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Utilizing previous learned information is how we make sense of our world. By accessing 

previously learned information we make clearer judgments, processes information more quickly 

(Clay et al, 2009), and have higher rates of survival. Our ancestors would not have been able to 

survive without learned responses to sexual advances, dangerous animals, and potential enemies 

(Hamann et al, 1999). A large collection of research has been conducted examining what 

memory is, how memory works (Dolcos, LaBar, & Cabeza, 2004), and how memory can be 

strengthened (Craik & Tulving, 1975; Dolcos, LaBar, & Cabeza, 2004; Verhaeghen, Marcoen & 

Goossens, 1992). One such memory enhancer is the emotional content of the stimulus.   

Recent studies examining the role emotion plays with memory consolidation has found 

that emotion arousing events produce greater memory accuracy (Phelps & Sharot, 2008), longer 

memory retention (Pierce & Kensinger, 2011) as well as increase the attention towards the 

emotional stimulus (Kensinger, 2007; Pottage & Schaefer, 2011; Steinmetz & Kensinger, 2013).  

Because of the predictive quality of attention and memory, it is not surprising that modern 

imaging techniques have shown that highly emotional and arousing stimuli lead to higher rates of 

attention (Vuilleunier, Armony, Driver, & Dolan, 2001). Surprisingly, these results of enhanced 

memory for emotional visual stimuli are similarly true for emotional auditory stimuli. Bradley 

and Lang (2000) found that memory for emotional sounds were better when those sounds were 

emotionally arousing. These studies indicate that emotional stimuli, regardless of which sensory 

modality is used for presentation, produce higher rates of recall.   
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An individual perceives certain images as happy, certain smells as disgusting, and certain 

sounds as aversive. The research that examines emotion enhanced memories depends greatly on 

the sensory perception of the human body. Anderson, Wais, and Gabriele (2006) found that 

pairing a neutral image with an emotionally arousing image elicits better recall of the neutral 

image. When participants of this study viewed an emotional arousing stimuli (such as a car 

crash) paired with a emotionally neutral image (a sunny day), they had better recall for the 

neutral image then they did when neutral image was paired with another neutral image. This, the 

authors argue, is due to the directed attention evoked from emotional arousing images. 

But the results for the Anderson, Wais and Gabriele study can also be described by a 

biological component. Research conducted with animal and human models has shown evidence 

that the arousal produced from emotional stimuli has a consolidating effect on memory (Cahill & 

McGaugh, 1995; Cahill & McGaugh, 1998; McGaugh, 2000). This arousal-memory 

consolidation model argues that the perception of an emotional event produces the release of 

neurochemicals that activate sub cortical brain regions, primarily the basolateral amygdala. The 

activation of these brain regions has been found to be linked to better memory. In relation to the 

above study by Anderson et al (2006), by perceiving a neutral image paired with an emotional 

arousing image, the activation of subcortical brain regions due to the exposure of the arousing 

picture would also aid in the memory consolidation for the neutral picture. According to this 

view, arousal is the lynchpin for memory consolidation. 

 However, decades of research examining weapon focus effects (see Steblay, 1992 for a 

review) have shown that the arousal produced from an arousing experience doesn’t always aid in 

memory consolidation. In many memory studies (especially those examining traumatic events) 

the arousing details of the event (the presence of a gun for example) actually produces less 
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accurate memory recall. If arousal isn’t the lynchpin for memory consolidation, then how do we 

explain the memory enhancing effects of emotion? Perhaps there is another component at work 

that aids in the consolidation of emotional stimuli. 

In order to examine the enhancing effects of emotion on memory, it’s important to 

understand how we perceive emotion.  In order to make sense of the external world, our brains 

process as much information as possible and make educated guesses regarding what information 

is presented and how to react to it.  The body utilizes all sensory information (visual, auditory, 

somatosensory, olfactory etc.) in order to understand internally what is happening externally.  By 

utilizing more than one channel of sensory input, environmental information can be quickly and 

more effectively processed (deGelder & Vroomen, 2000, Navarra, J., Vatakis, Zampini, Soto-

Faraco, Humphreys, & Spence, 2005).  Emotional perception is no different.   

In real world social interactions, emotional perception is rarely processed by one sensory 

system, but is instead a combination of visual input (smiling vs. frowning, clenched fists vs. open 

palms etc.) auditory input (what is the actual message being conveyed? What is the tone of 

voice? etc.) and through touch (is the person tightly gripping your shoulder or are they gently 

placing their hand on your shoulder?). Emotion processing involves integrating multiple sources 

of information not only between multiple sensory modalities, but also within sensory modalities.  

What this means is that the emotional input from one modality could simultaneously present two 

contradicting inputs. A smiling face paired with an aggressive body position sends two very 

different messages that may be difficult to interpret. In fact, neuroimaging studies (Müller et al, 

2011) have shown evidence that incongruent emotional stimuli, when presented to two sensory 

modalities, activate similar brain regions as emotional arousing stimuli. These results suggest 
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that neural mechanism not only activate for the processing of a stimuli’s level of valence and 

arousal but neural activation also occurs regarding the context for the emotional input.  

The current study will pose the argument that the processing of complex multimodal 

incongruent emotions may bring about new cognitive functioning processes that affect the 

perceived emotions being processed by one sensory system. Because information presented to 

multiple sensory modalities has been found to activate emotion processing structures in the brain, 

such as the left amygdala, and these structures aid in memory consolidation. Our primary 

hypothesis (1) was that image recall for multimodal emotional pairs presented congruently would 

be better than incongruent pairs. Because of the role the amygdala plays in emotion processing, 

especially that of aversive emotion detection, a second hypothesis (2) is made investigating the 

physiological activation of congruent and incongruent pairs, whereby SEM activation will be 

higher for incongruent pairs. Because emotion processing accuracy is strengthened by congruent 

emotion sensory stimuli, as proposed by the multiplicative model of feature integration (Massaro 

(1987), where perceptions of perceived emotions are effected by the combination of multiple 

sensory systems, the current study also hypothesizes that ratings of arousal and valence for 

images between congruent and incongruent pairs will differ, whereby (3) arousal levels will 

increase for incongruent multimodal stimuli while (4) valence ratings will be higher for 

congruent stimuli. 

Eighty-one participants were presented with simultaneous pictures and sounds that varied 

in emotional valence (positive, neutral, or negative). Stimuli were chosen from the International 

Affective Picture System (IAPS; Lang, Bradley, & Cuthbert, 2008) and the International 

Affective Digital Sounds (IADS-2: Bradley & Lang, 2007) stimulus sets.  Positive and negative 

stimuli were equated in terms of subjective arousal ratings.  The visual and auditory stimuli were 
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combined factorially to produce nine stimulus conditions, including multimodal congruent 

stimulus pairs (i.e., visual positive + auditory positive, visual negative + auditory negative) and 

incongruent pairs (i.e., visual positive + auditory negative, visual negative + auditory positive). 

Acoustic startle eye-blink magnitude was obtained during stimuli presentation to measure 

physiological responsivity that reflects amygdala activation primed by the sensory pairings. 

Participants also rated each image for valence and arousal on a 9-point scale immediately 

following presentation. Participants’ free recall of images was tested 5 minutes after the 

completion of stimulus trials.  

Results indicated that congruent multimodal pairings led to significantly higher image 

recall scores compared to incongruent pairings, t(80) = 7.32, p < .001, d = 1.08. Similar to past 

findings, results also indicated that emotional valence of the stimulus pairs had statistically 

significant effects (p < .05) on startle eye-blink magnitude, ratings of valence, and ratings of 

arousal. Follow-up analysis investigated how the two variables (Visual Affect and Audio Affect) 

differ across all conditions. Multivariate results also demonstrated differences between congruent 

and incongruent whereby image recall scores decreased as the difference between valence scores 

for the two modalities increased. 

 These results agree with Massaro’s multiplicative model of feature integration in that 

cross-modal emotion processing is better for congruent emotional pairs than incongruent pairs, 

and that memory recall is strengthened by these congruent emotional pairs. These results suggest 

that the nature of emotional processing systems may not rely on an additive model of sensory 

input, where the higher emotional stimuli the better the memory, but instead on the quality and 

type of emotional stimuli being presented. 
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