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Background: Working memory, as a fundamental cognitive ability, has been shown to

improve with learning. However, little is known about the learning effect of visual working

memory training and its generalization to other stimuli and tasks.

Methods: In the present study, we utilized a delayed match-to-sample task to measure the

working memory of faces and houses. Subjects were trained ten days on this task and were

tested on the same task and a memory span task before and after the training.

Results: The results showed that training significantly increased the accuracy of visual

working memory. More importantly, such a learning effect could partly transfer to a visual

working memory task with different stimuli. However, the learning effect may not transfer to

a memory span task.

Conclusion: Our findings demonstrate that training might influence the common processing

of different stimuli in a visual working memory task.
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Introduction
Learning could improve the majority of our abilities to perform perceptual tasks.1

For instance, training on an orientation discrimination task of grating led to a large

decrease in the discrimination threshold.2 Learning-induced improvements were

observed in various tasks, such as contrast discrimination,3 shape identification,4

face view discrimination5 and facial expression discrimination.6 A common char-

acteristic among these learning effects was that the improvements were specific to

the trained task and stimuli. For instance, after learning to identify a set of objects,

the performance of identifying new objects remained unchanged, demonstrating

a strong stimulus specificity of learning.7 This specificity was considered to reflect

the phenomenon that training might influence visual processing underlying such

perceptual tasks.

Similarly to learning in perceptual tasks, training was also observed to be effective at

improving the performance of working memory (WM) tasks.8 WM, which is

a fundamental cognitive function of human, is usually characterized as the ability to

maintain and manipulate perceptual information in a short period of time.9 Three

subsystems were identified, including a central executive system to process information,

and two slave systems of visuospatial sketch pad and phonological loop to store visual

and verbal information, respectively.9 Previous studies usually adapted visuospatial WM

(VSWM), n-back or verbal WM tasks to investigate how training improved the perfor-

mance on the same and other tasks. For instance, Jolles et al10 trained subjects with
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a verbal WM task in which subjects were instructed to name

and memorize a series of objects. The researchers observed

a significant learning effect after a 6-week training period on

the same verbal WM task. However, such a learning effect

could not transfer to other WM tasks, such as the digit span

task. Interestingly, the transfer effect was also absent in the

case of a spatial variant of the trained WM task even if the

stimuli were very similar in the two WM tasks. In contrast to

this result, other studies observed transfer effects across tasks.

For instance, Jaeggi et al11 observed that n-back task training

also enhanced fluid intelligence. Another animal study showed

that WM training improved general cognitive abilities, such as

selective attention of mice.12 Similarly, in older subjects, train-

ing with the n-back task was observed to improve their fluid

intelligence as well as executive functions and processing

speed.13 However, meta-analysis results indicated that the

transfer from WM training to other cognitive skills such as

fluid intelligence was small.14,15 It was proposed that far

transfer (between a WM task and other cognitive tasks) was

relatively weak, while near transfer (among WM tasks) was

evident and sustained.16,17 One proposed explanation is that

the transfer only occurs when the trained task and the transfer

task share the same cognitive processing. Consistent with this

hypothesis, Dahlin et al18 observed that training on aWM task

engaging updating processing could not improve the perfor-

mance on another WM task that did not engage such

processing.

Although the learning effect and the transfer effect were

extensively studied in a variety of WM tasks, we still know

little about these effects in visual WM (VWM) tasks. VWM

emphasizes the retention of visual content but not the spatial

location of the stimuli. For example, Salazar et al19 utilized

a VWM task in which monkeys were only required to memor-

ize the feature of the stimulus, and found content-specific

fronto-parietal synchronization during the retention period.

Other studies found that the processing of VWM also relied

on the activities in the visual cortex.20–22 Therefore, it is thus

difficult to predict the transfer of VWM training among dif-

ferent stimuli. If training primarily influences the perceptual

processing of visual stimuli, VWM training may show strong

specificity to the visual stimuli. In contrast, if learning influ-

ences the common ability of working memory, transfer should

be observed among different visual stimuli. In other words, if

VWM training shows strong stimulus specificity, it may imply

a distinct learningmechanism underlying VWM training com-

pared with otherWM training. As mentioned above, the effect

of WM training could transfer to other tasks which contained

the same cognitive processing as the training task, and

transfers were indeed found for WM training such as n-back

task, verbal WM task and VSWM task. As there was no

evidence showing that VWM training may be different from

other kinds of WM training, we may hypothesize that the

transfer effect of VWM training may be observed across

different stimuli. More specifically, we predicted that the

improvements on the performance for the trained and the

untrained stimuli should be the same after training.

In the present study, we investigate whether the learning

effect of VWM training could transfer to the same task with

untrained stimuli and to a memory span task. We adopted

complex visual stimuli such as faces and houses for training

and testing because the learning of these stimuli could transfer

across the whole visual field,5,7 excluding the influence of

location specificity on our results. For example, Bi et al5

trained subjects with a face view discrimination task and

found a nearly complete transfer effect of learning across the

visual fields. If we adopted a training task with high location

specificity, we could not exclude the impact of location speci-

ficity when we found a strong specificity of learning among

different tasks. In addition, as evidence suggests that learning

effect may be easy to generalize among stimuli at the early

stage of training,23 in the present study, we examined the

transfer effect at different stages of training. As we mentioned

above, the observed transfer effect between two tasks may

increase with the similarity of the processing between these

tasks. Evidently, the processing is largely overlapped for two

VWM tasks which are only different in the stimuli. Therefore,

the transfer between these two VWM tasks could be consid-

ered as near transfer, and we predicted that such a transfer

effect could be observed. In contrast, as the underlying proces-

sing between VWM and memory span tasks is largely differ-

ent, the transfer effect between these two tasks may be

considered as far transfer and may be hard to detect. In

summary, we hypothesized that the training effect of

a VWM task could transfer across different stimuli but not

transfer to the memory span task.

Methods
Participants
A total of thirty-eight naïve subjects (27 females) participated

in this study. Theywere right-handedwith reported normal or

corrected-to-normal vision. All of them were college stu-

dents (M=19.74 years, SD=0.88, age-range=17–21). No his-

tory of neurological or psychiatric problems was reported.

All participants provided written informed consent in accor-

dance with the Institutional Human Participants Review
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Board of Southwest University, China. This study was

approved by the Institutional Human Participants Review

Board of Southwest University and was conducted in accor-

dance with the Declaration of Helsinki. One participant who

was 17 years old gave his written informed consent on his

own behalf, which was approved by the Institutional Human

Participants Review Board of Southwest University. Twenty

of these participants were assigned to the trained group, and

eighteen of them were assigned to the untrained group.

As we aimed to measure the memory of faces, it was

important to examine whether the face recognition of the

participants was normal. Therefore, each participant also com-

pleted the 20-item prosopagnosia index (PI20) which is an

effective scale for identifying developmental prosopagnosia.24

Demographic characteristics and PI20 scores in each group

were presented in Table 1. No significant differences between

groups were found for subjects’ sex, age, education level,

smoking status and PI20 score.

Materials
Sixty adult faces (thirty females) with neutral expressions

were selected from the Chinese Facial Affective Picture

System (CFAPS).25 Hair and ears were excluded using

Photoshop. Sixty house pictures were downloaded from

the Internet. All pictures were then added to a black back-

ground and resized to 151*138 pixels (3.3*3 degrees of

visual angle). Afterwards, pictures were converted to grey-

scale and adjusted to have the same brightness and con-

trast using Matlab. Half of the face pictures were randomly

selected as the training set of stimuli, while the other half

were assigned to the set of untrained faces. Pictures were

presented on a Samsung 19-inch LCD monitor with

a spatial resolution of 1024x768 and a refresh rate of

60 Hz. Throughout the experiment, subjects were told to

fixate on a small white dot presented in the centre of the

monitor. To stabilize their head position, a chin rest and

a headrest were used. The viewing distance was 100 cm.

Procedure
For the trained group, each subject underwent ten daily train-

ing sessions (1 hr per day) and three test sessions before the

training, after three training sessions, and after ten training

sessions (Pre-test, Post-test1, and Post-test2, respectively).

Each training session consisted of 12 blocks of VWM tasks.

Each block contained 40 delayed match-to-sample (DMTS)

trials (Figure 1A). Each trial began with a fixation point.

Afterwards, two different faces (samples) randomly selected

from the training set were simultaneously presented for 600

ms. A blank interval with fixation was then presented for 3000

ms after the disappearance of the samples. During this period

of time, subjects were required to maintain the identities of the

sample faces in their mind. A test stimulus was then presented.

Participants were asked to make a yes or no judgement of

whether the test face was the same as one of the sample faces.

A high-pitched sound was played back following an incorrect

response, and the next trial began after the feedback.

Participants were told to press “m” if the answer was “yes”,

and “n” if the answer was “no”, as quickly and accurately as

possible. The positions for stimulus presentation were four

fixed positions with one in each quadrant of the visual field.

The distance between the stimulus position and the fixation

was 3 degrees of visual angle. Stimuli were randomly pre-

sented at these four positions.

During each day of the test sessions, subjects com-

pleted a total of 18 blocks of VWM tasks. The procedure

was similar to that of the training session. Six blocks used

the training set of faces as the stimuli. Another six blocks

used the untrained set of faces as the stimuli. The remain-

ing six blocks used house pictures as the stimuli. In addi-

tion, no feedback was provided in the test sessions.

To assess the transfer of VWM training to other WM

tasks, subjects were also asked to perform a memory span

task in each test session. The memory span task included two

subtests: a digit span test (DST) and a letter span test (LST).

The procedures followed the standard procedure of memory

span test. In each trial of DST, a series of random numbers

Table 1 Demographic Characteristics and Scale Scores (Mean±SD)

Trained Group Untrained Group χ2 or t p

Sex (female/male) 14/6 13/5 0.023 0.88

Age 19.9(0.788) 19.7(0.958) 0.627 0.535

Education level (year) 12.9(1.119) 12.8(1.383) 0.164 0.871

Smoking status (year) 0.150(0.489) 0.228(0.752) −0.627 0.535

PI20 score 40.1(7.584) 36.4(8.445) 1.387 0.174

Abbreviation: PI20, The 20-item prosopagnosia index.
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were sequentially presented at the centre of the screen.

Subjects were required to repeat the sequence as accurately

as possible. The length of the sequence increased from 3

items to 13 items. The final score of the test was the max-

imum length that the subjects successfully recalled. The

procedure of LSTwas totally the same as that of DST, except

that the items were random letters instead of numbers.

For the untrained group, each subject only com-

pleted the three test sessions on the 1st, 5th and 13th

days. The task and procedure matched exactly those of

the trained group. It should be noted that for the

untrained group, no training was conducted, and

“trained face” and “untrained face” here merely

represented the two sets of faces that were divided

prior to the experiment.

The procedure of experiment is illustrated in Figure 1B.

Experimental Design
For the VWM task, the experimental design is a 2 (subject

group: trained/untrained)×3 (stimulus category: trained face/

untrained face/house)×3 (session: Pre-test/Post-test1/Post-

test2) design. Independent variables of stimulus category and

session are within-subject variables, while subject group is

a between-subject variable. For the memory span task, the

experimental design is a 2 (subject group: trained/untrained)×3

(session: Pre-test/Post-test1/Post-test2) design. Session is

1 2 3 4 5 6 7 8 9 10 11 12 13
Pre-test Post-test 1 Post-test 2

Day
Training Training

or

or

Sample
600ms

1000~2000ms

Maintainance
3000ms

Test
Until response

A

B

Figure 1 Experimental procedureComment: Dear author: please confirm that the people whose faces are shown in the figure have consented to the publication of

this image/their likenesses. (A) A sample trial of the VWM task. Sample faces or houses were presented for 600 ms. Subjects were instructed to retain the identity

of stimuli for 3 s and were then asked whether the test stimulus was one of the sample stimuli. (B) Each subject underwent 13 days of training and testing. On Day

1, Day 5 and Day 13, WM performance was tested for each type of stimulus. On other days, each subject was trained with the training set of faces.
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a within-subject variable, while subject group is a between-

subject variable. When an interaction effect or a main effect

was significant, post hoc analysis was performed to further

indicate the direction of the difference between conditions.

In addition, to reveal the behavioural improvement in the

training phase, planned comparisons were conducted

between the performances in 2 days during training. For

example, the comparison between a latter day and the

first day may indicate whether the performance improved

with training; the comparison between an earlier day and the

last day may indicate whether the performance saturated.

Data Analysis
The accuracy and average reaction time (RT) were first

calculated for each block. Afterwards, in the training ses-

sions, we averaged the accuracy values and RTs over the

12 blocks for each day. In the test sessions, the accuracy

values and RTs were averaged across the six blocks for

each condition (trained face/untrained face/house) during

each day. In addition, in order to present the learning and

transfer effect more clearly, we also calculated the perfor-

mance improvement based on the accuracy results. The

performance improvement was defined as the difference of

accuracy for the same condition in Post-test1 (or Post-

test2) and Pre-test sessions. Repeated-measures ANOVA

and paired sample t-tests were used to compare means for

different conditions and groups. The Bonferroni adjust-

ment was adopted to address the multiple comparison

problems. Statistical power and effect size (ES: Cohen’s

d for t-test and partialη2 for F-test) were provided when

necessary. SPSS 16.0 (www.ibm.com/products/spss-

statistics) and G*Power 3.126 were used for statistical

tests and power analyses.

Results
The VWM Task
The average accuracy values for each day are shown in

Figure 2. First, we examined whether performance increased

with training during the training sessions in the trained group.

The accuracy on the first day of training (Day 2) was 0.785

(SD=0.080), while that at the last day of training (Day 12)

was 0.910 (SD=0.060). The paired sample t-test revealed

a significant improvement in the performance of VWM (t

(19)=12.4, p<0.001, ES=2.762, power=1.000). Furthermore,

we investigated the improvements before Post-test1 and after

Post-test1. Before Post-test1, the accuracy increased from

0.785 at Day 2 to 0.857 (SD=0.060) at Day 4 (paired t(19)

=6.8, p<0.001, ES=1.508, power=1.000). After Post-test1,

the accuracy increased from 0.887 (SD=0.062) at Day 6 to

0.910 at Day 12 (paired t(19)=2.9, p=0.009, ES=0.654,

power=0.792). Performance became saturated at Day 8

(Mean=0.913, SD=0.050), which was not different from

performance at Day 12 (paired t(19)=0.5, p=0.603,

ES=0.118, power=0.079). These results indicated that accu-

racy increased rapidly during the first 3 days of training and

soon became saturated after 5 days of training.

Next, we compared the performance among different

conditions and groups in the test sessions. A 2 (subject

group: trained/untrained)×3 (stimulus category: trained

face/untrained face/house)×3 (session: Pre-test/Post-test1

/Post-test2) repeated-measures ANOVA was performed on

the accuracy results. Results showed a significant interac-

tion among the three factors (F(4, 144)=4.3, p=0.002,

ES=0.107, power=0.925). In addition, the interactions

between group and session (F(2, 144)=38.6, p<0.001,

ES=0.517, power=1.000) and between group and stimulus

category (F(2, 144)=4.7, p=0.012, ES=0.116, power=0.775)

were both significant, indicating two different patterns of

results between the two groups. Therefore, we further ana-

lysed the data from the two groups separately.

For the trained group, there were significant differences

among the three sessions for the trained face (repeated-

measures ANOVA, F(2,38)=99.3, p<0.001, ES=0.839,

power=1.000), indicating that the accuracy for the trained

face increased with training. Post hoc tests with

Bonferroni correction showed significantly higher accura-

cies in Post-test1 and Post-test2 than Pre-test (all p<0.05)

and no significant difference between the performance in

Post-test1 and Post-test2 (p>0.05). Similarly, the accura-

cies for the untrained face and house were both different

among the three sessions (untrained face: F(2,38)=34.9,

p<0.001, ES=0.648, power=1.000; house: F(2,38)=33.8,

p<0.001, ES=0.640, power=1.000). For both the untrained

face and house, post hoc tests showed significant higher

accuracies in Post-test1 and Post-test2 than those in Pre-

test (all p<0.05), and no difference between Post-test1 and

Post-test2 (all p>0.05). These results demonstrated large

improvements after training for not only the trained sti-

muli, but also the untrained stimuli.

For the untrained group, no training sessions were con-

ducted. Note that the trained faces here represented the

training set of faces for the trained group. ANOVAs showed

no significant differences among the three sessions for any

stimulus category (trained face: F(2,34)=1.4, p=0.258,

ES=0.077, power=0.281; untrained face: F(2,34)=1.1,
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Trained face Untrained face House

Day

A
cc
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y

Trained groupA

B Untrained group

Day

A
cc

ur
ac

y

Figure 2 Accuracy results for the VWM task. (A) Average accuracy for each day of training and testing in the trained group. Day 1, Day 5, and Day 13 were Pre-test, Post-

test1, and Post-test2, respectively. (B) Average accuracy for each day of testing in the untrained group. Data were averaged across all subjects. Error bars denote one

standard error of the mean.
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p=0.343, ES=0.061, power=0.228; house: F(2,34)=0.8,

p=0.469, ES=0.044, power=0.171). These results indicated

no improvement on the accuracy among the three test ses-

sions for the untrained group.

To further illustrate the difference of behavioural

improvement among the three stimulus categories, we

calculated the improvements for each condition in Post-

test1 and Post-test2 sessions (Figure 3). The improvement

was defined as the difference between the accuracy values

for the same condition in Post-test1 (or Post-test2) and

Pre-test sessions. The performance improvement is

a direct measurement of the learning and transfer effect.

As a result, we can compare the learning effect more

directly among different stimuli and between the two

groups. The results showed significant improvements for

all conditions in both Post-test1 (all t(19)>6, p<0.001) and

Post-test2 (all t(19)>7, p<0.001) sessions. However, these

improvements were not the same across different condi-

tions in Post-test1 (F(2,38)=8.8, p=0.001, ES=0.315,

power=0.958) or Post-test2 (F(2,38)=15.1, p<0.001,

ES=0.442, power=0.998) sessions. Post hoc tests showed

that improvements for the trained faces were the highest in

both Post-test1 (both p<0.05) and Post-test2 (both p<0.05)

sessions. Improvements for the untrained faces and the

houses were not different from each other in either Post-

test1 (p>0.05) or Post-test2 (p>0.05) sessions.

Finally, we analysed the RT results to determine if

training also influenced the RT performance (Table 2).

A 2 (subject group: trained/untrained)×3 (stimulus cate-

gory: trained face/untrained face/house)×3 (session: Pre-

test/Post-test1/Post-test2) repeated-measures ANOVA was

first performed. Results did not show significant interac-

tion among the three factors (F(4,144)=1.2, p=0.325,

ES=0.032, power=0.362). However, the interactions

between session and group and between stimulus category

and group were both significant (both F>3.3, p<0.05).

These results indicated different patterns of results for

different groups. Two 3 (stimulus category)×3 (session)

repeated-measures ANOVAs were then performed sepa-

rately for the trained group and untrained group. For

both the trained group and the untrained group, interac-

tions between stimulus category and session were non-

significant (both F<1.2, p>0.3). Significant main effects

of the session were found for both groups (both F>12.8,

p<0.002), indicating that RTs both decreased with time in

the two groups. The main effect of stimulus category was

significant for the trained group (F(2,38)=4.7, p=0.015,

ES=0.198, power=0.754). However, this effect was

nonsignificant for the untrained group (F(3,34)=2.0,

p=0.148, ES=0.106, power=0.388). Taken together, these

results indicated that a few trials in the Pre-test session

were sufficient to shorten the RT performance on the

VWM task.

The Memory Span Task
Each subject in the trained group and untrained group also

performed the memory span task in each test session. The

mean scores of the DST and LST are shown in Table 3.

Two 2 (subject group)×3 (session) repeated-measures

ANOVAs were performed on the scores. For the DST, no

significant interaction effect (F(2,72)=0.20, p=0.822,

ES=0.005, power=0.079) and main effects (both F<2.2,

p>0.05) were found. Similarly, no significant interaction

effect (F(2,72)=2.18, p=0.120, ES=0.057, power=0.432)

and main effects (both F<2.2, p>0.05) were found for the

LST. These results indicate the learning effect of VSM

training could not transfer to the memory span task.

Discussion
In the present study, we observed that the training on

a VWM task significantly improved the VWM perfor-

mance. Interestingly, such an improvement was not

restricted to the training set of stimuli. The learning effect

partly transferred to the VWM task in which untrained

stimuli were used. Importantly, the transfer effect was

nearly the same for the untrained face stimulus and the

house stimulus even though we trained subjects with

a face WM task, indicating that the transfer effect may

not be based on the stimulus category. Furthermore, we

did not observe the performance improvement on another

WM task (memory span task) with training.

Although the improvements induced by WM training

were observed in many WM tasks, such as n-back, VSWM

and verbal WM tasks, the effect of VWM training has

been less explored. It is necessary to investigate how

training influences VWM because the cognitive processing

and corresponding neural mechanisms may not be identi-

cal between VWM and other WM tasks. For instance,

numerous studies demonstrated the crucial role of the

prefrontal cortex (PFC) in retaining information during

the delay period of multiple WM tasks, including the

VWM task.27–29 Besides the general ability to retain infor-

mation, perceptual processing also played an important

role in VWM. Researchers observed that the visual cortex,

in addition to the frontal and parietal cortices, also showed

sensitivity to the contents of WM during the delay of
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Figure 3 Accuracy improvements for the VWM task. (A) Improvements in each condition at Post-test1 and Post-test2 compared to Pre-test in the trained group. (B)
Improvements in the untrained group. Data were averaged across all subjects. Error bars denote one standard error of the mean.
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VWM tasks.20–22,30 Therefore, it is not clear whether the

effect of VWM training is similar to that of other kinds of

WM training. Our results showed that VWM training

could also improve the performance on the VWM task,

which was similar to other kinds of WM training.

A crucial finding in our study was that the transfer effect

of VWM training was not specific to the stimulus category

used for training, indicating a stimulus-independent improve-

ment induced by VWM training. Using a DMTS task, Meyer

et al31 observed that VWM training could improve the ability

of neurons in the monkey PFC to discriminate matching and

nonmatching stimuli. However, the improvement was not

stimulus specific, which indicates a general improvement of

the WM ability. These results were different from perceptual

learning results that usually showed strong stimulus specifi-

city in behavioural performance5,7 and the corresponding

cortical activities.32,33 The strong stimulus specificity may

reflect the phenomenon that learning primarily affects per-

ceptual processing of specific stimuli.34,35 In contrast, the

small stimulus specificity of the VWM training might indi-

cate that training on a VWM taskmight have a limited impact

on perceptual processing. Therefore, the VWM training may

exert the impact on a more general and stimulus-independent

processing during the WM, for example, the central execu-

tive function. Consistent with this hypothesis, in an fMRI

study concerning WM training, researchers found significant

changes in activations in the executive control network after

training.36 Nevertheless, further neurophysiological studies

were required to elucidate the specific component of VWM

affected by training in the present study.

However, it should be noted that the transfer between

stimuli was not complete in our results. There might be two

explanations. One might be that the VWM training has

some stimulus specificity and could influence perceptual

processing to some extent. To test this hypothesis, more

direct evidence from neurophysiological studies is needed

to further investigate the influence of WM training on

perceptual processing of a stimulus. Another explanation

might be that the trained stimuli became more familiar to

the subjects than the untrained stimuli after intensive train-

ing and became increasingly easier to encode in the WM.

Evidence showed that the VWMperformance was better for

famous faces than unfamiliar faces.37 Therefore, familiarity

is an important factor which may cause the difference of the

performance between the trained and untrained stimuli. To

exclude such an effect, further studies are needed that

include many more faces in the training sessions. An ideal

design might be one with each face being presented only in

one trial during the entire experiment. Furthermore, our

results showed that the improvement in each condition

was not different between Post-test1 and Post-test2, which

indicated that the transfer effects kept constant when the

performance was nearly saturated. How the transfer effect

changes before the performance saturation was still elusive.

Future studies are needed to address this problem.

In our study, we did not find a performance improve-

ment on the untrained WM task. Whether the effect of WM

training could transfer across different tasks remains unre-

solved. In several studies, the transfer effects among tasks

were very weak.10,17,38 However, other studies observed

transfer effects from WM to other cognitive abilities, such

Table 2 RTs (Ms) for the VWM Task (Mean±SD)

Trained Group Untrained Group

Pre-Test Post-Test1 Post-Test2 Pre-Test Post-Test1 Post-Test2

Trained face 1021±139 876±106 781±115 1041±184 958±132 935±106

Untrained face 1053±168 905±111 835±114 1033±1555 932±89 930±109

House 1023±180 897±99 824±101 1027±164 928±99 896±117

Abbreviation: VWM, visual working memory.

Table 3 Scores for the Memory Span Task (Mean±SD)

DST LST

Pre-Test Post-Test1 Post-Test2 Pre-Test Post-Test1 Post-Test2

Trained group 10.30±1.38 10.50±0.83 10.60±1.14 7.30±0.86 7.70±0.92 7.75±1.02

Untrained group 9.83±1.82 10.11±1.49 10.39±1.79 7.50±1.15 7.17±1.25 7.72±1.07

Abbreviations: DST, digit span test; LST, letter span test.
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as fluid intelligence,11,13 selective attention,12 visual

search39 and reasoning.40 Other researchers considered the

possibility that WM training could transfer to other WM

tasks but not tasks without a WM component.15,16,18 Our

results revealed that the transfer might not occur between

different WM tasks, at least between the VWM task and

memory span task. However, we could not fully exclude the

possibility that transfer may take place among different

WM tasks. First, WM consists of different components

such as the central executive system, the visuospatial sketch

pad and the phonological loop.9 Furthermore, there are

different ways to measure WM abilities, such as the

VSWM task, the verbal WM task and the n-back task.

Different measurements may rely on different aspects of

the WM ability. Conclusions should not be drawn until

sufficient evidence is found. However, it was still note-

worthy that our results were consistent with a previous

study which also showed no transfer of training effect

from a verbal WM task to a digit span task.10 Second,

transfers may take place at a stage of learning that we

have not tested. In our study, the performance at Post-test1

was nearly saturated. More studies are needed to investigate

the transfer effect at other stages, especially the stages

before performance saturation.

In the present study, we observed that training not only

increased the accuracy of the VWM task but also reduced the

RT of this task. This pattern of the results indicated that there

may be no “speed-accuracy trade-off” effect in the perfor-

mance. Furthermore, the RTs decreased with time in both the

trained and untrained groups. These results indicate that even

a limited experience with the WM task was sufficient to

shorten the RT, probably reflecting a familiarity effect for the

task. Regarding the accuracy results, task familiarity may not

contribute much to the learning and transfer effect, because the

experience of the untrained stimuli was exactly the same for

the trained and untrained subjects, while only the performance

of the trained subjects improved with time. If the RT perfor-

mance change reflects the familiarity effect, any conclusions

based on the RT results must be made with care. For instance,

a study showed that training reduced the RT of a VSWM

task.41 However, only small brain activity changes related to

the training effect were observed. In this study, if the beha-

vioural change resulted from the familiarity effect of the task,

the neural response results might not be related to the change

in WM ability. More evidence is needed to elucidate how the

RT performance changes with WM training.

We note that there are several limitations in our study,

which might be improved in further studies. First, the control

group only completed the test sessions and did not perform

any alternative training, which may introduce some confound-

ing factors such as the motivation and the fatigue effect.

Further studies may compare the training group with

a control group who receives alternative training irrelevant to

WM. Second, the memory load was fixed at two mnemonic

items in the present study. Therefore, the results may not

extend to situations with different memory loads. In our

study, the average VWM accuracy before training was

approximately 75%, indicating a moderate difficulty of the

task. The improvement may thus be large enough to be

observed. Further studies may investigate the learning effect

in a more difficult task with higher memory load. Third, we

adopted complex visual stimuli, such as faces and houses, as

mnemonic items. Further studies are needed to examine the

training effect with other complex stimuli or simple visual

stimuli. Fourth, we investigated the transfer effect between the

VWM and memory span tasks. It would be interesting to

explore whether the transfer could occur between VWM and

other cognitive abilities, especially those including visual pro-

cessing, to further study whether training influences visual

information processing. In addition, more studies on the near

transfer among VWM tasks should be performed. For exam-

ple, besides examining the transfer across different visual

stimuli, further studies may examine the transfer between

VWM tasks with different difficulty and different stimulus

intensity. These investigations may provide more evidence

on the task-independent VWM ability improvement. Finally,

it is also interesting to examine the transfer effect from the

training of other WM tasks to the VWM task, which may

provide us more evidence on the mechanism of WM training.
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