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Literature Review 

The five senses are highly integrated and communication between the senses is 

frequent (Meredith and Stein, 1986).  In fact, experiencing sensory information through 

multiple senses actually improves behavioral responses (Chen & Spence, 2010).  This 

means that when two forms of input are experienced (e.g., audition and vision) people 

experience neuronal (Simon-Dack & Teder-Salejarvi, 2008) and behavioral benefits 

(Sperdin, Cappe, Murray & Foxe, 2009).  In addition, it has been well documented that in 

order to experience these benefits, people need to pay attention to both sensory modalities 

at the same time (Talsma, Doty & Woldorff, 2007).  The necessity of attention in order to 

benefit from what is known as multisensory integration raises the question of whether or 

not people with attention deficits benefit from multiple sensory inputs.   

Until recently, it was widely thought in the field of neuropsychology that sensory 

systems all functioned separately in the brain.  An important breakthrough was made 

when Meredith and Stein (1986) reported cells that respond optimally to more than one 

sense at a time.  They found neurons in the superior colliculus that integrate auditory, 

visual, and somatosensory information.  Further studies found that some of these cells 
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exist in the somatosensory cortex, which is responsible for processing sensations of 

touch, alongside the anterior cingulate gyrus, where audition (hearing) is processed 

(Dehner, Keniston, Clemo & Meredith, 2008; Wallace, Meredith & Stein, 1993).   These 

cells serve to integrate information from senses such as audition and somatosensation 

(Rodgers, Benison, Klein & Barth, 2008; Dehner et al., 2004; Foxe et al., 2002).  Rodgers 

et al. (2008) examined the insula of rats using evoked potential mapping (EVP) while 

stimulating their skin electrically and delivering a clicking stimulus through speakers. 

They predicted that the rat insula would have both somatosensory and auditory responses, 

based on research in other species that had found the same thing.  Their hypothesis was 

confirmed, and through EVP they found that multisensory integration was occurring in 

the cells of the insula.  Following this advance in knowledge came the realization that 

appropriate multisensory input actually facilitates, or improves, behavioral responses 

(Chen & Spence, 2010; Giard & Peronnett, 1999).  Chen and Spence (2010) rapidly 

presented a picture to participants, with the occasional naturalistic sound inserted with the 

picture.  The sound was either semantically congruent (a bark with a dog), incongruent (a 

quack with a dog), or neutral.  They found that participants identified the picture faster 

when the sound was congruent, versus no sound, and slower when the sound was 

incongruent.  This shows that appropriately integrated senses working together in a 

crossmodal interaction may facilitate thought processes.  The facilitation of behavioral 

responses is known as multisensory facilitation and has been widely documented in tasks 

regarding the visual and auditory systems.  Thus when participants are presented with 

two types of stimuli simultaneously they have both neuronal benefits (Simon-Dack & 

Teder-Salejarvi, 2008; Foxe, Morocz, Murray, Higgins, Javitt & Schroeder, 2000) and 
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behavioral benefits (Renier, Auurova, De Volder, Carlson, VanMeter & Rauschecker, 

2009; Sperdin et al., 2009).  Behaviorally, this multisensory facilitation has been found to 

increase the ability to identify objects (Renier et al., 2009) as well as decrease reaction 

time in adults (Sperdin et al., 2009) and in children (Brett-Green, Miller, Schoen & 

Nielsen, 2010; Brett-Green, Miller, Gavin, Davies, 2008).  Furthermore, it has been 

found that people perform more quickly and identify objects more accurately when 

presented with a visuo-auditory stimulus in comparison to when presented with only a 

visual or only an auditory input (Chen & Spence, 2010; Giard & Peronnett, 1999).   

More recently, studies have begun looking at the integration of auditory and 

somatosensory stimuli.  Simon-Dack & Teder-Salejarvi (2008) examined multisensory 

facilitation through the presentation of bimodal stimuli in a high-density 

electroencephalography (EEG)/event-related potentials (ERP) study.  Participants either 

attended to one sensory stimuli (listened to the speakers), reached for the speakers while 

listening, or attended to bimodal stimuli (held on to the speakers while listening).  They 

found that when participants attended to the bimodal stimuli, they experienced neuronal 

facilitation, in the form of less effortful neural processing, compared to when these same 

participants listened to the sound only.  Therefore, multisensory facilitation occurs when 

auditory and somatosensory stimuli are presented simultaneously.       

While multisensory facilitation occurs early on and was long thought to be 

automatic, it has been well documented that the ability to attend to both stimuli is a 

necessary component to benefit from this facilitation.  Attention, even involuntary 

(McDonald, Teder-Sälejärvi, di Russo & Hillyard, 2003), has been shown to be a 

requirement in early visual-auditory integration (de Jong, Toffanin & Harbers, 2009; 
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Talsma et al., 2007; Talsma & Woldorff, 2005).  People that only attend to one sensory 

modality (e.g., if they are instructed to attend to a visual stimulus and ignore the auditory 

input) show neither behavioral nor neuronal benefits from an incoming multisensory 

stimulus (Talsma et al., 2007; Talsma & Woldorff, 2005).  When people attend to both 

modalities of a dual multisensory stimulus (e.g., if they are instructed to attend to the 

visual and auditory inputs at the same time) they combine their attentional resources for 

both senses (Talsma, Doty, Strowd & Woldorff, 2006), and this allows for cross-sensory 

communication leading to facilitation (di Jong, Toffanin & Harbors, 2010).   

  Since multisensory facilitation has been shown to be extremely beneficial in 

many tasks, and is thought to be one of the key ways in which people incorporate and 

interpret information from the environment around them, a deficit in the ability to 

integrate or attend to multisensory information would be detrimental to an individual.  

Past research has found differences in how people with certain disorders, such as 

Parkinson’s disease (Sabaté, Llanos & Rodríguez, 2008) and dyslexia (Facoetti et al., 

2010) integrate multisensory information.  Sabaté et al. (2008) found that the effect of 

auditory stimuli on kinesthetic motion differentiated between patients with Parkinson’s 

disease and a control group.  In the control group, auditory stimuli retarded motion, while 

this did not happen in patients with Parkinson’s disease.  Facoetti et al. (2010) looked at 

reading development in children with dyslexia.  They found that children with dyslexia 

had delayed attention shifting during multisensory tasks and this was linked to slower 

reading development.  Both of these studies found a significant difference in how people 

with a neurological disorder processed multisensory information in their samples, leading 
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to a decrease in performance in a task.  This indicates that instead of multisensory 

facilitation, multisensory interference is observed in people with certain disorders. 

However, to the author’s knowledge, no research has been done investigating the 

link between attention deficits and the ability to integrate multisensory stimuli.  Attention 

has been shown to be a necessary component of visual-auditory multisensory facilitation, 

and therefore it could be hypothesized that attention is necessary for all multisensory 

facilitation, including auditory-somatosensory.  This leads to the question of whether a 

deficit in attention, as defined by a deficit in the ability to consciously attend, may 

interfere with a person’s ability to benefit from multisensory inputs.   

Attention deficits are common, with 4.5 million children in the United States 

qualifying for an Attention Deficit Hyperactivity Disorder (ADHD; Center for Disease 

Control and Prevention, 2007).  For about half of these children, their deficits continue to 

qualify them for a disorder throughout adulthood.  The other half may still have 

symptoms but not be impaired enough to qualify for a disorder, and there are most likely 

others out there that have always had attention deficits but never been impaired enough 

for a disorder (Maxmen, Ward & Kilgus, 2009).  Many theories exist as to why children 

with attention deficits have issues in the classroom, and there has even been some 

evidence suggesting that sensory issues in children with ADHD rival those of children 

with Autism Spectrum Disorder (ASD; Cheung & Siu, 2009).  Cheng and Siu (2009) 

found that children with ADHD and children with ASD had significantly more sensory 

processing issues (reported through the Chinese Sensory Profile (CSP) by parents) than 

children without a disorder.  The CSP asks about sensory processing in all five senses, 

and also about body positioning and movement.  Yet, they did not find a significant 
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difference in the amount of sensory processing issues between children ADHD and 

children with ASD.  There is a multitude of research on sensory processing deficits in 

children with ASD (Marco, Hinkley, Hill & Nagarajan, 2011), suggesting that beginning 

research on sensory issues, such as the ability to experience multisensory facilitation, in 

children with ADHD is needed.  

In light of research showing that attention is a necessary component of 

multisensory facilitation (Talsma et al., 2007; Talsma & Woldorff, 2005) and that issues 

with multisensory integration may be part of the reason behind disorders such as dyslexia 

(Facoetti et al., 2010), there is reason to believe that people with attention deficits may 

have issues with multisensory integration.  The present study aimed to examine how well 

people who rate as having mild attention deficits perform a multisensory integration task, 

with the hope that it will lead to further research in the study of multisensory integration 

in people with more serious attention deficits.  

Past research by Simon-Dack and Teder-Sälejärvi (2008) examined auditory and 

somatosensory multisensory facilitation effects in a control population through a 

sustained-attention target detection task and found that normal individuals did better with 

multisensory inputs.  These tasks involve a high demand for attentional resources, 

making them optimal for studying the impact of attention deficits on multisensory 

facilitation.  Control individuals should show a multisensory facilitation effect that 

improves both their neuronal and behavioral responses to multisensory stimuli.  

However, due to the fact that attention is a necessary component of multisensory 

facilitation (McDonald et al., 2003; Talsma et al., 2005; Talsma & Wordorff, 2007; di 

Jong et al., 2010) it was proposed that people with attention deficits will differ from 
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controls by not showing facilitated behavioral performance in a task involving more than 

one sensory modality.   

Hypotheses 

I. A control population will perform better when presented with more than one sensory 

modality (i.e., auditory and somatosensory) than when presented with only a 

unisensory auditory stimulus. This will be observed through increased accuracy and 

decreased reaction time when responding to a target. These results are expected to 

replicate and extend the observations of Simon-Dack & Teder-Sälejärvi (2008). 

II. Attending to all sensory components of the stimulus is critical to the process of 

multisensory integration (Talsma et al., 2005; Talsma & Wordorff, 2007; McDonald 

et al., 2003; di Jong et al., 2010). The experimenter hypothesizes that people who 

have more limited attentional resources may have difficulty treating a stimulus 

composed of multiple sensory modalities as a single stimulus and thus performing 

multisensory integration. Therefore, it is expected that people with deficits in their 

attentional resources will have lower accuracy rates, and slower reaction times on the 

multisensory task but no deficit in unisensory task performance in comparison to 

controls (See Figure 1). 

Methods 

Participants. Eighty-three participants were either recruited through an 

introductory psychology participant pool at a large Midwestern university or as paid 

participants that were recruited through funds from a grant.  The pool consisted of 

students enrolled in Psychology 100 who have the option to complete experiments for 

credit or write a paper.  Paid participants were recruited through an e-mail through the 



MULTISENSORY INTEGRATION PROCESSES                                              Doody 9 

university’s communications center.  Simon-Dack et al. (2009) found significant sex 

differences in how participants performed this task.  Due to this and limited numbers of 

males available for data collection, data were only analyzed from females.  Twenty-one 

males without subclinical attention deficits and ten males with subclinical attention 

deficits had their data removed.  Of these males, nine had increases or decreases in 

accuracy that would have disqualified them from having their data analyzed.  There were 

fifty-three female participants after the data from the thirty males were discarded.  Data 

were also only analyzed from participants that were right handed and did not have a 

history of neurological disorders, including ADHD.  In addition, data was not analyzed 

from participants that showed an increase or decrease in accuracy over 5%.  Ten females 

without subclinical attention deficits and five females with subclinical attention deficits 

had their data removed.  For this experiment, thirty-eight female participants had their 

data analyzed. 

Fifteen participants demonstrated no evidence of subclinical attention deficits, and 

twenty-three participants had evidence of subclinical attention deficits. In order to 

minimize concerns regarding clinical attention-deficit diagnosis and medication 

abstinence, this study specifically examined individuals who qualified as having mild 

attention deficits but who were not diagnosed with an attention disorder.  According to 

Maxmen, Ward & Kilgus (2009), these individuals still have a mild form of attention 

deficit disorder that, while not impairing function enough to warrant a diagnosis, still 

ought to yield differential results from control participants on a rigorous attention task.  

Twenty-two participants were in the unisensory condition, meaning that they performed a 

unisensory task for the entire experiment.  Sixteen participants were in the multisensory 
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condition, meaning that they performed a unisensory task for the first half of the 

experiment and a multisensory task for the second half.  In the unisensory condition, 

there were ten participants without subclinical attention deficits and twelve participants 

with subclinical attention deficits.  In the multisensory condition there were five 

participants without subclinical attention deficits and eleven with subclinical attention 

deficits. 

Measures. Participants filled out the following four measures and then completed 

a hearing test and the experimental procedure. 

 Health Survey. See Appendix A. This survey consisted of 12 questions about 

previous medical problems: specifically neurological (concussions), attention (ADHD), 

and neurological medicines, such as stimulants.  These factors were important to 

determine if a participant was eligible to participate in the study.  If they had previous 

neurological issues, were male, or had been diagnosed with ADHD, they completed the 

experiment, but their data was not analyzed.   

 Barkley’s Behavior Checklist (Barkley & Murphy, 1998). See Appendix B.  This 

checklist was developed to assess the symptoms of Attention Deficit Hyperactivity 

Disorder (ADHD).  Eighteen items were to be rated on a four point Likert Scale, 1 

meaning never or rarely, 4 meaning very often.  Items were based around inattentive or 

hyperactive behaviors, such as fidgeting or having difficulty organizing tasks.  The 

checklist was then scored, with 0 points for Never, 1 point for Sometimes, 2 points for 

Often, and 3 points for Very Often.  A median split was used to group the participants, 

and ten was found to be the median score; thus participants with a score of ten or over 
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were placed in the subclinical attention deficit group. The possible range of scores was 0-

54, and the range of scores of participants was 2-21.  

Menstrual Cycle Phase Survey. See Appendix C.  This survey consisted of a 

calendar and female participants are asked to report the first day of their last period and 

the average length of their menstrual cycle.  Estrogen levels are known to affect spatial 

processing due to alterations in interhemispheric transfer and thus this information was 

collected in case individual differences between women were large enough that it was 

necessary to examine contributing factors later.   

Edinburgh Handedness Inventory (Oldfield, 1971). See Appendix D. This 

survey consisted of 10 activities you complete with your hands, such as writing, brushing 

your teeth and sweeping.  Participants were asked to check either left or right once if they 

usually use that hand, and put two checks in either left or right if they only use that hand 

for the activity.  The number of checks for each hand was then added up and the left was 

subtracted from the right, and then divided by the total numberPositive numbers above 

40% were considered right handed, numbers between +40% and -40% were considered 

undifferentiated, and numbers below -40% were considered left handed..  Participants 

who are undifferentiated or left handed completed the survey but were not analyzed in the 

data set.    

Hearing Test. Participants were asked to report how many sounds they heard in 

each ear.  They heard eight sounds, each a lower decibel range then the last, in each set.  

Two sets of these 8 sounds at decreasing decibel range were delivered to each ear, and 

participants had to report 6-8 tones in each ear in order for their data to be analyzed. 
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Experimental Procedure. Participants were seated in a comfortable chair in an 

experimental chamber.  A pillow was available for their back if they requested additional 

support, and wrist rests were available for their hands in order to ensure comfort while 

holding the speakers.  Participants sat approximately 60 cm from the speakers (i.e., an 

arm’s length away) and speakers were positioned 60˚ apart from one another on the 

horizontal meridian. The experimenter stood in the chamber with the participants to 

explain the task and for four practice blocks.  Instructions were delivered orally, and first 

participants were told they were participating in a sustained attention task.  They were 

informed that they needed to look at a central fixation point throughout the experiment 

and told to press a foot pedal in response to a target sound.  It was also explained that a 

camera monitoring them in the experimental chamber was not recording, and that it was a 

way for the experimenter to monitor them from an experimental control chamber which 

housed the experimental presentation computers.  Pink noise bursts, which are made up 

of frequencies between white noise and red noise, and are gentler to the human ear than 

pure white noise, were used in the experiment. A trial consisted of a 50 ms burst of pink 

noise (at 68 dB SPL). The procedure consisted of four practice blocks followed by 

sixteen experimental blocks. Each block was 3-4 minutes long. Each block contained 500 

trials, and 50 of these trials were deviant sound bursts (at a higher frequency range).  

Standard sound bursts were 200-4000 hz, and deviants were 1000-1800 hz.  Half of the 

deviant tones in each block were delivered from the left speaker, and the other half were 

delivered from the right speaker.  Participants were asked to attend to the left or right 

speaker and respond to deviant sound bursts from that speaker only. Thus, each block had 

25 target sounds that needed to be responded to, with an average of 200 targets per 
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session and 400 targets per participant.  The average accuracy of participants was 

approximately 86%, meaning that approximately 172 trials per session per participant 

were collected.  Participants that either increased or decreased in accuracy by over 5% 

from Session 1 to Session 2 were excluded from the study.  The author eliminated these 

participants because the majority of participants had a less than 5% change in accuracy 

from Session 1 to Session 2.  A larger change than that appeared to indicate, due to the 

erratic pattern of these data, that a participant was becoming fatigued, had taken too long 

to learn the task, or had not understood the task in session one and so had extremely high 

accuracy increases in the second session regardless of sensory condition.   

 This experiment consisted of two conditions: lap-lap and lap-hold (See Figure 2).  

In the lap-lap condition participants held their hands in their lap while they listened to the 

sounds from the speakers for all 16 blocks.  This condition is also labeled the unisensory 

condition because participants were only using their auditory sense throughout both 

sessions.  In the lap-hold position participants held their hands in their lap for the first 

eight blocks (one session) and then held onto the base of the speakers for the second eight 

blocks.  This condition is labeled the multisensory condition because participants were 

using both their auditory and somatosensory senses in the second session.  Participants 

listened to either the left or right side as an attention manipulation.  Half of the 

participants completed alternating conditions (attend left, attend right) of Lap for eight 

blocks, took a break, and then completed alternating conditions of Lap for another eight 

blocks.  The other half completed alternating conditions of Lap for eight blocks, took a 

break, and then completed alternating conditions of Hold for another eight blocks. This 

allowed us to use a baseline Lap condition within subjects to determine if any increase in 
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performance was due to practice effects (Lap-Lap) or if there is a meaningful difference 

when the task becomes multisensory (Lap-Hold). In each condition there was a long (5-

10 minute) break between the first eight blocks and the last eight blocks, breaking the 

experimental period into two sessions.  Average differences in reaction time and accuracy 

between sessions (i.e., either lap-lap or lap-hold) could thus be collected. Breaks between 

blocks were given to each participant in order to combat fatigue.  The experiment was 

expected to take about an hour and a half, including filling out the surveys and 

instructions. 

 Participants needed to attend to either the right or left speaker and respond with 

the foot pedal to the deviant target sounds from that speaker.  They went through four 

practice blocks with an experimenter so that they could learn to identify the target sounds 

and get used to the procedure.  Both the right and left speaker had deviant sounds 5% of 

the time and participants were informed they need to only respond to the speaker they 

were instructed to attend to.  The sound bursts were randomly presented. 

Data analysis. Any response to a target within 100 and 1000 ms of the onset of 

the target was counted as an accurate response or “hit”. If a response fell outside of this 

window it was counted as a false alarm and discarded.   A mixed analysis of variance 

(ANOVA) was used to analyze reaction time and accuracy data (percentage of correct 

target detection) for the between-group variables Attention (Control, Deficit), and 

Condition (Lap-Lap, Lap-Hold), and the within subject variable of Session.  The 

accuracy and reaction time data from session 1 were compared to the accuracy and 

reaction time data from session 2 for each participant. 

 



MULTISENSORY INTEGRATION PROCESSES                                              Doody 15 

Results 

Controls and participants with subclinical attention deficits had no differences in 

reaction time (F(1, 34) = .13, p = .724, η
2 

= .004 ).  There was a significant main effect of 

session on reaction time (F(1, 34) = 3.973, p = .054, η
2
 = .105), with participants reacting 

faster in the second eight blocks of the experiment (M = 751.042) than the first eight 

blocks (M = 760.637).  There was not a significant main effect of sensory condition on 

reaction time (F(1, 34) = .243, p = .625, η
2 

= .007). 

There was not a trend towards a significant interaction of session by attention 

condition on reaction time (F(1,34) = .526, p = .473, η
2 

= .015.  Both controls (See Figure 

9) and participants with subclinical attention deficits (See Figure 10) performed faster in 

Session 2 versus Session 1.  There was not a significant interaction of session by sensory 

condition on reaction time (F(1, 34) = 1.322, p = .258, η
2 

= .037).  There was no three-

way interaction between session, sensory condition, and attention condition (F(1, 34) = 

.086, p = .771, η
2 

= .003).The main effect of session on accuracy was trending towards 

significance (F(1, 34) = 2.872, p = .099, η
2 

= .078), with participants being more accurate 

in the second session (M  = .874) than the first session (M = .866).  There was also a trend 

towards a significant main effect of sensory condition on accuracy (F(1, 34) = 2.464, p = 

.126, η
2 

= .068), with participants being more accurate in the multisensory condition (M = 

.890) than the unisensory condition (M = .850).  A trend towards a significant interaction 

of sensory condition by attention condition also exists (F(1, 34) = 2.731, p = .108, η
2 

= 

.074).  Control participants performed better in the multisensory condition (M = .896) 

than the unisensory condition (M = .813).  Participants with subclinical attention deficits 

performed the same in the multisensory condition (M = .884) as they did in the 
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unisensory condition (M = .886).  There was no main effect of attention condition on 

accuracy (F(1, 34) = 1.395, p = .246, η
2 

= .039).   

There was a trend towards a significant interaction of session by attention 

condition on accuracy (F(1, 34) = 2.439, p = .128).  Controls performed better in the 

second session (M = .863) than in the first session (M = .847; See Figure 7  Participants 

with subclinical attention deficits performed the same in the second session (M = .885) as 

the first session (M = .886; See Figure 8).  There was no significant interaction of session 

by sensory condition on accuracy (F(1, 34) = .161, p = .691, η
2 

= .005).  There was no 

significant interaction of session by sensory condition by attention condition (F(1, 34) = 

.304, p = .585, η
2 

= .009) 

Discussion 

Conclusions.  Overall, participants performed quicker in the second eight blocks 

of the experiment compared to the first eight blocks.  This could be due to a trend of 

participants doing better in the multisensory condition, which only occurred during the 

second eight blocks.  This trend is supported by literature stating that people experience 

behavioral facilitation when presented with more than one sensory stimulus (Renier et al., 

2009; Sperdin et al., 2009).  Behavioral facilitation is the outcome of neuronal benefits 

that occur with multisensory experiences (Simon-Dack & Teder-Salejarvi, 2008; Foxe et 

al, 2000; Schroeder, 2000).   

 However, there have been studies showing that attention is needed in order to 

experience this multisensory facilitation (Talsma et al., 2005; Talsma & Wordorff, 2007; 

McDonald et al., 2003; di Jong et al., 2010).  The trends in the results suggest that 

participants with subclinical attention deficits are performing equally in both the 
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unisensory and multisensory conditions, while control participants are performing better 

in the multisensory condition than in the unisensory condition.  Although it was not 

significant, both populations performed faster in the multisensory condition than in the 

unisensory condition, but controls also saw an increase twice that of the increase for 

participants with subclinical attention deficits (See Figure 11.)   However, those with 

subclinical attention deficits are also performing less accurately, indicating a trade off—

faster performance, but less accuracy.  Controls performed both quicker and more 

accurately, indicating that both may be occurring in the control population, an indication 

of true behavioral facilitation,which is not found in participants with subclinical attention 

deficits.  Therefore, controls may be experiencing true behavioral facilitation and 

participants with subclinical attention deficits are not experiencing this facilitation.  As 

predicted, there appears to be a difference in how the two populations are processing 

multisensory inputs.   

This trend towards true behavioral facilitation in controls would support the 

neuronal benefits found by Simon-Dack and Teder-Salejarvi (2008) in the same task.   

On the other hand, not seeing this trend in participants with subclinical attention deficits 

would suggest that even small attention deficits can interfere with multisensory 

facilitation.  No participant in this study had a diagnosis of ADHD, and none scored high 

enough on the Barkley’s Behavior Checklist to qualify as having the symptoms of 

ADHD.  These participants merely scored as having more subclinical attention deficit 

symptoms than the control group.  The data’s trend towards difference between the 

subclinical attention deficit group and the control group may indicate that participants 

with true ADHD would have much larger differences in the way they process 
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multisensory data.  This suggests that more research should be done in order to determine 

if an inability to benefit from multisensory facilitation exists in clinical ADHD 

populations.  

Future Research. Simon-Dack and Teder-Salejarvi (2008) noticed neuronal 

benefits of multisensory facilitation with an absence of behavioral benefits.  This 

suggests that if participants with subclinical attention deficits are showing a noticeable 

behavioral difference from controls, it would be very interesting to observe this 

difference from a neuronal perspective.  The author would hypothesize that the neuronal 

differences would be much larger than the behavioral differences. Future studies should 

extend the current research with the added component of a high-density EEG/ERP study.   

Multisensory facilitation has been linked to improved identification (Chen & 

Spence, 2010) and processing (Simon-Dack & Teder-Salejarvi, 2008).  If a subclinical 

attention deficit population is having an observable lack of facilitation, than there is the 

possibility of observing robust significant differences in a clinical population.  This study 

adds evidence for the need to research clinical Attention Deficit/Hyperactivity Disorder 

(ADHD) in a sustained attention task, such as the one done in this study.  Past research 

has found that children with ADHD have sensory processing issues rivaling children with 

Autism Spectrum Disorder (ASD; Cheung & Siu, 2009).  Children with ASD have been 

found to have many issues with sensory processing (Marco, Hinkley, Hill & Nagarajan, 

2011).  Other disorders, such as dyslexia, have been found to have symptoms indicative 

of a deficit in multisensory integration tasks (Facoetti et al., 2010).  Therefore, the trends 

in the current study, combined with past research, present a legitimate need to put more 

effort forth in researching multisensory processing in individuals with ADHD.   
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Limitations.  The N of this study was smaller than would be desired.  While 

thirty-eight participants is a large number for this type of study, with a mixed ANOVA 

containing two groups, G-power (Faul, Erdfelder, Buchner & Lang, 2009) recommends 

one hundred and twelve participants, with equal n in each group.  This is the number of 

participants needed in order to have enough power to find a significant result in this type 

of study.  In addition, there were only 5 control participants in the multisensory 

condition.  Having a smaller N, such as the N this study had, would limit the possibility 

of a finding being significant.  However, this may be a hopeful limitation—since many 

statistics in this study are trending towards significance, the author would hope that with 

a larger N, these findings would become significant.  This is further supported by the 

research showing that these findings should be significant (Simon-Dack & Teder-

Salejarvi, 2008). 

Another limitation of the study is the use of participants with subclinical attention 

deficits.  This was ideal for this study, which was meant to explore the possibility of there 

being multisensory facilitation deficits in people with mild attention deficits.  However, 

this also likely limited the differences between the control and experimental group.  The 

participants with subclinical attention deficits had an average attention deficit score under 

the mean of the overall population.  This study was intended as a test of whether or not it 

would be justifiable to study a clinical population, and the outcome appears to support 

this justification.  By examining a clinical population the researcher would be able to see 

larger differences, and would most likely have more significant statistics.   

A final limitation of this study was that participants who had a change in accuracy 

over 5% between sessions (from Session 1 to Session 2) did not have their data analyzed.   
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This needed to occur due to the possibility of these participants either learning the task 

too slowly or experiencing fatigue.  However, this means that while the analyses were 

looking at differences in change of accuracy, the range was very small.  This limited the 

possibility of differences in accuracy between sessions, and thus differences that may 

have existed would not be seen in the analyses of the current study.  This is seen in 

Figure 12, with very small increases in accuracy for control participants. 

Overall, the main limitations of the current study would decrease the power of the 

statistics.  Therefore, any trends towards significance in the current study could likely 

become significant in future studies.  It is especially important to consider that the 

participants with subclinical attention deficits were considered average in the overall 

population.  Any differences found between them and the control group would likely be 

much more robust in an actual ADHD population.  By using participants with clinical 

attention deficits and increasing the N, future studies have a great possibility of finding 

that having attention deficits interfere with an individual’s ability to fully benefit from 

multisensory facilitation.   
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Figure 1. Predicted differences 

for control and participants 

Figure 2. Condition 1 was entirely unisensory and Condition 2 was multisensory for the 

second session. Figure altered from Simon

-30

-25

-20

-15

-10

-5

0

A
v

e
ra

g
e

 D
if

fe
re

n
ce

 B
e

tw
e

e
n

 S
e

ss
io

n
s 

(m
s)

Predicted Difference Between 

MULTISENSORY INTEGRATION PROCESSES                                              

 

Figure 1. Predicted differences in average reaction times between session 1 and session 2 

participants with subclinical attention deficits in the unisensory or 

multisensory conditions. 

 

Condition 1 was entirely unisensory and Condition 2 was multisensory for the 

ssion. Figure altered from Simon-Dack & Teder-Salejarvi(

permission of author. 

Control Attention

Predicted Difference Between 

Sessions for Reaction Time

Unisensory

Multisensory
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s between session 1 and session 2 

the unisensory or 

Condition 1 was entirely unisensory and Condition 2 was multisensory for the 

Salejarvi(2008), with 

Unisensory

Multisensory
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Figure 3. ANOVA table for within-subjects contrasts for reaction time. 

 

 

 

 

 

Figure 4. ANOVA table for between-subjects effects for reaction time.
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Figure 5. ANOVA table for within-subjects contrasts for accuracy. 

 

 

 

 

 

Figure 6. ANOVA table of between-subjects effects for accuracy. 
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Figure 7. Controls were more 

Figure 8. Participants with subclinical attention deficits performed equally accurate in 
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Controls were more slightly more accurate in Session 2 than in Session 1 for 

both sensory conditions. 

 

 

Participants with subclinical attention deficits performed equally accurate in 

both Sessions (<.005% difference). 

Unisensory Multisensory

Average Accuracy for Controls

Session 1

Session 2

Unisensory Multisensory

Average Accuracy for Attention Deficit

Session 1

Session 2
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slightly more accurate in Session 2 than in Session 1 for 

 

Participants with subclinical attention deficits performed equally accurate in 

Session 1

Session 2

Average Accuracy for Attention Deficit

Session 1

Session 2
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Figure 9. Controls were 

24.528ms faster in Session 2

Figure 10. Participants with subclinical attention 

Session 2 of the unisensory condition, and 12.52ms faster in Session 2 of the 
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. Controls were 7.511ms faster in Session 2 of the unisensory condition, and 

528ms faster in Session 2 of the multisensory condition.

 

. Participants with subclinical attention deficit disorders were 2.429ms faster in 

Session 2 of the unisensory condition, and 12.52ms faster in Session 2 of the 

multisensory condition.

Unisensory Multisensory

Average Reaction Time for Controls

Session 1

Session 2

Unisensory Multisensory

Average Reaction Time for Attention 

Deficit

Session 1

Session 2
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7.511ms faster in Session 2 of the unisensory condition, and 

of the multisensory condition. 

 

2.429ms faster in 

Session 2 of the unisensory condition, and 12.52ms faster in Session 2 of the 

Session 1

Session 2

Average Reaction Time for Attention 

Session 1

Session 2
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Figure 11. Controls 

condition, and 24.528ms faster in Session 2 of the multisensory condition.  

with subclinical attention deficits performed 2.429ms faster in Session 2 of the 

unisensory condition, and 12.520ms faster in Session 2 of the multisensory condition.

Figure 12. Controls performed 0.016% more accurately in Session 2 of the 

condition, and 0.017% more accurately in Session 2 of the multisensory condition.  

Participants with subclinical attention deficits performed about the same in both Sessions 
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. Controls performed 7.975ms faster in Session 2 of the unisensory 

condition, and 24.528ms faster in Session 2 of the multisensory condition.  

with subclinical attention deficits performed 2.429ms faster in Session 2 of the 

on, and 12.520ms faster in Session 2 of the multisensory condition.

. Controls performed 0.016% more accurately in Session 2 of the 

condition, and 0.017% more accurately in Session 2 of the multisensory condition.  

Participants with subclinical attention deficits performed about the same in both Sessions 

(<0.005% difference).
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performed 7.975ms faster in Session 2 of the unisensory 

condition, and 24.528ms faster in Session 2 of the multisensory condition.   Participants 

with subclinical attention deficits performed 2.429ms faster in Session 2 of the 

on, and 12.520ms faster in Session 2 of the multisensory condition. 

 

. Controls performed 0.016% more accurately in Session 2 of the unisensory 

condition, and 0.017% more accurately in Session 2 of the multisensory condition.  

Participants with subclinical attention deficits performed about the same in both Sessions 
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 Appendix A 

 Auditory-Somatosensory Spatial Learning Health Survey 

 

 

Health Survey 

  

Participant Code:_____________________ 

 

The following set of questions is to screen for factors known to affect sensory 

information processing.  Please be as honest as possible.  Put a check next to all the 

following that apply to you. 

 

1. Since birth have you ever had any medical problems? ٱ Yes      ٱ  No      

If yes, please explain. 

 

2. Since birth have you ever been hospitalized?   ٱ Yes      ٱ  No  

If yes, please explain. 

 

3. Have you ever hit your head and experienced a concussion? ٱ Yes      ٱ  No      

If yes, please explain. 

 

4. Do you use tobacco (smoke and/or chew)?   ٱ Yes      ٱ  No      

If yes, please explain. 

 

5.   Have you had any hearing problems?    ٱ Yes      ٱ  No      

If yes, please explain. 

 

7. Do you have now or have you ever had any of the following?  Check yes or no. 

 

Diabetes       ٱ Yes      ٱ  No  

Neurological disorder      ٱ Yes      ٱ  No      

 Brain disorder       ٱ Yes      ٱ  No      

 Vascular disorder      ٱ Yes      ٱ  No      

 Stroke        ٱ Yes      ٱ  No     

 Learning deficiency or disorder    ٱ Yes      ٱ  No    

 Reading deficiency or disorder    ٱ Yes      ٱ  No    

 Attention-deficit disorder     ٱ Yes      ٱ  No     

  Hyperactivity       ٱ Yes      ٱ  No      

 

 If you checked yes for any of the items in question 7, please describe your  

diagnosis briefly. 

 



 Appendix A 

 Auditory-Somatosensory Spatial Learning Health Survey 

 

 

10. Do you regularly consume soy products?   

 

- Are you a vegetarian?  _____________________ 

- Are you lactose intolerant?   _________________ 

 

11.  Do you eat Portobello white mushrooms often?  If so, how often?  (about once a 

week, 2-3 times per week, etc.) 

 

 

12. Are you on any prescribed medications    ٱ Yes      ٱ  No 

  (including birth control)? 

 

If so, please specify. 

 



Appendix B 

Behavior Checklist 

 

 

File Number _________ 

 

Consider your behavior when you are not under the influence of alcohol or medication. 

Please check the one response for each item that best describes your behavior in the 

PAST SIX MONTHS. 

 

 Never or 

Rarely 

Sometime

s 
Often 

Very 

often 

1. I fail to give close attention to details or 

make careless mistakes in my work. 

    

2. I fidget with hands or feet or squirm in 

seat. 

 

    

3. I don’t listen when spoken to directly. 

 

    

4. I don’t follow through on instructions and 

fail to finish work. 

    

5. I talk excessively. 

 

    

6. I avoid, dislike, or am reluctant to engage 

in work that requires sustained mental 

effort. 

    

7. I have difficulty engaging in leisure 

activities or doing fun things quietly. 

    

8. I interrupt or intrude on others. 

 

    

9. I am forgetful in daily activities. 

 

    

10. I have difficulty sustaining my attention 

in tasks or fun activities. 

    

11. I lose things necessary for tasks or 

activities. 

 

    

12. I feel “on the go” or “driven by a motor.” 

 

    

13. I have difficulty organizing tasks and 

activities. 

    

14. I blurt out answers before questions have 

been completed. 

    

15. I have difficulty awaiting turn. 

 

    

16. I am easily distracted. 
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Behavior Checklist 

 

 

17. I leave my seat in situations in which 

seating is expected. 

    

18. I feel restless. 

 

    

 



Appendix C 

Menstrual Calendar 

 

There is evidence in the literature that estrogen cycles effect spatial processing.   

Please mark on the calendar the first day of your last period. 

 

2010 

April  May  June 

Su Mo Tu We Th Fr Sa 

        1 2 3 

4 5 6 7 8 9 10 

11 12 13 14 15 16 17 

18 19 20 21 22 23 24 

25 26 27 28 29 30   

              
 

 

Su Mo Tu We Th Fr Sa 

            1 

2 3 4 5 6 7 8 

9 10 11 12 13 14 15 

16 17 18 19 20 21 22 

23 24 25 26 27 28 29 

30 31           
 

 

Su Mo Tu We Th Fr Sa 

    1 2 3 4 5 

6 7 8 9 10 11 12 

13 14 15 16 17 18 19 

20 21 22 23 24 25 26 

27 28 29 30       

              
 

July  August  September 

Su Mo Tu We Th Fr Sa 

        1 2 3 

4 5 6 7 8 9 10 

11 12 13 14 15 16 17 

18 19 20 21 22 23 24 

25 26 27 28 29 30 31 
 

 

Su Mo Tu We Th Fr Sa 

1 2 3 4 5 6 7 

8 9 10 11 12 13 14 

15 16 17 18 19 20 21 

22 23 24 25 26 27 28 

29 30 31         
 

 

Su Mo Tu We Th Fr Sa 

      1 2 3 4 

5 6 7 8 9 10 11 

12 13 14 15 16 17 18 

19 20 21 22 23 24 25 

26 27 28 29 30     
 

October  November  December 

Su Mo Tu We Th Fr Sa 

          1 2 

3 4 5 6 7 8 9 

10 11 12 13 14 15 16 

17 18 19 20 21 22 23 

24 25 26 27 28 29 30 

31             
 

 

Su Mo Tu We Th Fr Sa 

  1 2 3 4 5 6 

7 8 9 10 11 12 13 

14 15 16 17 18 19 20 

21 22 23 24 25 26 27 

28 29 30         

              
 

 

Su Mo Tu We Th Fr Sa 

      1 2 3 4 

5 6 7 8 9 10 11 

12 13 14 15 16 17 18 

19 20 21 22 23 24 25 

26 27 28 29 30 31   

              
 

 

 

On average, how many days does it take for you to complete a full menstrual cycle from 

the first day of one period to the first day of the next? 

 

Do you typically have a regular or irregular cycle? 
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Edinburgh Handedness Inventory 

 

 


