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Abstract

Several hypotheses attempt to explain the relation between cognitive and perceptual decline in 

aging (e.g., common-cause, sensory deprivation, cognitive load on perception, information 

degradation). Unfortunately, the majority of past studies examining this association have used 

correlational analyses, not allowing for these hypotheses to be tested sufficiently. This 

correlational issue is especially relevant for the information degradation hypothesis, which states 

that degraded perceptual signal inputs, resulting from either age-related neurobiological processes 

(e.g., retinal degeneration) or experimental manipulations (e.g., reduced visual contrast), lead to 

errors in perceptual processing, which in turn may affect non-perceptual, higher-order cognitive 

processes. Even though the majority of studies examining the relation between age-related 

cognitive and perceptual decline have been correlational, we reviewed several studies 

demonstrating that visual manipulations affect both younger and older adults’ cognitive 

performance, supporting the information degradation hypothesis and contradicting implications of 

other hypotheses (e.g., common-cause, sensory deprivation, cognitive load on perception). The 

reviewed evidence indicates the necessity to further examine the information degradation 

hypothesis in order to identify mechanisms underlying age-related cognitive decline.
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1.0 Introduction

For more than five decades researchers have attempted to study and explain the relation 

between cognitive and perceptual decline in aging, but this association remains poorly 

understood. This effort has resulted in four predominant hypotheses within the literature that 

attempt to explain the relation between age-related cognitive and perceptual decline: (a) the 

common-cause hypothesis, which states that a third factor associated with aging, which 

detrimentally affects both cognition and perception, contributes to a decline in these two 
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domains (Baltes and Lindenberger, 1997; Lindenberger and Baltes, 1994); (b) the sensory 
deprivation hypothesis, which states that over time a decline in perception causes a gradual 

degradation in neural substrates, which in turn affects cognition (Lindenberger and Baltes, 

1994); (c) the cognitive load on perception hypothesis, which states that older adults perform 

worse on perceptual tasks due to impoverished cognition (Li et al., 2001; Lindenberger et 

al., 2000), and (d) the information degradation hypothesis, which states that degraded 

perceptual signal inputs, resulting either from age-related neurobiological processes or 

experimental manipulations, lead to errors in perceptual processing, which in turn may affect 

non-perceptual, higher-order cognitive processes (Schneider and Pichora-Fuller, 2000; for a 

schematic illustration, see Fig. 1).

Unfortunately, most studies examining the association between cognitive and perceptual 

decline in aging have been correlational (e.g., Baltes and Lindenberger, 1997; Lindenberger 

and Baltes, 1994), not allowing for these hypotheses to be tested sufficiently. Specifically, 

correlational analyses cannot determine whether modifying the perceptual signal strength of 

study participants has immediate effects on cognitive performance; an intervention or 

experimental manipulation is needed. A demonstration that manipulating perceptual signal 

strength immediately affects cognitive performance would provide direct support for the 

information degradation hypothesis, but contradict assumptions of the common-cause, 

sensory deprivation, and cognitive load on perception hypotheses. The latter hypotheses all 

imply that modifying the perceptual signal strength of individuals should either not affect or 

not immediately affect cognitive performance, but each for different reasons. According to 

the common-cause hypothesis, since a common source independently causes cognitive and 

perceptual decline, and perception is not hypothesized to be the source, an enhancement of 

perceptual signal strength should not affect cognition. For the sensory deprivation 

hypothesis, since this hypothesis states that long-term sensory deprivation leads to neural 

degeneration and ultimately cognitive decline, it is unlikely that enhancing perceptual signal 

strength will immediately reverse neural degeneration and enhance cognitive abilities. 

Lastly, for the cognitive load on perception hypothesis, since it states that a decline in 

cognition causes a decline in perceptual abilities, enhancing perception should not affect 

cognition.

Despite the prevalence of correlational analyses examining this relation, several studies have 

attempted to test the validity of the information degradation hypothesis by experimentally 

manipulating older and younger adults’ perceptual inputs. This hypothesis predicts that both 

older and younger adults’ cognitive performance should be immediately affected by 

perceptual signal manipulations, but experimental manipulations should have a greater effect 

on older adults due to (a) age-related slowing of perceptual processing (Faust et al., 1999; 

Madden, 2001; Salthouse, 1996, 2000) and (b) in some cases insufficient cognitive/neural 

top-down mechanisms, as a result of age-related neural degeneration (Raz et al., 2005), 

being unable to compensate for decreased bottom-up, perceptual signals in older adults. In 

addition, the information degradation hypothesis predicts that different cognitive processes 

may be differentially affected by an identical bottom-up, perceptual signal manipulation, 

since individual cognitive states utilize unique top-down mechanisms and bottom-up, 

perceptual signals may differentially interact with these top-down processes.
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Here, we review studies testing the validity of the information degradation hypothesis, 

specifically studies examining the relation between visual perception and cognition in 

healthy aging (for a summary of the experimental designs of these studies, see Table 1). 

Evidence supporting the information degradation hypothesis contradicts aspects of these 

other three hypotheses (common-cause, sensory deprivation, and cognitive load on 

perception hypotheses), which imply that cognitive deficiencies in older adults cannot be 

ameliorated by simply enhancing the visual perceptual signal strength of older adults. Before 

reviewing these studies, we briefly discuss visual deficiencies associated with healthy aging. 

Then, we review studies testing the information degradation hypothesis across various 

cognitive processes. Lastly, we end by proposing future directions for the field. It should be 

noted that even though the focus of this review is on visual perception, auditory perception 

also declines with age (e.g., Lin et al., 2014; Lin et al., 2011; Lin et al., 2013) and has 

previously been associated with principles of the information degradation hypothesis (e.g., 

Ng et al., 2013; Pichora-Fuller et al., 1995; Tun et al., 2009), but these studies are out of the 

scope of this brief review.

2.0 Visual Deficiencies in Healthy Aging

Healthy aging is associated with a decline in visual perceptual abilities, specifically a decline 

in (a) visual acuity (Jackson and Owsley, 2003; Owsley, 2011; Owsley et al., 1983), which 

refers to the ability to detect small, high contrast targets (e.g., the gap in Landolt Cs); and (b) 

visual contrast sensitivity (Greene and Madden, 1987; Nameda et al., 1989; Owsley et al., 

1983; Owsley and Sloane, 1987), which refers to the lowest contrast at which the difference 

between a homogeneous field and a spatial grating (i.e., an alternating series of light and 

dark bands) can be detected. Visual acuity decline in aging may at least partially be 

attributed to increased refractive errors in aging and is further compounded by older adults 

using expired corrective lens prescriptions (Skeel et al., 2003; Tielsch et al., 1990). Visual 

contrast sensitivity deficiencies are of particular interest in the study of cognitive aging 

because (a) contrast sensitivity has been demonstrated to have a stronger association than 

visual acuity to neuropsychological performance (Skeel et al., 2006); (b) contrast sensitivity 

is associated with decreased performance in everyday activities, such as driving (Rubin et 

al., 1994; Wood and Owens, 2005), judging distances and mobility (Rubin et al., 1994) and 

discriminating highway signs (Evans and Ginsburg, 1985); and (c) recent meta-analyses 

have failed to find associations between visual acuity and cognitive task performance in 

aging (Houston et al., 2016; La Fleur and Salthouse, 2014), perhaps indicating that other 

measures of visual perception, such as contrast sensitivity, may be better indicators of 

cognition – it should be noted that these meta-analyses only included correlational studies, 

leading to the possibility that experimental manipulations of visual acuity may affect 

cognitive performance, as demonstrated in several studies reviewed here.

Several neural changes occur to the visual system in aging that likely account for visual 

acuity and contrast sensitivity decline (for a review, see Madden et al., 2005). At the level of 

the sensory organ, there is a general degeneration of the eyes in aging, which decreases the 

amount of light that may reach the retina in older adults (Weale, 1961). These changes to the 

eyes include an increase in the density and hardness of the crystalline lens, a decrease in the 

resting diameter of the pupil, an increase in the opacification of the lens, and a decrease in 
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the number of receptor cells (Scialfa, 2002). At the level of the cortex, during visual 

perceptual tasks, older compared to younger adults often exhibit decreased magnitude and 

spatial extent activation of visual sensory cortex (e.g., Buckner et al., 2000; Huettel et al., 

2001; Ross et al., 1997; Ward et al., 2015). Visual cortical activation changes in aging may 

have neural and cognitive consequences, for example, leading older adults to compensate for 

decreased visual cortex activation by recruiting additional anterior regions (e.g., prefrontal 

cortex) in service of successful cognition (Davis et al., 2008). However, the mechanisms 

contributing to decreased visual cortical activation in older adults, and the associated 

consequences, remain an active area of investigation (Cabeza and Dennis, 2012; Grady, 

2012; Park and Reuter-Lorenz, 2009). Studies testing the information degradation 

hypothesis may help elucidate these issues.

3.0 Information Degradation Hypothesis in Visual Search

Recent studies testing the information degradation hypothesis have used visual search 

paradigms. Toner et al. (2012) administered to older and younger adults a touch-screen, digit 

cancellation task, in which participants had 60 s to cancel the 4s and 9s presented in a matrix 

of numbers ranging from 1-9 by physically touching the numbers on the screen (This study 

also reported results for Alzheimer’s and Parkinson’s disease patients, not discussed here.). 

The digit cancellation task was presented under three visual contrast levels – low (22% 

Michelson contrast [(maximum − minimum luminance) / (maximum + minimum 

luminance)]), high (69% Michelson contrast), and a unique, proximal match condition. The 

proximal match condition was designed to be a “vision-fair” condition, in which before 

completing the digit cancellation tasks, participants completed a backward masking, number 

identification task with a verbal response. For each participant, a unique identification 

accuracy threshold (i.e., critical contrast) was obtained from the contrast at which 

participants identified the numbers at 80% accuracy. As expected, the critical contrast 

threshold was higher for older than younger adults, representing an age-related decline in 

visual contrast sensitivity, and the older adults exhibited worse task performance than the 

younger adults in both the low and high visual contrast conditions. Consistent with the 

information degradation hypothesis, both the older and younger adults exhibited better task 

performance (in terms of the number of targets cancelled in the allotted time) in the high 

than low contrast condition. There was, however, no Age Group by Contrast Condition 

interaction, indicating that both the older and younger adults were equally affected by the 

contrast manipulation. The lack of an interaction may due to several reasons; for example, 

the younger adults may have been at a ceiling level of performance, or the screen-touch 

outcome measure, involving a manual response, may have masked effects of visual sensory 

processing. Intriguingly, for the analyses restricted to the vision-fair, proximal match 

condition, both the older and younger adults demonstrated comparable task performance. 

This study provides one of the most compelling pieces of evidence supporting the 

information degradation hypothesis, because not only were both the older and younger 

adults’ task performance better at higher than lower visual contrast conditions, but the older 

adults’ performance could be raised to the level of the younger adults by simply equating the 

proximal signal strength of the two age groups. The latter result demonstrates that age 

differences in task performance in the high and low visual contrast conditions were due to 
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perceptual signal strength differences, rather than higher-order cognitive or motor/speed 

processing differences, that when equated led to equal task performance in both age groups.

In another study testing the information degradation hypothesis in visual search (Laudate et 

al., 2012), older and younger adults played bingo on a touch-screen computer presented 

under several visual conditions (This study also reported results for Alzheimer’s and 

Parkinson’s disease patients, not discussed here.). In order to ensure that the results were not 

due to age-differences in motor speed, the authors controlled for Purdue Pegboard (Lafayette 

Instrument, Lafayette, IL, United States) performance when appropriate. Across all 

conditions, the older adults exhibited slower responses than the younger adults. In one 

manipulation, participants played bingo with cards using either small or large type, which 

was essentially a manipulation of visual acuity. Consistent with the information degradation 

hypothesis, both the older and younger adults exhibited faster responses when playing the 

large compared to small type bingo cards. There was, however, no Age Group by Type Size 

interaction, indicating that both the older and younger adults were equally affected by the 

type size manipulation; similar to Toner et al. (2012), the lack of an interaction may be due 

to ceiling effects, where the task was not difficult enough to reveal age-sensitive effects. In 

another set of manipulations, participants played bingo with normal (62% Michelson 

contrast) and enhanced (85% Michelson contrast) contrast cards. Neither the younger nor 

older adults were affected by the contrast manipulation, which differs from Toner et al. 

(2012) who found an effect of contrast. This difference between studies may be due to 

Laudate et al. (2012) using a higher baseline visual contrast (62% Michelson contrast) than 

Toner et al. (22% Michelson contrast). However, overall Laudate et al. supports the 

information degradation hypothesis, in which a manipulation of visual acuity affected both 

older and younger adults’ task performance.

In summary, Toner et al. (2012) and Laudate et al. (2012) provide some support for the 

information degradation hypothesis, because simple visual manipulations affected task 

performance for both younger and older adults, and older adults’ performance could be 

raised to the level of the younger adults by equating the proximal signal strength of the two 

age groups (Toner et al., 2012). However, inconsistent with this hypothesis, both studies 

found that both the younger and older adults were equally affected by the contrast 

manipulations. As noted previously, the experiments may not have used sufficiently sensitive 

methods to elicit the predicted interaction.

4.0 Information Degradation Hypothesis in Other Cognitive Processes

A few studies tested the information degradation hypothesis in other cognitive processes; 

however, these studies only included younger and not older adults. Ben-David and Schneider 

(2010) administered a Stroop task to a group of younger adults and manipulated the color 

contrast of the task stimuli – high-saturation and low-saturation; the low-saturation condition 

was designed to mimic deficient color perception observed in older adults. They found that 

the low-saturation condition increased Stroop interference effects, similar to effects typically 

observed within older adults; in a control condition, in which participants read words printed 

in a color-neutral contrast (e.g., “GREEN” printed white on black), the color contrast 

manipulation did not affect reaction times, allowing for greater specificity in the 
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interpretation of the former result. The authors suggested that increased Stroop interference 

effects in older adults may be due to color perception deficiencies rather than inhibitory 

control deficiencies as commonly interpreted. However, because this study did not include 

older adults, these findings do not necessarily contradict traditional, Stroop interference 

effect interpretations in aging (e.g., Spieler et al., 1996).

Another study with younger adults (Gilmore et al., 2006) investigated whether stimulus 

contrast would affect performance on a modified version of the Digit-Symbol Substitution 

Test of the Wechsler Adult Intelligence Scale (WAIS; Wechsler, 1958) with three levels of 

difficulty, defined by increasing complexity levels of the symbols to be matched. This study 

included normal and degraded contrast groups. For the normal contrast group, the task 

stimuli contrast matched the visual contrast normally presented in the WAIS. For the 

degraded contrast group, the task stimuli contrast was degraded to resemble visual contrast 

sensitivity deficiencies typically observed in older adults by applying a digital filter to the 

normal contrast stimuli. The digital filter was constructed based upon the ratio of the spatial 

contrast sensitivity function of 20- and 80-years-olds from a previous study (Owsley et al., 

1983), in which the ratio was weighted to imitate the reduction of spatial frequency contrast 

observed within the 80-years-olds. The authors found that the degraded contrast group made 

fewer correct substitutions than the normal contrast group on the easy and medium levels of 

difficulty. For the hardest level of the task, however, the degraded and normal contrast 

groups made a similar number of correct substitutions, but performance was still above 

chance, indicating that the results of this study were not due to the degraded stimuli being 

too difficult to see; the authors interpreted the lack of a group difference specifically within 

the most difficult condition as reflecting each contrast group requiring the use of a detailed 

serial search of the items because of the confusability of the symbols within this condition. 

Intriguingly, these findings match the results of a previous experiment conducted by the 

authors, in which younger and older adults completed this task, indicating that the visual 

contrast manipulation imitated age-effects. Furthermore, additional conditions determined 

that the described results were not due to simple differences in encoding speed for features, 

but rather were due to the visual confusability of the symbols. Consistent with the 

information degradation hypothesis, this indicates that degradation specifically affected 

higher-order cognitive processes. In summary, these results again demonstrate that even 

younger adults’ task performance can be detrimentally affected if the visual contrast of task 

stimuli are manipulated to imitate visual perceptual deficiencies observed in older adults.

Lastly, Dickinson and Rabbitt (1991) examined the information degradation hypothesis in 

memory for short passages in a group of younger adults. In this study, participants read two 

short passages aloud while being recorded; one passage was read without any visual 

impairment and another was read in which the participants’ vision was distorted with 

occlusion filter lenses. After reading the passages, participants were asked to recall content 

from the stories. During encoding, an analysis of the recordings showed that none of the 

participants made errors while reading in either condition, indicating that participants were 

able to successfully read both the distorted and non-distorted passages. During retrieval, the 

authors found evidence of visual perceptual signal strength affecting non-perceptual, higher-

order cognitive processes, where participants recalled less content for the passages read 

under the distorted than non-distorted condition. This finding is especially important as it 
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demonstrates that cognitive processes assessed during a task independent of the condition in 

which the perceptual manipulation occurred may still be affected by perceptual 

manipulations. In addition, the authors also found that participants with higher intelligence 

quotients (IQs) read passages under the distorted condition faster than participants with 

lower IQs. The authors interpreted this finding as indicating that individuals with higher IQs 

may be better equipped with compensatory, top-down mechanisms allowing them to be less 

affected by degraded bottom-up signals.

5.0 Information Degradation Hypothesis across Multiple Cognitive 

Processes

Although the previously described studies provide support for the information degradation 

hypothesis in individual cognitive processes, these experimental designs do not allow for a 

thorough examination of the extent of cognitive processes that are affected by direct 

manipulation of visual perceptual signal strength. This issue would be ideally examined in 

studies that contain a broad cognitive battery. In addition, testing this hypothesis with a 

broad cognitive battery may allow further evidence that findings are the result of perceptual 

manipulations influencing higher-order cognitive processes, as different cognitive processes 

may be differentially affected by identical perceptual manipulations. There have only been 

three studies, to our knowledge, that have taken this approach.

Anstey et al. (2006a) administered perceptual matching, digit-symbol matching, and 

associative memory tasks to older adults under low, medium, and high visual contrast 

conditions. Consistent with the information degradation hypothesis, the lower visual contrast 

conditions were associated with slower responses in all three tasks. In addition, the lowest 

visual contrast condition did not always have the longest reaction times, indicating that the 

results of this study were not due to simply making the stimuli too difficult to see and that 

the bottom-up, perceptual signals were interacting with higher-order cognitive processes 

rather than processes not of interest, such as motor speed; however, it should be noted that a 

limitation of this study is that the authors did not control for nuisance variables, such as 

motor speed, in order to further confirm that the described effects were not the result of the 

visual perceptual manipulations affecting these nuisance variables. These results 

demonstrate the validity of the information degradation hypothesis across three cognitive 

tasks, where visual contrast affected task performance across both perceptual (perceptual 

matching task) and higher-order cognitive tasks (digit-symbol matching and associative 

memory tasks).

Cronin-Golomb et al. (2007) also tested the information degradation hypothesis with 

multiple cognitive tasks: Younger and older adults completed cognitive tasks assessing letter 

and word identification, picture naming, spatial reasoning, and discrimination of unfamiliar 

faces (This study also reported results for Alzheimer’s disease patients, not discussed here.). 

The stimuli for each task were presented at three contrast levels – low, medium, and high. 

The authors found that during the lower visual contrast conditions, both the older and 

younger adults exhibited slower responses for the letter and word reading tasks, and lower 

task accuracy for the picture naming tasks. In addition, consistent with the information 
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degradation hypothesis, within each of these tasks, there were Age Group by Contrast 

Manipulation interactions, such that the older compared to younger adults exhibited a 

greater decrease in task performance when comparing higher to lower contrast conditions. It 

should be noted that in the word reading and picture naming tasks the low contrast condition 

did not yield the worst task performance, indicating that the results were not due to making 

the stimuli too difficult to see and demonstrate that bottom-up, perceptual signals differently 

interact with top-down processes of different cognitive states. Lastly, on the spatial 

reasoning and discrimination of unfamiliar faces tasks, the visual contrast conditions did not 

affect performance for either age group. However, the authors stated that this negative result 

may indicate that the visual contrast manipulations were not appropriate for the task stimuli 

due to the complexity of the stimuli in these tasks, as when processing complex stimuli, 

spatial frequency channel interactions may enhance or mask the visual signal (Thomas and 

Olzak, 2001). In summary, this study demonstrated that visual contrast may affect 

performance on several cognitive tasks, such as the letter reading, word reading and picture 

naming tasks, especially for older adults, whereas visual contrast may not affect other 

cognitive tasks, such as the spatial reasoning and discrimination of unfamiliar faces tasks. As 

all of the cognitive processes affected by the contrast manipulation decline with age (Baracat 

and MarquiÉ, 1992; Madden, 1989, 1992), these results suggest that a decline in visual 

contrast sensitivity may account for age-related decline in these cognitive processes.

Lastly, Bertone et al. (2007) tested the information degradation hypothesis within a group of 

younger adults across multiple cognitive domains. Occlusion filter lenses were used to 

modify participants’ visual acuity, where participants were randomly assigned to one of 

three visual acuity groups – 20/20 (control condition), 20/40, or 20/60 visual acuity. After 

being assigned to one of the three groups, participants completed a broad range of cognitive 

tasks. Consistent with the information degradation hypothesis, participants in the lower 

visual acuity groups performed worse on tests designed to assess executive function, 

perceptual reasoning, visual search, and processing speed. Therefore, unlike Cronin-Golomb 

et al. (2007), Bertone et al. found that even higher-order processes, such as executive 

function and perceptual reasoning, were affected by visual degradation, suggesting that 

visual signal strength may affect higher-order cognitive processes. In addition, similar to two 

studies previously mentioned (Anstey et al., 2006a; Cronin-Golomb et al., 2007), the lowest 

visual acuity group (20/60 visual acuity) did not have the worst task performance in several 

of the tasks, indicating that the results were not related simply to the overall visual quality.

6.0 Evidence Inconsistent with the Information Degradation Hypothesis

Even though there are several studies supporting the information degradation hypothesis, 

there are studies inconsistent with this hypothesis. For example, Lindenberger et al. (2001) 

degraded older adults’ visual acuity by having participants wear eyeglasses with occlusion 

filter lenses; the control participants wore glasses without the occlusion filter lenses. The 

authors assessed cognition with a broad cognitive battery and did not detect any differences 

in cognitive performance between older adults in the degraded and control groups. This 

study suggests that one of the alternative hypotheses may better explain the relation between 

visual perceptual and cognitive decline in aging (common-cause, sensory deprivation, 

cognitive load on perception), but the reason for these negative results may be that only 
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visual acuity was manipulated. Modification of the participants’ visual contrast sensitivity 

may have resulted in positive effects, as visual contrast sensitivity has been demonstrated to 

be more closely linked to cognition than visual acuity (Skeel et al., 2006; but cf. Madden 

and Greene, 1987).

There is also a literature examining the effects of cataract surgery on cognition in older 

adults, testing an important implication of the information degradation hypothesis, 

specifically that older adults’ cognitive abilities should increase post-surgery. Unfortunately, 

the majority of these studies employ experimental designs that do not allow for definitive 

conclusions of the effects of cataract surgery on cognition. Typically, studies have either not 

included a control, non-surgery cataract group (Gray et al., 2006; Ishii et al., 2008; Jefferis et 

al., 2015), not randomized participants to either the control or surgery group (Hall et al., 

2005; Tamura et al., 2004), or were cross-sectional, epidemiological studies (Grodstein et 

al., 2003). The only study, to our knowledge, that included a randomized, control design did 

not detect a post-surgery improvement in cognitive performance, relative to the non-surgery, 

control group (Anstey et al., 2006b). Further replication with experimental designs similar to 

Anstey et al. (2006b) are necessary to determine whether cataract surgery may or may not 

improve cognitive performance in patients with cataracts.

7.0 Conclusions and Future Directions

In summary, there is preliminary support for the information degradation hypothesis, 

because several studies demonstrated that manipulation of the visual input quality directly 

affects both older and younger adults’ task performance. These findings contradict 

assumptions of the common-cause, sensory deprivation, and cognitive load on perception 

hypotheses, which imply that manipulating perceptual signal strength should either not 

affect or not immediately affect cognitive performance. Even though there are studies 

supporting the information degradation hypothesis, this literature still contains four main 

limitations.

First, although several studies have found that older adults’ cognitive performance is 

affected by visual perceptual signal strength, it is unclear if these effects are age-sensitive. 

Currently there are only three studies that have tested the information degradation 

hypothesis for both older and younger adults. One study found that older adults were more 

affected by visual manipulations (Cronin-Golomb et al., 2007), whereas the other two found 

that both older and younger adults were equally affected by visual manipulations (Laudate et 

al., 2012; Toner et al., 2012). As previously mentioned, the lack of age by visual 

manipulation interactions in Toner et al. (2012) and Laudate et al. (2012) may be due to 

ceiling effects, but future studies should continue to include study samples of both older and 

younger adults to test for age-sensitive effects. To further examine these effects, it would 

also be advantageous to include tasks with multiple levels of perceptual difficulty, to help 

distinguish age-specific effects from overall task complexity.

Second, it remains unclear if certain principles of the information degradation hypothesis are 

only applicable to adults. Although the information degradation hypothesis was originally 

created to describe the relation between cognitive and perceptual decline in healthy aging in 
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adults, some of the principles of this hypothesis may apply to children with certain clinical 

disorders. For example, children with phenylketonuria (PKU), an inborn metabolism 

disorder, exhibit not only cognitive dysfunction (Diamond et al., 1997; Stemerdink et al., 

1999; Welsh et al., 1990) but also decreased visual contrast sensitivity (Diamond and 

Herzberg, 1996; Gramer et al., 2013) relative to healthy children. It may be that decreased 

visual contrast sensitivity in children with PKU and other clinical disorders could account 

for some of the cognitive deficiencies present in these children; however, this has yet to be 

determined.

Third, it remains unclear if the information degradation hypothesis generalizes to all 

cognitive processes, as it has only been tested in a limited number of cognitive processes, 

typically tasks emphasizing visual search and comparison processes. Future studies should 

test the information degradation hypothesis in other cognitive processes that decline with 

age, such as different types of executive function (Verhaeghen and Cerella, 2002; Zelazo et 

al., 2004). In addition, more studies should include tasks representing a range of cognitive 

processes, similar to the experimental design of Cronin-Golomb et al. (2007). Single studies 

with a broad cognitive battery may further indicate if the information degradation hypothesis 

is specific to certain cognitive processes, and may provide further confidence that findings 

are the result of perceptual manipulations influencing higher-order cognitive processes, as 

different cognitive processes may be differentially affected by identical perceptual 

manipulations.

Fourth, the neural mechanisms contributing to the information degradation hypothesis 

remain unknown. Previous evidence suggests that older adults may engage compensatory 

neural processes in response to degraded perceptual inputs (Davis et al., 2008), but it 

remains unknown (a) how the scaled response to experimental manipulations of perceptual 

degradation affects compensatory neural processes; and (b) across cognitive domains, the 

extent of compensatory neural processes affected by perceptual degradation (Cabeza and 

Dennis, 2012; Grady, 2012; Park and Reuter-Lorenz, 2009). This work may help explain 

how certain aspects of cognition exhibit relatively little age-related decline, such as implicit 

memory, semantic processing and top-down attention (Burke et al., 2008; Howard and 

Howard, 2013; Madden, 2007).

Although not directly examining the neural mechanisms underlying the information 

degradation hypothesis, two recent studies have examined the relation between visual acuity 

and event-related potentials (ERPs) during a visual attention task in healthy older and young 

adults (Daffner et al., 2013; Porto et al., 2016). Both studies found that after controlling for 

visual acuity, some of the age-related differences in ERPs were no longer statistically 

different. These findings suggest that visual perceptual signal strength may affect neural 

mechanism differences underlying cognition between older and younger adults, such that the 

previously observed ERP, age differences may represent neural mechanisms compensating 

for degraded perceptual signals in older adults. Even though Porto et al. (2016) and Daffner 

et al. (2013) did not directly manipulate the visual perceptual signal of the participants, not 

allowing for a direct assessment of the neural mechanisms contributing to the information 

degradation hypothesis, other studies may take a similar approach to examine the neural 
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substrates associated with the interaction between higher-order cognition and visual 

perception.

In summary, further testing the information degradation hypothesis may lead to a better 

understanding of age-related cognitive decline. From a clinical perspective, evidence 

supporting the information degradation hypothesis may have clear, practical clinical 

implications, by leading to interventions for enhancing older adults’ perceptual signal 

strength (e.g., cataract surgery) in order to ameliorate age-related cognitive deficiencies. 

Further work in this area of research will hopefully elucidate mechanisms contributing to 

this decline and lead to the development of interventions designed to ameliorate and/or 

prevent cognitive deficiencies in older adults.
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Figure 1. Schematic of the information degradation hypothesis
The information degradation hypothesis states that degraded perceptual inputs, resulting 

either from age-related neurobiological processes or experimental manipulations, lead to 

errors in perceptual processing, which in turn may affect non-perceptual, higher-order 

cognitive processes.
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