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Abstract
Dual task protocols are often used to assess the simultaneous performance of two tasks. However, the cognitive
and perceptual load factors of empirically studied dual tasks often vary considerably. Thus, the current pilot study
systematically investigated the effects of dual task constraints across varying levels of complexity, for three groups
of neurologically healthy adults, by closely manipulating cognitive and perceptual load factors. Using a novel
methodology, performance was measured during both simple and complex dual tasks that were systematically
varied according to stimulus onset asynchrony and set size. The results revealed that set-size and stimulus onset
asynchrony factors interact to significantly increase levels of dual task interference. The implications of key findings
and potential future applications for this novel dual task protocol are further discussed.

Keywords: Dual task; Aging; Cognitive load; Perceptual load;
Interference; Stimulus onset asynchrony

Introduction
The effect of cognitive aging on dual task behaviors is well described
[1, 2]. When two tasks are performed concurrently, older adults’
responses tend to slow or become less accurate than younger adults’
affecting performance in one or both tasks [3]. This dual task cost and
its associated pattern of interference is assumed to be due to an agerelated reduction in attention processing capacities [4,5]. A number of
different dual task approaches are commonly employed to quantify
interference effects, many of which involve complex tasks (i.e. tasks
involving a large number of discrete cognitive operations) or which are
performed concurrently with another task [6-10]. As has been noted
by Hartley [11], sources of interference are not always fully controlled
since cognitive operations may overlap across tasks in unexpected
ways. It is therefore uncertain whether decrements in task performance
associated with healthy aging under such conditions, are task specific
or generalized [11].
An alternate approach is to employ concurrent tasks that require
fewer operations to manipulate the timing and degree to which two
tasks overlap [5,9,12-16]. Thus, by reducing the onset time of one task
(or stimulus onset asynchrony) in relation to the second task,
responses are slowed due to increased levels of competition for a single
response channel or by higher levels of competition for shared
cognitive resources [5]. This interference latency is known as the
Psychological Refractory Period (PRP) [5,9]. According to Pashler [5]
and others [9,12,17], this phenomenon may be due to a combination of
stimulus asynchrony and the temporal uncertainty [5,9,12,17]
requiring vigilance and potential anticipatory priming [6]. PRP is an
approach that has not only revealed reliable interference effects
associated with cognitive aging, but has also provided information on
causes and progression of dual task interference. For example, Hartley
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[11], used a PRP paradigm that varied input and output modalities
across a series of dual task experiments, and demonstrated reliable
effects of interference in both younger and older adults. In particular,
interference effects were observed for both age groups for dual task
conditions in which both tasks shared the same input/perceptual
modality, as well as, when the task responses shared the same output/
response modality. In contrast, age-related effects were limited to the
planning, programing, and execution of responses. However in
another more recent study, cross-modal effects were observed by Hein
and Schubert [18] for older adults when the visual and auditory input
stimuli were highly salient, through modification of stimulus intensity,
showing a condition in which aging affects can occur. This line of
research is significant in that it indicates dual task interference and
additive effects of aging are also associated with complexity effects at
both perceptual and response-generation levels. These implications
have been exploited in a PRP dual task training paradigm by Bherer
and colleagues[19], who have demonstrated cognitive gains and
generalization behaviors for older adults subsequent to a training
epoch [19,20].

Current study
Thus, while it is clear that dual task costs are exaggerated by aging
and apparently closely associated with response-generation processes,
it remains untested as to whether interference, through the
manipulation of cognitive and perceptual load factors, or aging effects
also appear at the level of response-planning and are subject to
complexity effects. Of particular interest is the interaction of SOA,
stimulus modality, and stimulus complexity with an age factor. While it
is known that dual task effects are independently associated with SOA,
stimulus modality and stimulus complexity factors across studies
[7,11,18-20], it is not known how these factors interact across the
lifespan. For example, it appears that dual task effects of stimulus
modality and advanced old age are most apparent at perceptual stages
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of processing [7]. Thus, interactions may elucidate the organization of
load factors supporting dual task interference under conditions in
which response competition for generation is controlled. In this study,
a PRP paradigm was included which consisted of 2 simple competing
go-no-go tasks. In one task, participants manually responded to a
target visual stimulus and in the rival task participants responded to a
target auditory stimulus. Importantly, all visual and auditory stimuli
were abstractions, that is – simple, unfamiliar non-geometric shapes
selected from a prior study investigating visual image salience and pure
tones with limit to linguistic labeling [21]. Using a novel methodology,
performance was measured during both simple and complex dual tasks
that were systematically varied according to SOA and stimulus set size.
The dual tasks were presented in a trial structure without
competition with regard to the modality of manual response, since in
each trial a manual response was required for either a visual or an
auditory target, i.e. a single manual response per trail. Task onsets per
trial and stimulus order were pseudo-randomized to 300, 600 or 900ms
SOA. A separate dual task experiment was provided in which the
complexity of both the visual and auditory stimuli varied according to
set size, (i.e. rather than responding to a single tone, participants
responded to a non-musical sequence of tones).
Thus in accordance with the literature cited above [7,11,18-20], both
perceptual and response-generation conditions were carefully
controlled to prioritize source interference effects to response-planning
levels. Since our PRP paradigm controlled for perceptual demands by
presenting cross-modal stimuli with low salience, and responsegeneration demands using a single manual response channel without
competition, it was hypothesized that any dual task interference would
be at the level of response-planning rather at the levels of perceptual
processing or response-generation. Our specific aims were as follows:
Aim 1: To test whether stimulus complexity and processing
modality will differentially affect cognitive load. Our hypothesis
predicted that changes in cognitive function (reaction time, accuracy)
due to increased cognitive load (modality and stimuli complexity)
during dual task would show differences in processing demands at the
level of stimulus complexity independent of processing modality
(auditory and visual).
Aim 2: To test whether stimulus complexity and processing
modality would differently affect age groups. Our hypothesis predicted
that age groups (Group 1=18-30 years old), (Group 2=31-54), and
(Groups 3=55-80 years old) would demonstrate different cognitive
load characteristics due to stimulus and modality levels. We
hypothesized that participants would demonstrate decreased cognitive
performance (increased reaction time and decreased accuracy) with
increased stimulus complexity and increased difficulty in modality
conditions.

distraction. Cognitive function was screened using the Mini-Mental
State Examination (MMSE) and Montreal Cognitive Assessment
(MOCA). Participants were required to meet a raw score of 23 or
greater on the MMSE or a raw score of 26 or greater on the MOCA.
Since the experimental task involved bimanual responding, the
Edinburgh Handedness Inventory was used to profile handedness [22].
Scores of 40 or greater indicated right handed dominance. The vision
screen included individuals identified shapes and letters presented on a
15 inch flat screen monitor in a black font against a white background.
Inclusion criterion for the Vision Screen was a score of 90% or greater.
The hearing discrimination screen required individuals to verbally
respond to and discriminate between high, low and mid-range pure
tones that were presented auditorily through an audiometer at a
standard intensity of 65 dB. Inclusion criterion for the Hearing Screen
was a score of 90% or greater. Three individuals voluntarily declined to
complete the study and were therefore excluded. This project was
approved by the Institutional Review Boards at Illinois State University
and Midwestern University. Informed-consent was given by all
participants in this project.

Materials and Procedure
General description of task conditions
Materials: During Participants wore high quality stereo headphones
adjusted to the sound level that was “most optimal and comfortable”
for them while viewing pictures presented on a 23-inch monitor.
Participants were verbally instructed to use the furthermost right and
left buttons on a DirectIN high speed button-box, within an array of 9
buttons (Empirisoft). Participants were verbally instructed to press and
release the left button with their left index finger when they registered
a target visual stimulus and the right button with their right index
finger when they registered a target tone across simple and complex
runs.

Auditory: stimuli and procedure
Auditory stimuli: Auditory stimuli consisted of six target pure tones
and twelve foil pure tones each with a duration of 750 ms. Tones were
generated using Adobe Premiere Elements 11, in accordance with
protocols developed by Burton et al. [23], LoCasto et al. [24], and
Cuellar et al. [25]. To ensure that the pure tones were also perceived as
maximally discriminable, all tones (500, 750, 1000, 1250, 1500, 1750,
2000, 2500, 2750, 3000, 3250, 3500 Hz) were separated by a minimum
of 250 Hz [24]. Additionally, all tones were randomized in the 18
auditory stimuli.

Method

Auditory procedure: During the auditory task procedure,
participants were verbally instructed to listen to different tones and
press and release the right button with their right index finger when
they registered the target tone.

Participants

Visual: stimuli and procedure

Thirty-seven native speakers of American English (Male=9,
Female=28), 18-80 year of age, participated in all tasks. Participants
were divided into three groups based upon age. Group 1 included 12
individuals 18-30 years old (Mean=22.75, SD 2.30). Group 2 consisted
of 14 individuals 31-54 years old (Mean=45.5, SD 7.56). Group 3 was
comprised of 11 individuals 55-80 years old (Mean=62.82, SD 7.08).
All participants completed a brief cognitive, handedness, vision, and
hearing discrimination screening in a quiet room free from other

Visual stimuli: The visual stimuli were pictures, consisting of 18
black and white abstract shapes, which were reproduced and selected
with permission from Paller and Voss [26]. Six target visual stimuli and
12 foil visual stimuli that were perceived as ‘maximally visually
discriminable’ by five blinded judges were selected for inclusion. In an
attempt to minimize potential lexical-semantic priming bias associated
with the use of covert naming, all of the visual stimuli selected were
taken from the ‘low meaning’ conceptual category of line drawings, as
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normed by Voss, Schendon, and Paller [24] (See Figure 1). For an
example of the visual and auditory target and foil stimuli, see Figure 2
and Figure 3.

Figure 1: Row (A) Depicts a sample time course for the simple dual
task condition and row (B) Depicts a sample time course for the
complex dual task condition.
Figure 3: Example auditory target and foil for simple and complex
conditions.

Practice protocol
Participants were provided with 16 practice trials for each
experimental condition using the same stimulus materials and targets
at a fixed SOA set to 600 ms to control for short term memory effects.
Order of presentation for visual and auditory stimuli was counter
balanced and pseudo-randomized across trials to ensure that the same
number of auditory and visual targets presented as target 1 and target
2. All participants past the practice trials with greater than 90%
accuracy in both simple and complex conditions indicating that both
target auditory and visual stimuli were fully encoded prior to the
initiation of block runs. Immediately following the practice trials, the
experimental simple audio-visual dual task condition was
administered.

Experimental conditions
Figure 2: Example visual target and foil for simple and complex
conditions.
Visual procedure: During the visual task, participants were asked to
view the computer screen and press and release the left button with
their left index finger when they registered a target abstract shape.
For both the simple and complex experimental conditions, 2600 ms.
audio-visual movie clips were created using Adobe Premiere Elements
11, which were presented in continuous block runs via E-prime v2.0.
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There were two experimental conditions, a simple then complex
condition, which consisted of 24 continuous trials, separated by 500
ms. Within each block run target stimuli and foils were randomized.
Similar to the practice protocol, order of presentation for visual and
auditory stimuli was counter balanced and pseudo-randomized across
simple and complex condition runs to ensure that the same number of
auditory and visual targets presented as target 1 and target 2.

Simple condition
The Simple condition included measures of processing speed, for
visual and auditory modalities, and working memory for one target
tone and one abstract image, in dual task. While simultaneously
identifying the target abstract shape presented among various abstract
shapes on a monitor, participants also heard pure tones (500, 750,
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1000, 1250, 1500, 1750, 2000, 2500, 2750, 3000, 3250, 3500 Hz) in high
quality stereo headphones and responded when a target tone was heard
by pressing a button. Dependent measures included % correct auditory
accuracy, % correct visual accuracy, Visual reaction Time (ms),
Auditory reaction Time (ms). For the simple condition, each block run
consisted of 24 trials, separated by 1200 ms. inter-trial intervals of no
audio and blank white computer screens. Within each trial, stimuli
onset times, i.e. the time that lapsed between the onset of the first
stimuli presentation (T1) and the onset of the second stimuli
presentation (T2), varied by 300, 600, or 900 ms., respectively. For
example, a trial in the simple condition may begin with the
presentation of a picture (T1) followed by a pure tone (T2)
presentation, after a delay of 300 ms. All stimuli included in the simple
condition, i.e. all pictures and pure tones, were presented for precisely
750 ms. During each block run of 24 trial presentations, 12 target
visual (i.e. picture) and 12 auditory (i.e. pure tone) stimuli were
presented four times at each level of stimuli onset asynchrony (SOA),
300 ms., 600 ms., and 900 ms. [27,28]. Likewise, 12 foil visual and
auditory stimuli were presented four times across each level of SOA.
All target and foil trial presentations were randomized during each
block run. In order to analyze potential modality effects, 50% of the
target and foil stimuli began with a presentation of visual stimuli and
50% began with auditory stimuli. The total experimental testing
protocol lasted approximately 30 minutes.

Dependent measures included % correct auditory accuracy, %
correct visual accuracy, Visual reaction Time (ms), Auditory reaction
Time (ms). The complex dual task condition included the same visual
and auditory stimuli and SOA levels (i.e. 300 ms, 600 ms, and 900 ms)
separating the onset of T1 from T2. However, the set size of visual and
auditory stimuli increased to three. Thus, for the complex condition,
three pictures were presented consecutively. The presentation of the
three stimuli lasted for a total duration of 250 ms., each were presented
in parallel. As with the simple condition, all picture and pure tone
sequences lasted a total 750 ms in duration, each trial lasted 2600 ms in
total duration, and each block run consisted of 24 trials.

Complex condition

Results

The complex dual task included measures of processing speed, for
visual and auditory modalities, and working memory for a set of three
target tones and a set of three abstract images, in dual task. Procedures
were identical to Experimental Condition A, however, single target
shapes and tones were replaced with shape and tone sequences. While
simultaneously identifying the target abstract shape set (3 abstract
shapes) presented among various abstract shape sets on a monitor,
participants also heard sets of pure tones (500, 750, 1000, 1250, 1500,
1750, 2000, 2500, 2750, 3000, 3250, 3500 Hz) on external computer
speakers and responded when a target tone set was heard by pressing a
button.

This study was a between-group 3 × 3 × 2 × 2 design with condition
(Simple, Complex), SOA (300, 600, 900, and Modality (auditory,
visual) included as the independent variables, and accuracy and
reaction time as the dependent variables.

The same parameters regarding the number of target and foil
presentations across each SOA level, as well as the percent of trials
beginning with visual vs. auditory stimuli, were applied to the creation
of block runs for the complex condition.
All participants were tested in each of the 2 experimental
conditions. Rest breaks were provided to participants following
completion of each block run and between task conditions. During the
experimental run, e-Prime presentation software recorded button
responses for reaction time data in ms and accuracy data coded for
accuracy as a binary variable. All experimental conditions and stimuli
were counterbalanced. Additionally, auditory and visual stimuli were
also randomly assigned.

A Doubly Multivariate Repeated Measures Analysis, including
Multivariate, Univariate, and Pairwise Comparisons, was conducted
utilizing SPSS Statistics Version 22. The raw data is also included for
reference, see Tables 1 and 2.

Simple
SOA

300

600

900

Auditory Accuracy (%)

Visual Accuracy (%)

Group 1

Group 2

Group 3

Group 1

Group 2

Group 3

91.58%

91.57%

75.00%

90.25%

85.64%

78.2%

(SD=0.15)

(SD=0.14)

(SD=0.31)

(SD=0.13)

(SD=0.21)

(SD=0.29)

94.33%

91.14%

76.6%

87.33%

88.36%

84.9%

(SD=0.08)

(SD=0.16)

(SD=0.28)

(SD=0.14)

(SD=0.13)

(SD=0.25)

97.17%

88%

84.9%

95.75%

86.86%

73.4%

(SD=0.06)

(SD=0.12)

(SD=0.16)

(SD=0.07)

(SD=0.16)

(SD=0.29)

Complex
SOA

300

Auditory Accuracy (%)

Visual Accuracy (%)

Group 1

Group 2

Group 3

Group 1

Group 2

Group 3

70.75%

64.71%

63.5%

72.25%

66.79%

66.6%

(SD=0.21)

(SD=0.16)

(SD=0.1)

(SD=0.14)

(SD=0.18)

(SD=0.22)
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600

900

65.25%

60.64%

51.8%

65.17%

58.36%

55.1%

(SD=0.26)

(SD=0.19)

(SD=0.22)

(SD=0.25)

(SD=0.25)

(SD=0.22)

48.58%

38%

36.7%

40.25%

40.5%

35%

(SD=0.19)

(SD=0.15)

(SD=0.2)

(SD=0.13)

(SD=0.15)

(SD=0.19)

Table 1: Dual task accuracy average scores.
Simple
SOA

300

600

900

Auditory Reaction (ms)

Visual Reaction (ms)

Group 1

Group 2

Group 3

Group 1

Group 2

Group 3

844.43

899.58

909.07

819.36

895.69

938.37

(SD=154.38)

(SD=146.85)

(SD=177.41)

(SD=200.7)

(SD=100.39)

(SD=224.05)

956.08

1023.13

1011.43

958.1

977.44

1124.44

(SD=144.8)

(SD=167.91)

(SD=125.21)

(SD=143.26)

(SD=152.45)

(SD=209.26)

1104.49

1142.51

1106.74

1080.47

1111.14

1192.39

(SD=134.89)

(SD=136.92)

(SD=235.4)

(SD=170.43)

(SD=159.1)

(SD=170.92)

Complex
SOA

300

600

900

Auditory Reaction (ms)

Visual Reaction (ms)

Group 1

Group 2

Group 3

Group 1

Group 2

Group 3

1890.04

1887.72

1874.19

1902.46

2028.5

1903.04

(SD=280.72)

(SD=255.05)

(SD=309.77)

(SD=284.59)

(SD=222.14)

(SD=307.13)

1899.96

1773.33

1874.33

2035.97

2007.52

2005.35

(SD=245.44)

(SD=253.57)

(SD=338.82)

(SD=161.15)

(SD=261.88)

(SD=350.5)

1723.4

1823.82

1444.48

1869.82

1679.1

1765.53

(SD=208.16)

(SD=307.19)

(SD=549.19)

(SD=291.12)

(SD=632.52)

(SD=516.38)

Table 2: Dual task reaction time average scores.

Doubly repeated multivariate analysis

Condition analysis

Statistical design was a 3 × 3 × 2 × 2 Doubly Multivariate Repeated
Measures Analysis, including Multivariate, Univariate, and Pairwise
Comparisons. The analysis was performed with Group (Group1:
younger, Group 2: middle, Group 3: older), Condition (Simple,
Complex), SOA (300, 600, 900), and Modality (auditory, visual), as
factors with accuracy and reaction time as dependent variables. This
analysis was utilized to account for multiple dependent variables,
measured in different scales, with multiple administrations across time,
and has been used when analyzing dual task methodologies [29,30].

Univariate analyses were utilized to further investigate the effect of
Condition across all levels of each additional factor (SOA and
Modality). Significant main effects were found for Condition on
accuracy measures [F(1,33)=148.5, p=<0.001 η2=0.818, (GreenhouseGeisser Adjustment)], and reaction time measures [F(1,33)=578.6,
p=<0.001 η2=0.946, (Greenhouse-Geisser Adjustment)]. The withinsubject analyses are further explored below.

Results revealed two omnibus effects with two interactions. There
was a significant effect of Condition [Wilks’ Lambda F(2,32)=286.10,
p=<0.000, η2=0.947] and SOA [Wilks’ Lambda F(4,30) 24.64,
p=<0.000, η2=0.767]. The Condition by SOA interaction [Wilks’
Lambda F(4,30)=22.27, p=<0.000, η2=0.748] was significant. There
was no significant omnibus effect of Group, Modality,
Condition*Group,
SOA*Group,
Modality*Group,
Condition*SOA*Group,
Condition*Modality,
Condition*Modality*Group, SOA*Modality, Modality*SOA*Group,
Condition*SOA*Modality, and Condition*SOA*Modality*Group
interaction.
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Condition analyses: Accuracy. Within subjects contrasts were
conducted to further investigate the significant effect of Condition on
Accuracy. Significant differences were found for Accuracy at Simple
Condition and Complex Condition F(1,33)=148.5, p=<0.001 η2=0.818,
(Greenhouse-Geisser Adjustment)]. Further examination of the main
effects for Condition were completed using Pairwise Comparisons with
Bonferroni corrections. All Pairwise Comparisons for Accuracy were
found to be statistically significant (p<0.001). These differences suggest
that participants are more accurate for the Simple Condition
(M=0.867) when compared to the Complex Condition (M=0.556).
Condition analyses: Reaction Time. Additional within subjects
contrasts were conducted to further explore the significant effect of
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Condition on Reaction Time. Significant differences were found for
Reaction Time at Simple and Complex Condition measures
[F(1,33)=578.6,
p=<0.001
η2=0.946,
(Greenhouse-Geisser
Adjustment)]. Examination of the main effects for Condition were
completed using Pairwise Comparisons with Bonferroni corrections.
All Pairwise Comparisons for Reaction Time were found to be
statistically significant (p<0.001). Inversely, compared to accuracy
analyses, results indicate that participants were quicker in response for
the Simple Condition (M=1010.32) than in the Complex Condition
(M=1855.43).

Stimulus Onset Asynchrony (SOA) analyses
The effect of SOA across all levels of Condition and Modality were
studied using univariate analyses. Results revealed significant main
effects for SOA on Accuracy measures [F(2,66)=29.29, p=<0.001
η2=0.470, (Greenhouse-Geisser Adjustment)] only. No effect was
found for SOA on Reaction Time measures. The within-subject
analyses for Accuracy are further explored below.
SOA analyses: Accuracy. To further investigate the significant effect
of SOA on accuracy, within subject contrasts were performed.
Significant differences were found for Accuracy at SOA 300 and 600
when compared to 900 F(1,33)=76.01, p=<0.001 η2=0.697. Study of the
main effects for SOA were completed using Pairwise Comparisons
with Bonferroni corrections. All Pairwise Comparisons for Accuracy
were found to be statistically significant (p<0.001) except one. The
comparison of 300 SOA to 600 SOA was not significant. These
differences indicate that participants were more accurate for the 300
SOA (M=0.764) when compared to the 900 SOA (M=0.638), and that
participants were more accurate for 600 SOA (M=0.732) when
compared to 900 SOA (M=0.638).
Interaction analyses: The Condition by SOA interaction was further
explored using univariate analyses. Significant main effects were also
shown for Condition by SOA interactions for Accuracy measures
[F(2,66)=36.88,
p=<0.001
η2=0.528,
(Greenhouse-Geisser
Adjustment)], and Reaction Time measures [F(2,66)=28.53, p=<0.001
η2=0.464, (Greenhouse-Geisser Adjustment)]. The within-subject
analyses are further explored below.
Condition and SOA Interaction: Accuracy and reaction time.
Within subjects contrasts were completed to further investigate the
significant interaction between Condition and SOA. Significant
differences were found for Accuracy and Reaction Time across all
levels of Condition and SOA. As the task condition and SOA levels
became more complex, performance decreased. Specifically, SOA at
300 and 600 appear to be significantly less challenging than SOA at
900.

Discussion
This study aimed to systematically examine the effects of dual task
constraints across different levels of complexity, for three groups of
neurologically healthy adults, by closely manipulating cognitive and
perceptual load factors. Specifically, this study aimed to (1) test
whether stimulus complexity and processing modality would
differentially affect cognitive load, and (2) examine whether stimulus
complexity and processing modality would differently affect age
groups. The findings indicate the hypothesis for aim one was correct,
study findings suggest that dual task complexity, manipulated by set
size and SOA, significantly affects performance across neurologically
healthy adults. While results suggest the hypothesis for aim two was
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correct, all participants’ demonstrated significantly decreased cognitive
performance with increased stimulus complexity and task modality,
decline occurred regardless of age, with no significant difference
between age groups. However, since the auditory and visual stimuli
could be either target 1 (TI) or target 2 (T2) in the dual task, the
findings of accuracy and reaction time are not purely due to the effects
of stimulus modality. This potential for a stimulus modality confound
should be considered in interpretation and discussion of findings.
These data provide novel evidence that dual task interference, at the
level of response-planning, are subject to complexity effects. Therefore,
this preliminary data may provide additional insight into dual task
processes in aging and how dual task methods may be manipulated for
assessment and intervention of perceptual load factors.
Dual task complexity was manipulated through condition (simple,
complex) and set size. The set sizes included one auditory and one
visual stimulus (simple), and three auditory and three visual stimuli
(complex). Unsurprisingly, participants were more accurate and faster
when responding in the simple condition versus the complex. Because
this was expected, and supports traditional dual task effects [31,32], the
data offer evidence for a novel approach to studying dual task
constraints by manipulating cognitive and perceptual load factors.
Therefore, it may be the dual task interference of response-planning,
not just response-generation that can be manipulated through dual
task complexity. This additional understanding of complexity may
inform clinicians in how they cognitively or perceptually load tasks
during assessment or intervention.
SOA effects indicate that cognitive processing breakdown occurs
between Simple and Complex dual tasks, as well as, between the 300
SOA/600 SOA and 900 SOA performances. In other words, for dual
tasks that are challenging, adults across the lifespan may experience
similar decline in performance. This finding suggests that the 900 SOA
may requires increased levels of vigilance and potential anticipatory
priming, thereby increasing cognitive load and working memory
demands. This is a novel finding, performance decrements were
greatest with increased separation of task onsets for both younger and
older adults. We speculate that this is due to increased task demands
associated with maintaining task vigilance for one target while also
providing a manual response to another in close succession across
different modalities. That is it may be that for this study and tasks
response planning and response generation are operating in parallel, a
process overlap, rather than in sequence at the longest SOA. In
contrast, at the shorter SOAs response planning and response
generation are operating in sequence. This is possible given the
simplicity of the tasks used in this study. Interestingly, no effect was
found for SOA on reaction times, suggesting that accuracy provided a
more sensitive measure of interference in this particular paradigm.
Further, the results indicate equivalent capacities across age groups,
suggesting that in hierarchically complex dual tasks, age effects are
either reduced or absent.
While age effects are well defined across dual task literature
[2,20,33,34], these data indicate that as dual task complexity is
hierarchically manipulated through increasing set size and SOA,
performance is diminished regardless of age. These interference effects
are occurring at the level of early and late processing. So, while some
studies have shown that perceptual modality can be a source of
interference under certain conditions; this was not the case here, which
might imply that the source or level of interference is post perceptual.
This is significant for older adults since perceptual systems and
response systems slow particularly when put under high constraint.
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This finding adds to knowledge of how multitasking performance
changes as we age, wherein, if a multitasking activity, as is typical in
activities of daily living, places too many cognitive and perceptual
demands, adults will perform poorly overall. This insight may suggest
that clinicians could modify or manipulate cognitive performance
during intervention multitasking by varying not just set size, but when
the stimuli sets are introduced, across patient age groups.

8.

Clinical application

10.

This preliminary project provides significant support for the use of a
novel, dual task methodology that systematically manipulates
complexity through set size and SOA levels. Initial findings suggest
that in order to decrease mental fatigue during everyday life,
individuals may also be able to purposefully manipulate responseplanning to during intervention and activities of daily living.
Ultimately, these individuals can learn to focus on completing one task
at a time or train to complete a basic multi-tasking activity (two tasks
that could easily be completed by themselves). However, this
methodology and its applications warrant further investigation.

Future research
There is a broad consensus in the aging literature that the abilities to
successfully multitask varies with advanced old age according to task,
task complexity and other perceptual load factors. However, the
relevance of these cognitive load processing competencies supporting
dual task performance has not yet been empirically investigated to our
knowledge. While this study has identified effects of load factors and
combination independently of factor, it remains an open question
whether the same pattern of robust graded interference effects holds or
is further exaggerated by healthy aging. An extension of this line of
research is to examine these load effects in relation to patient
populations with altered frontal lobe function; in effect exploring
pathological differences in cognitive architecture and adaptation. The
potential future implications for this line of study is to further specify a
sensitive methodological approach to quantifying effects of aging that
is also and neuropathology useful to clinicians.

7.

9.

11.
12.
13.
14.
15.
16.
17.
18.
19.

20.
21.

Acknowledgement
This research was supported by an intramural faculty research
facilitation grant in the amount of $3,863 awarded by the College of
Health Sciences at Midwestern University.

References
1.
2.
3.
4.
5.
6.

Riby L, Perfect T, Stollery B (2004) The effects of age and task domain on
dual task performance: A meta-analysis. Eur J Cogn Psychol 16: 863-891.
Verhaeghen P, Steitz DW, Sliwinski MJ, Cerella J (2003) Aging and dualtask performance: A meta-analysis. Psychol Aging 18: 443.
Kemper S, Herman RE, Nartowicz J (2005) Different effects of dual task
demands on the speech of young and older adults. Neuropsychol Dev
Cogn B Aging Neuropsychol Cogn 12: 340-358.
Hegarty M, Shah P, Miyake A (2000) Constraints on using the dual-task
methodology to specify the degree of central executive involvement in
cognitive tasks. Mem Cognit 28: 376-385.
Pashler H (1994) Dual-task interference in simple tasks: Data and theory.
Psychol bull 116: 220.
Kiesel A, Steinhauser M, Wendt M, Falkenstein M, Jost K, et al. (2010)
Control and interference in task switching—A review. Psychol bull 136:
849.

Commun Disord Deaf Stud Hearing Aids, an open access journal
ISSN:2375-4427

22.
23.
24.
25.

26.
27.
28.
29.

Muckschel M, Stock AK, Dippel G, Chmielewski W, Beste C (2016)
Interacting sources of interference during sensorimotor integration
processes. Neuroimage 125: 342 349.
Nieuwenstein M, Scholz S Broers N (2015) Interference control theory: A
new perspective on dual-task interference in memorizing and responding
to visual targets. J Vis 15: 739.
Osman A, Moore CM (1993) The locus of dual-task interference:
Psychological refractory effects on movement-related brain potentials. J
Exp Psychol Hum Percept Perform 19: 1292.
Plummer P, Eskes G (2015) Measuring treatment effects on dual-task
performance: A framework for research and clinical practice. Front Hum
Neurosci 9: 1-7.
Hartley AA (2001) Age differences in dual-task interference are localized
to response-generation processes. Psychol aging 16: 47-54.
McCann R, Johnston J (1992) Locus of the single-channel bottleneck in
dual-task interference. J Exp Psychol Hum Percept Perform 18: 471-484.
Ruthruff E, Pashler H, Hazeltine E (2003) Dual-task interference with
equal task emphasis: Graded capacity sharing or central postponement?
Percept Psychophys 65: 801-816.
Ruthruff E, Van Selst M, Johnston J, Remington R (2006) How does
practice reduce dual-task interference: Integration, automatization, or just
stage-shortening? Psychol Res 70: 125-142.
Schumacher EH, Seymour TL, Glass JM, Fencsik DE, Lauber EJ, et al.
(2001) Virtually perfect time sharing in dual-task performance:
Uncorking the central cognitive bottleneck. Psychol Sci 12: 101-108.
Schwarz W, Ischebeck A (2001) On the interpretation of response time vs.
onset asynchrony functions: Application to dual-task and precueutilization paradigms. J Math Psychol 45: 452-479.
Sigman M, Dehaene S (2006) Dynamics of central bottleneck: Dual-task
and task uncertainty. PLoS Biol 4: 220-1238.
Hein G, Schubert T (2004) Aging and input processing in dual-task
situations. Psychol Aging 19: 416-432.
Bherer L, Kramer A, Peterson M, Colcombe S, Erickson K, et al. (2008)
Transfer effects in task-set cost and dual-task cost after dual-task training
in older and younger adults: Further evidence for cognitive plasticity in
attentional control in late adulthood. Exp Aging Res 34: 188-219.
Bherer L, Kramer AF, Peterson MS, Colcombe S, Erickson K, et al. (2005)
Training effects on dual-task performance: Are there age-related
differences in plasticity of attentional control? Psychol aging 20: 695.
Voss JL, Schendan HE, Paller KA (2010) Finding meaning in novel
geometric shapes influences electrophysiological correlates of repetition
and dissociates perceptual and conceptual priming. NeuroImage 49:
2879-2889.
Oldfield RC (1971) The assessment and analysis of handedness: The
Edinburgh inventory. Neuropsychologia, 9: 97-113.
Burton MW, Small SL, Blumstein SE (2000) The role of segmentation in
phonological processing: an fMRI investigation. J Cogn Neurosci 12:
679-690.
LoCasto PC, Krebs-Noble D, Gullapalli RP, Burton MW (2004) An fMRI
investigation of speech and tone segmentation. J cogn neurosci 16:
1612-1624.
Cuellar M, Bowers A, Harkrider AW, Wilson M, Saltuklaroglu T (2012)
Mu suppression as an index of sensorimotor contributions to speech
processing: Evidence from continuous EEG signals. Int J
Psychophysiol 85: 242-248.
Paller KA, Voss JL, Boehm SG (2007) Validating neural correlates of
familiarity. Trends cogn sci 11: 243-250.
Thorpe S, Fize D, Marlot C (1996) Speed of processing in the human
visual system. Nature 381: 520-522.
Zhao J, Kong F, Wang Y (2013) Attentional spreading in object-based
attention: The roles of target–object integration and target presentation
time. Atten Percept Psychophys 75: 876-887.
Baxter BW, Hinson RE (2001) Is smoking automatic? Demands of
smoking behavior on attentional resources. J Abnorm Psychol 110: 59-66.

Volume 5 • Issue 2 • 1000173

Citation:

Harvey J, Wilson J, Cuellar M, Anaya E (2017) The Effects of Stimulus Complexity and Timing during Dual Task across NeurologicallyHealthy Older and Younger Adults: A Pilot Study. Commun Disord Deaf Stud Hearing Aids 5: 173. doi:10.4172/2375-4427.1000173

Page 8 of 8
30.
31.
32.

Rose DJ, Clark S (2000) Can the control of bodily orientation be
significantly improved in a group of older adults with a history of falls? J
Am Geriatr Soc 48: 275-282.
Pichora-Fuller MK, Schneider BA, Daneman M (1995) How young and
old adults listen to and remember speech in noise. J Acoust Soc Am 97:
593-608.
Sarampalis A, Kalluri S, Edwards B, Hafter E (2009) Objective measures
of listening effort: Effects of background noise and noise reduction. J
Speech Lang Hear Res 52: 1230-1240.

Commun Disord Deaf Stud Hearing Aids, an open access journal
ISSN:2375-4427

33.
34.

Kemper S, Schmalzried R, Herman R, Leedahl S, Mohan KD (2009) The
effects of aging and dual task demands on language production.
Neuropsychol Dev Cogn B Aging Neuropsychol Cogn 16: 241-259.
Kemper S, Schmalzried R, Hoffman L, Herman R (2010) Aging and the
vulnerability of speech to dual task demands. Psychol Aging 25: 949-962.

Volume 5 • Issue 2 • 1000173

