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Abstract 

Authors: Ole Kristian Kristiansen, and Marius Bøe Viken 

Supervisor: Tor Endestad 

Title: Unconscious processing of emotions. The role of spatial frequency 

composition in amygdala`s processing of hybrid fearful faces. 

 

Using event-related functional magnetic resonance imaging (fMRI) on 14 human 

subjects, we investigated the hypothesis that unconscious processing of emotions can 

take place, and that this process is driven by visual cues in the low spatial frequencies. 

Furthermore we investigated the role of the amygdala in a hypothesised subcortical 

pathway designated for rapid emotional processing. Participants viewed “hybrid” 

faces that either showed a fearful expression in the lowest spatial frequencies (1-8 

cycles/image) and a neutral expression in the rest of the bandwidth, or “hybrids” that 

showed a neutral expression in the lowest spatial frequencies and a fearful expression 

in the rest of the bandwidth. Contrary to our initial hypothesis we found increased 

activation in the amygdala when participants viewed hybrids containing explicit fear, 

compared to when they viewed hybrids containing implicit fear. In addition we found 

increased activation of the fusiform face area (FFA), and the precentral gyrus for the 

same comparison. These results are interpreted in the light of the existence of a 

distributed cortical network involved in processing of emotions. Other possible 

explanations for our findings are also discussed.  
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1. Introduction 

1.1 Unconscious processing of emotions 

It has long been argued that significant emotional stimuli may be processed 

without attention and even without conscious awareness of the stimulus occurrence 

itself (Zajonc, 2000; Winkielman & Berridge, 2004), and that a specialized neural 

system has evolved for processing of stimuli with emotional significance (Ledoux, 

2000; Öhman, 2005). In line with this, recent psychological research has shown that 

information with emotional importance is being processed in a distinct neural network 

(Vuilleumier, Armony, Driver, & Dolan, 2001, Vuilleumier, Armony, Driver, & 

Dolan, 2003; Öhman, Carlsson, Lundqvist, & Ingvar, 2007), and that this information 

can be processed automatically without attention (Whalen, Rauch, Etcott, McInerney, 

Lee, & Jenike, 1998). Furthermore, it has been suggested that this kind of information 

is carried by spatial frequencies in the low spectrum (Loftus & Harley, 2005; Ruiz-

Solèr & Beltran., 2006). 

Psychological evidence supporting the idea that there exists a rapid neural 

system for processing of emotional stimuli outside conscious awareness derives in 

large parts from studies using the backward masking technique developed by Öhman 

and co-workers (Esteves & Öhman, 1993; Öhman & Soares, 1994). In a typical 

experiment using this technique two pictures are rapidly presented in a series, the first 

picture for a brief period of time (15-30 ms) and the second long enough to be 

perceived consciously by the participants. The first stimuli is an image with emotional 

content (e.g. spider, snake, fearful or happy face), and the second stimuli is a picture 

with neutral content. The presentation of the second picture will effectively mask the 

first so that subjects should have no conscious experience of perceiving the emotional 

picture. If the subjects report not to have seen the emotional picture, but still 

experiences automatic emotional responses or exhibit behavior clearly influenced by 
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the emotional stimuli on a following task, somewhere there must have occurred an 

unconscious processing of the first emotional stimuli.  

As an example, research using the backward masking technique has found that 

masked pictures of snakes and spiders result in increased skin conductance in 

participants who are phobic to these reptiles even though the participants report not 

seeing the fearful stimuli (Öhman & Soares 1993). Similar results were obtained by 

Berridge and Winkielman (2003) in an experiment where they masked emotional 

faces and later had the participants rate the flavor of a drink. As expected the 

participants’ subsequent rating of the drink was influenced by the initial emotional 

stimuli, leading the participants to rate the same drink more negatively if the masked 

faces were angry, and more positively if the faces were happy. Results from studies 

like these clearly points towards the existence of a neural system capable of 

processing emotions and influence automatic emotional reactions and behavior 

outside our awareness.  

A thorough and influential description of such a neural network is given by 

LeDoux (2000). He claims that there exist two different and distinct networks for 

processing of emotions. One path, known as the “low-road”, supports rapid but coarse 

processing of emotional information and consists of subcortical structures with direct 

pathways from the thalamus to the amygdala (Morris, Öhman, & Dolan, 1999). In line 

with this, results from fear conditioning studies using fMRI and PET methods 

confirm that the amygdala serves a critical role in processing stimuli with emotional 

valence, and especially stimuli signifying fearful situations (Carlsson, Petersson, 

Lunqvist, Karlsson, Ingvar, & Öhman, 2004; Sabatinelli, Bradley, Fitzsimmons, & 

Lang, 2005).  

The other path is known as the “high-road” and consists of a neural pathway 

that extends from the thalamus into higher visual areas in the occipital and temporal 

lobe. This pathway supports the fine grained processing of details and visual 

categorization of stimuli. In contrast to the rapid “low-road” such a parallel neural 

pathway would consist of a series of processing stages from primary visual areas to 
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the inferior temporal cortex with each stage adding increasingly more complex 

analysis of incoming information, and consequently adding processing time. There 

also exists solid evidence that this pathway requires extensive attentional resources to 

properly process the visual stimuli (Vuilleumier et al., 2001). Compared to the direct 

and rapid “low-road” this road would be slower and more complex in nature. 

Evidence from research also suggests that emotional information processed by 

the “low-road” is being carried by spatial frequencies in the low spectrum 

(Vuilleumier et al., 2003; Öhman et al., 2007). According to the spatial frequency 

theory of vision spatial frequencies are considered one of the basic “primitives” in 

visual perception of which any visual scene is composed of (Palmer, 1999, p.159).  In 

line with this theory it is generally agreed upon that spatial filtering is the basic 

mechanism for extracting visual information from a complex visual scene, and that 

our perceptual system analyzes visual input based on its spatial frequency content 

(Westheimer 2001; Loftus & Harley, 2005; Ruiz-Solèr & Beltran 2006). In other 

words; in the early stages of perception our perceptual system decomposes the 

information in a visual scene into its basic building blocks, one such block consisting 

of spatial frequencies of different amplitudes, phases, and angles, before a complete 

perception is formed in higher visual areas of the cortex. The end result is our 

conscious perception of our surroundings. 

Basically, spatial frequencies are spatially extended two-dimensional patterns 

whose luminance vary according to a sine wave over one spatial dimension and is 

constant over the perpendicular dimension (Palmer, 1999, p.159).  Spatial frequency 

(SF) is usually specified in terms of the number of cycles per degree of visual angle 

(Oliva & Schyns, 1997). Following Fourier’s theorem, any 2-dimensional picture can 

be analyzed into the sum of a set of sinusoidal gratings that differ in spatial frequency, 

orientation, amplitude, and phase (Palmer, 1999, p 160; Westheimer, 2001). This 

means that it is possible to decompose a picture much in the same way as the visual 

system seems to do. Although a thorough description on how a picture is composed of 

a sum of different spatial frequencies would be too complex and beyond the scope of 
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this paper, it is fully possible to demonstrate what kind of information is carried by 

different spatial frequencies. Figure 1.1 is a regular image of a face containing all 

spatial frequencies (broadband).  Figure 1.2 depicts the same face containing spatial 

frequencies only in the low spectrum, carrying the coarse spatial structure of the 

image, whereas figure 1.3 shows the face containing only high spatial frequencies, 

carrying the fine spatial information as details and sharp edges. Using stimuli 

manipulated in this way makes it possible to isolate certain distinct features of a 

visual scene and experimentally study how the visual system processes spatial 

frequencies in the early stages of visual recognition. 

 

         Figure 1.1                              Figure 1.2                                Figure 1.3 

                           

Figure1. The complex broadband picture of a face (on the left) has 

been Fourier analyzed into its low spatial frequency information in the 

middle picture, and its high spatial frequency information in the 

picture on the right. The low spatial frequencies carry the coarse 

global information of dark and light. High spatial frequencies carry 

fine grained details of contrast and edges. 

 

According to the spatial frequency theory the early visual systems consists of 

many different and overlapping channels that are selectively tuned to different ranges 

of spatial frequencies and orientations (Palmer, 1999, p.162-163). It is believed that 

these channels are distinct and that they carry different types of information. 

Supporting this, recent research have consistently demonstrated that low spatial 

frequency and high spatial frequency information seems to be processed by the visual 

system using different pathways (Iiadaka, Terashima, Yamashita, Okada, Sadato, & 
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Yonekura, 2003; Iiadaka, Yamashita, Kashikura, & Yonekura, 2004; Rothstein, 

Vuilleumier, Winston, Driver, & Dolan 2007).  

A series of convincing studies using emotional facial expressions in either low 

or high spatial frequencies have found activation in the amygdala exclusively when 

subjects were exposed to information in the low spatial frequencies compared to 

information in the high spatial frequencies (Vuilleumier et al., 2003; Winston, 

Vuilleumier, & Dolan, 2003). Furthermore, research has shown that processing of 

emotional low spatial frequency information in this pathway is rapid, automatic and 

can take place without tapping into attentional resources (Whalen et al., 1998; 

Vuilleumier et al., 2001). Taken together this indicates that emotional processing in a 

distinct neural “low-road” can take place unconsciously and is driven by information 

in the low spatial frequencies. As an interesting note it is still unclear where the 

integration of high and low spatial frequencies to form our conscious perceptions 

occur, however the fusiform face area (FFA) has been suggested as a strong candidate 

for this task when processing faces (Vuilleumier et al. 2003, Eger, Schyns, and 

Kleinschmidt 2004). 

This experiment utilizes a perceptual technique first pioneered by Oliva and 

Schyns (1997, 1999). A regular 2-dimensional Fourier transformation is performed on 

a picture to extract different spatial frequencies. The low spatial frequency 

information (coarse info) from a facial image is then superimposed onto another facial 

image with spatial frequencies in the high spectrum (fine grained detail info). This 

creates a hybrid facial image carrying different information in the different spatial 

frequencies. Hypothetically this means that a hybrid image with emotional content in 

the low spatial frequencies, but neutral information in the high spatial frequencies, 

will result in emotional processing even though subjects though subjects have no 

conscious experience of seeing an emotional stimulus.  

Studies using variations of the same technique indicates that using such hybrid 

stimuli seems like an ideal way of investigating the neural basis for processing of 

spatial frequencies (Iiadaka et al. 2003; Iiadaka et al. 2004), and testing the hypothesis 
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that processing of emotions in facial expression can take place unconsciously 

(Vuilleumier et al. 2003; Rothstein et al., 2007). As an example; using hybrid images 

created in a similar way Laeng and co-workers (2008) demonstrated that subjects 

perceived images with negative emotional content in the low spatial frequencies as 

neutral even though subsequent rating categorized them as more “unfriendly” than 

fully neutral images. This finding indicates that the emotional low frequency 

information in these images is not perceived consciously but nevertheless is being 

processed somewhere outside our conscious awareness.  

However, as pointed out by researchers (Rothstein et al., 2007), one potential 

weakness of the many studies using this technique is that they use hybrid stimuli 

material only containing spatial frequencies in the low range (<6 cycles/image) and 

the high spatial frequency range (24>cycles/image), or stimuli material containing 

only high or only low spatial frequencies. As a result, stimuli differ markedly in visual 

appearance and luminance, energy, contrast, and spectral composition. Findings might 

then reflect nonspecific visual dissimilarities and not specific information in any 

spatial frequency range. Furthermore presenting spatial frequencies in restricted 

ranges may potentially result in changes in the processing strategy to compensate for 

the limited information available in the image (Oliva & Schyns, 1997; Schyns & 

Oliva, 1997; Morrison & Schyns, 2001). Any visual scene can be decomposed into 

spatial frequencies from the entire spectrum, and by removing some of the 

frequencies invaluable information used in perceptual categorization and visual 

recognition is lost (Costen, Parker, & Craw, 1996; Ruiz-Soler & Beltran, 2006). This 

might potentially result in activation reflecting processing of ambiguous and/or 

unusual stimuli rather than activation reflecting core emotional processes. To our 

knowledge, and at time of writing, the only study using hybrid images containing 

spatial frequency information in the entire spectrum is the work by Laeng and co-

workers. 

The stimulus material in this study consists of three different conditions, all 

containing spatial frequencies in the full range. The conditions are as follows; 1) fully 
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neutral images of a male or a female containing all the original spatial information 

(neutral broadband); 2) hybrid images composed of high frequency fearful 

expressions (9-128 cycles/image) superimposed onto a neutral image in the low 

spatial frequencies (1-8 cycles/image); 3) hybrid images composed of low frequency 

fearful expressions superimposed onto higher frequency neutral expressions (9-128 

cycles/image). Previous research has shown that emotional activation in the amygdala 

is significantly stronger when exposed to fear than any other core emotion (Whalen, 

McInerny, Shin, & Fischer, 2001), thus emotional expressions in this study will be 

limited to fear.  

 

           

Figure 2. Demonstration of the process of creating a hybrid face: 

Image Original A and Original B are different pictures of the same 

person showing different emotions (neutral in Original A and fear in 

Original B). Picture Low freq A is the low spatial frequency (<8 

cycles/image) version of Original A, and High freq B is the high 

spatial frequency (>9 cycles/image) version of Original B. The combo 

picture is the result when Low freq A is superimposed onto Low freq 

B. The combo picture is an example of condition emotional high 

frequency (EmoHF), neutral expression in the low spatial frequencies, 

and emotional information in the high spatial frequencies. 
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Figure 3. Same process as in Figure 2, but the final hybrid image 

consists of emotions in low spatial frequencies, and a neutral 

expression in the higher spatial frequencies, (EmoLF). 

 

The goal with the present study is to further investigate the neural substrate of 

unconscious processing of emotions using an event related fMRI paradigm. Based on 

results from previous research pointing to the amygdala as the key structure in 

emotional processing, and to narrow the scope of this paper, the main focus of this 

study will be on activation in this structure. Since previous research has suggested 

that the fusiform face area (FFA) might be the location where integration of low and 

high spatial frequency information in faces occur (Eger, Schyns, & Kleinschmidt, 

2005), and that this region consistently shows significant activation when exposed to 

emotional faces (Ganel, Valyear, Goshen-Gottstein, & Goodale, 2005; Kanwisher & 

Yovel, 2006), differences in activation in this region will also be investigated.  

In this study we predict that EmoLF images will result in increased activation 

in the amygdala compared to fully neutral broadband images and EmoHF images due 

to low-spatial emotional information (1-8 cycles/image) in the EmoLF images. A 
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finding like this will both support the idea of emotions being processed by the brain 

without reaching conscious awareness and that emotional information mainly is 

carried by low spatial frequencies from 1-8 cycles/image using a rapid “low-road” 

with direct connections from the thalamus to the amygdala. Furthermore, this study 

will investigate whether the FFA is sensitive to activation related to emotional 

information either in the low or the high spatial frequency range.  

1.2 The search for amygdala 

Over the past several years there has been an explosion of interest in the role of 

the amygdala in processing of emotions, and particularly fear. Deficits in fear 

perception have been found in patients with amygdala damage (Adolphs, Tranel, 

Damasio, & Damasio, 1995; Vuilleumier & Pourtois, 2007 for an overview). fMRI 

studies have also shown that the amygdala is activated more strongly in the presence 

of fearful and angry faces than of happy ones (Breiter et al 1996), and more strongly 

for fearful faces than angry ones (Whalen, McInerny, Shin, & Fischer, 2001). 

Research also indicates that the amygdala can process fearful faces without attention 

(Whalen et al., 1998).  

Although the abovementioned studies successfully report activation in the 

amygdala, other studies has shown that the amygdala is notoriously difficult to 

activate (Fredrikson, Wik, Annas, Ericson, & Stone-Elander,1995), and investigations 

targeting the amygdala region using fMRI methodology suffers from susceptibility 

artifacts composed of signal dropouts and image distortion (Merboldt, Fransson, 

Bruhn, & Frahm, 2001; Morawetz, et al., 2008), and that the amygdala rapidly 

habituates to repeated emotional faces (Wright, Fischer, Whalen, McInerney, Shin, & 

Rauch 2000; Fischer, Wright, Whalen, McInerney, Shin, & Rauch, 2002; Strauss et 

al., 2005). Furthermore, meta-studies report that there exists substantial degree of 

intersubject variability in the shape and location of the amygdala (Pruessner et. al., 

2000; Brierly, Shaw, & David, 2002; Pedraza, Bowers, & Gilmore, 2004). The same 
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meta-studies report volumes in the range of 1000-3500 mm^3 (Pruessner et. al., 

2000), interhemispheric differences, and gender differences (Brierly et al., 2002). 

Analyzes also indicates that differences in MRI magnet field strength and slice 

thickness values might differentially contribute to volumetric asymmetry estimates 

(Pedraza, Bowers, & Gilmore, 2004). In addition the same meta-studies consistently 

report large differences between studies making it difficult, sometimes even 

impossible to compare results from different laboratories due to a lack of standard 

protocol for defining the amygdala. Taken together this means that localizing the 

exact position of the amygdala, finding activity in the amygdala, and getting 

comparable data will post significant challenges for researchers in this field. 

To summarize; four vital challenges had to be addressed when designing the 

main experiment and analyzing the data; 1) the data analysis need to take into account 

intersubject variability in position and size of the amygdala, 2) for comparability 

issues a standard protocol for defining the amygdala had to be agreed upon, 3) due to 

susceptibility artifacts image acquisition and scanning parameters needed to be 

optimized for the targeted region, 4) given previous research pointing to the amygdala 

as a difficult structure to activate, and a structure that shows a rapid habituation effect  

when exposed to repeated emotional stimuli, optimal exposure time for stimuli and 

experiment task had to be decided on. 

To increase the likelihood that activation in the defined ROI actually reflects 

activation in the amygdala this study utilizes both an anatomically based method and a 

functional method for localizing the amygdala. By combining these methods we 

believe we have taken important steps to ensure the correct localization of this 

structure. At present, defining a region of interest anatomically seems to be the most 

widely used method to solve the challenge of localizing the position of the amygdala 

(Nieto-Castanon, Ghosh, Toruville, & Guenther, 2003). To ensure comparability of 

data this study uses, as recommended in the literature (Brierly et al., 2002), Watson’s 

criteria (Watson et al., 1992) to anatomically define the ROI (see appendix A, 6.1.1 

for a thorough description of this method). In addition, to functionally localize the 
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amygdala this study performed a passive emotional stimulation paradigm (see 2.4.2, 

ROI localizer for a thorough description), which has been widely used in 

neuroimaging studies and shown to reliably yield activation in the amygdala 

(Morawetz, et al., 2008).  

To solve the challenge of susceptibility artifacts, research points to the 

importance of using image acquisition parameters optimal for the targeted region, e.g. 

voxel size, slice thickness, slice gap, echo time (TE), repetition time (TR), and flip 

angle (Chen, Dickey, Yoo, Guttmann, & Panchym, 2003; Robinson, Windischberger, 

Rauscher, & Moser, 2004; Morawetz, et al., 2008). With this in mind, prior to the 

main experiment, a pilot study was run to find optimal image acquisition parameters 

for the amygdala (see appendix A, 6.1.2. for a thorough description). This pilot was 

based on recommended parameters for image acquisition in the limbic system using a 

3T scanner (Morawetz, et al., 2008). 

The last challenge faced was the fact that the amygdala is notoriously difficult 

to activate, and habituates rapidly to repeated emotional stimuli. Research indicates 

that reliable and consistent amygdala activation can be observed with brief exposure 

times to fearful stimuli (Öhman et al., 2007), while the habituation effect can be 

reduced by limiting the number each face is presented (Fischer et al., 2001). Inspired 

by numerous event-related fMRI studies by Vuilleumier and co-workers consistently 

finding activation in the amygdala using similar stimuli material (e.g. Vuilleumier et 

al., 2003), the design of this experiment is similar to these experiments in several 

important aspects; an event-related fMRI paradigm with similar exposure time to 

stimuli and similar number each time a stimuli is exposed. To avoid possibly changes 

in processing strategy due to requirements of various discrimination tasks (Oliva & 

Schyns, 1997; Schyns & Oliva, 1997; Morrison & Schyns, 2001), passive viewing of 

stimuli was chosen as the task in this experiment. Research has shown that passive 

viewing is sufficient for processing of emotional stimuli, and experiments utilizing 

this method consistently yield activation in the amygdala (Öhman et al., 2007). 
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2. Materials and Methods 

2.1 Overview of experiments 

This study consists of two parts: one using functional magnetic resonance 

imaging (fMRI) to estimate activity changes in amygdala and the FFA when 

participants are viewing neutral and hybrid-emotional pictures of faces in the MR-

scanner, and one behavioural experiment where we wanted the participants to rate the 

stimuli used in the main experiment on emotionality. The fMRI experiment consisted 

of one localizer session for mapping of individual regions of interest, and one 

experimental session. 

2.2 Subjects 

Fourteen healthy subjects, all with Norwegian as native language, volunteered 

to participate in the experiment. All subjects had normal or corrected-to-normal 

vision, no reported neurological or psychiatric history and no structural brain 

abnormality. (Mean age: 26.8, range 19-31, 6 female). All participants underwent a 

MRI-security check list procedure, and gave informed consent in line with the ethics 

regulations.  

2.3 Stimuli and stimulus presentation 

The original stimuli consisted of 134 colour photos of fearful and neutral faces 

from the Karolinske Directed Emotional Faces (Karolinska Hospital, Stockholm, 

Sweden, 1998). In addition we included 150 colour photos of neutral faces collected 

from the University of Oslo’s database and rated for emotional content. All selected 

photos showed full frontal views of the head. We selected 35 female and 34 male 

models from the Karolinske Directed Emotional Faces subset of photos to be used in 
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the main experiment. Each model displayed a fearful expression and a neutral 

expression. In addition we selected 35 neutral female and 35 neutral male models 

from the University of Oslo’s database for the main experiment. The rest of the 

neutral models were used in the localizer task. The photos from the Karolinska 

database were used to create images used in the hybrid picture conditions, and the 

photos from the University of Oslo’s database were used in the neutral broadband 

condition. All photos were cropped and resized to 500 x 500 pixels, converted into 

gray-scale, and matched on contrast and luminance values using standard routines in 

Photoshop (version CS3; Adobe Systems Inc., USA). 

Spatial frequency content in each image was filtered using custom scripts 

written in MatLab (version 7.1.; The MathWorks, Inc., USA). To create the images 

with emotional content in the low spatial frequencies (EmoLF), fearful images were 

filtered using a low pass filter with a cut-off at 8 cycles/image to extract spatial 

frequencies in the 1-8 cycles/image range, and neutral images were filtered using a 

high pass filter with a cut-off at 9 cycles/image extracting spatial frequencies in the 9-

128 cycles/image range. The final hybrid pictures were created by conducting an 

inverse Fourier transform on the two spectra combined (low pass emotional 

information from one picture was combined with high pass information from another 

image showing the same person, creating the final image). The images with emotional 

content in the high spatial frequencies and neutral content in the low spatial 

frequencies (EmoHF) were created in the same way, but instead using a low pass cut-

off at 8 cycles/image on the neutral images, and a high-pass cut-off at 9 cycles/image 

on the emotional images. 

For the ROI-localizer and the experiment session the stimuli were presented through a 

pair of NNL Visual System binoculars (NordicNeuroLab AS, Norway) on a black 

background. Screen resolution in the NNL binoculars was 800x600. The stimuli were 

presented foveally (in the central eye field) with a stimuli size of 9,25 x 9,25 visual 

degrees. The stimulus presentation in the rating session was done using a 19” standard 

LCD computer screen with the resolution set to 1024x768. The distance from the 
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participants head to the screen was 57cm, and the size of the stimuli on the screen was 

adjusted to account for the change in viewing distance compared with the 

experimental session. 

2.4 Experimental design 

2.4.1 Main Experiment:  

In the main experiment the participants were shown faces from three different 

conditions in an event-related experimental design. The EmoHF and EmoLF 

conditions consisted of 69 different images each (35 females). The neutral condition 

consisted of 70 different images (35 females). In all conditions each face was 

presented only once. In total, there were 208 trials. The conditions were presented in a 

randomized order. The start of the first trial was synchronized with a trigger from the 

scanner using a NNL SyncBox (NordicNeuroLab AS, Norway). The duration of one 

trial was 3 TRs (6000ms). A fixation cross was present on the middle of the screen 

during a trial, except when a stimulus was presented. Stimulus presentation time was 

250 ms, and the stimulus onset-time in a trial was 3800ms in 1/3, 4750ms in 1/3, and 

5700ms in the remaining 1/3 of the trials. Thus, average intertrialinterval (ITI) was 6 

seconds, but stimulus onset was jittered on a trial-to-trial basis. The task was passive 

viewing. The only information given to the participants prior to the experiment was 

that they were going to see a series of facial images. They were also instructed to keep 

the head in the exact same position while in the scanner, and stay alert and focused 

during the functional sessions. The subjects did not have prior exposure to the 

stimulus material presented in the experiment. All participants used double hearing 

protection, and were able to communicate with the experimental leader through an 

intercom system between the functional scanning sessions. Total duration of the main 

experiment procedure was 22min. 
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2.4.2 ROI Localizer 

After the main experimental run and a whole-brain structural scan, participants 

went through a localizer session, allowing us to define regions of interest 

independently of the main experiment. We used a blocked design and a passive 

emotional stimulation paradigm which has been shown to improve functional 

mapping of the human amygdala, and minimize the bias caused by habituation effects 

in the group analysis (Morawetz et al.2008). We used non-manipulated pictures of 

emotional faces, neutral faces, and a set of pictures showing buildings. The pictures 

of buildings were chosen on the basis of a study by Henderson and co-workers 

(Henderson, Larson & Zhu, 2008) where they showed that full scenes produce more 

activation in the parahippocampal area (PPA) than close up scenes. The stimuli were 

presented foveally (in the central eye field) with the same size, and with the same 

equipment as used in the main experiment. One block consisted of 16 stimuli from the 

same category. A block started with the presentation of a fixation point (duration 200 

ms), followed by the presentation of a stimulus (duration 300 ms. This was repeated 

until all 16 stimuli constituting a block had been presented. The total duration of one 

block was 8000ms. Each block (condition) was shown 10 times. Every face was 

presented 2.5 times on average, and the same face could never be presented more than 

3 times and never less than 2 times. The pictures of places where presented 4 times 

each during the experiment. Before the first block, between blocks, and after the last 

block there was a rest-period lasting for 12000ms. The order of the blocks was 

counterbalanced between subjects, and a specific condition could never be followed 

by the same condition. All stimuli had to be presented once before they could be 

presented for a second time, and were never presented twice within a block. Total 

duration for the localizer procedure was 11min. 
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2.4.3 Rating session 

Using the same set of stimuli as in the main experiment all 14 subjects went 

through a procedure where they rated the images on expressed emotionality. The 

participants were instructed to evaluate how emotional they perceived the faces 

appearing on the screen. The pictures were presented for 250 ms. The task was to 

evaluate the emotionality of the image on a visual-analogue scale (VAS). The scale 

ranged from fully neutral to fully emotional (range 0-10, respectively). The 

participants used an ordinary computer mouse to deliver their responses by clicking 

on the scale appearing on the screen. The presented stimuli were matched in size 

(visual degrees) compared to the experiment and localizer stimuli. All pictures from 

the experiment were shown once in the rating session, thus the subjects each rated 

208 pictures. The pictures were presented in a randomized order. The whole 

procedure lasted up to 20 minutes, depending on the individual subject’s response 

time. The rating session took place outside the scanner, and was completed 

immediately after the scanning session. 

2.5 Image Acquisition 

Blood-oxygen-level-dependent (BOLD) imaging data were acquired with a 

Philips Achieva 3 Tesla whole body MR unit (Philips Medical Systems, Best, The 

Netherlands) at The Interventional Centre at the University of Oslo. An 8-channel 

Philips SENSE head coil was used. Functional images were acquired using a BOLD-

sensitive T2*-weighted echo-planar imaging (EPI) sequence. The functional imaging 

parameters were the same for both the experiment and the localizer runs: 32 

transversally oriented slices (no gap) were carefully placed to include the subject’s 

amygdala and FFA. The slices were measured using interleaved acquisition with a 

repetition time (TR) of 2000 ms, an echo time (TE) of 35 ms, and a flip angle of 70°. 

The interleaved sequence limited signal interaction between spatially adjacent slices. 

Voxel size was set to 2x2x2 mm. The field of view measured 224x192 mm. 



 21 

Anatomical T1-weighted images were obtained using a turbo field echo (TFE) pulse 

sequence with TR of 9,64 ms, TE of 4,59 ms and a flip angle of 8°. This full-brain 

structural volume consisted of 192 sagitally oriented slices with a voxel size of 

0.97x0.97x1 mm. The field of view measured 256x256 mm. The slices of the 

structural volume were placed along the AC-PC line. 

A scanning session consisted of one experimental and one ROI-localizer run. 

Each session started with a survey sequence with seven sagittal slices in order to 

correctly place the functional images in all subjects. The main experiment produced 

635 functional volumes, and the localizer run produced 375 volumes. The total time 

for a complete session in the scanner was 37 minutes.  

2.6 Preprocessing 

Prior to preprocessing, all DICOM imaging data was transformed to the NIfTI 

file format using MRIConvert (version 2.135; http://lcni.uoregon.edu/~jolinda/ 

MRIConvert/). Images were then pre-processed with the MatLab toolbox SPM5. 

Next, slice timing differences resulting from acquisition order were adjusted. 

Parameters for motion correction were determined using six parameters for rigid body 

transformation and translation. The functional images were realigned, (quality 0,9; 

separation: 2; 5
th

 degree-B-spline interpolation; registered to mean) and co-registered 

against the individual whole-brain anatomical volume. All subjects’ functional and 

structural volumes were normalized to a standard template from the Montreal Institute 

of Neurology (MNI152 T1) (1x1x1mm voxel size for the structural volumes; 

2x2x2mm voxel size for the functional volumes;5
th

-degree B-Spline interpolation). 

All images were smoothed with a Gaussian smoothing kernels of 8 mm at full width 

at half maximum (FWHM). Reported coordinates are in Talairach space. They were 

converted from MNI space using Matthew Brett’s mni2tal-script (http://imaging.mrc-

cbu.cam.ac.uk/imaging/MniTalairach). 
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2.7 Data analysis 

2.7.1 Rating Session  

The analysis on the data from the rating session was conducted on group level 

using SPSS (version 15.0; SPSS Inc., USA). Because we expected the EmoLF faces 

to be perceived as neutral, we wanted to compare the ratings from this condition with 

the non-manipulated neutral faces. This was done to validate whether the emotional 

content really was hidden in the low spatial frequency range. The ratings from the two 

hybrid conditions EmoHF and EmoLF were also compared to give an idea of the 

perceived difference in emotionality between the two sets of manipulated faces. A 

paired-sample-t-test was applied and Bonferroni-corrected for both comparisons. 

2.7.2 fMRI data analysis – general 

Statistical data analysis was initially performed at a fixed effects single subject 

level based on the General Linear Model in SPM5 (Friston, Holmes, Worsley, Poline, 

Frith, & Frackowiak, 1995). Low-frequency drifts were removed using a temporal 

high-pass filter (cut-off, 128s), and intrinsic autocorrelations were modelled. Design 

matrices were generated using event-related regressors convolved with a canonical 

hemodynamic response function. In the second level statistical analysis, a whole brain 

one-sample t-test analysis was applied using a random effects group average model in 

SPM5.  The SPM5 region of interest toolbox (Brett, Anton, Valabregue, & Poline, 

2002) MarsBaR (version 0.41; http://marsbar.sourceforge.net/) was used to calculate 

ROIs based on the localizer run, and extract percent signal change within the ROIs in 

the main experiment. 

The model representing the ROI localizer task was specified using 3 regressors, 

each representing the onsets of one of the three conditions: EmoFaces, NeutralFaces 

and Places. The three regressors were modelled as events with a duration of 0s. We 

had defined 1 contrasts of interest for the localizer data: EmoFaces and NeutralFaces 
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against Places, to detect voxels that responded to images of faces but not to places. 

This contrast also produced strong amygdala activity, and was used to define the 

amygdala ROIs, as described later. 

For the experimental task a model was specified using 3 regressors each 

representing onsets of one of the three conditions: EmoHF-faces, EmoLF-faces, and 

Neutral faces. All regressors were modelled as events with a duration of 0 ms. Four t-

contrasts of interest were specified for the experimental data: EmoLF > EmoHF; 

EmoHF > EmoLF; EmoLF > Neutral; and EmoHF > Neutral. 

2.7.3 fMRI data - Whole Brain Analysis 

To investigate possible differences in activity outside our two regions of interest 

we performed a whole brain analysis on the four contrasts specified for the main 

experiment. Based on the contrast images from the single subject fixed effects model, 

a random effects group model was produced in SPM5. One-sample t-tests were run on 

all contrasts. Significance threshold was set to p < .001 (uncorrected ; cluster defining 

threshold: 20 voxels). Note that the number of functional slices used in this study did 

not cover the whole brain, meaning that we could not detect differences in activity 

outside this area.  

2.7.4 fMRI data - ROI Analysis 

We used a combination of anatomical and functional approach to define the 

amaygdalae as regions of interest. Using the volume of interest (VOI) tool in 

MRIicroN (version 12, 2008; http://www.mricro.com), the amygdalae were manually 

drawn on a pre-processed average of all the 14 subjects’ structural images using 

Watson’s criteria to anatomically define ROIs (Watson et al., 1992) (see figure 4). 

The average structural image was generated from each individual’s structural image, 

and was used to account for anatomical variability between the subjects. The 

MRIcronN-VOI was then converted into a SPM5 mask for statistical modelling. We 

used the contrast images from the individual fixed effects localizer models (contrast: 
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Faces > Places), and applied a random effects group analysis (FDR-corrected, p > 

0,05) to extract the coordinates for amygdalae cluster maximas within the 

anatomically defined ROIs. The coordinates of the two cluster maxima (Talairach 

coordinates left amygdala: x, y, z; -18, -5, -13; right amygdala: x, y, z; 22, -5, 13) were 

used to define two boxes (4 x 4 x 4mm) using the SPM5 region of interest toolbox 

MarsBaR. All statistical analyses of the amygdalae were conducted on data extracted 

from these two box-ROIs. 

The statistical analysis for estimation of signal change within the amygdalae 

ROIs, was conducted in the following steps. First we ran a fixed effects SPM analysis 

on the experiment model for each subject on all contrasts of interest. The contrasts 

were then used to model random effects group designs. The random effects designs 

were imported into MarsBar, and the mean contrast values within the ROIs under 

investigation were extracted.  

 

Figure 4. The picture shows four different sagittal, coronal, and axial 

slices of the average structural image. The volume of interest (red) 

was plotted in MRIcroN, using Watsons’ criteria for defining the 

amygdala.   
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The FFA was the second region of interest and was functionally derived from 

the whole-brain random effects group analysis from the localizer study (uncorrected p 

< 0.001). The two FFA-ROIs were defined as boxes (8x8x8 mm) around the centre of 

the significant clusters in the fusiform gyrus using the contrast Faces > Places. 

Talairach coordinates for centre of the ROIs extracted from the localizer data were x, 

y, z; -46, -47, -18 for the left FFA and x, y, z; 44, -43, -11 for the right FFA. The 

statistical FFA-analysis on the experimental was preformed using the same procedure 

as for the analysis of the amygdalae ROIs.   
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3. Results 

3.1 Behavioral Results 

The results from the rating sessions reflect the participants’ explicit judgements 

of how emotional they evaluated the stimuli in the main experiment. Average ratings 

for the three conditions are presented in Figure 5. A paired-samples t-test showed that 

EmoHF-faces were rated significantly more emotional than EmoLF-faces (p < .0000). 

We also found a much smaller, yet significant difference between how the 

participants rated the EmoLF-faces compared to the non-manipulated Neutral faces (p 

< 0,01). Both tests were Bonferroni-corrected to account for multiple comparisons. 

 

Figure 5. Rating of the faces from the main experiment. EmoHF-faces 

(explicit fear), EmoLF-faces (implicit fear), and the non-manipulated 

Neutral faces. 



 27 

3.2 Neuroimaging Results 

3.2.1 Whole Brain Contrast 

The whole brain random-effects group analysis did not reveal any significant 

increase in activation for the EmoLF condition compared with the other two 

conditions; EmoHF-faces and Neutral faces. This was not in line with our initial 

expectations. Nether did we find any significant differences in activity between the 

EmoHF and Neutral-condition. However, we did find a significant increase in 

activation for the EmoHF-condition when comparing it with the EmoLF-condition. 

The whole brain analysis revealed four areas showing significant differences (see 

Table 2). The left precentral gyrus was the area showing strongest increase in 

activation of the four areas (see Figure 6), significant both at corrected cluster level, 

and corrected voxel level (FDR-corrected p < 0.05)   

 

 

Figure 6. Whole brain group average random effects analysis, EmoHF 

> EmoLF. The blue cross reflects activation in left precentral gyrus 

cluster maxima. (Peak at x, y, z, -50, -10, 11.)   

 

The other three areas, right middle temporal gyrus, left fusiform gyrus, and left 

inferior frontal gyrus did all show significant activation at corrected cluster level for 

the EmoHF > EmoLF-contrast, but not at corrected voxel level. Because of this we 

will only be making comments on the precentral gyrus finding later in the discussion 

section.  
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Table 1: Regions activated in group-average random-effects.(p < 0.001, 

corrected cluster level) Coordinates in Talairach space. Cluster size in voxels. 

x y z p < Cluster size

EmoHF > EmoLF

Left precentral gyrus -50 -10 11 0,000 118

Rigt middle temporal gyrus 65 -33 2 0,000 49

Left fusiform gyrus -48 -57 -10 0,000 82

Left inferior frontal gyrus -38 24 10 0,001 35

 

3.2.2 Amygdala & FFA modulation 

Similar to the whole brain results, the estimation of task-related activity in our 

four ROIs, left and right amygdala and FFA, did not show any significant difference 

in the EmoLF > EmoHF comparison, the EmoHF > Neutral comparison, nor the 

EmoLF > Neutral comparison. Possible explanations for this will be presented in the 

discussion. When comparing signal change in the EmoHF-condition to the EmoLF-

condition (EmoHF > EmoLF), we found a significant difference in activation change 

bilaterally in both amygdala ROIs and FFA ROIs (see Table 2).  

 

Table 2: Reults: Amygdala and FFA. All coordinates in Talairach space. 

x y z p < % signal change

EmoHF > EmoLF

Left amygdala ROI-box -18 -5 -13 0,020 0,049

Rigt amygdala ROI-box 22 -5 -13 0,023 0,022

Left FFA ROI-box -46 -47 -18 0,009 0,042

Right FFA ROI-box 44 -43 11 0,015 0,030

 

Activity change was strongest in the left amygdala ROI. Percentage signal 

change is presented in Figure 7. The activity in the two conditions was also 

significantly different in the right amygdala ROI, though the difference in activity 
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change was smaller (see Figure 8). The percentage change in the left FFA and the 

right FFA is shown in Figure 9 and Figure 10, respectively.  

 

Figure 7. Estimated percent signal change in the Left Amygdala for the two 
conditions of main interest. (EmoHF > EmoLF: p < 0,02)  

 

Figure 8. Estimated percent signal change in the Right Amygdala for 

the two conditions of main interest. (EmoHF > EmoLF: p = 0,023) 
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Figure 9. Estimated percent signal change in the Left FFA for the two 

conditions of main interest. (EmoHF > EmoLF: p < 0,009) 

 

                    

Figure 10. Estimated percent signal change in the Right FFA for the 

two conditions of main interest. (EmoHF > EmoLF: p < 0,015) 
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4. Discussion 

In this study we used hybrid pictures in the full spatial frequencies range, 

EmoLF with emotional information in the low range, and EmoHF with emotional 

information in the high range to further investigate the hypothesis that unconscious 

processing of emotion actually can take place. By using hybrids containing spatial 

frequencies in the full range we hoped to avoid effects on non-specific visual cues 

(stimuli used differ markedly in visual appearance and luminance, energy, and 

contrast), finding results reflecting processing of unusual and ambiguous stimuli, and 

findings reflecting changes in processing strategies due to missing spatial information 

in the stimuli material, while still being able to manipulate the spatial frequency 

information in both the low and high range. We predicted that the hybrid images with 

implicit fear (EmoLF) would result in increased activation in the amygdala both 

compared to fully neutral images and images with explicit fear (EmoHF). 

 Contrary to our main hypothesis and initial predictions we found that EmoHF 

images resulted in significant increased amygdala activation compared to EmoLF 

images. There was no significant difference in amygdala activation when comparing 

EmoLF images and EmoHF images to neutral broadband images (even though the 

difference between EmoHF and neutral broadband were greater than EmoLF 

compared to neutral broadband, this differences did not reach significance). In 

addition we found increased activation in the FFA, a structure mainly thought to be 

involved in processing of faces (Kanwisher & Yovel, 2006) in the EmoHF condition 

compared to the EmoLF condition. In the rating session we successfully demonstrated 

that the hybrid EmoHF images are consciously perceived as more emotional than the 

EmoLF and the fully neutral images. In addition we found that the hybrid EmoLF 

images are rated close to neutral, but not as neutral as the fully neutral images. Results 

from the rating session are in other words in line with what was demonstrated by 

Laeng and co-workers (2008). 
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At first glance the fMRI results may be interpreted as evidence against our 

initial hypothesis, however alternative explanations for our findings need to be 

explored.  

 Compared to similar studies investigating the neural basis for unconscious 

processing of emotions using fMRI methodology, this study differs in one important 

aspect. As pointed out earlier, the hybrid stimuli in this study consists of images 

containing spatial frequencies in the full range, with the intention to stimulate distinct 

neural networks designated for processing information in specific spatial ranges. 

Whereas similar studies investigating the same hypothesis have used images in 

restricted spatial frequency ranges with the result of favouring processing in that 

specific range, either elaborate detailed processing in the “high-road”, or rapid and 

coarse processing in the “low-road”, this study used stimuli material which, by its 

nature of containing information in the full spatial range, hypothetically stimulates 

both neural pathways equally. By manipulating the information in the different spatial 

ranges we created a situation where the visual system is faced with the task of  

processing conflicting information from the same image, potentially at some point 

creating a conflict between processing pathways when integration of information 

occur. Certainly, if such a conflict appears, somehow it needs to be resolved.  

In a study by Carlsson and co-workers (Carlsson et al., 2004), based on PET 

methodology using the backward masking paradigm, they recruited subjects either 

phobic to spiders, or phobic to snakes, but not phobic to both. They found that when 

flashing fear-relevant stimuli (spiders and snakes) for duration brief enough to 

prevent conscious perception of the stimuli they found equal activation in the 

amygdala for both subject groups exposed independent of whether the subjects had 

reported to be phobic to either the spiders or snakes. Clearly indicating that rapid 

unconscious processing of fearful stimuli occur. However, when they extended the 

presentation-time of the first fear-relevant stimulus providing time for more elaborate 

processing of this stimuli, they found that subjects phobic to spiders, but not to 

snakes, showed no increased activation in the amygdala when exposed to snakes, and 
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subjects phobic to snakes, but not to spiders, showed no increased activation in the 

amygdala when exposed to spiders. This indicates the existence of a higher-order 

system capable of inhibiting the initial fear-response in the amygdala when time for 

more elaborate processing of the stimuli is provided.  Furthermore, when subjects 

were exposed to prolonged presentations of phobic-relevant stimuli (e.g. spiders for 

spiderphobics, and snakes for snakephobics), they found enhanced activity in the 

amygdala compared to the masked condition, and this activation was associated with 

an activated affective processing network, including the anterior cingulated cortex 

(ACC), the anterior insula, the orbitofrontal cortex (OFC), and the periaquaducatal 

gray (PAG).  These results indicate that higher-order regions of the brain not only are 

capable of inhibiting fear related responses in the amygdala, but also cable of 

modulating/facilitating activation when the stimuli is perceived consciously as 

threatening. Although the exact role and nature of the different brain areas 

constituting a cortical affective network is unclear (Vuilleumier & Pourtois, 2007), 

studies using emotional facial expressions suggest that the FFA also plays an integral 

part in a distributed interactive neural network for processing of emotions in faces 

(Ganel, Valyear, Goshen-Gottstein, & Goodale, 2004). 

With this in mind one possible interpretation of our findings might be that 

activation in the amygdala is a result of neural modulations from a higher-order 

system. In other words, increased activity in the amygdala in the EmoHF condition 

compared to the EmoLF condition might be a result of a modulation from higher 

order brain structures (e.g. as reflected in increased activation in the FFA) in an 

attempt to solve the conflict of incongruent information in the hybrid images. Vice a 

verse, the lack of activation in the EmoLF condition can be interpreted as a result of a 

higher-order inhibition of the initial emotional response in the amygdala. It might 

seem that when time is allowed for a thorough conscious processing of the stimuli the 

initial fear-response of the amygdala might fall under top-down control exercised by a 

cortical network. So, if our conscious experience of a stimulus labels the stimulus as 

non-threatening (neutral information carried by high spatial frequencies), but the 

amygdala has detected threatening information in the image (fear carried by low 
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spatial frequencies), a higher-order network for processing of emotion sends 

inhibiting signals to the amygdala reducing its initial response. Vice verse, if our 

conscious experience categorizes a stimulus as threatening, but the amygdala fails to 

respond to this fearful information (obviously because there is nothing in the image to 

respond to), excitatory signals from the cortical regions of the brain potentially 

activates the amygdala. A process like this might be subserved by reciprocal 

connections from the subcortical fear circuitry to cortical areas such as midanterior 

insula, the ACC, and the OFC (Adolphs, 1999; Ochsner & Gross, 2005), areas known 

to contribute to affective information processing.  

This explanation fits with the assumption that the amygdala is part of an early 

warning system detecting biologically relevant stimuli for further prioritized 

processing (LeDoux, 2000; Davis & Whalen, 2001). From an evolutionary point of 

view rapid detection and response recruitment when faced with threatening situations 

(fearful faces in this specific experiment) yield a clear survival advantage. Thus, 

affective information prioritizes speed rather than accuracy (LeDoux, 2000; Lang, 

Davis, & Öhman, 2000). In such a system it is thought that the amygdala may be 

prone to false positive responses (responding to an innocuous stimulus) rather than 

false negative ones (missing a dangerous) when the exposure interval to stimuli only 

allow very shallow processing (Carlsson et al., 2004).  

Specifically, in our experiment we predicted increased activation in the 

amygdala when subjects were exposed to images containing implicit fear (EmoLF). 

Failing to show this may be attributed to the fact that when time is allowed for a 

thorough processing of the stimuli, the rapid initial fear-response of the amygdala 

might fall under top-down control exercised by a cortical network involved in 

processing of emotions. So to speak, if the amygdala “sees” fear in an image, but on 

the other hand this information is not detected by higher cortical areas, top-down 

inhibitory effects via this system might deactivate the initial response in the amygdala, 

in effect signalling that this is a “false alarm”. The abovementioned scenario implies a 

distributed system involved in processing of emotions where activity serving different 
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purposes is spread out in time and space. fMRI methodology by its nature of having 

excellent spatial resolution seems like the best suited method for localizing exactly 

where neural activity occurs. Nevertheless, this method has its limitations in poor 

temporal resolution making it unable to give an indication of when activity occurs. To 

further investigate the abovementioned scenario other methods with better temporal 

solution need to be applied. 

However, other possible explanations for our findings have to be investigated. 

As mentioned several times, by stimulating distinct neural networks with incongruent 

information somewhere in the integration of information a conflict will probably 

appear. In the whole brain analyzes we found significant activation in the precentral 

gyrus in the EmoHF condition compared to the EmoLF condition, a brain region 

implicated to be involved in processing of conflicting incongruent information as seen 

on Stroop stimuli (Larissa et al., 2001). If our stimuli are processed by the system in a 

way similar to processing incongruent Stroop stimuli, the findings in this study might 

be a reflection of this.  

Another possible explanation of the finding that the explicit fear condition 

(EmoHF) yields greater activation in the amygdala compared to the implicit fear 

(EmoLF) condition, might derive from the composition of spatial frequencies in these 

images. EmoHF pictures contain emotional information in the 9-128 cycles/image, 

compared to the EmoLF images which contain emotional information only in the 1-8 

cycles/image range. Previous studies have found reliable activation in the amygdala 

using emotional images in the 1-6 cycles/image range, and no activation in the 

amygdala using emotional images in the >24 cycles/images range. Meaning that 

compared to stimuli used in similar studies our EmoHF pictures contain emotional 

info in the 9-24 cycles/image, a spatial frequencies missing in other studies. To our 

knowing there has yet to be established a threshold for which spatial frequencies are 

leading to optimal processing in the amygdala. If the amygdala is blind to spatial 

frequencies <6 cycles/image as some researchers has suggested (e.g. Vuilleumier et 

al., 2003), this certainly does not explain our findings, but lets say if the amygdala 
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turns out to be optimally tuned to spatial frequencies in the 8-10 cycles/image range, 

this could explain the increased activation in the amygdala for EmoHF images 

compared to EmoLF images. To further clarify this scenario a natural next step would 

be to conduct a parametric threshold estimation study to establish which specific 

spatial frequencies are leading to optimal processing in the amygdala. 

One of the assumptions we made in this study was that the neutral images were 

going to act as a baseline for activation in the amygdala and the FFA, against which 

activation in the other conditions were to be compared. A possible reason that we 

could not identify a significant difference in activation in both the EmoHF, and 

EmoLF condition compared to the neutral condition might derive from the fact that 

the neutral images were taken from a different database of pictures than the emotional 

ones. Even though we went through a procedure were the emotional and neutral 

images were matched on luminance and energy, these images might still differ in non-

specific aspects as quality, contrast, sharpness etc. Thus, brain activity or lack of brain 

activity in this condition might reflect processing of such non-specific visual cues, 

therefore not suitable to act as a baseline for comparing activation in the other 

conditions. Using pictures from the same database in all conditions or 

counterbalancing pictures across conditions would effectively remove the possibility 

of activation reflecting non-specific visual cues. Furthermore a potential weakness in 

this study is the relatively low number of subjects recruited, resulting in decreased 

statistical strength of the data analysis. Given consistent findings in the literature that 

emotional images (especially images expressing fear) reliably yield greater activation 

in the amygdala compared to neutral ones, we are fairly confident that by increasing 

the number of subjects and/or trials, and by using images from the same database, this 

paradigm would produce similar results. 
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5. Final remarks. 

Even though our findings contradicted our initial hypothesis, these findings can 

be explained in terms of previous research and theories. Instead of isolating 

processing in specific neural pathways, as previous studies using images in restricted 

spatial frequency ranges have demonstrated (e.g. Iiadaka et al., 2003; Vuilleumier, 

Armony, Driver, & Dolan, 2003), it seems that by using hybrid images with 

information in the full spatial frequency range this study created a situation where the 

perceptual system is faced with the task of integrating conflicting information from 

the same stimulus. In light of this we have explored two possible explanations for the 

activation (and lack of activation) we obtained; one, where activation are modulated 

through top-down control exercised via a higher-order system for conscious 

processing of emotions; another, where activation reflects processing of incongruent 

information in the same stimulus. Both scenarios require further investigation.  

In addition, when analyzing this experiment some apparent weaknesses 

appeared. Lack of significant results might derive from a rather low number of 

subjects and trials, reducing the statistical strength of our findings. Furthermore, by 

using photos from different databases, without counterbalancing them across 

conditions, we apparently and accidentally created conditions which turned out to be 

difficult to compare. By mainly focusing on one structure, the amygdala, in what 

seems to be an extensive distributed network for processing of emotions 

encompassing both cortical and subcortical structures; we may have excluded some 

key areas involved in this system (e.g. the OFC). 

Definite conclusions are difficult to make, but we hope this study have been 

able to shed some light on the complex nature of processing of emotions, and 

hopefully give some directions for further research. 
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6. Appendix A 

6.1 Supplementary Notes 

6.1.1 ROI definition - Watson’s Method 

Summary of Watson’s method (Watson et al., 1992), as derived from Brierly et 

al. (2002, p.8) (anterior to posterior). “The anterior end is arbitrarily and consistently 

measured when the lateral sulcus closes to form the endorhinal sulcus. The drawback 

of the consistency afforded by this landmark is that the most extreme part of the 

anterior amygdala risks exclusion. The medial border is covered by part of the 

endorhinal cortex, although the endorhinal cortex inferior to the uncal notch is 

excluded from amygdala measurement. In cases where the uncal notch is not clear, a 

line of demarcation can be drawn from the amygdala to the adjacent endorhinal 

cortex, in direct continuation with the inferior and medial border of the amygdala. The 

inferior portion and lateral borders are defined by the lateral ventricle or by white 

matter. The anterior superior is defined by drawing a straight lateral line from 

endorhinal sulcus to the fundus of the inferior portion of the circular sulcus of the 

insula. The posterior superior border is formed by drawing a straight lateral line from 

the superolateral aspect of the optic tract to the fundus of the inferior portion of the 

insula. When defining the posterior border, care must be taken to exclude the tail of 

the caudate nucleus, the globus pallidus and putamen, and lateral geniculate body. In 

cases where the border of the putamen can not be defined clearly, only the medial half 

of the structures in the roof should be included in amygdala measurement.” 

6.1.2 Pilot - Localizer and Optimal Scanner Parameter Study 

Before the main study we had to get familiar with the 3Tesla scanner at the 

Interventional Centre at Rikshospitalet, Oslo. We conducted a localizer experiment in 
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the scanner to make sure that we were able to find activation in amygdala and FFA 

with the current stimulus set. We also wanted to find the optimal TE-time for these 

two regions. 5 participants were scanned using different TE-times (20, 25, 30, 35, and 

40ms). Bases on recommendations in the literature, we expected to find the best 

signal at TE-times 20-25. TR-time is set to 2sec.  Results from the pilot indicated that 

TE-times 35ms gave the strongest signal in amygdala. This, in addition to the 

improved mapping techniques used in the study by Morawetz and co-workers (2008), 

made the foundation for the scanner parameters we ended up using in the main study. 

The stimulation paradigm was similar to the paradigm used in the localizer in the 

main study. The task was passive viewing of pictures of Neutral faces, pictures of 

Fearful faces, and pictures of Places. 

6.1.3 Stimuli examples. 

Stimuli from the main experiment. Neutral faces: (University of Oslo)  

 

Stimuli examples from the main experiment: EmoHF-hybrid faces.  
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Stimuli examples from the main experiment. EmoLF-hybrid faces.  

  

Stimuli examples from the localizer experiment. Places (own set), Fearful faces, and 

Neutral faces (all faces from Karolinska).  
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