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Purpose of the Study:  Whether we are explicitly listening to it or not, music is prevalent 
in our environment. Surprisingly, little is known about the effect of environmental music 
on concurrent cognitive functioning and whether young and older adults are differen-
tially affected by music. Here, we investigated the impact of background music on a 
concurrent paired associate learning task in healthy young and older adults.
Design and Methods:  Young and older adults listened to music or to silence while simul-
taneously studying face–name pairs. Participants’ memory for the pairs was then tested 
while listening to either the same or different music. Participants also made subjective 
ratings about how distracting they found each song to be.
Results:  Despite the fact that all participants rated music as more distracting to their 
performance than silence, only older adults’ associative memory performance was 
impaired by music. These results are most consistent with the theory that older adults’ 
failure to inhibit processing of distracting task-irrelevant information, in this case back-
ground music, contributes to their memory impairments.
Implications:  These data have important practical implications for older adults’ ability to 
perform cognitively demanding tasks even in what many consider to be an unobtrusive 
environment.
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Music is ubiquitous in our daily lives. We listen to music 
voluntarily when we are driving, studying, or working and 
often involuntarily when we go about our days. It is surpris-
ingly unclear whether background music impacts our per-
formance on the kinds of complex tasks that we perform in 
its presence. Investigating the impact of background music 
on cognition in an aging population may be particularly 
relevant when considering the expanding growth of the 

aging workforce. The U.S. Census Bureau suggests that by 
2016, adults aged 50 and older will comprise one third of 
the total U.S. workforce (Mowbray, 2013). Many of these 
older adults may find themselves as employees in work-
places playing background music (any retail business, for 
example). Of course, experiencing background music isn’t 
limited to the aging workforce; retired older adults are also 
subjected to background music while completing various 
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errands like shopping or dining out. Here, we aimed to 
determine whether background music has an effect on 
associative memory performance and whether aging modu-
lates this relationship.

There has been a great deal of interest in the possibil-
ity that music facilitates cognition, including memory. For 
example, there is some evidence that listening to back-
ground classical music while performing a category fluency 
task enhances performance in both healthy older adults 
and Alzheimer’s disease patients (Thompson, Moulin, 
Hayre, & Jones, 2005). One of the most well known stud-
ies showing that listening to music improves cognition 
reported the so-called “Mozart Effect” (Rauscher, Shaw, & 
Ky, 1993). Rauscher and colleagues found that when col-
lege student participants listened to Mozart’s “Sonata for 
two Pianos” in D major immediately prior to performing a 
spatial reasoning task from the Stanford-Binet Intelligence 
test, their scores increased above those of students who lis-
tened to silence. Despite the improvement, the gains were 
short lived, lasting only until the participants completed the 
spatial reasoning task, approximately 10–15 min, and spe-
cific to one spatial task: paper folding and cutting. A meta-
analysis of studies investigating the “Mozart Effect” sheds 
doubt on the consistency and robustness of the effect when 
observed (Chabris, 1999).

There are two, non-mutually exclusive hypotheses 
regarding the mechanisms underlying the benefit of music 
on cognition. One hypothesis in the field of music research 
suggests that listening to music increases physical arousal 
and attention, thereby improving cognition. For example, 
arousing positively valent music from multiple genres (jazz, 
classical, etc.) played between study and test of abstract 
images produces greater memory accuracy than does non-
arousing music in young adults (Greene, Bahri, & Soto, 
2010). Another, non-mutually exclusive hypothesis that 
may explain the effect of music on cognition is grounded 
in the encoding specificity principle (Tulving & Thomson, 
1973). The principle states that our ability to remember an 
event depends on the overlap between the way the stimulus 
is processed at study and the way it is processed at test. For 
example, cued recall in a verbal paired-associates task is 
better when the same piece of background music is played 
during study and test compared to when different pieces, 
even within the same genre (classical), were played during 
study and test (Standing, Bobbitt, Boisvert, Dayholos, & 
Gagnon, 2008). Thus, like other contextual features, music 
may facilitate memory performance if repeated between 
study and test.

While previous studies have sometimes found a benefit 
for playing music during task performance, the paradigms 
have not closely mimicked how we experience music in our 
daily lives. The previous studies showing mnemonic benefits 

of music may be limited in their generalizability for the fol-
lowing reasons: (a) previous studies played music prior to the 
experimental task (Rauscher et al., 1993), which isn’t repre-
sentative of the naturalistic environments where we experi-
ence background music throughout the duration of a task; (b) 
the benefit of music in some studies required the integration 
of the music with the to-be remembered information (e.g., 
Rubin, 1977), whereas the background music we experience 
daily is not typically integrated with the tasks we are trying 
to complete; (c) the two previous studies that found a cogni-
tive benefit in the presence of background music used verbal 
tasks (Standing et al., 2008; Thompson et al., 2005), which 
may not be representative of the more complex tasks older 
and younger adults perform in the presence of music. That is, 
with regard to aging, verbal tasks like category fluency may 
not be the ideal test for studying the impact of background 
music on memory. While many aspects of memory decline 
with aging, verbal memory does not. Results from a cross-
sectional study by Park and colleagues (Park et  al., 2002) 
suggest that older adults perform better than younger adults 
on verbal ability tests. The benefit for background music may 
not extend to tasks that are particularly difficult for older 
adults. Specifically, one well-known deficit in aging is for 
associative memory accuracy. Associative memory refers to 
the ability to remember connections or associations between 
pieces of information in memory. For example, associative 
memory facilitates remembering what name went with a 
face or where a conversation took place. A meta-analysis by 
Old and Naveh-Benjamin (2008) showed that older adults 
consistently performed more poorly than younger adults on 
associative memory tests.

Older adults may have particular difficulty completing 
tasks in the presence of background music due to impair-
ments in executive functioning, which encompasses many 
cognitive processes including inhibition (Braver & West, 
2007). Previous imaging studies have demonstrated that 
older adults show reduced connectivity in a frontoparietal 
network thought to be responsible for cognitive control 
(Campbell, Grady, Ng, & Hasher, 2012). These age related-
declines in frontal-based cognitive control are thought to 
lead to greater distractibility in older adults compared to 
younger adults, likely due to problems inhibiting task-irrel-
evant information (Campbell et  al., 2012; see Hasher & 
Zacks, 1988 for review on inhibition). Support for this so-
called “inhibitory deficit hypothesis of aging” comes from 
studies manipulating which information is to be remem-
bered and which information is to be ignored in a task. For 
example, Connelly, Hasher, and Zacks (1991) asked partici-
pants to read blocks of text intermixed with both italicized 
and not italicized font. Older and younger participants were 
asked to read only the italicized text and to ignore the not 
italicized text. When extraneous words were interspersed in 
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the text, reading times for older adults were far slower than 
that of younger adults. These results suggest older adults had 
more difficulty inhibiting the irrelevant, not-italicized text 
than did younger adults. Hasher and Zacks (1988) argue 
that inhibitory failure occurs at both encoding and retrieval. 
At encoding, an inability to inhibit distracting information 
leads participants to attend to irrelevant information. At 
retrieval, a deficit in inhibition makes it difficult to narrow 
attention to relevant memory searches. A  reasonable pre-
diction is that background music presented during encod-
ing and retrieval may impair memory performance in older 
adults due to impairments in executive functioning, which 
lead to difficulty inhibiting task-irrelevant information.

Current Study

In the present study, we sought to determine whether unfa-
miliar music played in the background, while participants 
performed a paired associates learning task, would have 
an effect on associative memory accuracy in the young 
and old and the mechanisms that might support this effect. 
We were specifically interested in associative memory due 
to the well-known and widespread deficits in associative 
memory accuracy in healthy aging. Abundant data from 
studies using the paired associates learning task has shown 
disproportionate age-related impairments in memory for 
associations relative to memory for items (Old & Naveh-
Benjamin, 2008). We were only interested in assessing 
the effects of instrumental background music since prior 
research has demonstrated that lyrics are likely to impair 
performance in simultaneous tasks that contain verbal 
information (Salame & Baddeley, 1987). This is the first 
study to our knowledge to study the effects of background 
music on a complex memory task at both encoding and 
retrieval in the young and old.

We were also interested in the subjective experience of 
listening to background music. Background music seems 
ever-present in our environment, so it seems important to 
ask for subjective reports from both younger and older 
adults regarding how distracting, if at all, they find music 
to be while trying to complete a memory task. It could be 
the case that age-related hearing loss, which can make it 
difficult to identify and localize sounds, could lead to older 
adult’s becoming more distracted by the background music 
than younger adults (see Huang & Tang, 2010 for a review 
on presbycusis). The present study screened for gross hear-
ing difficulties, but the subtle changes due to presbycusis 
may impact our older adult sample. Subjective reports 
could reveal age-related differences in the perception of dis-
traction, which could inform older adult’s preferences for 
work and leisure environments. If older adults find music 
subjectively more distracting, they may seek out quieter 

restaurants to dine with friends or employment where 
background noise is minimal.

We make the following predictions:

1.	 We predict that playing any music compared to silence 
will distract participants’ attention away from the 
memory task. Given that inhibition deficits are common 
in aging (Hasher & Zacks, 1988), we predict that older 
adults should show greater associative memory impair-
ments in the music conditions than young adults.

2.	 It is an open question whether or not participants will 
be subjectively aware of any distraction, or if there will 
be age-related differences in self-ratings of distraction. 
It is also unclear if subjective ratings of distraction will 
match behavioral performance (i.e., higher ratings of 
distraction associated with impaired performance).

Methods

Participants
We recruited a total of 117 participants, 57 young (aged 
18–30  years) and 60 older (aged 60–75  years) for par-
ticipation in this study. In the young sample, 30 identi-
fied as White, 14 as Asian, 4 as Black/African American, 
3 as Hispanic, 3 as Multiracial, 1 as American Indian, 1 
Egyptian, and 1 younger adult did not report any race. 
In the old sample, 33 identified as White, 3 as Asian, 20 
as Black/African American, 1 as Hispanic, 1 as American 
Indian, and 2 older adults did not report any race. Four 
young and 10 older adults were excluded based on neu-
ropsychological assessment, chance level performance on 
more than two of the task conditions, or a failure to com-
plete the experiment. A final sample of 53 young and 50 
older adults was included for all analyses. Young adults 
were recruited from psychology courses at The Georgia 
Institute of Technology and were given extra credit in their 
courses as compensation. Older adults were recruited from 
the Atlanta community and were compensated $10 for 
each hour of participation plus an additional $5 for travel. 
All participants were native English speakers, with no self-
reported psychiatric or neurological disorders, vascular dis-
ease, current psychoactive drug use, or hearing problems. 
All participants signed an informed consent form approved 
by the Georgia Institute of Technology Institutional Review 
Board. The total session duration, including practice and 
consent procedures, was approximately 2 hr. Group char-
acteristics are displayed in Table 1.

Neuropsychological Assessment

We administered a standard battery of neuropsychological 
tests immediately following the memory task so as to ensure 
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no differences in performance due to clinically-significant 
decline. In order to assess memory, participants completed 
several subtests from the Memory Assessment Scale battery 
(Williams, 1991) including the digit span forward and back-
ward task, verbal list learning, and the face–name paired 
recognition task. Additionally, participants completed 
Trail Making tests A and B (Reitan & Wolfson, 1985) as a 
measure of speed and attention, the Controlled Oral Word 
Association test (“FAS”) (Benton, 1994) as a measure of 
verbal fluency, and the Corsi block tapping task (Kessels, 
van Zandvoort, Postma, Kappelle, & de Haan, 2000) as a 
measure of spatial working memory span. Any participant 
whose score fell 2 SDs below their age-adjusted mean score 
given their level of education was removed from the sample. 
While it is true that our exclusion criteria may not have 
excluded participants with early mild cognitive impair-
ment (MCI), it is unlikely that any participants included in 
the present study were affected. There were no subjective 
reports of memory complaints by any participants, which 
is a requirement for an MCI diagnosis (Petersen, 2004). 
Additionally, performance on the associative memory task 
was well above floor for all included participants.

Participants were also screened for amusia, a music per-
ception disorder, using an online version of the Montreal 
Battery of Evaluation of Amusia (Peretz, Champod, & 
Hyde, 2003). One young and 12 older adults failed the 
amusia test. Since the normative data for this test are based 
on young adults’ performance only, and the amusia battery 
relies on working memory capacity that declines even in 
healthy older adults, we decided to reinstate older adults to 
the sample so long as their amusia test scores were within 
1 SD of the mean of the older adult group. A comparison 

of the five older adults who passed this criterion with a 
random selection of five older adults who passed the 
amusia screening did not reveal any differences in paired 
associate recognition accuracy for any condition F(1,8) < 
1. Neuropsychological test scores are shown for both age 
groups in Table 1.

Materials

Task-related stimuli included 156 unfamiliar male and 156 
unfamiliar grayscale female faces from the Face Recognition 
Technology database (Phillips, Wechsler, Huang, & Rauss, 
1998) and various internet sites, paired with 156 male and 
156 female names taken from various websites of popular 
baby names for a total of 312 face–name pairs. Face–name 
pairs were of the same gender with an equal number of 
young and older adult faces, and were presented in black 
and white on a computer screen. Efforts were made to 
select a diverse sample of faces with respect to race, ethnic-
ity, and age, with an even distribution of young, middle 
aged, and older adult faces. The majority of faces (2/3) were 
Caucasian, which matches our participant sample.

Music stimuli were selected from experimenters’ per-
sonal collections, and Jamendo.org, a free online music-
sharing website. Effort was made to select music that 
would be unfamiliar to the majority of participants out of 
concern that familiar songs may aid memory performance, 
confounding our data interpretations (Purnell-Webb & 
Speelman, 2008). All music files were normalized to the 
same volume. Playing volume was set by each participant 
prior to the beginning of the experiment and was fixed for 
the entire experiment.

Prior to beginning the experiment, we conducted a pilot 
study to select songs that were matched for valence and 
arousal between age groups. A separate group of 28 young 
and 13 older adults total participated in this pilot study. 
Pilot participants were recruited and compensated in a sim-
ilar manner to our experimental participants.

We selected 182 songs to be rated in the pilot study 
by both age groups from four different genres (jazz, rock/
blues, classical, and electronica). In order to facilitate a rea-
sonable study session duration, and to reduce participant 
fatigue, pilot participants were randomly assigned to one of 
two groups, each of which rated one half of the total song 
sample, that is, 91 songs per group, with equal numbers 
of songs in each genre rated by each group. Participants 
listened to 15-s clips of each song. Participants rated songs 
for both arousal and valence based on a modified version of 
the Likert scales used in the International Affective Picture 
System rating study (Lang, Bradley, & Cuthbert, 1995). 
Ratings for valence were made using a −2 to +2 scale, with 
−2 representing very negative emotion, +2 representing very 

Table 1.  Group Demographics and Neuropsychological Test 

Performance

Young Older

Age 20.9 (2.70) 66.3 (4.81)
Education 15.2 (2.29) 16.0 (2.79)
Amusia—differential melodies 86.2 (8.70) 80.4 (9.70)*
Amusia—incongruent pause 86.4 (8.90) 81.0 (7.40)*
Amusia—out of tune note 86.9 (12.1) 82.34 (13.5)
Amusia composite 86.8 (6.73) 81.3 (7.55)*
Verbal span forward 7.35 (1.27) 6.54 (1.39)*
Verbal span backward 4.98 (1.26) 4.81 (1.33)
List learning 31.1 (11.90) 36.09 (13.18)
Immediate face–name recognition 18.2 (1.90) 17.7 (2.66)
Delayed face–name recognition 9.51 (0.93) 9.35 (1.04)
Trail making A 21.3 (5.68) 32.4 (9.02)*
Trail making B 42.3 (11.4) 69.3 (20.3)*
Controlled oral word association 48.0 (13.5) 48.4 (13.6)
Corsi block span 6.11 (0.95) 4.66 (0.82)*

*Significant difference between the age groups
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positive emotion, and 0 representing neutral or no emotion. 
Ratings for arousal were done using a +1 to +5 scale, with 
+1 representing minimal arousal and +5 representing high 
arousal. Participants rated all music for either the arousal 
or valence dimension first before rating the same music for 
the other dimension. The order of ratings was counterbal-
anced across participants.

Ratings of arousal and valence were calculated sepa-
rately for each age group. Songs with mean arousal ratings 
greater than 3.5 were classified as high arousal while those 
with mean arousal ratings less than 3.0 were classified as 
low arousal. Songs with mean valence ratings of greater 
than 0.5 were classified as positive. We only selected songs 
rated as positively valent. In order to choose songs rated 
similarly by most participants within each group, only 
songs with standard deviations less than 1.0 were selected. 
We selected only rock songs to be used in the experiment 
on the basis that only this genre produced enough songs 
that satisfied our cutoff criteria for each age group. We 
selected a total of six high arousal and six low arousal 

songs for each age group for use in the experimental task. 
We wanted to select songs within a certain range of arousal 
and valence ratings, and given the disparity of ratings for 
individual songs between the age groups, we selected differ-
ent songs for the age groups. The song selections along with 
mean arousal and valence ratings are shown in Table  2. 
Importantly, independent samples t-tests confirmed that 
neither mean arousal nor valence ratings differed between 
age groups for either high or low arousal songs t(6)’s < 1.

Procedure

Within each of the two arousal conditions (high arousal 
and low arousal), there were two context manipulations 
wherein we manipulated the music played at paired associ-
ate encoding and at the paired associate recognition test: 
the same song between paired associated encoding and 
paired associate recognition or different songs between 
paired associate encoding and paired associate recognition. 
We also included two control conditions: silence during 

Table 2.  Descriptive Statistics for Songs Selected as Musical Stimuli Based on Pilot Study of Young and Older Adults

Musical artist, song title Arousal 
category

Mean arousal 
rating (SD)

Mean valence 
rating (SD)

Young adults
  Pele, “Mind of Minolta” High 3.63 (0.89) 1.06 (0.85)
  John Mayall and the Bluesbreakers, “Hideaway” High 3.75 (0.75) 1.33 (0.78)
  John Mayall and the Bluesbreakers, “Curly” High 3.92 (0.67) 1.00 (0.95)
  Eric Johnson, “Cliffs of Dover” High 4.25 (0.75) 1.42 (0.79)
  Stevie Ray Vaughn, “Scuttle Buttin’” High 4.58 (0.52) 1.58 (0.67)
  Steve Vai, “Jibbom” High 4.83 (0.39) 0.75 (1.09)
  Mean 4.16 (0.48) 1.17 (0.28)
  Brooks Williams, “O Leaozinho” Low 2.19 (0.98) 1.00 (1.27)
  Jefferson Airplane, “Embryonic Journey” Low 2.42 (0.79) 1.00 (0.85)
  Incredible Moses Leroy, “Roscoe” Low 2.63 (0.96) 0.69 (1.14)
  Umphrey’s McGee, “Nemo” Low 2.75 (0.86) 0.63 (1.26)
  Eric Clapton, “Signe” Low 2.75 (1.07) 1.56 (0.51)
  Buddy Guy, “Just Teasin’” Low 2.81 (0.83) 0.56 (0.81)
  Mean 2.59 (0.24) 0.91 (0.37)
Older adults
  Eric Johnson, “Cliffs of Dover” High 3.67 (0.82) 1.17 (0.41)
  John Mayall and the Bluesbreakers, “Steppin’ Out” High 3.83 (0.98) 1.00 (0.10)
  The Ventures, “Slaughter on Tenth Avenue” High 4.33 (0.82) 1.00 (0.89)
  Stevie Ray Vaughn, “Scuttle Buttin’” High 4.50 (0.84) 1.17 (0.75)
  Umphrey’s McGee, “The Fuzz” High 4.50 (0.55) 1.00 (0.89)
  John Mayall and the Bluesbreakers, “Hideaway” High 4.83 (0.41) 1.67 (0.82)
  Mean 4.27 (0.44) 1.16 (0.26)
  Pele, “Nighttime Stomach” Low 2.33 (0.52) 1.00 (0.89)
  Incredible Moses Leroy, “Roscoe” Low 2.50 (0.84) 0.83 (0.75)
  Steve Vai, “Tender Surrender” Low 2.50 (0.55) 0.67 (0.82)
  Brooks Williams, “O Leaozinho” Low 2.67 (1.03) 1.50 (0.84)
  Jeff Beck, “Serene” Low 2.67 (0.82) 0.67 (0.82)
  Rush, “Hope” Low 2.83 (0.75) 0.83 (0.98)
  Mean 2.58 (0.18) 0.92 (0.31)
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both paired associate encoding and paired associate rec-
ognition, and “musical rain” during both paired associate 
encoding and paired associate recognition. Musical rain is 
a computer generated randomized vowel sound designed 
to elicit low levels of neutral arousal in order to control for 
the effect of arousal on cognitive performance unrelated 
to music, per se. There were 48 trials for each of the six 
conditions presented in blocks of 24 trials for each con-
dition separately. The order of blocks was randomized 
across participants. Participants were told that the music 
was irrelevant to the memory task and that they should not 
attend to it and instead focus on studying and retrieving the 
face–name pairs.

The paradigm is shown in Figure  1. During paired 
associate encoding, participants studied face–name pairs 
for 3.9 s each. In order to ensure successful attention to 
and processing of face–name pairs, participants answered 
the orienting question “Does this name suit the face?” 
for each pair. After studying 24 pairs in a row, partici-
pants completed a backward counting task for 20 s to 
prevent rehearsal before test. During the paired associ-
ate recognition test, participants viewed 24 face–names 

pairs and determined whether the same pairs were previ-
ously presented together. The positions of the faces and 
names were swapped between paired associate encoding 
and paired associate recognition (i.e., face on left at paired 
associate encoding and on right at paired associate rec-
ognition) in order to prevent unitization of the pairs and 
the possibility that associative memory judgments would 
be familiarity-based (Diana, Yonelinas, & Ranganath, 
2008); potentially reducing the likelihood of observing an 
age group difference in performance (Light, Prull, LaVoie, 
& Healy, 2000). Sixteen of the 24 face–name pairs were 
tested intact with the identical name and face pairing and 
eight pairs were rearranged. No unstudied faces or names 
were presented at paired associate recognition. The order 
of the pairs was randomized at paired associate recogni-
tion. Participants completed 12 paired associate encod-
ing-recognition blocks in total (two repetitions for each 
of the six conditions).

Immediately after each paired associate encoding-recog-
nition block, participants were asked to rate how distract-
ing they found the music to their ability to perform the 
task. Participants responded on a 1–5 scale: 1 being not at 

Figure 1.  Associative memory task design.
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all distracting and 5 being very distracting. The experimen-
tal session lasted approximately 50 min.

Results

Mean proportions of hit rates for intact face–name pairs 
and false alarm rates for rearranged pairs are shown for 
the different conditions for both age groups in Table  3. 
Hits and false alarms were defined as “intact” responses to 
intact and rearranged pairs, respectively. Associative mem-
ory accuracy measures are shown in Figure 2. Specifically, 
“Pr” discrimination measures were calculated as the prob-
ability of hits minus the probability of false alarms, where 
chance is zero (Snodgrass & Corwin, 1988).

Neither the arousal manipulations nor the context 
manipulations produced any notable results. Comparisons 
across conditions revealed that there were no differences 
in memory accuracy between any condition and silence for 
the young adults t(52)’s < 1.347, ps > .184. For older adults, 
all conditions save the low arousal, different song condi-
tion t(49)  =  1.411, p  =  .165 were significantly impaired 

compared to silence t(49)’s > 3.461, ps < .001. Thus, we 
collapsed across all musical conditions for the remaining 
analyses.

We conducted an omnibus Condition (silence, musi-
cal rain, music) × Group (young, old) analysis of vari-
ance (ANOVA) on the Pr estimates shown in Figure  2. 
Huynh-Feldt corrections are reflected in the error term, 
when necessary. There was a main effect of Condition 
F(2, 202) = 7.204, p < .001, Group F(1,101) = 20.17, p < 
.001 whereby associative memory accuracy was reduced 
in the old, as well as an interaction between these factors 
F(2,202) = 3.598, p = .029. Follow up ANOVAs for each 
age group showed that the effect of Condition was reli-
able in the old F(2, 98) = 9.458, p < .001 but not young 
adults F(1.96,101.94) = .592, p = .552. We followed up the 
main effect of Condition for older adults with a series of 
paired-samples t tests. Results indicated that older adults’ 
memory performance was worse in the music condition 
relative to silence t(49)  =  4.09, p < .001. Performance 
was also worse in the musical rain than silence condition 
t(49) = 3.46, p = .001. Performance was not significantly 
different between the musical rain and music condition 
t(49) = .129, p = .90.

Analysis of Subjective Ratings

Mean ratings of distraction for each of the conditions are 
shown for both groups in Table 4. Due to a technical error, 
three young adult participants did not complete these rat-
ings. Consequently, the following analyses are based on 
responses of 50 young and 50 older adults. A Condition 
(silent, musical rain, music) × Group (young, old) ANOVA 
for the subjective ratings of distraction revealed a main 
effect of Condition only F (1.75, 169.65)  =  148.459,  

Table 3.  Mean Response Proportions and Standard 

Deviations for Young and Older Adults

Young adults Older adults

Music
  Hit 0.79 (0.11) 0.73 (0.13)
  False alarm 0.31 (0.18) 0.47 (0.20)
Musical rain
  Hit 0.79 (0.12) 0.74 (0.14)
  False alarm 0.33 (0.23) 0.47 (0.22)
Silence
  Hit 0.80 (0.13) 0.78 (0.14)
  False alarm 0.31 (0.19) 0.41 (0.20)

Figure 2.  Corrected associative recognition (Pr) estimates as a function of condition for both young and older adults.
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p < .001. Follow up paired t-tests confirmed that partici-
pants rated musical rain as more distracting than music 
and silence t(98)’s > 8.662, ps < .001 and music as more 
distracting than silence t(98) > 10.564, p < .001.

General Discussion

We conducted this experiment to explore the effects of 
background music on paired associate recognition memory 
performance for young and older adults. We found that 
associative memory accuracy was unaffected by the pres-
ence of music in young adults but impaired when any music 
was played for the older adults, whether it was highly or 
minimally arousing or the same between paired associate 
encoding and paired associate recognition. Furthermore, 
all participants reported that music was more distracting 
to their memory performance than was silence. Consistent 
with previous research, older adults showed associa-
tive memory impairments relative to the young across all 
conditions.

In contrast to the young, older adults showed associa-
tive memory impairments for music conditions relative to 
silence. Importantly, a similar impairment was observed 
when participants listened to musical rain, an arousing 
non-musical stimulus. This suggests that arousal induced 
by the noise or sound of music rather than music per se 
may have contributed to the memory impairments older 
adults’ exhibited. Interestingly, both young and older adults 
rated music as more distracting to their performance of 
the memory task than silence. Collectively, these data sug-
gest that rather than being supportive of ongoing memory 
performance, background music is at best distracting for 
young adults and at worst distracting and detrimental to 
performance for older adults. These results differ from pre-
vious studies that have found a benefit for music. In previ-
ous studies however, the tasks were relatively simple verbal 
tasks (Standing et al., 2008; Thompson et al., 2005). The 
results of the present study suggest that potential benefits 
of music do not extend to demanding tasks like associative 
memory.

It may seem somewhat surprising that both young and 
older adults reported that music was distracting to their 
performance but only older adults demonstrated signifi-
cant memory impairments compared to silence. There are 

a few possible explanations for this pattern of results. One 
possibility is that the older adults deliberately attended to 
the music perhaps because they were confused about what 
stimuli were relevant to their performance and/or because 
they found the music familiar, enjoyable, or irritating. Thus, 
participants may have split their attention between listen-
ing to the music and the associative memory task. This may 
have approximated a divided attention task for the older 
adults, which numerous studies suggest would result in 
reduced memory accuracy for the old (e.g., Castel & Craik, 
2003; Old & Naveh-Benjamin, 2008). However, we think 
that this explanation is unlikely for a couple of reasons. 
First, we took care to choose music rated as both unfamil-
iar and positively valent in order to reduce the possibility 
that it would capture attention. Furthermore, post-experi-
mental debriefing confirmed that all included participants 
understood the task procedures and none reported delib-
erately attending to the music. We do note that a possible 
limitation of this study is that we asked for several subjec-
tive reports of distraction, which may have unintentionally 
encouraged the older adults to attend to the background 
music. That is, older adults may have been better able to 
ignore the background music if their attention hadn’t been 
drawn to its presence by asking if it was distracting after 
each paired associate encoding-recognition block. Future 
studies should be cognizant of this possible confound and 
consider collecting subjective reports of distraction at the 
end of the study. This was not possible in the present study 
because we wanted to explore any potential differences in 
distraction ratings after each arousal manipulation.

A non-mutually exclusive possibility for the lack of 
music-induced memory impairments in the young is that 
young adults may have more real world experience listen-
ing to music while engaged in cognitively demanding tasks 
(i.e., “practice effects”). This experience may enable young 
adults to more efficiently ignore the music and perform 
the memory task. If young adults were spared from music-
induced impairments due to practice effects, older adults 
should also be spared from impairments when the back-
ground stimuli are highly practiced as with ambient famil-
iar sounds. Alternatively, if older adult’s performance is 
suffering due to inhibition deficits, both background music 
and ambient sounds should impair performance. A recent 
study by Haj, Omigie, and Clément (2014) offers evidence 
in support of an inhibition deficit account. In their para-
digm, participants listened to silence, classical music, or 
ambient sounds (street noise) during the encoding phase 
of a source memory task (remembering the location of an 
object). Haj and colleagues found that both background 
music and ambient noise impaired memory performance 
on a subsequent recognition test in older adults relative 
to silence. Music did impair young adults’ performance 

Table 4.  Mean Ratings of Distraction and Standard 

Deviations for Young and Older Adults

Young adults Older adults

Music 2.23 (0.65) 2.31 (0.85)
Musical rain 3.47 (1.13) 3.21 (1.18)
Silence 1.23 (0.42) 1.36 (0.89)
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(though less so than older adults’ performance), but ambi-
ent sounds did not. Based on these results, it seems unlikely 
that practice performing cognitively demanding tasks in 
the presence of background music in the young can fully 
account for their lack of associative memory impairments 
in the present study.

Results of the present study are most consistent with 
the theory that older adults’ failure to inhibit process-
ing of distracting task-irrelevant information, in this 
case background music, contributes to their memory 
impairments. Hasher and Zacks (1988) argued that this 
process is two-fold, and that inhibitory failure occurs at 
both encoding and retrieval. During encoding, inhibitory 
mechanisms allow participants to attend to task-rele-
vant stimuli rather than task-irrelevant stimuli. During 
retrieval, these inhibitory mechanisms allow participants 
to narrow attention to relevant memory searches. In the 
current study, we played music during both encoding and 
retrieval, and the failure of older adults’ inhibitory mech-
anisms likely impaired both processes, distracting older 
adults and resulting in their generally poorer performance 
during those conditions.

Independent of the music manipulation, older adults’ 
impaired performance in the silent condition of the asso-
ciative memory task compared to young corroborates 
previous research suggesting that relational processes are 
impaired in aging. An imaging study by Dulas and Duarte 
(in press) investigated age-related differences in source 
memory, which required associating an item representa-
tion and context information (e.g., a green truck or a blue 
apple). Behavioral results revealed reduced associative 
memory performance in older adults compared to younger 
adults (correctly recognizing an item as the same color from 
encoding). Imaging results revealed an underrecruitment of 
lateral anterior pre-frontal cortex in the older adults com-
pared to the young, which is thought to mediate relational 
processes. These results from Dulas and Duarte (in press) 
are consistent with other reports of age-related declines in 
frontal-based executive control processes (Braver & West, 
2007; Campbell et  al., 2012). In the present study, we 
found that background music further burdened executive 
function (particularly inhibition), which is compromised in 
the old, leading to poorer performance on the associative 
memory task.

Our results have practical implications for older adults’, 
and perhaps some young adults’, ability to perform cogni-
tively demanding tasks in the presence of the kinds of back-
ground noise, like music, that pervade our environment. 
These results are particularly relevant when considering 
the large proportion of older adults that comprise the cur-
rent and future workforce. Older adults may have difficulty 
performing complex tasks in work environments like retail 

shops where background music is present. Additionally, 
given the subjective ratings of distraction by older adults, 
it seems prudent for developers of senior centers and other 
establishments dedicated to serving older clients to con-
sider maintaining a quiet ambiance for the enjoyment of 
older adults.

Important future work is to determine the effects of 
background music on other tasks such as driving, where 
music is also commonly present. It could be the case that 
older adults’ driving performance is harmed more than 
younger adults’ performance by the presence of music. It 
might also be the case that older adult performance benefits 
more by turning the radio off, which would be important 
for maintaining safe driving practices and independence, 
by extension.

Funding
This research was supported by National Institutes of Health Grant 
T32 AG00175 to S. Reaves.

Acknowledgments
We thank all of our research participants.

References
Braver, T. S., & West, R. (2007). Working memory, executive control, 

and aging. In F. I. M. Craik & T. A. Salthouse (Eds.), The hand-
book of aging and cognition (3rd ed., pp. 311–372). New York: 
Psychology Press. doi:10.1080/01924780903295796

Benton, A. L., Hamsher, K., & Sivan, A.B. (1994). Multilingual 
Aphasia Examination. Iowa City, IA: AJA Associates.

Campbell, K. L., Grady, C. L., Ng, C., & Hasher, L. (2012). Age 
differences in the frontoparietal cognitive control network: 
Implications for distractibility. Neuropsychologia, 50, 2212–
2223. doi: 10.1016/j.neuropsychologia.2012.05.025

Castel, A. D., & Craik, F. I. (2003). The effects of aging and divided atten-
tion on memory for item and associative information. Psychology 
and Aging, 18, 873–885. doi:10.1037/0882-7974.18.4.873

Chabris, C. F. (1999). Prelude or requiem for the ‘Mozart effect’? 
Nature, 400, 826–827. doi:10.1038/23608

Connelly, S. L., Hasher, L., & Zacks, R. T. (1991). Age and reading: 
The impact of distraction. Psychology and Aging, 6, 533–541. 
doi:10.1037//0882-7974.6.4.533

Diana, R. A., Yonelinas, A. P., & Ranganath, C. (2008). The effects 
of unitization on familiarity-based source memory: testing a 
behavioral prediction derived from neuroimaging data. Journal 
of Experimental Psychology. Learning, Memory, and Cognition, 
34, 730–740. doi:10.1037/0278-7393.34.4.730

Dulas, M. R., & Duarte, A. (in press). Aging affects the interaction 
between attentional control and source memory: an fMRI study. 
Journal of Cognitive Neuroscience. doi:10.1162/jocn_a_00663

Greene, C. M., Bahri, P., & Soto, D. (2010). Interplay between affect 
and arousal in recognition memory. PLoS One, 5, e11739. 
doi:10.1371/journal.pone.0011739

The Gerontologist, 2015, Vol. 00, No. 00 Page 9 of 10

 at G
eorgia Institute of T

echnology on June 14, 2015
http://gerontologist.oxfordjournals.org/

D
ow

nloaded from
 

http://gerontologist.oxfordjournals.org/


Haj, M., Omigie, D., & Clément, S. (2014). Music causes deteriora-
tion of source memory: Evidence from normal ageing. Quarterly 
Journal of Experimental Psychology, 67, 2381–2391. doi:10.10
80/17470218.2014.929719

Hasher, L., & Zacks, R. (1988). Working memory, comprehension, and 
aging: A review and a new view. In G. Bower (Ed.), The psychology of 
learning and motivation (pp. 193–225). New York: Academic Press. 
doi:10.1016/S0079-7421(08)60041-9

Huang, Q., & Tang, J. (2010). Age-related hearing loss or presbycu-
sis. European Archives of Oto-Rhino-Laryngology, 267, 1179–
1191. doi: 10.1007/s00405-010-1270-7

Kessels, R. P., van Zandvoort, M. J., Postma, A., Kappelle, L. 
J., & de Haan, E. H. (2000). The Corsi block-tapping task: 
Standardization and normative data. Applied Neuropsychology, 
7, 252–258. doi:10.1207/S15324826AN0704_8

Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (1995). International 
Affective Pictures System (IAPS): Technical manual and affec-
tive ratings. Gainesville, FL: University of Florida, Center for 
Research in Psychophysiology.

Light, L. L., Prull, M. W., LaVoie, D. J., & Healy, M. R. (2000). Dual 
process theories of memory and aging. In T. J. Perfect & E. A. 
Maylor (Eds.), Model of cognitive aging (pp. 238–300). Oxford, 
England: Oxford University Press.

Mowbray, D. (2013). Eye on the Aging Workforce. Retrieved May 
9, 2014, from http://ohsonline.com/articles/2013/12/01/eye-on-
the-aging-workforce.aspx

Old, S. R., & Naveh-Benjamin, M. (2008). Differential effects of age 
on item and associative measures of memory: a meta-analysis. 
Psychology and Aging, 23, 104–118. doi: 2008-02853-013 [pii] 
10.1037/0882-7974.23.1.104

Park, D. C., Lautenschlager, G., Hedden, T., Davidson, N. S., Smith, 
A. D., & Smith, P. K. (2002). Models of visuospatial and verbal 
memory across the adult life span. Psychology and Aging, 17, 
299–320. doi: 10.1037//0882-7974.17.2.299

Peretz, I., Champod, A. S., & Hyde, K. (2003). Varieties of 
musical disorders. The Montreal Battery of Evaluation of 
Amusia. Annals of the New York Academy of Sciences, 999, 
58–75. doi:10.1196/annals.1284.006

Petersen, R. C. (2004). Mild cognitive impairment as a diag-
nostic entity. Journal of Internal Medicine, 256, 183–194. 
doi:10.1111/j.1365-2796.2004.01388.x

Phillips, P. J., Wechsler, H., Huang, J., & Rauss, P. (1998). The 
FERET database and evaluation procedure for face recogni-
tion algorithms. Image and Vision Computing, 16, 295–306. 
doi:10.1016/S0262-8856(97)00070-X

Purnell-Webb, P., & Speelman, C. P. (2008). Effects of music on 
memory for text. Perceptual and Motor Skills, 106, 927–957. 
doi:10.2466/pms.106.3.927-957

Rauscher, F. H., Shaw, G. L., & Ky, K. N. (1993). Music and spatial 
task performance. Nature, 365, 611. doi:10.1038/365611a0

Reitan, R., & Wolfson, D. (1985). The Halstead-Reitan neuropsy-
chological test battery: Therapy and clinical assessment. Tucson, 
AZ, Neuropsychological Press.

Rubin, D. C. (1977). Very long-term memory for prose and verse. 
Journal of Verbal Learning and Verbal Behavior, 16, 611–621.

Salamé, P., & Baddeley, A. (1987). Noise, unattended speech 
and short-term memory. Ergonomics, 30, 1185–1194. 
doi:10.1080/00140138708966007

Snodgrass, J., & Corwin, J. (1988). Pragmatics of measuring rec-
ognition memory: applications to dementia and amnesia. 
Journal of Experimental Psychology. General, 116, 34–50. 
doi:10.1037/0096-3445.117.1.34

Standing, L. G., Bobbitt, K. E., Boisvert, K. L., Dayholos, K. 
N., & Gagnon, A. M. (2008). People, clothing, music, and 
arousal as contextual retrieval cues in verbal memory. 
Perceptual and Motor Skills, 107, 523–534. doi:10.2466/
pms.107.2.523-534

Thompson, R. G., Moulin, C. J., Hayre, S., & Jones, R. W. (2005). 
Music enhances category fluency in healthy older adults and 
Alzheimer’s disease patients. Experimental Aging Research, 31, 
91–99. doi:10.1080/03610730590882819

Tulving, E., & Thomson, D. M. (1973). Encoding specificity and 
retrieval processes in episodic memory. Psychological Review, 
80, 352–373. doi:10.1037/h0020071

Williams, J. (1991). Memory assessment scales professional manual. 
Odessa: Psychological Assessment Resources

The Gerontologist, 2015, Vol. 00, No. 00 Page 10 of 10

 at G
eorgia Institute of T

echnology on June 14, 2015
http://gerontologist.oxfordjournals.org/

D
ow

nloaded from
 

http://ohsonline.com/articles/2013/12/01/eye-on-the-aging-workforce.aspx
http://ohsonline.com/articles/2013/12/01/eye-on-the-aging-workforce.aspx
http://gerontologist.oxfordjournals.org/

