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Summary

One of the biggest questions in learning is how a system can resolve the plasticity and 

stability dilemma [1–3]. Specifically, the learning system needs to not only have a high 

capability of learning new items (plasticity), but also have a high stability to retain important 

items or processing in the system by preventing unimportant or irrelevant information from 

being learned. This dilemma should hold true for visual perceptual learning (VPL), which is 

defined as a long-term increase in performance on a visual task as a result of visual 

experience [4–18]. Although it is well known that aging influences learning [19–24], the 

effect of aging on the stability and plasticity of the visual system is unclear. To address the 

question, we asked older and younger adults to perform a task while a task-irrelevant feature 

was merely exposed. We found that older individuals learn the task-irrelevant features that 

younger individuals do not learn, both the features that are sufficiently strong for younger 

individuals to suppress and the features that are too weak for younger individuals to learn. 

At the same time, there is no plasticity reduction in older individuals within the task tested. 

These results suggest that the older visual system is less stable to unimportant information 

than the younger visual system. A learning problem with older individuals may be due to 

decrease in stability rather than due to a decrease in plasticity, at least in VPL.

© 2014 Elsevier Ltd. All rights reserved.
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Results

To address characteristics of learning with older individuals, we took the advantage of 

interesting aspects of perceptual learning as a result of mere exposure to a feature. It has 

been found that at least in some cases mere exposure to a visual feature that is not relevant 

to a given task with younger individuals does not lead to learning of the feature if it is 

suprathreshold and/or conspicuous [7–9, 25, 26]. This suggests that if an exposed task-

irrelevant feature is detected, the brain of a younger individual should filter out or suppress 

the feature to avoid replacing existing important information or processing with task-

irrelevant and therefore usually insignificant information. That is, the younger brain makes 

itself stable as well as plastic. If it holds true that older individuals have simply less 

plasticity than younger individuals, then a smaller magnitude of VPL should occur with 

older as compared to younger adults, irrespective of whether the learned feature is task-

relevant or task-irrelevant.

Note that it has been pointed out that the plasticity and stability dilemma cannot be resolved 

merely by changes in local circuits, including synaptic weight changes, without changes at a 

more global system level that include interactions between different types of processes that 

could include attention [1, 2]. Thus, here we define plasticity as changes resulting from 

involvement of global processing associated with learning, and discuss the ability to prevent 

unimportant or irrelevant information from being learned as a result of different types of 

processing at a global system level as an aspect of stability.

To test the hypothesis that older individuals are simply less plastic at a global system level, 

two groups of 10 older (ages between 67 and 79 years old) and 10 younger adults (ages 

between 19 and 30 years old) participated in the experiment with the same procedure (see 

Supplemental Experimental Procedures for detail). The experiment consisted of 1 day’s pre-

test, 8 days of training stage and 1 day’s post-test in their respective order. On each trial of 

the training stage, subjects were presented with a sequence of 6 letters and 2 digits at the 

center of the display. After the offset of the sequence, subjects were asked to report the 2 

digits as targets in the sequence of otherwise letters (Figure 1). During the presentations of 

the letters and digits, a motion display was exposed in the background as a task-irrelevant 

feature. The display consisted of a certain ratio of dots moving coherently from frame to 

frame and the other dots moving randomly [9, 25, 27, 28]. The coherent motion level (signal 

strength) was varied in 4 steps (0.3, 0.6, 1.0 and 4.0 x the individual 80% coherent motion 

detection threshold). The multiplicative values of the individual threshold were used to 

adjust individual differences on perception of coherent motion, particularly between older 

and younger subjects [29]. Coherent motion with each coherent level moved in a different 

direction (see Supplemental Table 1 for detail).

We measured subjects’ performance on a coherent motion discrimination task in the pre- 

and post-test stages. Since coherent motion was irrelevant to the given task during the 

training stage, the amount of performance increase in the post-test stages as compared to the 

pre-test stage, if any, is regarded as the magnitude of task-irrelevant perceptual learning. As 

shown in Figure 2, for the younger group the amplitude of task-irrelevant learning was the 

highest around the threshold and no learning was observed when the coherent motion level 

Chang et al. Page 2

Curr Biol. Author manuscript; available in PMC 2015 December 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



was 4 x threshold, which is suprathreshold. This result is in accord with the previous study 

and is regarded as a typical profile of younger adults [28]. However, the results with the 

older group were different than the results of the younger group. With the increasing 

coherent motion level, the amplitude of learning did not decline. The results of the following 

statistical analyses are in accord with this observation.

In order to compare the overall task-irrelevant learning amplitudes between older and 

younger adults (see Fig. 2), we conducted three-way ANOVA with age (older vs younger 

groups) and coherent motion level (0.3, 0.6, 1.0, 4.0 x threshold) as between-subject factors 

and test (pre- vs post- tests) as a within-subject factor. The results showed significant main 

factors of age [F(1, 32)=5.194, p=0.0295] and test [F(1,32)=18.26, p=0.0002] and also 

indicated significant interactions between coherent motion level and test [F(3,32)=3.613, 

p=0.0236]. A t-test applied to performance improvements (performance in the pre-test 

subtracted from performance in the post-test) for the suprathreshold coherent level (4.0 x 

threshold) showed that performance improvement in the older group was significantly 

greater than in the younger group [t(10)=3.566, p=0.0051] as shown in Fig. 2. These results 

indicate that a greater magnitude of VPL of task-irrelevant coherent motion occurred with 

the older individuals than with the younger individuals, when a coherent motion level was 

suprathreshold.

We further conduced two-way ANOVA with coherent motion level (0.3, 0.6, 1.0, 4.0 x 

threshold) as a between-subject factor and test (pre- vs post- tests) as a within-subject factor 

for each of the older and younger groups. For the older subjects, only the main factor of test 

was significant [F (1,16) =17.316, p=0.0007], indicating that performance improvement was 

constant across the coherent motion levels. For the younger subjects, significant were the 

main factor of test [F(1,16)=4.952, p=0.0408] and the interaction between test and coherent 

motion level [F (3,16) =5.033, p=0.0121], indicating that performance improvement was not 

constant across the coherent motion levels.

Why did task-irrelevant VPL at such a high signal level (4 x the threshold coherent motion 

level) occur for older subjects whereas it did not occur with younger subjects? A series of 

studies with younger individuals has suggested the following mechanisms: When a task-

irrelevant feature is above threshold or conspicuous, it is detected and suppressed by an 

attentional system [28, 30, 31]. On the other hand, when it is below threshold, it fails to be 

detected and therefore to be filtered out by the attentional system [31]. As a result, task-

irrelevant VPL of a suprathreshold feature is less likely to occur [28], as shown in the results 

of the younger group of the current experiment. If this model is true, the occurrence of task-

irrelevant VPL of suprathreshold motion with the older group results from the failure of the 

attentional system to suppress task-irrelevant feature signal. Note that previous studies have 

found less suppressive control for older as compared to younger adults [32, 33]. Thus, the 

degree of suppression on a task-irrelevant signal should be smaller with older individuals if 

the signal is suprathreshold. This may allow for task-irrelevant VPL of a suprathreshold 

feature to occur. That is, task-irrelevant VPL of a suprathreshold motion may have occurred 

with older adults because older individuals have a decreased capacity to filter out irrelevant 

signals. If so, this may make older individuals’ visual system more plastic in a harmful way 

and therefore less stable. That is, the decreased capacity to filter out irrelevant signals may 
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lead the visual system with older individuals to resolve the plasticity-stability dilemma less 

effectively as the visual system with younger individuals.

To test the above mentioned hypothesis, we measured the useful field of view (UFOV) tests 

[34] -- standard tests for attentional processing of older adults [34]-- before and after the 

training of the current experiment for both age groups. The UFOV tests have three subtests 

for three different attentional abilities: sub-test 1 for processing speed, sub-test 2 for divided 

attention and sub-test 3 for selective attention. The selective attention measure in subtest 3 is 

to assess the ability to filter out task irrelevant information. Note that a lower score in a 

UFPV test represents higher performance. If the hypothesis that task-irrelevant VPL with the 

suprathreshold coherent motion level occurred only with the older group because of their 

lower ability to filter out task-irrelevant signals is true, the score of sub-test 3 should be 

higher (performance being lower) with the older group than with the younger group.

Three-way ANOVA with age (older vs younger) as a between-subject factor and UFOV 

subtest (1, 2 vs 3) and test (pre- vs post- tests) as within-subject factors was conducted. The 

results showed significant main effects of age [F(1,18) = 15.958, p = 0.001] and UFOV 

subtest [F(2, 36) = 49.48, p < 0.0001] and significant interaction between age and UFOV 

[F(2,36) = 21.884, p = 0.00001]. However, no significant main effect of test (pre- vs post- 

tests) was found [F(1,18) = 1.793, p = 0.197], suggesting that none of the tested attention 

abilities was changed due to the training.

Based on the significant interaction between age and UFOV subtest, we applied two-way 

ANOVA [age (older vs younger) x test (pre- vs post- tests)] to each of results from three 

UFOV subtests. Only for UFOV sub-test 3 (selective attention), main effect of age was 

significant [F(1,18)=30.634 p=0.00003].

These results indicate that older subjects have significantly lower ability for filtering task-

irrelevant signals than younger subjects. If task-irrelevant VPL of a suprathreshold motion 

occurred with older adults because they have lower ability to filter out irrelevant signals, 

then one can predict that the lower ability should result in a greater amplitude of task-

irrelevant VPL of suprathreshold motion. Fig. 3 shows the correlation between the score of 

the UFOV sub-test 3 (filtering) and the amplitude of task-irrelevant VPL for the older (A) 

and younger (B) groups. A significant positive correlation was obtained for the older group 

(r = 0.735, p = 0.048), but not for the younger group (r=−0.46, p=0.179). Almost all the 

UFOV scores for younger subjects were lower (higher filtering ability) than for older 

subjects. These results are in accord with the hypothesis that task-irrelevant VPL of a 

suprathreshold motion occurred with older individuals because older adults have a decreased 

ability to filter out irrelevant signals, resulting in the undesirable development of task-

irrelevant VPL.

Discussion

In the present study, we examined how task-irrelevant learning occurs with older and 

younger individuals. We have found that older individuals learned highly weak and strong 

task-irrelevant coherent motion directions that younger people did not learn. The amplitude 
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of task-irrelevant VPL with the older individuals was negatively correlated with the degree 

of ability to filter out task-irrelevant signals.

Task-irrelevant VPL with the 0.3 x threshold coherent motion for older individuals indicates 

that plasticity of older individuals is not lower than younger individuals. Is this tendency 

specific for task-irrelevant VPL? To address this question, we analyzed accuracy of the 

RSVP task during the training stage of the current experiment. No significant difference was 

found between the performance improvements of the RSVP task for the older and younger 

groups. Three-way ANOVA (age, training session, coherent motion level) indicates that the 

main effect of training session was significant [F(7,224)=10.321, p<0.000001], but neither 

the main effect of age [F(1,32)=1.983, p=0.169] nor coherent motion level [F(3,32)=1.058, 

p=0.381] was significant. None of the interactions were significant [For age x coherent 

motion level, F(3,32)=0.941, p=0.432: For age x training day, F(7,224)=2.429, p=0.05: for 

training session x coherent motion level, F(21,224)=0.584, p=0.855: for age x training 

session x coherent motion level, F(21,224)=0.738, p=0.715]. These results indicate that 

older subjects as well as younger subjects showed significant amounts of task-relevant 

learning. No evidence was obtained that indicate that older individuals have a problem with 

plasticity. This tendency is in accord with previous studies that showed efficiency of 

learning visual tasks with older individuals was not significantly different from younger 

individuals [35–40].

Is there any possibility that the older subjects learned between the two tests (pre- and post-

tests) as a result of the repeated testing in the test stage(s) and that this resulted in the rather 

flat curve for the older group in Fig. 2. To test this possibility, we compared performance 

(accuracy) for the pre- and post-tests on the motion that was ±60 deg apart from both of the 

directions paired with targets during training. The mean improvements (performance in the 

pretest subtracted from performance in the posttest) were −0.047 (± 0.043 SE) for the older 

group and −0.015 (± 0.056 SE) for the younger group. We applied 2-way ANOVA [age (old 

vs young) and test (pre- vs post tests)]. None of the main effect of age [F(1, 18)=0.007, 

p=0.933], main effect of test [F(1, 18)=0.771, p=0.391], or interaction of age x test 

[F(1,18)=0.206, p=0.655] was significant. These results do not support the possibility that 

the older subjects learned in the test stage(s).

For the visual system to efficiently adapt to a new environment, the plasticity-stability 

dilemma needs to be resolved. Our results indicate that older individuals learned strong task-

irrelevant signals that younger people did not learn while the results of task-irrelevant and 

task-relevant VPL showed no evidence that older individuals are less plastic than younger 

individuals. From this viewpoint, the results of the present study suggest that older 

individuals have a problem with stability at the global system level to avoid task-irrelevant 

signals from being learned rather than with plasticity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• The older brain is less stable to unimportant visual signal than the younger 

brain.

• No result showed that the older brain is less plastic than the younger brain.

• Older subjects learned strong task-irrelevant features younger subjects suppress.

• Older subjects learned weak task-irrelevant features younger subjects did not 

learn.
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Figure 1. 
The procedure of a trial in the training stage. Red arrows represent coherent motion direction 

that was paired with digits as targets (paired direction). Cyan arrows represent coherent 

motion directions that were not paired with digits (unpaired directions). Arrows are for 

illustrative purposes and were not presented in the training.
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Figure 2. 
Mean (±s.e.m) performance improvement in motion discrimination. The y-axis represents 

the mean percent correct across displays with four coherent motion levels (0.3, 0.6, 1.0 and 

4.0 x individual threshold) in the pre-test stage subtracted from that in the post-test stage. 

The x-axis represents the coherent motion level (0.3, 0.6, 1.0 and 4.0 x the individual 

threshold) exposed in the training stage. The gray area indicates the threshold level. 

**p<0.01
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Figure 3. 
Correlation between Post UFOV sub-test 3 scores (the lower the score, the higher ability to 

filter out) and performance improvement resulting from exposure to suprathreshold (4.0 x 

threshold) coherent motion level across older subjects for the older (A) and younger (B) 

groups.
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