exercise and
when. Detailed results are stored in the READING DETAIL
and ARITHMETIC DETAIL tables, which are associated
with a record in the EXERCISE table with EXERCISE ID.

/e articles are stored in the ARTICLE table. Each re-
cord contains a unique ARTICLE ID, the article’s contents,
and its difficulty level. /e arithmetic problems do not need
to be stored in the database because the problems are
generated online according to the rules specified in Section
3.2.

4.3. Design of the Smartphone-Based Application. /e
functions in the smartphone application are classified into
four parts: member login/logout, the reading exercise, the
arithmetic exercise, and uploading of the records. /e
implementation and participant-interface design are de-
scribed hereinafter.

4.3.1. Member Login/Logout Function. First, we describe the
login function. Since this self-training system is not a public
system, only the participants added by the system admin-
istrator can use the system. /e personal information, login
account, and password of each participant are manually
added to the backend system. Figure 2 shows the participant
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Figure 1: Entity-relation model.

Figure 2: Login interface.
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interface of the login page, which is also the first page of this
application.

In order to guarantee security and privacy, the system
uses a private account and corresponding password to au-
thorize and authenticate those who are permitted to use this
system for self-training. When a participant enters their
account with a password and presses the login button, the
application will start a network connection to the backend
system. If the account exists and the password is correct, the
participant can then use the system to view their exercise
history. Otherwise, the application will show an error
message according to the error code returned from the
backend system. In order to prevent the plain text password
from being intercepted by others, the password string is
hashed by the MD5 method in the mobile device. When the
login button is pressed, the password string entered by the
user is first hashed and the encrypted string is then sent out
by HTTP connection to the server. When the server receives
the string, it compares the received string with that in the
database. If the two strings are identical, the user is permitted
to enter the system for training. Otherwise, the system sends
an error message to the mobile device.

Figure 3 shows the page when a participant successfully
logs into the system./is page shows the participant’s history
records. Each record shows the exercise date, the number of
articles read, and the number of arithmetic problems along
with the number of correct answers. /is page also has a
button to start exercises. Because the system limits each
participant to exercise at most once per day, this page will
check if the participant has completed the training that day or
not. If the participant has completed the training for the day,
the button will be invisible. In addition, the button will also be
invisible if the participant has completed all of their exercises
(20 exercises). Otherwise, the participant can press the
training button to start their exercise for the day.

Figure 4 shows the pseudocode of the algorithm used to
process a training session. When the participant presses the
Start Training button, the reading exercise will be shown
first. Figure 5 shows the instructions used to teach the
participant how the reading exercise will proceed. /e
training will begin when the participant presses the Start
button. /e initialization steps of the reading exercise are as
follows:

(1) An article that the participant has not read before
will be randomly selected from the set of articles with
the same difficulty level

(2) /e microphone of the smartphone is turned on to
record the participant’s voice

(3) A text file is created to store the training records and
prepared for uploading to the cloud database

Figure 6 shows the participant interface for the reading
exercise. Each page shows a sentence, limited to only one
line. When the participant finishes reading the sentence,
they should press the Next button to get to the next sentence.
To separate the articles into several sentences, we insert some
special characters into the articles and a finish symbol to
indicate that there is no next sentence in the article.

Based on the system requirements, the reading exercises
must last at least 7 minutes. If the reading training lasts less
than 7 minutes, another article that has not been read before
will be selected, and the reading exercise will continue until
the article is completely read. At this time, the file that
records the participant’s voice will be closed, and a new voice
file will be opened. /e file names will be recorded for
uploading to the cloud file system. Figure 6 shows the
participant interface showing that the next article is ready to
begin. Note that the time between the two articles is not
added to the total training time. If the reading exercise for an
article is finished and the total reading time is greater than or
equal to 7 minutes, then the training is switched to arith-
metic exercises. Figure 7 shows the interface showing that
the reading is finished and the instructions for the arithmetic
exercise.

Figure 8 shows the application’s arithmetic exercise
interface. /e problems are generated according to the
participant’s difficulty level. During the exercise, the number
of generated problems and the number of correct answers
will be shown on the screen. /e problems will be generated
repeatedly until the total training time approaches 15
minutes. When the training time equals 15 minutes, the
training exercise for the day will be complete, and the results
will be uploaded to the cloud database. Figure 9 shows the
final page stating that an exercise has been completed. To
minimize the bandwidth consumption of the network
connection, the results are encoded into a string in JSON
format. /e voice files are uploaded at the same time. If a
network connection is unavailable when the exercise is
completed, the results will be temporarily stored in a text file.
When the network connection has been resumed, the results
and the voice files will be uploaded automatically, and all
files will then be removed from the smartphone. In addition,
a summary of the training will also be shown after an ex-
ercise has been completed.

4.4. Design of the Web-Based Backend System. Since a
backend system is required to provide stable services for the
application, we choose the OpenShift Cloud Service, a PaaS
service, for our system. /e backend system is a web-based
application using the MySQL database system. We used the
PHP language to develop the backend system.

/e services provided by the backend system can be
divided into two parts: data processing and participant
administration. /e data-processing functions include
parsing the JSON string from the mobile application and
inserting it into the database. /e participant administration
includes member management and monitoring of the
participants’ training status.

When an exercise is completed, a JSON string and a set
of voice files will be uploaded. /e JSON string contains the
reading and arithmetic results of the training. /e backend
system first parses the JSON string and then inserts the
results into the corresponding tables. Voice files are also
stored in a specified directory with a new file name. /e user
ID, article ID, and start time of the reading exercise will all be
reformatted with a new file name.
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When an administrator logs into the backend system,
they can get the list of participants as well as the number of
training exercises completed. Figure 10 shows the interface
of the participant list. /e participants’ accounts (email) can
be clicked on, and the page will be switched to the details of
their training history. Figure 11 shows the list of training
exercises with detailed information. /e number of com-
pleted reading exercises and their corresponding voice files

are also listed, alongside the results of the participants’
arithmetic exercises.

5. Results and Discussion

/e self-training system is proposed to enhance EFs. In this
section, we first describe the uniqueness of the proposed system.
Some statistics of the proposed system show that the percentage

Figure 3: Personal history.

Algorithm 1 Training Algorithm on Smartphone

(1) Show the instructions for reading training
(2) Start Reading Timer
(3) while (Reading_Timer < 7 minutes) do
(4) Open microphone and recorde the 
voice
(5) Select an article which has not 
been read 
(6) Save the voice file
(7) end while
(8) Stop Reading_Timer
(9) Show the instructions for arithmetic training

(10) Start Arithmetic_Timer
(11) Set total_questions to 0
(12) Set correct_answers to 0
(13) while (Reading_Timer + Arithmetic_Timer < 15 minutes)

do
(14) Generate an arithmetic 
problem 
(15) total_questions = total_
questions + 1 
(16) User answers the question
(17) if (Correct Answered) then
(18) correct_answers = correct_answers + 1
(19) end if
(20) end while
(21) Stop Arithmetic_Timer
(22) Upload the voice files and arithmetic results

Figure 4: /e algorithm used to process a training session.
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Figure 7: Reading of an article is completed.

Figure 5: Instructions on how to do the reading exercise.

Figure 6: /e user interface of reading exercise.
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(a) (b)

Figure 9: Upload the record to the cloud system and the summary of the results.

(a) (b)

Figure 8: Participant interface of arithmetic exercise.

Mobile Information Systems 9



Figure 11: Detailed results of a participant.

Figure 10: Summaries of participants in a project.
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of lost participants decreases by using the system. Finally, the
effectiveness of the system shows that the system is useful for
enhancing the executive function of a participant.

5.1.Uniqueness of theProposedSystem. /is system has some
advantages compared to other EF-training methods used in
other related works. Compared with traditional paper-based
cognition training (e.g., [39]), this proposed architecture can
provide adaptive and individualized training based on the
trainee’s cognitive ability. Moreover, this architecture is also
extensible. Different content and parameters of the training
sessions such as frequency and duration can vary in different
trials.

In addition, the proposed system has the following
advantages over the Nintendo tool used by Niendam et al.
[21].

(1) We use Android smartphones as the devices for the
training projects because these are much more
widely used than the Nintendo DSi handheld console
is.

(2) /e administrator can manually set the difficulty
level according to each participant’s capabilities.

(3) Our system can record and upload the participants’
voices when reading so that the administrator can
monitor whether the participants are doing the tasks
properly.

(4) /e system will record the reading and arithmetic
results after each exercise so that each participant’s
progress can be tracked.

5.2. Dropout Rates. A participant is considered a dropout if
they quit the training project without finishing their training
session (20 exercises). A lower dropout rate results in lower
costs of collecting enough data. Table 1 shows the dropout
rates from the training projects using the proposed system.
We have conducted three experimental projects using the
proposed self-training system. /e dropout rates were
relatively low. For example, Uchida and Kawashima [39] had
a 17.74% (11/62) dropout rate from their traditional paper-
based cognitive training, which involved solving arithmetic
problems and reading. /e dropout rate for a 20-session NF
training performed with depressed college students was
13.33% (4/30) [55]. /e results reveal that using the pro-
posed system can lower the dropout rate, as compared to
using traditional laboratory-based experimental methods.
/us, using a smartphone-based application with a cloud
data server is an efficient and cost-effective way to conduct
psychological experiments.

5.3. An Efficient and Practical Means of Enhancing EFs.
We have developed a ubiquitous self-training system that
provides an efficient and convenient means of enhancing
one’s EFs. /is self-training system is a much more practical
and economical solution than the neurofeedback approaches
to improve individuals’ EFs, which were reviewed above. A
recent review showed that NF protocols designed to enhance

one’s cognitive performance usually require 15–40 training
sessions, with each session taking from half an hour to one
hour [56]. /e mean number of NF sessions in an attention
deficit and hyperactivity disorder (ADHD) intervention
ranges from 20 to 50 [57]. In order to examine the effects of
utilizing our EF-training tool, we recruited 17 undergrad-
uate students to use this system for 20 training sessions, each
lasting 15 minutes. All of the participants finished their
tasks. Based on the feedback collected from the 17 partic-
ipants who used this system, their motivations were
maintained over time, rather than decaying. As Table 2
shows, the participants’ positive motivations (self-rated
concentration and interest in using the application) and
negative motivation (feeling tired) showed no statistically
significant differences between the two time-point
assessments.

To examine the proposed system’s enhancing effects
on EFs, three cognitive tasks were used to evaluate the 17
participants’ EFs pre- and posttraining. /e operation
span task [27], the number-letter task [58], and the latent
inhibition task [59] are representative tasks for measuring
the three components of EFs: updating, switching, and
inhibition [60]. In the operation span task, participants
were asked to verify the correctness of arithmetic equa-
tions and memorize words simultaneously, hence ma-
nipulating and monitoring their EF content. /eir
performance could be scored from level 2 to 7. In the
number-letter task, pairs of stimuli consisting of a number
and a letter were presented consecutively on the computer
screen. /e participants were first asked to judge whether
the number was odd or even and were then asked to switch
to another judging rule, according to which the partici-
pants had to judge whether the letter was a capital letter or
lowercase. /e response time (RT) difference between
switching and nonswitching trials is considered a
switching cost, with smaller values being better. In the
latent inhibition task, participants were asked to respond
to irregular geometric shapes presented on the computer
screen. Each trial included one target and 19 distractors
(with the same shape). After 64 trials, the distractors
became a target, which usually increased the RTs. /e
larger the extent of the increase of the RTs, the more the
distractor is being inhibited. Each participant’s perfor-
mances on these three tasks were standardized separately
and summed as a composite index of EFs.

/e pre- and posttest comparisons of the EFs indices are
shown in Figure 12. Our participants’ performances in every
aspect of EFs improved after utilizing our EF-training tool,
especially their switching ability (t� 4.755, p< 0.001).
Overall, the participants’ EFs significantly enhanced from
pre- to posttraining (t� 2.501, p< 0.05).

Table 1: Dropout rates of the training projects.

Projects Participants Dropouts Dropout rate (%)
Project 1 20 3 15.00
Project 2 17 0 0.00
Project 3 10 1 10.00
Total 47 4 8.52
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6. Conclusions

In this paper, we have proposed a ubiquitous self-training
system for enhancing EF. /e system consists of a smart-
phone-based application and a backend system for a data
server. Compared with previous research that used Nin-
tendo DSi handheld consoles, the proposed system adds
some useful functions, which can help the administrator to
trace each participant’s training. Using the system can de-
crease the number of dropouts, which can considerably
reduce the cost of psychological experiments. Also, the
participants’ motivation can be maintained, which is vital for
improving voluntary participation in research involving
human subjects. However, given that the sample size was
small in this exploratory study, a more appropriate con-
clusion would have been to call for further study with a
larger sample. In addition, with authentication technologies
such as fingerprint and face recognition that can be easily
implemented in mobile apps in the future, these technol-
ogies can be further applied to guarantee users’ training
processes and hence the efficacy of the training results.

Given EFs are essential for adaptation and for coping
with challenging environments, means that can effectively
enhance EFs have great potential in improving psychological
health and well-being./e undergraduate students who used
our proposed self-training system for five weeks showed
significant improvement in different aspects of the EFs. /is
ubiquitous system can provide a simple and effective way to
enhance one’s core cognitive performance. Promising
practical value is expected in education and clinical fields.
For example, it would be worthwhile to apply this system to
depressed patients [61, 62] or to elderly participants [63, 64],
whose EFs are known to be impaired. Changes in human

behaviors attract psychologists’ attention. /e high acces-
sibility of smartphones provides researchers with an op-
portunity to design and conduct psychological studies.
Additionally, the user experiences using this kind of
self-training system can contribute valuable feedback to
application designers with regard to human-machine in-
terfaces. In the future, this system can be combined with
other techniques such as speech recognition and data-
mining techniques for other psychological trials.
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