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Abstract  

This study investigated whether modality-specific dual tasks have more impact on the 

working memory (WM) during memory recall than a modality-non-specific dual task. The 

first model proposed that modality-specific dual task is superior to a modality-non-specific 

dual task in WM taxation. The second model proposed that modality-specific dual task and a 

modality-non-specific dual task have an equivalent impact on the WM. The third model 

proposed that there is a WM taxation regardless the modality of the dual task. The study had 

a three (Memory recall: Visual, Auditory and No memory recall) by two (Dual Task: 

responding to a Tone or Circle) within-subject design, with the reaction time (RT) as a 

dependent variable. Ninety-six participants were recruited at Utrecht University. The results 

showed that there was a WM taxation regardless of the modality of the dual task. The RT’s 

on the dual tasks appears to slow down when participants held a memory in mind. This effect 

was substantial when there was a match between the nature of the dual task and the recalled 

memory. Furthermore, the Bayes Factor (BF) indicates that the data was approximately ten 

times (BF12 = 10.04) more likely to occur under the hypothesis 1 than under hypothesis 2. 

The outcomes of this study indicate that using a dual task during memory recall will have an 

impact on the WM taxation. Whilst taxing the appropriate subsystem of the WM with a 

modality-specific dual task will lead to a greater WM taxation.  

 

Keywords: EMDR, Working memory taxation, Modality specificity  
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Does modality-specific cognitive loading matter during working memory taxation? 

 

Post-traumatic stress disorder (PTSD) can develop after exposure to a life-threatening 

traumatic event. PTSD consists of symptoms such as intrusive flashbacks, hyperarousal, and 

avoidance of the reminders of the traumatic event (Prakash, Saha, Das, Srivastava & 

Shashikumar, 2016; Yehuda, 2002). An earlier study by the World Health Organization 

(WHO) has shown that approximately 3.6% of the world’s population suffers from PTSD 

(WHO, 2013). The traumatic events may have a long-term negative impact on the wellbeing 

of the person suffering from PTSD (Tabrizi & Jansson, 2016), making PTSD clients an 

important group for effective treatment approaches.  

 A commonly used treatment for PTSD is “eye movement desensitization and 

reprocessing” (EMDR; Shapiro, 1996) introduced by Shapiro (1989). During an EMDR 

session, the client makes horizontal eye movements (EM) while simultaneously concentrating 

on an identified image of emotional disturbance, typically a traumatic episode (Shapiro, 

1996). Shapiro (1989) studied the use of saccadic eye movements for the treatment of PTSD, 

with results showing that EM was enough to desensitize the traumatic memories. In more 

recent studies EMDR has been shown to be clinically effective in reducing traumatic stress 

symptoms (Bradley, Greene, Russ, Dutra & Westen, 2005; Lee & Cuijpers, 2013; Seidler & 

Wagner, 2006) compared to waitlist and usual care, in addition to being equally effective as 

exposure and cognitive behaviour therapy (Bisson & Andrews, 2007). Therefore, EMDR has 

been strongly recommended by the American Psychological Association (APA) PTSD 

treatment guideline as an evidence-based psychotherapy for the treatment of PTSD (APA, 

2017).     

 The clinical treatment effects of EMDR have been modeled in controlled experiments, 

where healthy participants recalled negative memories either with-or-without performance of 
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a dual task and rating their memories (before and after the intervention) in terms of vividness 

and emotionality (van den Hout & Engelhard, 2012). Studies have found a decrease in 

vividness and emotionality of the memory component when the participants performed a dual 

task while recalling the unpleasant memory, compared to a memory recall only (Andrade, 

Kavanagh, Baddeley, 1997; Kemps & Tiggemann, 2007; Maxfield, Melnyk & Hayman, 

2008; van den Hout, Engelhard, Rijkeboer, Koekebakker, et al., 2011; van den Hout, Kindt, 

Muris & Salemink, 2001; van Veen, Engelhard & van den Hout, 2016). In a recent meta-

analysis, Lee and Cuijpers (2013) included fourteen studies (consisting of clinical and student 

samples) comparing EM to no EM in full EMDR treatments. Lee and Cuijpers (2013) came 

to the conclusion that EM has an additional effect in processing emotional memories, in both 

treatment and laboratory contexts.  

The reduction of memory emotionality and vividness in clinical and experimental 

studies can be explained by the working memory (WM) theory (Andrade et al., 1997; Kemps 

& Tiggemann, 2007; van den Hout & Engelhard, 2012). WM consists of different subsystems 

such as the central executive (CE), the visuospatial sketchpad (VSSP) and the phonological 

loop (PL). The CE provides high cognitive functions, that allocates and divides attention. The 

VSSP processes and stores spatial and visual information, whereas the PL processes and 

stores the verbal or auditory information (Baddeley, 1998; Kristjánsdóttir & Lee, 2011; 

Maxfield et al., 2008; Vandierendonck et al., 1998). The WM model of Baddeley and Hitch 

(1974) postulates that an individual temporarily stores information that is directly active and 

is used to perform cognitive operations (Maxfield et al., 2008; van den Hout & Engelhard, 

2012). Van den Hout and Engelhard (2012) stated that simultaneously performing Task A 

(e.g. a reaction time (RT) task) and Task B (e.g. dual task) would decrease the RT compared 

to the initial RT in Task A. The degree of delay produces a quantitative index of the amount 

of the WM taxation (van den Hout & Engelhard, 2012). Performing a cognitive operation 
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during memory recall and increasing the complexity of this cognitive operation will increase 

the WM taxation (Engelhard, van den Hout & Smeets, 2011; van Veen et al., 2016), thus 

increasing the RT on more complex cognitive operations.  

In addition to the WM taxation, is it relevant to discuss the stressful (or traumatic) 

experience; an important component of the traumatic memory. Individuals diagnosed with 

PTSD suffer from distressful memories that cause a re-experience of the traumatic event in 

daily thoughts of the individual, referred to as an intrusion (Sadock, Sadock & Ruiz, 2014). 

The intrusive memories can manifest themselves in the form of visual intrusions, auditory 

intrusions, bodily sensations, smell, actions or thoughts (Ehlers, Hackmann, Steil, Clohessy et 

al., 2002; Ehlers & Steil, 1995; Salyards, 2005). Focusing more on the content of the 

distressful memory, it is important to consider the sensory modality of the distressful memory 

and distraction task (Bourne, Frasquilho, Roth and Holmes, 2010). There is some evidence 

for stimulus modality and dual task, where a (mis)match between the memory and the dual 

task (that is carried out during memory recall) has an impact on the memory experience (e.g. 

vividness ratings). Visual memories were degraded more by visual dual task (e.g. visual 

patterns, visuospatial tapping, modeling clay) than by auditory dual tasks (Baddeley & 

Andrade, 2000; Bourne et al., 2010; Maxfield et al., 2008; Stuart, Holmes, Brewin, 2006), 

whereas auditory memories were more degraded by an auditory dual task (e.g. counting 

aloud, beeps) relative to visuospatial dual tasks (Baddeley & Andrade, 2000; Tabrizi & 

Jansson, 2016). Nevertheless, there are also studies (Gunter & Bodner, 2008; Kristjánsdóttir 

& Lee, 2011) that have found no evidence for modality specificity. Gunter and Bodner (2008) 

found that taxation of the CE during a dual task (EM, auditory or drawing task), whilst 

holding a memory in mind, decreased the vividness and emotionality rating of the memory. 

The auditory shadowing task used in this study had the same effect as the EM condition. The 

effect occurred even when the VSSP was not taxed, suggesting that memory degradation was 
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a result of CE taxation rather than the VSSP alone (Gunter & Bodner, 2008). Furthermore, 

Gunter and Bodner (2008) concluded that using a more demanding task (e.g. the Rey 

complex figure task) have greater memory rating reduction than EM or auditory shadowing, 

as a result of using the CE resources. Kristjánsdóttir and Lee (2011) found that EM and 

counting task led to a significant decrease in vividness and emotionality of the distressing 

memory, compared to the control group (which did not perform a dual task). EM led to the 

greatest reduction in vividness and emotionality independent of the sensory modality of the 

distressing memory.    

A study by Kemps and Tiggemann (2007) showed the effects of concurrent visual and 

auditory interference on emotive imagery. In their first experiment, participants recalled a 

pleasant and a distressing visual or auditory memory whilst looking at a black computer 

screen (control group) or performing the dual task (EM or articulatory suppression (AS): 

counting aloud). Both vividness and emotional response were significantly lower in the EM 

or AS condition than recall only condition (control group). The dual task can reduce 

vividness and intensity of emotive images, loading the VSSP or PL. In the second 

experiment, participants were randomly assigned to form one visual or auditory imagery of 

both a pleasant and distressing memory. Vividness and emotiveness ratings of the visual 

images were reduced to a greater extent by the EM task than by AS task, whereas auditory 

imagery was less vivid and emotive during the AS task than during the EM task. Kemps and 

Tiggemann (2007) suggest the concurrent articulation has an impact on the vividness and 

emotionality through competition for limited PL resources, whilst EM has an impact on the 

vividness and emotionality through the competition for limited VSSP capacity. The findings 

of Kemp and Tiggemann (2007) suggest that individuals experiencing a modality-specific 

trauma (visual or auditory) would benefit more from modality specific concurrent tasks 

(visual memory and visual task or auditory memory and auditory task), reducing the distress 
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of the traumatic memory.   

The findings of Kemps and Tiggemann (2007) were supported by other studies 

(Lilley, Andrade, Sabin-Turpin, Farrell & Holmes, 2009; Tabrizi & Jansson, 2016) showing 

that modality-specific taxation had more effect than modality-non-specific taxation. These 

studies show that participants who perform a PL task (e.g. counting) had a decrease in 

vividness and emotionality of the auditory intrusions compared to VSSP task (e.g. shaping 

clay models) (Tabrizi & Jansson, 2016), whilst vividness and emotionality of the visual 

intrusion were greater reduced during the EM-task than during the verbal task (e.g. counting) 

(Lilley et al., 2009).  

Research has shown that modality-specific cognitive loading has more impact on 

recalled memories, but on the other hand, there is also evidence for the modality-non-specific 

cognitive loading. Thus, there is still controversy regarding the importance of modality-

specific cognitive loading. The present study uses the WM framework to investigate whether 

modality-specific dual tasks have more impact on the WM during memory recall than a 

modality-non-specific dual task. Based on previous studies (Baddeley & Andrade, 2000; 

Bourne et al., 2010; Kemps & Tiggemann, 2007; Stuart et al., 2006; Tabrizi & Jansson, 2016) 

it is expected that the modality-specific dual task will be superior in WM taxation compared 

to the modality-non-specific dual task. Thus, a visually dual task should have more impact on 

the WM during a visual memory recall, whereas an auditory dual task should have more 

impact on the WM during an auditory memory recall. On the contrary, based on other studies 

(Gunter & Bodner, 2008; Kristjánsdóttir & Lee, 2011) it is expected that the modality-

specific dual task and modality-non-specific dual task have an equivalent impact on the WM. 

Lastly, it is also expected that there will be a WM taxation, regardless of the modality of the 

dual task. Bayesian statistics will be used to evaluate the hypotheses formulated above, to 

directly compare the informative expectations of multiple group means (Béland, Klugkist, 
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Raîche & Magis, 2012). 

 

Method 

Participants 

Ninety-six students were recruited at Utrecht University (31 men, 65 women, Mage = 

22.04, SD = 2.51). Level of education ranged from middle vocational education (MBO) to 

university (WO), as presented in table 1. Participants were excluded if they met the following 

criteria: having a visual or hearing impairment, being under influence of sedative drugs, 

alcohol or drug intoxication, having a psychological impairment and suffering from severe 

fatigue or extreme stress. Each participant received course credits or financial compensation. 

Counterbalancing was used to order the sequence of the independent variables (memory 

recall and dual-task). The experiment consisted of 16 conditions. The order of the conditions 

was balanced, wherein six participants were randomly assigned to one of each condition (see 

appendix A). 

 

Table 1. Socio-demographic characteristics of the sample (N = 96) 

Education level  % Sample 

Middle vocational education (MBO) 1.04 

Higher vocational education (HBO) 2.08 

University (WO) 96.88 

 

Design 

The study had a three (Memory recall: Visual, Auditory and No memory recall) by 

two (Dual Task: reacting to a Tone or Circle) within-subject design. Participants were tested 

in both memory modality recall and dual tasks. The study design assessed the impact of the 
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modality-(non)-specific dual task on the WM during memory recall, with the RT as a 

dependent variable. All participants selected one visual and one auditory memory and were 

randomly assigned to a visual and an auditory dual task.  

 

Procedure and Materials 

This study was approved by the committee of scientific research of the faculty of 

social sciences at the Utrecht University. The participants received an oral and written 

information about the experiment. Participants that decided to participate gave a written 

informed consent. The participants sat in front of a computer and wore a headphone during 

the computer task. Eprime 2.0 (by Psychology Software Tools, Inc.) was used to present the 

stimuli (circle or tone) during the dual task. The visual stimuli “Circle” and auditory stimuli 

“Tone” (200-Hz) were administered at a random frequency. During the visual dual task, a 

circle (see appendix B) was shown for 500 ms and the inter-stimulus interval (ISI) for the 

visual dual task ranged between 400 and 1000 milliseconds. During the auditory dual task, a 

tone (see appendix C) was present for 50 ms and the ISI for the auditory dual task ranged 

between 850 and 1450 milliseconds. Participants reacted to the stimuli by pressing the “B” 

button on the computer keyboard with their dominant index finger and were requested to 

respond as quickly as possible.         

 The experiment consisted of a practice trial, followed by a baseline, visual and 

auditory memory recall trial, with a 30 s interval between each trail. The practice trial 

consisted of the visual dual task with a series of 8 circles and the auditory dual task with a 

series of 8 tones. This was followed by the baseline trial consisting of the visual dual task 

with a series of 48 circles and the auditory dual task with a series of 48 tones (see appendix 

D). The participants were randomly assigned (during the baseline trial) to start with either the 

visual or auditory dual task. There was no memory recall during the practice and baseline 
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trial.           

 After the practice and baseline trial participants recalled a distressful visual and 

auditory memory, which had an emotional influence. They chose a past memory from at least 

one week or several years ago, that needed to be more than 50% visual or auditory. Keywords 

about the recalled memory were written down and the unpleasantness of the memory was 

rated, ranging from 0% (not at all unpleasant) to 100% (very unpleasant). Participants who 

scored a memory below 60% were requested to recall a more unpleasant memory. The 

average unpleasantness score was 76.93 (SD = 10.35) (auditory memory) and 78.26 (SD = 

9.72) (visual memory). After recalling the memory participants indicated how long ago the 

situation occurred and chose a specific fragment of their recalled memory (mental imagery or 

specific sound) and recorded one or multiple keywords for this specific fragment. Afterwards, 

the participants were randomly assigned to the visual and auditory memory recall trial, 

consisting of a visual dual task with a series of 48 circles and an auditory dual task consisting 

of 48 tones. Participants were reminded (by the title that was provided) at the beginning of 

each trial to focus on the specific fragment whilst performing the auditory or visual dual task 

(see appendix E). The participants were randomly assigned to begin with either the visual 

memory recall trial, followed by the auditory memory recall trial or vice versa. The 

researcher was present in the same room as the participant during the whole experiment.  

 

Data preparation 

The lower cutoff-point for the RT-trials was formed by investigating the RT normal 

distribution. The RT normal distribution has shown a lower tail at 139 ms and therefore all 

RTs below 139 ms were deleted. A programming error has been found in the visual dual task 

data. A wrong key was programmed for the short inter-stimulus interval (900 ms). This had a 

consequence that the total missing was higher for the visual dual task compared to the 
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auditory dual task, therefore all RTs over 500ms were deleted. A total of two thousand, four 

hundred and forty-two (8.83%) RTs were removed from the dataset after the error correction.       

 

Data analysis  

The hypotheses were evaluated by using the Bayesian model selection criterion. In 

contrast to the frequentist statistics, which assume that there is one true population parameter 

of interest to be unknown and fixed, the Bayesian framework views all unknown parameters 

as uncertain, by incorporating background knowledge in their analyses (van den Schoot, 

Kaplan, Denissen, Asendorpf et al., 2014), comparing the support in data for the alternative 

hypothesis against the competing hypothesis or inequality constraints (Béland, Klugkist, 

Raîche & Magis, 2012). A Bayes Factor (BF) value greater than 1, indicated that the data 

supports the alternative hypothesis over the null hypothesis. A BF value lesser than 1, 

indicated that the data supports the null hypothesis over the alternative hypothesis. A BF 

value approximately or equal to 1, indicated that both hypotheses are equally supported by 

the data (Diens, 2011). The data analyses were performed using the software BIEMS 

(Mulder, Hoijtink & de Leeuw, 2012). 

 

Results 

The data analyzed in BIEMS was computed by subtracting the average RT in the 

baseline condition (dual task only) from the average RT in the visual and auditory memory 

recall condition (dual task with memory recall). A large difference between the average RT 

indicates a high (slower) RT in the visual and auditory memory recall condition than the 

baseline condition. Whilst, a small difference between the average RT indicates a low (faster) 

RT in the baseline condition than the visual and auditory memory recall condition. Figure 1 

shows that the average RT was slower during the auditory memory recall condition, whilst 
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performing the auditory dual task. Whereas the average RT was slower during the visual 

memory recall condition, whilst performing the visual dual task (see figure 1). The average 

RT of each condition is graphically depicted in figure 2, showing a slower average RT for 

both the visual and auditory dual task, regardless of the memory recall (visual or auditory) 

condition. 

 

   

Figure 1. The Average difference between (visual or auditory) memory recall and baseline condition (ms) 

representing the difference in detection speed for each dual task (visual or auditory). The difference was 

computed by subtracting the average RT in the baseline from the (visual and auditory) memory recall condition. 

Error bars denote one standard error around the mean. 
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Figure 2. Average reaction time (ms) representing detection speed for each dual task (Visual or Auditory) in the 

different condition (baseline, auditory and visual memory recall condition). Error bars denote one standard error 

around the mean.  

 

The first hypothesis that modality-specific dual task is superior to modality-non-specific dual 

task in taxing the WM was imported in BIEMS as constraint model 1 (M1: µmodality specific > 

µmodality-non-specific). The second hypothesis that the modality-specific dual task and modality-

non-specific task have an equivalent impact on the WM was imported in BIEMS as constraint 

model 2 (M2: µmodality specific = µmodality-non-specific). The third hypothesis that expected a taxation 

of the WM was imported in BIEMS as constraint model 3 (M3: µmodality specific > µBaseline; 

µmodality-non-specific > µBaseline).          

 The constraint models mentioned above consisted of the average RT of each 

participant per baseline, modality-specific or modality-non-specific (visual or auditory 

memory recall, with visual or auditory dual task) condition (See table 2). The BF value of M1 

compared to the unconstrained model (M0) was (BF1 = 5.32). The BF value of M2, compared 

to M0 was (BF2 = 0.53). The BF value of M3 compared to M0 was (BF3 = 8.76).  
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Table 2. Constraints models imported in BIEMS  

Models Constraints  Bayes Factor (BF) 

Model 1 1.5 – 1.1 > 1.6 – 1.2  

1.4 – 1.2 > 1.3 – 1.1  

5.32 

 

Model 2 

 

1.5 – 1.1 = 1.6 – 1.2  

1.4 – 1.2 = 1.3 – 1.1 

 

0.53 

 

 

Model 3 

 

1.5 > 1.1 

1.3 > 1.1 

1.4 > 1.2 

1.6 > 1.2 

 

8.76 

Note. 1.1 = Average baseline visual dual task, 1.2 = Average baseline auditory dual task, 1.3 = Average auditory 

memory recall and visual dual task, 1.4 = Average auditory memory recall and auditory dual task, 1.5 = Average 

visual memory recall and visual dual task, 1.6 = Average visual memory recall and auditory dual task.  

 

Figure 1 shows that in line with hypothesis 1, but in contrast to hypothesis 2, modality-

specific dual tasks were superior to modality-non-specific dual task in WM taxation. The 

superiority of the modality-specific dual task was also supported by the BF value for the 

comparison of hypothesis 1 with hypothesis 2 (BF12 = 10.04). The BF indicates that the data 

was approximately ten times more likely to occur under the hypothesis 1 than under 

hypothesis 2. Using the scale of evidence of Jeffreys (1961), the data indicates a strong 

evidence for hypothesis 1. Additionally, figure 2 shows that in line with hypothesis 3, there is 

a taxation of the WM, regardless of the modality of the dual task. Hypothesis 3 was also 

supported by the BF value for the comparison of M3 with M0. This resulted in a BF greater 

than 1 (BF3 = 8.76). According to Jeffreys (1961), the data indicates a substantial evidence 

for hypothesis 3. Nevertheless, it is meaningful to mention that according to figure 2 there is 

a large general effect between the visual and auditory dual task, where the RT was slower 

irrespectively of the nature of the dual task. Implicating that a large general effect shows a 

smaller modality specificity effect.       
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Discussion 

The aim of this study was to use the Working Memory (WM) framework to test 

whether modality-specific dual tasks had more impact on the WM during memory recall than 

a modality-non-specific dual tasks. Two distressing modality-specific memories (visual and 

auditory) were recalled and held, whilst performing a visual (circle) dual task and an auditory 

(tone) dual task. We observed that the Reaction Time (RT) on the dual tasks slowed down 

when participants held a memory in mind, regardless of the modality of the dual tasks. This 

result confirms the third alternative that there will be a WM taxation, regardless of the 

modality of the dual tasks. In line with our first alternative (the modality-specific dual task 

will be superior in WM taxation compared to the modality-non-specific dual task), we found 

that the WM taxation was greater when there was a match between the nature of the dual task 

(visual or auditory) and the nature of the recalled memory (visual or auditory). This finding 

was in contradiction to the second alternative (the modality-specific dual task and modality- 

non-specific dual task have an equivalent impact on the WM). The participants in the visual 

memory recall condition reacted slower on the visual dual task compared to the auditory dual 

task; whereas during the auditory memory recall condition participants reacted slower on the 

auditory dual task, compared to the visual dual task. The findings of the present study are 

consistent with prior studies that reported evidence in favor of interference from modality 

dual tasks (Baddeley & Andrade, 2000; Bourne et al., 2010; Kemps & Tiggemann, 2007; 

Maxfield et al., 2008; Stuart, Holmes, Brewin, 2006; Tabrizi & Jansson, 2016).  

 While the underlying mechanisms of Eye Movement Desensitization and 
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Reprocessing (EMDR) have been frequently investigated, the present study sheds more light 

on the underlying mechanisms of EMDR through directly testing the modality-specific and 

modality-non-specific WM taxation. The outcome of this study has implications for the 

understanding and practice of EMDR. During an EMDR session, the client performs a dual 

task, while simultaneously concentrating on an identified image of emotional disturbance, 

typically a traumatic episode (Shapiro, 1996). The current findings have established that 

using a dual task during memory recall, will have an impact on the WM taxation. 

Furthermore, the current findings indicate that a modality-specific dual task will have more 

impact on the WM taxation; which according to the WM model of Baddeley and Hitch 

(1974), an auditory recalled memory and auditory dual task competes for the same limited 

phonological loop resources. Whilst, a visual recalled memory, and visual dual task compete 

for the same limited visuospatial sketchpad capacity. As established by Kemps and 

Tiggemann (2007), we also found that the participants RT’s were slower during the auditory 

(visual) memory recall and the auditory (visual) dual task.     

 Moreover, Kemps and Tiggemann (2007) mentioned that it is essential to tax the 

appropriate subsystem of the WM, which may reduce the distressful memory experience. The 

distressful memory experience is at the beginning of the therapy unprocessed, where the 

memory experience has developed into the basis of the current dysfunctional reactions and 

intrusive symptoms of the patient. The eye movements and other dual task improve the 

information processing by treating the unprocessed sensory, affective, and cognitive elements 

of the traumatic memory (Shapiro & Maxfield, 2002). Using the appropriate dual task during 



MODALITY-SPECIFIC WORKING MEMORY TAXATION 

 
 

 

17 

the WM taxation will lead to a greater WM taxation which enhances the information 

processing through desensitization of the traumatic memory (Shapiro & Maxfield, 2002). 

This will individualize the therapy, focusing more on the specific memory modality and 

targeting the specific WM subsystem, which eventually leads to a more effective treatment.

 On the other hand, it is important to critically discuss the usage of the dual task. Based 

on the present findings is it recommended to use a dual task (visual or auditory) that is 

supported by empirical evidence to have an impact on the WM capacity. Earlier studies 

(Baddeley & Andrade, 2000; van den Hout, Engelhard, Rijkeboer, Koekebakker et al., 2011; 

Kristjánsdóttir & Lee, 2011; Lee & Cuijpers, 2013) have supported the evidence for the 

effectiveness of using EM as a dual task to decrease the quality of the traumatic memory. 

Other studies like van den Hout, Engelhard, Rijkeboer, Koekebakker and colleagues (2011), 

van den Hout, Rijkeboer, Engelhard and colleagues (2012) and de Jongh, Ernst, Marques and 

Hornsveld (2013) have found that beeps are inferior to EM. So, it is speculated that using 

beeps may lead to a poor therapeutic outcome. Therefore, it is assumed that not every dual 

task is equally demanding during WM taxation. As a result, it is more convenient and 

recommended to use auditory distractors that are more demanding on the WM (phonological 

loop) capacity. Alternative auditory dual tasks that may have more impact on the PL taxation 

are for instance counting aloud (Kemps & Tiggenmann, 2007; Kristjánsdóttir & Lee 2011; 

Tabrizi & Jansson, 2016) and auditory shadowing task (Gunter & Bodner, 2008), where the 

individual is more active during these tasks. In addition, literature also suggests that using 

more complex distractor task during WM taxation, such as subtraction task (Engelhard, van 
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den Hout & Smeets, 2011), auditory shadowing or drawing the Rey complex figure (Gunter 

& Bodner, 2008) are more effective than EM. So, it is important to be meticulous when 

selecting a specific dual task during the therapy.       

 The present study has some limitations. First, the present study has not measured the 

unpleasantness score after the intervention. The current findings can only provide insight in 

the change of the RT (a variable used to measure the impact of the dual task on the WM 

taxation) and cannot establish any insight regarding the effectiveness of the intervention and 

the reduction of the unpleasantness score of the recalled memory. This is important for the 

clinical reduction of the vividness and emotionality of the memory. Future research is needed 

to determine the effectiveness of the intervention. Second, participants recalled two memories 

that were more than 50 percent visual or auditory. This self-report can vary per individual and 

is very subjective, meaning that it cannot be verified if a memory is truly more than 50 

percent visual or auditory. Both memory information stored in the memory networks contains 

related thoughts, images, emotions and sensations; with connections between the associated 

memory networks (Shapiro & Maxfield, 2002). Hence, it is speculated that the recalled 

memories can be more than 50 percent visual or auditory. However, it could be possible that 

these memories have been anchored in different modalities. Perhaps that the temporarily 

activated memory component could be auditory dominant (e.g. explosion), whilst the 

individual had a (visual) memory-anchor of the environment (e.g. blue color of the sky), 

where the recalled memory is connected to the anchor. So, in this example recalling the 

explosion (auditory memory) will automatically associate the recalled memory with the 



MODALITY-SPECIFIC WORKING MEMORY TAXATION 

 
 

 

19 

mental picture of the blue sky. This could possibly lead to a bias towards interpreting other 

information around the anchor, which can have an impact on the memory (modality) 

perception of the participant. However, there is still evidence found for modality specificity. 

This limitation can only advocate the power of the effect. Third, participants had to rate the 

unpleasantness of their reported memory, using a scale between 0 to 100 percent. This is also 

a very subjective rating, which could lead to inaccurate recall and evaluations of the 

unpleasantness of the reported memory and also biased results. Participants could have used a 

strategy, in which the participant had rated the recalled memory with a 100 (50) percent, 

while the actual rating should be 50 (100) percent. Meaning that perhaps the recalled memory 

was not that impactful and did not limit the WM capacity, to the extent that it did not 

compete with the dual task for the WM capacity. This could have an effect on the current 

findings. Furthermore, the findings of the present study could also be influenced by the 

participant sample. Although the naturalistic sample of the participants recruited, it could 

limit the generalizability of the findings. The participants included in this study were healthy 

individuals whom did not suffer from any psychological impairment. So, it can be speculated 

that compared to a clinical sample the recalled memory by the current sample may have not 

been traumatic enough, as it could be in a PTSD patients. Perhaps that a different result may 

be found in a clinical sample consisting of PTSD patients. It could be expected that PTSD 

patients recalling an emotional traumatic memory, whilst performing a dual task will have a 

stronger delay (during the dual task) compared to healthy individuals; where a larger effect of 

the dual task could be expected. Nevertheless, this remains a matter for future research. 



MODALITY-SPECIFIC WORKING MEMORY TAXATION 

 
 

 

20 

Lastly, the present study did not investigate the long-term effectiveness of the dual tasks. As 

Kemps and Tiggemann (2007) have mentioned it is important to consider the possible long-

term consequences of modality-specific dual tasks. Hence, it is essential that future research 

investigate the long-term effectiveness of the dual tasks.     

 The current study provided a clearer understanding of the underlying mechanism of 

EMDR. The present study demonstrated the importance of applying a modality-specific dual 

task to a modality-specific memory. These findings support the working memory model and 

have practical implications for the treatment of distressful memory experiences. The current 

findings indicate that using a dual task during memory recall will have an impact on the WM 

taxation. Whilst taxing the appropriate subsystem of the WM with a modality-specific dual 

task will lead to a greater WM taxation, which enhances the information processing through 

desensitization of the traumatic memory, leading to a more effective treatment. To sum up, it 

could be concluded that modality-specific working memory taxation does matter. 
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Appendices 

Appendix A 

The conditions used during the experiment 

The experiment consisted of 16 conditions. The order of the conditions was balanced, 

wherein six participants were randomly assigned to one of each condition (see table A). 

 

Table A. The conditions used during the experiment 

Note. AV = Auditory dual task afterwards visual dual task, VA = Visual dual task afterwards auditory dual task, 

VVA = Visual memory recall and then visual dual task afterwards auditory dual task, VAV = Visual memory 

recall and then auditory dual task afterwards visual dual task, AAV = Auditory memory recall and then auditory 

dual task afterwards visual dual task, AVA = Auditory memory recall and then visual dual task afterwards 

auditory dual task.  

 

 

 

 

 

Condition Practice Trial  Baseline Trial Memory recall Trial (1) Memory recall Trial (2) 

1 VA AV VVA AAV 

2 VA AV VVA AVA 

3 VA AV VAV AAV 

4 VA AV VAV AVA 

5 VA AV AAV VVA 

6 VA AV AVA VVA 

7 VA AV AAV VAV 

8 VA AV AVA VVA 

9 VA VA VVA AAV 

10 VA VA VVA AVA 

11 VA VA VAV AAV 

12 VA VA VAV AVA 

13 VA VA AAV VVA 

14 VA VA AAV VAV 

15 VA VA AVA VVA 

16 VA VA AVA VAV 
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Appendix B 

The visual stimuli used during the visual dual task  

The visual stimuli “Circle” used during the visual dual task. The circle was shown for 

500 ms and the inter-stimulus interval (ISI) for the visual dual task ranged between 400 and 

1000 milliseconds (see figure B). 

 

 

Figure B. The visual stimuli used during the visual dual task.  
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Appendix C 

The auditory stimuli used during the auditory dual task 

The auditory stimuli “Tone” (200-Hz) was present for 50 ms and the ISI for the 

auditory dual task ranged between 850 and 1450 milliseconds (see figure C).  

 

 
 

Figure C. An illustration of the auditory stimuli used during the auditory dual task.  

 

 

 

 

 

 

 

 

 

 

 

 

 



MODALITY-SPECIFIC WORKING MEMORY TAXATION 

 
 

 

30 

Appendix D 

Practice and baseline trail  

The practice trial consisted of the visual dual task with a series of 8 circles and the 

auditory dual task with a series of 8 tones (participants were assigned to sequence 1 during 

the practice trial; see figure D). This was followed by the baseline trial consisting of the 

visual dual task with a series of 48 circles and the auditory dual task with a series of 48 tones. 

The participants were randomly assigned (during the baseline trial) to start with either the 

visual or auditory dual task. For example, a participant was randomly assigned (during the 

baseline trial) to either sequence 1 or sequence 2 (see figure D).  

 

Sequence 1           Sequence 2 

             

 

                          
 

Figure D. The sequence of the dual task in the practice and baseline trial. Sequence 1 started 

with the visual dual task and afterwards the auditory dual task. Sequence 2 started with the 

auditory dual task and afterwards the visual dual task.   
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Appendix E 

Auditory and visual memory recall trail  

After recalling the auditory (or visual) memory, participants were randomly assigned 

to the visual and auditory trial, consisting of a visual dual task with a series of 48 circles and 

an auditory dual task consisting of 48 tones. Participants were reminded (by the title that was 

provided) at the beginning of each trial to focus on the specific fragment whilst performing 

the auditory or visual dual task. The participants were randomly assigned to begin with either 

the visual trial, followed by the auditory trial or vice versa. For example, a participant (in 

condition 1; see table A) started with the visual memory recall and performed sequence 1, 

afterwards the participant recalled an auditory memory and performed sequence 2 (see figure 

E).  

Sequence 1           Sequence 2 

             
Figure E. The sequence of the dual task per memory recall condition. Sequence 1 started with 

the memory recall (visual or auditory), visual dual task and afterwards the auditory dual task. 

Sequence 2 started with the memory recall (visual or auditory), the auditory dual task and 

afterwards the visual dual task.   


