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Abstract 

 Serial and parallel multitasking strategies can be implemented in a variety 

of multitasking scenarios. Strategy selection is influenced by two primary factors: 

contextual demands and multitasker intentions. Multitaskers can choose to use a 

serial or parallel processing strategy, however, when under high contextual 

demands multitaskers default to using a parallel strategy and are unable to use a 

serial strategy. This is due to a decrease in available cognitive resources. One 

contextual demand that has yet to be investigated is driving. We investigate if the 

demands of driving will inhibit a driver’s ability to use a serial strategy. Drivers 

performed a Psychological Refractory Period (PRP) paradigm while driving in a 

driving simulator. Drivers were able to use both strategies to perform the PRP 

while under low and high driving demands. We found that multitasking strategies 

are robust against driving demands and that increased driving demands do not 

inhibit serial processing.  
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Introduction 

Multitasking requires frequently reallocating attention between multiple 

stimuli. A more thorough understanding of how fundamental cognitive resources 

are distributed between these multiple stimuli is needed. Research in this area can 

give important insights into the cognitive underpinnings behind human 

multitasking. Multitasking research is a broad field, so it is practical to focus this 

research on specific multitasking scenarios before abstracting general conclusions 

about human multitasking. One growing area of research is multitasking while 

driving. Multitasking is now a necessity while driving. The increased prevalence 

of smartphones and embedded vehicle interfaces has changed the role that 

multitasking plays while driving. One example is rideshare drivers who must be 

constantly responsive to their phones to find new fares. These new technological 

demands, along with drivers choosing to eat, talk, or engage in any number of 

non-driving tasks, demonstrate the diversity of everyday multitasking while 

driving. Considerable research focuses on the impacts of multitasking on driving 

performance and safety (Perez et al., 2013). While that is an important goal, less 

is known about the impact driving has on multitasking performance. The goal of 

this study is to further our understanding of the cognitive mechanisms that support 

multitasking behaviors while driving. Additionally, this project can give insight to 

aid in the design of vehicles, vehicle interfaces, and other technologies used while 

multitasking on the road. 
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Serial and Parallel Multitasking 

 Multitasking is maintaining the goal of performing multiple tasks within a 

limited span of time (Koch, Poljac, Müller, & Kiesel, 2018). This traditionally 

leads to performance decrements in one or both tasks when compared to 

performing each task independently (Huestegge, Pieczykolan, & Koch, 2014). 

Previous research has identified two processing strategies commonly utilized 

when multitasking: the serial processing strategy and the parallel processing 

strategy (Miller, Ulrich, & Rolke, 2009). Someone implementing the serial 

strategy intends to allocate attention and respond to one task before allocating 

attention and responding to the second task (Fischer & Plessow, 2015). Someone 

using the parallel processing strategy intends to allocate attention to both tasks at 

the same time before responding to either task (Fischer & Plessow, 2015). 

Various styles of multitasking experiments can investigate these processing 

strategies, the psychological refractory period (PRP) paradigm being one of the 

more common. 

Psychological Refractory Period 

The PRP paradigm was originally developed to investigate how people 

can or cannot perform two tasks at approximately the same time (Pashler, 1994; 

Telford, 1931; Welford, 1952). This paradigm involves presenting stimuli for two 

different tasks in close succession. Performing a task consists of three cognitive 

processing stages; perception of the stimulus, response selection, and motor 

response. The period of time between the onset of the two tasks is known as a 

stimulus onset asynchrony (SOA). Short SOAs, meaning a higher temporal 
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overlap of the two task stimuli, are primarily associated with an increase in 

response time to the second task (Pashler, 1994). This delayed response to the 

second task is referred to as the refractory period. Initially the refractory period 

was attributed to a structural bottleneck. This bottleneck delays the performance 

of a processing stage in the second task until the corresponding processing stage 

is completed in the first task (Pashler & Johnson, 1989; Figure 1). This theory 

argues that the same processing stage of two different tasks cannot take place at 

the same time. For example, the response selection stage of the second task (T2) 

will be delayed until the response selection stage of the first task (T1) is complete 

(Pashler & Johnson, 1989). More contemporary theories have cast doubt on the 

idea of a rigid bottleneck and suggest that corresponding processing stages can 

overlap. This is apparent because there is interference (or crosstalk) between 

similar overlapping processes in almost any PRP performance (Tombu & 

Jolicoeur, 2003). What we tend to see it that a serial strategy has some overlap of 

response selection stage of T1 (RS1) and response selection stage of T2 (RS2) 

(Figure 2), while a parallel strategy has a larger overlap of RS1 and RS2 (Figure 

3). This means that a serial strategy shows relatively less crosstalk than a parallel 

strategy. Crosstalk is often observed as an increase in the amount of time a 

processing stage requires, or a decrease in the accuracy of the outcome of that 

processing stage when responses are incompatible compared to when responses 

are compatible (Fischer & Plessow, 2015). 
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Figure 1. Performance of a PRP paradigm with a structural bottleneck as proposed by Pashler & Johnson 

(1989). The stimulus for T1 (S1) and for T2 (S2) are offset by the SOA. RS2 is delayed until the RS1 is 

complete. The response to T1 (R1) and the response to T2 (R2) are made once the corresponding response 

selection stages are complete. 

 

Figure 2.  Performance of a PRP paradigm with a serial processing strategy. RS2 is delayed but still has some 

overlap with RS1 leading to some crosstalk. 

 
Figure 3. The performance of a PRP paradigm with a parallel strategy. The RS1 and RS2 stages overlap more 

than with a serial strategy, which leads to increased crosstalk between these two stages. 
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Short SOAs increase the crosstalk between corresponding processing 

stages of different tasks (when using a parallel strategy), leading to increases in 

response time and reductions in response accuracy for T1 (Lien & Proctor, 2000). 

Longer SOAs allow for corresponding processing stages of each task to take place 

in relatively more isolation, therefore, reducing crosstalk and leading to faster and 

more accurate responses to T1 (McCann & Johnston, 1992). T1 responses are less 

sensitive to SOAs when using a serial strategy because the processing stages of 

T1 are prioritized and shielded from crosstalk from the processing stages of T2 

(Fischer & Hommel, 2012). 

Just as the SOA can impact T1 performance in a PRP paradigm, so too 

does the compatibility of the responses to T1 and T2. For example, when 

performing PRP paradigm consisting of two number classification tasks, which 

involve identifying if two sequentially presented numbers are odd or even; when 

both responses are even the responses are considered compatible, but when both 

responses are odd they are considered incompatible. When the same responses are 

required for T1 and T2 (compatible condition) then there is a reduction of 

crosstalk. Since the stimulus-response (S-R) mappings used for the two tasks are 

the same, there is a reduction in the interactions between the cognitive processes 

required to perform T1 and T2 (Lien, & Proctor, 2000). When T1 and T2 require 

different responses (incompatible condition), there is a higher chance of crosstalk 

due to the differing S-R mappings. Two different S-R calculations will need to be 

performed to respond to both tasks. Since two different processes are performed 

there is an increased chance of crosstalk between the processes (Hommel, 1998). 
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Compatible conditions have faster and more accurate responses to T1 compared 

to incompatible conditions. This is referred to as the response compatibility (RC) 

effect. For example, Logan and Schulkind (2000), used a letter and number 

classification task for T1 and T2 respectively. When responses to T1 and T2 were 

compatible (e.g., both tasks required an even response), accuracies were higher 

and response times were shorter for T1 compared to when T1 and T2 required 

different responses categories (e.g. one task requires an even response and the 

other task requires an odd response).  

Flexible Multitasking  

More recently, the PRP paradigm has played a role in differentiating 

between serial and parallel processing strategies (Plessow, Schade, Kirschbaum, 

& Fischer, 2012). Using these two strategies is not binary. People are able to 

multitask in a “more serial” or “more parallel” manner. Flexibly performing tasks 

in line with one strategy or another is likely due to tradeoffs between the 

performance efficiency and resource demands of each strategy. Task performance 

efficiency is typically measured via accuracy and response time to T1. Faster and 

more accurate task performance is considered more efficient. This is because T1 

is more accurate in the presence of an incompatible T2 (Logan & Gordon, 2001, 

Miller et al., 2009). Higher efficiency is primarily found with a serial strategy. 

When T1 is more susceptible to T2 then performance is considered less efficient. 

Beyond performance efficiency, resource demands also impact multitasking 

processing strategies. Mental resources are limited, leading to limitations in 

human performance (Kahneman, 1973). Strategies that place more demands on 
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cognitive resources can have downstream effects on other resource-demanding 

activities. This competition of limited resources can lead to performance 

decrements when multitasking. Lehle, Steinhauser, and Hübner (2009) 

demonstrated that using a serial strategy leads to an increase in heart rate. This is 

a psychophysiological response to an increase in cognitive effort, suggesting that 

serial and parallel strategies induce difference levels of cognitive demand. 

In general, processing in a more serial manner requires more mental effort 

(Meyer & Kieras, 1997) but task performance is more efficient (in terms of T1) 

compared to a more parallel manner (Logan & Gordon, 2001). When using a 

more serial processing strategy, multitaskers complete T1 faster and more 

accurately compared to when they use a more parallel processing strategy (Miller 

et al., 2009). This is because a more serial processing strategy entails allocating 

resources to T1 before allowing resources to be allocated to T2 (Pashler, 1994). 

However, since the more serial processing strategy does not take place with the 

structural bottleneck proposed by Pashler (1994), crosstalk is still present. There 

is some overlap of RS1 and RS2 when using a more serial strategy. When 

processing stimuli in serial, there is less crosstalk between T1 and T2 since T1 is 

processed first and shielded from the impacts of T2 compared to a more parallel 

strategy. The tradeoff here is that shielding T1 from T2 requires increased mental 

effort (Lehle et al., 2009; Plessow et al., 2012).  

In contrast to a more serial processing strategy, a more parallel processing 

strategy is often considered less efficient in terms of T1 performance but requires 

less mental effort (Lehle et al. 2009; Plessow, Schade, Kirschbaum, & Fischer, 
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2017). Since there is no need to prioritize distributing resources to T1 before T2, 

less mental effort is required to utilize this strategy (Lehle et al. 2009). When 

using a more parallel strategy, cognitive resources are shared between multiple 

tasks at once (Lehle & Hübner, 2009; Navon & Miller, 2002). Therefore, when 

processing stages of T1 and T2 overlap there is a greater chance of crosstalk. 

When T1 and T2 require incompatible responses, the crosstalk impact is larger 

compared to when responses are compatible (Lehle & Hübner, 2009). Response 

times to T1 are primarily slower and less accurate when using a more parallel 

strategy compared to a more serial strategy, and the RC effect is also larger when 

using a more parallel strategy.  

There are clear tradeoffs between these two strategies (performance 

efficiency vs. resource demands), so it raises questions about when and why one 

strategy is used over another. Two main reasons have been identified determining 

why a multitasker will favor efficiency or effort and use one multitasking strategy 

over another: top-down volitional influences and bottom-up contextual influences. 

Volitional Influences 

 Multitaskers have repeatedly demonstrated the ability to choose to use a  

more serial or parallel strategy on a PRP paradigm. For example, using a dual-

task flanker paradigm, Lehle and Hübner (2009) instructed participants to 

“allocate their capacity” and process the central stimuli of a flanker task before 

processing the flanking stimuli (i.e., serial processing). In other cases, the same 

participants were instructed to “distribute their capacity” between the central and 

flanking stimuli at the same time (i.e., parallel processing). Participants showed 
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faster T1 response times and a smaller RC effect when instructed to use a serial 

strategy; whereas, response times were slower to T1 and showed an increased RC 

effect with a parallel strategy. This suggests that participants can successfully 

switch between more serial and more parallel strategies when instructed to do so 

(i.e., top-down volition). In related research, Plessow et al., (2012) instructed 

participants to use a serial processing strategy (i.e., respond to T1 before 

responding to T2) while performing a number classification PRP paradigm. 

Participants responded faster to T1 and had a reduced compatibility effect when 

they were instructed to perform the task serially. This top-down instruction 

manipulation demonstrated a successful recruitment of cognitive control over 

which processing strategy was used. However, this top-down influence was only 

successful when there were no additional contextual influences on the 

multitaskers.  

Contextual Demands 

 Multitasking strategies are also subject to bottom-up contextual demands. 

For example, Plessow et al., (2012), while successfully demonstrating top-down 

influences mentioned above, also demonstrated that heightened contextual stress 

impacts the processing strategy that is used. After experiencing stress induction 

with the Trier Social Stress Test as a bottom-up contextual influence, multitaskers 

were unable to use a more serial processing strategy and instead used a more 

parallel strategy despite being instructed to use a serial strategy. Under higher 

demand contexts multitaskers tended to sacrifice performance efficiency for a 

processing strategy that requires less mental effort; this is likely a way to adapt to 
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depleted cognitive resources (Steinhauser, Maier, & Hübner, 2007). Therefore, 

serial processing may not be viable due to this depletion of resources. On the 

other hand, parallel processing, which requires less mental effort, allows for 

resources to be split across concurrent processes, and can be more readily 

performed in higher demanding contexts (Fischer & Plessow, 2015).  

 Much of the literature on contextual influences on multitasking focuses on 

high and low contextual demands brought about by stress manipulations (Fischer 

& Plessow, 2015; Plessow et al., 2012; Plessow et al., 2017; Steinhauser et al., 

2007), however there are other known contextual effects on multitasking strategy 

selection. For example, Fischer, Gottschalk, and Dreisbach (2014) used a 

location-dependent manipulation to influence the context of multitasking. Stimuli 

for a PRP paradigm were presented in one of two locations; each location was 

associated with an increased or decreased chance of incompatible responses for 

T1 and T2. Participants switched between processing strategies depending on the 

location of the stimuli and choosing the most efficient strategy for the context 

(location) of the stimuli (Fischer et al., 2014). This provides further evidence that 

multitaskers can change processing strategies depending on the multitasking 

context. Another type of contextual manipulation that impacts processing strategy 

selection is cognitive state induction. Specifically, activating different cognitive 

states impacts serial and parallel processing strategy selection. For example, 

Fischer and Hommel (2012) had participants perform divergent or convergent 

thinking tasks prior to multitasking. Convergent thinking is thought to require and 

prime higher levels of cognitive control and top-down processing, while divergent 
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thinking is associated with more “flexibility” and reduced top-down control. The 

convergent thinking group showed stronger serial processing abilities on their 

subsequent multitasking performance. Once again, these examples demonstrate 

how contexts can influence multitasking strategy selection. Less is known about 

how bottom-up contexts and top-down influences may or may not interact to 

impact multitasking strategy selection.  

Experiment 1 

This study investigated the interaction between top-down volitional 

influences and bottom-up contextual demands on multitasking processing strategy 

selection. Top-down influences were manipulated by instructing participants to 

use either a serial or parallel processing strategy to complete a PRP paradigm. 

Bottom-up context demands were manipulated by requiring participants to drive 

in a driving simulator with different levels of driving demand while performing 

the PRP.  

Since drivers are frequently multitasking, it is important to understand 

how resources are allocated across non-driving tasks. The level of demand the 

driving context places on a driver is highly variable due to factors such as road 

conditions, weather, lighting, and traffic; these factors can lead to an increase in 

driver stress and arousal (Koslowsky, 1997; Rowden, Matthews, Watson, & 

Biggs, 2011). These variations in the driving context may impact the processing 

strategies that drivers can successfully use when performing non-driving tasks. A 

more demanding driving context will likely require more mental effort thus 

impairing a multitasker’s ability to use a more serial processing strategy, but this 
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should not impair their ability to use a less mentally demanding more parallel 

processing strategy. Thus, we predict that differences in levels of driving demand 

should have bottom-up contextual effects on multitasking strategies; much like 

the literature on stress and multitasking has shown.  

 In a driving simulator, we manipulated driving demands while also 

implementing a non-driving PRP paradigm in a safe and highly controlled 

environment. Driving simulators have been shown to be a valid analog for real 

world driving (McWilliams et al., 2018) and allow researchers to effectively 

manipulate the demand the driving context places on the driver (Reimer & 

Mehler, 2011, Wang et al., 2010). The stimuli for T1 and T2 of a PRP paradigm 

were displayed over the forward driving scene so drivers did not need to allocate 

attention away from the roadway (similar to heads up displays in cars today). 

Displaying the PRP paradigm over the driving scene reduced the likelihood of 

unwanted visual demands of the PRP impacting driving performance. This design 

allowed us to focus primarily on the cognitive processes associated with 

multitasking.  

 In addition to manipulating bottom-up demands via driving, we 

manipulated top-down influences via explicit instructions. Before performing 

blocks of the PRP task, participants were instructed to use a serial or parallel 

processing strategy. These manipulations allowed us to investigate the interaction 

between top-down and bottom-up influences on drivers who were multitasking. 

This study aimed to add to the growing body of research on the effects of 

serial and parallel processing strategies on multitasking performance while also 
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introducing the novel context of driving to this line of research. In addition, we 

explored how top-down and bottom-up factors might interact to dynamically alter 

which processing strategy multitaskers used. We predicted that processing 

strategy instructions (PSI) will determine the processing strategy that is 

implemented by participants when driving is easy (lower demand context). We 

also predicted an interaction between driving demands and PSI. Specifically, the 

higher demand driving context should facilitate a more parallel processing 

strategy while impairing a more serial processing strategy. 

If confirmed, our predictions suggest that driving can impact non-driving 

multitasking strategy selection. In the same way that social stress (Fischer & 

Plessow, 2015), task location (Fischer et al., 2014) and convergent or divergent 

thinking (Fischer & Hommel, 2012) are contextual factors that influence 

multitasking strategy selection, our results can test whether driving is an 

additional context that impacts cognitive control when multitasking. Also, our 

predicted results would support previous research on how multitaskers can 

upregulate cognitive control to use different processing strategies. 

Method 

Participants 

Data from 30 participants were collected and included in the final analysis. 

Participants ages ranged from 18– 20 (M = 18.73, SD = .74), were evenly split by 

gender, and were recruited from the Tufts undergraduate community. All 

participants had a valid driver’s license, normal or corrected to normal vision, and 

drove at least one day a week. Participants were compensated with course credit. 
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Apparatus 

 This experiment took place in the Tufts Applied Cognition Lab Driving 

Simulator (Figure 4) using proprietary software (Real Time Technologies Inc., 

Ann Arbor MI). This was a single seat open-cab driving simulator with a 180-

degree horizontal forward field of view provided by five 46-inch LCD displays. 

The simulation operated and recorded data at 60hz. Force feedback was provided 

to the driver through the steering wheel, accelerator pedal, and brake pedal. The 

simulator was instrumented with cameras and a microphone to record driver 

behavior and interactions with the simulator. Four fingertip response buttons were 

also provided for the driver to respond to T1 and T2 of the PRP paradigm with 

their index and middle fingers (see next section for more details). The driving 

environment consisted of a simulated four lane highway (two lanes in each 

direction of travel). Light and moderate lateral wind gusts were provided to vary 

the demand of driving. Light wind gusts have little impact on the trajectory of the 

vehicle and require minimal adjustments to keep the vehicle within the lane 

(Saxby, Matthews, Hitchcock, & Warm, 2007). Stronger wind gusts require more 

active adjustments to the vehicle and are used to increase the demand that driving 

places on the driver (Saxby et al., 2007). The light and moderate wind gusts were 

used as the low and high demand driving manipulations respectively. 

 



TOP-DOWN STRATEGIES VS. BOTTOM-UP DRIVING 
 

 

15 

 

Figure 4. Image of open-cab driving simulator setup. 

Multitasking Manipulation 

 The version of the PRP paradigm used in this experiment is similar to that 

in Plessow et al., (2017). The stimuli for the PRP paradigm were displayed over 

the forward roadway at 0 lateral degrees, and each stimulus was presented 

between two dashed lines. The stimulus for T1 was presented 4.5 cm above the 

center of the screen at approximately 3.4 degrees vertically, and T2 is presented 

4.5 cm below the center of the screen at approximately 3.4 degrees vertically 

(Figure 5). The numbers were presented at 3.5 cm tall. Stimuli for T1 were the 

numbers 2,3,7, and 8. Responses to these stimuli were made with the two 

fingertip response buttons on the participant’s left hand. The stimuli for T2 were 

1,4,6, and 9. Responses to these stimuli made were with the fingertip response 

buttons on the participant’s right hand. The goal of T1 and T2 was to classify each 

number as either even or odd. Even responses were made with the index fingers, 

and odd responses were made with the middle fingers. Consistent with PRP 

designs, participants were instructed to always respond to T1 before responding to 

T2 across all conditions. Trials began with four dashed lines on the screen for 500 
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ms and were immediately followed by a T1 stimulus. After an SOA of either 40 

ms (40% of trials), 120 ms (40 % of trails), or 900 ms (20% of trials) the T2 

stimuli was presented. T1 and T2 stimuli remained on the screen until responses 

to both stimuli were made, or for a maximum of 1800 ms after the onset of the T2 

stimuli (Figure 6). Feedback was provided for 300 ms. If both responses were 

accurate then “Correct” was displayed, if one or both responses were incorrect 

then “Incorrect” was displayed, and if one or both responses were missing then 

“Too Slow” was displayed. When responses were made to T2 before T1, T1 was 

recorded as missing and “Too Slow” was displayed as feedback. There was an 

inter-trial-interval between 100 ms and 1000 ms (in steps of 100 ms) after 

feedback. Each experimental block contained 80 trials. In each block, 40 trials 

had compatible responses between T1 and T2, and 40 had incompatible 

responses. For each SOA length, half of the trials were compatible and half were 

incompatible.  

 

Figure 5. PRP stimuli presented over the simulated roadway. 
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Figure 6. Timeline of the PRP paradigm. 

Processing Strategy Instructions 

 Before each experimental block, participants were instructed to use either 

a serial or parallel processing strategy. In the serial condition, participants were 

given the instructions; “In the following block, please allocate your attention 

FIRST AND EXCLUSIVELY TO THE UPPER NUMBER. Respond as fast and 

as accurately as possible with the left hand. ONLY AFTERWARDS ATTEND 

TO THE NUMBER BELOW. Respond to this number as fast and as accurately as 

possible with the right hand.” In the parallel condition, participants were given the 

instructions; “In the following block, please allocate your attention RIGHT 

FROM THE BEGINNING TOWARD BOTH NUMBERS. Respond as fast and 

as accurately as possible with the left hand to the upper and with the right hand to 

the lower number.” These instructions have been used in prior work to 

successfully train participants to use the two processing strategies (Plessow et al., 

2017). 

Procedure 

 Upon arrival participants were provided with and signed an informed 

consent form. Participants were then given a pre-experimental questionnaire to 
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complete (Appendix A). Next participants were introduced to the driving 

simulator and were trained on the PRP paradigm and the two PSIs. Participants 

practiced 16 trials of the PRP paradigm for each instruction condition. Next, 

participants were instructed on how to drive the driving simulator. They were 

instructed to stay in the right lane and to try and maintain a speed of 65 miles per 

hour for the entire drive. Participants drove the simulator for 5 minutes to adapt to 

the driving environment. This period of driving was followed by two more 

practice blocks of 16 trials of the PRP paradigm while driving; one block of each 

instruction condition. Participants then performed four full experimental blocks of 

the PRP paradigm. Two blocks were preceded by serial instructions, and two were 

preceded by parallel instructions. Two blocks were low demand driving and two 

high demand driving, with each driving condition having an instance of each 

instruction condition. Before each PRP block participants drove for 2 minutes as a 

baseline driving measure. The driving demand of the baseline drives matched the 

driving demand of the upcoming evaluation block. Instructions and driving 

demand order were counterbalanced across all participants. After the experiment, 

participants completed a post-experiment questionnaire (Appendix A) and were 

compensated for their time with course credit. 

Data Processing and Analysis 

 The analysis focused on the response time and accuracy to T1. Outlier 

criterion and data filtering procedures mirror Plessow et al. (2017). Specifically, 

all trials with missing or inaccurate responses to the PRP task were removed from 

the response time analysis (7.22%). Trials with response times outside the outlier 
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criterion (2.5 SD from the mean) were also removed (2.14%). Mean RTs for 

SOAs of 900ms were 1016 ms (SD = 298 ms). Overall, 46.43% of all 900 ms 

SOA trials were responded to in less than 900 ms meaning that these responses 

are not susceptible to RC effects. Implementing SOAs are helpful to enforce 

participants to use the instructed task order and perform T1 before T2. Variability 

in SOAs makes sure participants do not expect exactly when T2 will begin. 

However, this 900 ms SOA allowed participants to frequently complete T1 before 

T2 was presented. We were initially unsure how long SOAs should be with this 

novel PRP while driving procedure, but 900 ms ended up being too long to 

reliably manipulate processing strategy use in this scenario. This length of SOA 

allowed for the completion of most of the T1 stimulus processing before the 

presentation of the T2 stimulus, therefore, it increased the chance of 

implementing a serial processing strategy even when under parallel strategy 

instructions. All trials with a 900 ms SOA were removed from the final analysis, 

and we focused our analysis on the two short SOAs (40 ms and 120 ms). The 

analysis was conducted in R (R Core Team). The primary analytical procedures 

were repeated measures 2 x 2 x 2 (compatibility x instruction x SOA) ANOVAs 

for each level of driving demand, using an alpha of 0.05. In addition, an omnibus 

ANOVA investigated main effects of all factors (compatibility, instruction, SOA, 

and driving demand), while planned comparisons aimed to detect any differences 

in RC, task instruction, and driving demands. Our primary measures of interest 

are presented in the results section; a complete table of post-hoc tests are included 

in Appendix B. Tests also investigated interactions; primarily the interaction 
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between PSI and driving demand. Analysis methods and results of T2 are 

provided in Appendix B. 

 Driving performance was measured with driver velocity and lane position. 

The mean velocity, standard deviation of velocity, and standard deviation of lane 

position (SDLP) were calculated for each experimental block of driving while 

performing the PRP and the 2-minute baseline driving before each evaluation 

section. Repeated measures 2x2 (instruction x driving demand) ANOVAs 

investigated differences between the experimental conditions. 

Experiment 1 Expected Results 

High Demand 

 Response times to T1 should not show a main effect of processing 

instruction in the high demand driving condition, however there should be a main 

effect of RC. We expect participants to use a parallel processing strategy in both 

instruction conditions. We also expect T1 accuracy results to show a main effect 

of RC, but no effect of processing instruction. 

Low Demand 

 T1 RTs should show a main effect of instruction condition since 

participants should be capable of performing serial or parallel processing 

strategies when instructed in a low demand context. RTs for T1 should be slower 

in the parallel instruction condition and faster in the serial instruction conditions. 

We expect to find effects of RC and an interaction between RC and PSI condition. 

T1 accuracy should show the same effects of instruction and RC. 
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Combined Analysis 

 Collapsing across driving demand conditions, we expect to see an 

interaction between instruction condition and driving demand in both T1 RTs and 

T1 accuracy. This interaction would indicate that the driving demand condition 

provides a bottom-up influence that interacts with the top-down multitasking 

strategies. 

 In terms of driving performance, we do not expect to see any difference 

between the PSI conditions in the percentage changes in standard deviation of 

velocity or SDLP, since driving should be prioritized over any secondary tasks. 

We do expect to see differences in SDLP between the high and low demand 

driving conditions due to the increased wind gust strength in the high demand 

driving condition. 

Experiment 1 Results  

High Demand 

 Response Times. During the high demand driving condition, participants 

did not show a main effect of serial or parallel PSI on T1 RT [F(1,29) = 0.08, p = 

0.79], nor did these results show any interactions between PSI and RC [F(1,29) = 

0.55, p = 0.46]. Compatible response conditions had significant faster T1 RTs 

than incompatible response conditions (977 ms vs. 1053 ms) [F(1,29) = 50.07, p < 

0.01], meaning higher levels of response interference was present on incompatible 

trials (Figure 7). There was also no effect of SOA on T1 RT [F(1,29) = 1.03, p = 

0.32]. 
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Figure 7. Mean T1 RTs for the high and low driving demand conditions by PSI and RC. Error bars represent 

SEM. 

 Accuracy. T1 response accuracy in the high demand driving condition 

showed a significant effect of RC [F(1,29) = 4.68, p = 0.04], compatible trials 

were more accurate than incompatible trials (89.0% vs. 86.7%) (Figure 8). No 

effect of PSI was found [F(1,29) = 2.79, p = 0.11], and no interaction between PSI 

and RC was found [F(1,29) = 0.29, p = 0.59]. Similar to the RT analysis, there 

was no effect of SOA on T1 accuracy [F(1,29) = 0.00, p = 1.00] 
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Figure 8. Mean T1 accuracies for the high and low driving demand conditions by PSI and RC. Error bars 

represent SEM. 

Low Demand 

 Response Time. In the low demand driving condition, T1 RTs did not 

show any effects of PSI [F(1,29) = 2.52, p = 0.12]. T1 RTs did show effects of 

RC, where compatible trials had faster RTs than incompatible trials (974 ms vs. 

1060 ms) [F(1,29) = 83.88, p < 0.01] (Figure 6). There was also no effect of SOA 

[F(1,29) = 2.33, p = 0.14]. No interaction between PSI and RC was found 

[F(1,29) = 1.11, p = 0.30], but there was a 3-way interaction between PSI, RC, 

and SOA [F(1,29) = 4.54, p = 0.04] (see Appendix B for details).  

Accuracy. T1 accuracy in the low demand driving condition was 

significantly higher when trails had compatible responses compared to 

incompatible responses (88.8 % vs. 85.1%) [F(1,29) = 11.58, p < 0.01] (Figure 7). 

There were no effects of PSI [F(1,29) = 1.22, p = 0.28], and no interaction 
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between PSI and RC [F(1,29) = 1.22, p = 0.28]. No effect of SOA was found 

[F(1,29) = 0.38, p = 0.54] 

Combined Analysis 

 Response time. Combining the high and low demand driving conditions 

in the same model, we found no main effects of driving demand [F(1,29) = 0.08, p 

= 0.78], PSI [F(1,29) = 1.69, p = 0.20], or SOA [F(1,29) = 3.32, p = 0.08] on T1 

RTs, but we did find a main effect of RC [F(1,29) = 73.57, p < 0.01]; compatible 

trials were faster than incompatible trials (976 ms vs. 1056 ms). There was no 

interaction between driving demand and RC [F(1,29) = 1.59, p = 0.22] or PSI and 

RC [F(1,29) = 1.94, p = 0.17]. 

 Accuracy. T1 accuracy showed a significant effect RC [F(1,29) = 13.20, p 

< 0.01] (88.8 % vs. 85.8%) where compatible responses had higher accuracies, 

but no effects of PSI [F(1,29) = 0.16, p = 0.69], driving demand [F(1,29) = 1.49, p 

= 0.23], or SOA [F(1,29) = 0.32, p = 0.58] were found. There were also no 

interactions between driving demand and RC [F(1,29) = 1.05, p = 0.32] or PSI 

and RC [F(1,29) = 0.96, p = 0.34]. 

Driving Performance. During multitasking periods participants had a 

higher standard deviation of velocity compared to baseline driving periods 

[F(1,29) = 14.53, p < 0.001], as well as a higher SDLP [F(1,29) = 17.09, p < 

0.001], but no difference in mean velocity [F(1,29) = 0.02, p = 0.89]. Compared 

to the low demand condition the high demand driving condition participants 

showed larger SDLPs [F(1,29) = 79.81, p < 0.01], but there were no differences in 
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velocity [F(1,29) = 0.30, p = 0.59] or standard deviation of velocity [F(1,29) = 

0.67, p = 0.42]. 

Experiment 1 Discussion 

 The results of Experiment 1 showed effects of RC on RT and accuracy in 

T1. These results suggest that the RC manipulation in the PRP task was 

successful. We found no impact of PSIs or SOA. Results also showed that there 

are no significant differences between the two driving demands in terms of PRP 

performance. This means that our instruction manipulation was unsuccessful. 

Since this same manipulation has been successful in other experiments (for a 

review see Fischer & Plessow, 2015), we need to further investigate why 

multitasking instructions did not work in this case. 

The driving performance data showed an impact of PRP performance on 

driving behavior, but no difference between the two instruction conditions. This 

shows how driving is sensitive to a multitasking manipulation. We found no 

effect of PSIs on driving performance. However, since there was no effect of 

instructions on PRP performance we would not expect to see a difference here. 

We did find a difference in SDLP between the low and high demand driving 

conditions which demonstrates that our wind gust strength manipulation did affect 

driving behavior.  

Since we did not find the expected impacts of PSI or driving demand on 

PRP performance, we expanded on Experiment 1 to further test our hypotheses. 

Experiment 1 did not contain a baseline measure for the PRP paradigm (i.e., 

performing the task without driving), therefore, it is difficult to determine the 
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impact that driving has on PRP performance. Since our approach to varying 

driving demands was not successful, a baseline measure can help clarify if the low 

and high demand driving conditions had any impact on PRP performance at all, or 

if the PRP task is robust against the impacts of driving. It is possible that our 

driving manipulations unsuccessfully varied the demand placed on participants. A 

baseline PRP condition can help to determine if any driving context is enough to 

washout the effects of the instruction conditions.  

It is also possible that participants did not maintain instructions or were 

not using the instructed processing strategy. Providing stronger motivation to 

keep participants using the correct instructed processing strategy throughout the 

PRP blocks may be beneficial. Finally, since we did not include the 900 ms SOA 

trials in this analysis, we opted for a shorter SOA that could be included in the 

final analysis. A shorter SOA that is within the response window from 

Experiment 1 will not increase the chance of serial processing and will allow us to 

retain more responses per participant in our final analysis. Finally, we also 

included measures of several individual differences that might have impacted our 

results. Specifically, we consider the roles sleep, drowsiness, and self-reported 

stress may have on our results. 

Experiment 2 

Method 

Participants 

 Data from 30 participants was collected. Ages ranged from 19-31 years 

old (M = 21.8, SD = 3.01). Twenty-four participants were female, 6 were male. 
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All participants had a valid driver’s license, drove at least one day a week, had 

normal or corrected to normal vision, and were recruited from the local Tufts 

community. Two sleep questionnaires were administered at the beginning of the 

experimental period. The Epworth Sleep Scale (ESS) measured trait sleepiness 

(Johns, 1991) and has been previously used to measure sleepiness in drivers 

(Quera Salva, et al., 2014). The ESS scores are correlated with daytime sleepiness 

of respondents (Johns, 1991). Along with this, the St. Mary’s Hospital Sleep 

Questionnaire measured sleep patterns and sleepiness over the past 24 hours 

(Ellis, et al., 1981). Both of these questionnaires helped to account for how 

individual differences in state and trait sleepiness may have influenced influence 

participant performance on our tasks. Participants were compensated with a 

payment of $20. 

Apparatus 

 This experiment took place in the same driving simulator as Experiment 1. 

Participants drove in the high demand driving condition while performing the 

PRP task and performed the PRP task while sitting in the driving simulator but 

not driving. Stimuli were presented in the same manner as Experiment 1. In the 

non-driving condition, an image of the forward roadway was presented as a 

background to the PRP stimuli, but this roadway scene was not moving. 

Responses to PRP stimuli were made with modified response buttons attached to 

the steering wheel instead of participant’s fingertips. This allowed participants to 

hold the steering wheel more comfortably and make responses with their index 

and middle fingers on both hands. 
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Multitasking Manipulation 

 The PRP paradigm was identical to the paradigm used in Experiment 1, 

except the 900 ms SOA trials were replaced with 340 ms SOAs. This mirrors the 

SOAs from Plessow et al. (2017). 

Processing Strategy Instructions 

 The same PSIs from Experiment 1 were used. In addition to this, the 

importance of properly using the instructed strategy was stressed, and participants 

were asked to repeat the two different processing strategies back to the researcher 

after the initial introduction period. This helped to clarify the importance of the 

two processing strategies as well as ensure that participants had a clear 

understanding of how to perform the two processing strategies.  

Procedure 

 Experiment 2 followed the same basic procedure as Experiment 1. All 4 

blocks were counterbalanced across participants. In addition to this, participants 

were also given additional feedback at the end of each block with their mean 

accuracy (displayed as a percentage) for that block. Participants were told that 

they would receive a $5 incentive (along with the $15 payment) if they perform in 

the 80th percentile of participants. They were instructed that their accuracy scores 

and proper use of the instructed processing strategy would be used to determine if 

they received the incentive. No information was given about what RTs or 

accuracy percentages were required to be in the 80th percentile, and all 

participants received the incentive regardless of task performance. The inclusion 

of this incentive was to further encourage participants to use the instructed 
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strategies to the best of their ability since monetary incentives have been shown to 

impact volitional cognitive control and improve task performance (Kleinsorge & 

Rinkenauer, 2012). 

Data Processing and Analysis 

 Data processing was similar to Experiment 1 but with an additional level 

of SOA since we replaced the previous long SOA (900 ms) with a shorter version 

(340 ms). Similar to Experiment 1; 3.19% of trials were removed because they 

were inaccurate and 0.85% of trials were removed because responses were outside 

of 2.5 standard deviations from the mean. The analytical procedures followed the 

same structure as Experiment 1. The primary analysis consisted of repeated 

measures 2 x 2 x 3 (compatibility x instruction x SOA) ANOVAs within each 

level of contextual demand. In addition, an ANOVA of all factors combined 

(compatibility, instruction, SOA, and demand) investigated the main effects and 

interactions across demands. A complete table of post-hoc tests is included in 

Appendix C. Analysis methods and results of T2 are also provided in Appendix 

C. 

 To address the impacts that individual differences can have on responses, 

the sleep questionnaire responses were used to investigate the state and trait 

sleepiness of individual participants and the impacts that sleepiness has on PRP 

responses. The ESS generated trait Excessive Daytime Sleepiness (EDS) scores. 

ESS responses were scored and divided into 3 groups, normal daytime sleepiness, 

EDS, and high levels of EDS (Johns & Hocking 1997). Each group is a validated 

measure of daytime sleepiness. The full ESS questionnaire is available in 
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Appendix A. These scores were added to our model as a between subject 

covariate. The responses from the St. Mary’s Sleep Scale were used to investigate 

state sleepiness. Responses to the question “how many hours did you sleep last 

night” were also included as a covariate in our model. Finally, we used participant 

ratings of their current drowsiness and current stress as covariates in separate 

analyses. See Appendix A for these questionnaires.  

To further investigate individual differences, the proper utilization of the 

instructed strategy was determined with RC scores. When the RC score (mean 

incompatible T1 RT – mean compatible T1 RT) is positive then we can assume 

that there is a traditional RC effect. In terms of processing strategies, the serial 

processing strategy should have a smaller RC score than the parallel processing 

strategy. It is possible that some participants were not properly utilizing the 

instructed processing strategies. A secondary analysis was conducted only with 

participants who had smaller RC scores in the serial instruction conditions than in 

the parallel instruction conditions for both levels of contextual demand. 

 The driving performance data were analyzed the same way as in 

Experiment 1. Since Experiment 2 has one driving and one non-driving condition 

we could not use driving demand as an independent variable on driving 

performance. Within the remaining driving condition we compared the 2 minute 

just-driving baseline periods with the multitasking and driving periods, as well as 

compared the two PSIs on multitasking while driving performance. 

 

 



TOP-DOWN STRATEGIES VS. BOTTOM-UP DRIVING 
 

 

31 

Experiment 2 Expected Results 

Driving Demand 

 These results are expected to be the same as those of the high demand 

driving condition in Experiment 1 since this condition is identical to the driving 

demand in Experiment 1. We expect to find an effect of RC but no effect of PSI. 

No Driving Demand 

 Similar to our initial predictions for the low demand driving condition, we 

expect to still find an effect of RC. However, unlike the results in Experiment 1 

now we expect to find an effect of PSI. 

Combined Analysis 

 We expect to find an overall effect of RC and driving demand. In 

Experiment 1 we did not observe any interactions between driving demand and 

PSI. By reducing the level of contextual demand in the non-driving condition we 

now expect to find an interaction between driving demand and PSI.  

Experiment 2 Results 

Driving Demand 

 Response Times. During the driving condition, participants did show a 

main effect of PSIs on T1 RT [F(1,29) = 15.10, p < 0.01]. Serial strategy 

conditions were faster than parallel strategy condition (924 ms vs. 965 ms). 

Compatible response conditions had faster T1 RTs than incompatible response 

conditions (912 ms vs. 976 ms) [F(1,29) = 104.76, p < 0.01], meaning higher 

levels of response interference were present on incompatible trials (Figure 9). 

These results did not show any interactions between PSI and RC [F(1,29) = 1.07, 
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p = 0.31]. A main effect of SOA was found [F(2,58) = 49.57, < 0.01] where 

longer SOAs were associated with slower RTs (915 ms vs. 941 ms vs. 1000 ms). 

There was also an interaction between RC and SOA [F(2,58) = 13.24, p < 0.01], 

and an interaction between PSI and SOA [F(2,58) = 3.21, p = 0.05]. For all SOAs 

compatible responses were faster than incompatible responses, but responses with 

340 ms SOAs were longer than all other responses (see Appendix C for post-hoc 

test). 

 

Figure 9. Mean T1 RT for the driving and not driving demand conditions by PSI and RC. Error bars represent 

SEM. 

 Accuracy. T1 response accuracy in the driving demand condition showed 

a significant effect of RC [F(1,29) = 21.52, p < 0.01], compatible trials were more 

accurate than incompatible trials (93.2% vs. 86.7%) (Figure 10). No effect of PSI 

was found [F(1,29) = 3.71, p = 0.06], but there was a significant interaction 

between RC and PSI [F(1,29) = 8.66, p < 0.01]. Compatible responses were more 
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accurate with a more parallel strategy, but incompatible responses were more 

accurate with a more serial strategy. 

 

Figure 10. Mean T1 accuracies for the driving and no driving demand conditions by PSI and RC. Error bars 

represent SEM. 

 Driving Performance. The multitasking while driving periods had higher 

standard deviations of velocity compared to 2-minute just-driving periods 

[F(1,29) = 7.57, p = 0.01] but lower SDLP during multitasking periods compared 

to baseline [F(1,29) = 4.67, p = 0.04]. There was no difference in velocity 

between multitasking and baseline driving conditions [F(1,29) = 1.65, p = 0.21]. 

No Driving Demand 

 Response Times. In the low demand condition, T1 RTs did show an effect 

of PSI [F(1,29) = 4.65, p = 0.04]. The serial strategy resulted in faster RTs than 

the parallel strategy (930 ms vs. 953 ms). T1 RTs did show effects of RC, where 

compatible trials had faster RTs than incompatible trials (912 ms vs. 971 ms) 
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[F(1,29) = 118.40, p < 0.01] (Figure 9). There was also a main effect of SOA 

[F(2,58) = 48.08, p < 0.01], shorter SOAs were associated with shorter RTs (915 

ms vs. 937 ms vs. 995 ms). An interaction was also found between RC and SOA 

[F(2,58) = 17.10, p < 0.01]. Just like in the driving demand condition, for each 

SOA compatible responses were faster than incompatible responses, but the 340 

ms SOA responses were slower than all other SOAs (see Appendix C). 

Accuracy. T1 accuracy in the low demand condition was significantly 

higher when trails had compatible responses compared to incompatible responses 

(94.4 % vs. 85.9%) [F(1,29) = 36.32, p < 0.01] (Figure 10). There were no effects 

of PSI [F(1,29) = 2.97, p = 0.09], and there was no interaction between RC and 

PSI [F(1,29) = 2.83, p = 0.10]. Unlike the high demand condition, there was no 

effect of SOA on response accuracy [F(2,58) = 2.85, p = 0.07]. 

Combined Analysis 

 Response time. Combining across the high and low demand conditions, 

we found a main effect of PSI on T1 RTs [F(1,29) = 11.25, p < 0.01]. Serial RTs 

were overall faster (927 ms vs. 959 ms). We found a main effect of RC [F(1,29) = 

120.07, p < 0.01]; compatible trials were faster than incompatible trials (913 ms 

vs. 973 ms). There was also a main effect of SOA [F(2,58) = 61.12, p < 0.01], but 

there was no main effect of driving demand [F(1,29) = 0.37, p = 0.55], nor did 

driving demand interact with any other factors. An interaction was present 

between RC and SOA [F(2,58) = 34.11, p < 0.01]. 

 Accuracy. T1 accuracy showed a significant effect of RC [F(1,29) = 

34.67, p < 0.01] (93.8 % vs. 86.3%) where compatible responses had higher 
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accuracies. There was also a main effect of PSI [F(1,39) = 4.59, p = 0.04], (91.5 

% vs. 88.5%) where the serial strategy had a higher accuracy than the parallel 

strategy. A main effect of SOA [F(2,58) = 4.80, p = 0.01] was found. There was 

no effect of driving demand [F(1,29) = 0.06, p = 0.82], but an interaction between 

RC and PSI was found [F(1,29) = 7.81, p < 0.01]. 

Individual Differences 

 Trait Sleepiness. On the ESS, one participant scored normal daytime 

sleepiness, 20 participants scored as EDS, and 9 participants scored as high levels 

of ESD. Including ESS scores as covariates in the model showed no effect of ESS 

score on T1 RT [F(2,27) = 1.11, p = 0.34], and no effect of ESS score on T1 

accuracy [F(2,27) = 2.08, p = 0.15]. 

 State Sleepiness. Participants slept on average 7.56 hours (SD = 1.22) the 

night before participating in the experiment. Including hours slept the previous 

night as a covariate in our model showed no effect on RT [F(1,28) = 3.48, p = 

0.73] or accuracy [F(1,28) = 0.69, p = 0.41]. Participants also provided ratings on 

their current drowsiness on a scale from 1 to 10 (M = 4.55, SD = 2.33) with 1 

meaning “very awake” and 10 meaning “extremely drowsy”. No significant 

effects on RT [F(1,28) = 1.44, p = 0.24] or accuracy were found [F(1,28) = 0.26, p 

= 0.62]. Lastly, we looked at responses to participants current reported stress 

level, with 1 meaning “not at all stressed” and 10 meaning “extremely stressed” 

(M = 3.29, SD = 1.95). There was no effect of stress level on RT [F(1,28) = 0.85, 

p = 0.36] or accuracy [F(1,28) = 0.05, p = 0.82]. Descriptive statistics for these 

survey responses are presented in Appendix C.  



TOP-DOWN STRATEGIES VS. BOTTOM-UP DRIVING 
 

 

36 

 Strategy Utilization. RC scores were calculated by subtracting a 

participant’s mean incompatible RT from mean compatible RT for each strategy 

condition. We found no effect of driving demand [F(1,29) = 1.19, p = 0.28] or PSI 

[F(1,29) = 2.63, p = 0.12] on RC scores. A total of 12 participants were then 

selected for this analysis because they had smaller RC scores in the serial 

conditions compared to the parallel conditions; which suggests they are more 

likely properly utilizing the instructed processing strategy. Looking at T1 RTs, a 

main effect of SOA was found [F(2,22) = 32.58, p < 0.01] as well as main effects 

of RC [F(1,11) = 59.23, p < 0.01] and PSI [F(1,11) = 9.26, p = 0.01]. No effect of 

driving demand [F(1,11) = 1.58, p = .23] and no interaction between demand and 

PSI [F(1,11) = 0.95, p = 0.35] were present. Accuracies for T1 were sensitive to 

RC [F(1,11)= 19.09, p < 0.01], PSI [F(1,22) = 10.09, p < 0.01], and an interaction 

between the two [F(1,11) = 10.60, p < 0.01]. Again, there was no effect of driving 

demand [F(1,11) = 0.08, p = 0.78] and no interaction between demand and PSI 

[F(1,11) < 0.01, p = 0.96]. 

Discussion 

 In this study we furthered our understanding of the cognitive mechanisms 

that support multitasking while driving. We did so by investigating the impact the 

novel context of driving has on how people can perform a PRP in a more serial or 

more parallel manner. Based on prior research, we expected to find effects of RC 

and PSI. In addition, if the contextual demands from driving are similar to other 

contextual demands in the multitasking processing strategy literature, we expected 

to find an interaction between driving demands and PSI. We predicted than an 
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increase in contextual demand due to driving would cause a depletion of available 

attentional and cognitive resources; leaving fewer resources available to perform 

the PRP paradigm. Since a more serial processing strategy requires more 

resources, the performance of more serial processing should be inhibited in favor 

of a more parallel processing strategy when under increased demand. This should 

be apparent in the serial PSI condition during higher demand driving. Since a 

more parallel processing strategy does not require as many resources, higher 

demand driving should not inhibit the use of this strategy.  

 Experiment 1 was designed to test serial and parallel PSIs under high and 

low driving demands. In the high demand condition, we did not observe any main 

effects of PSI, but we did see main effects of RC. These findings were consistent 

with what we were expecting. The RC effect is strong and should be present in 

any PRP experiment. The low demand driving condition did not show any effect 

of PSI, but did show effects of RC. Our original prediction was that we would 

observe effects of PSI in the low demand driving condition. When comparing the 

high and low demand driving conditions, we did not see an interaction between 

PSI and driving demand, nor did we confirm our prediction that the level of 

driving demand would impact utilization of PSIs. Since we did not detect a 

difference between the two PSI conditions, we cannot determine which 

processing strategy (if either) participants may have been using. Previous research 

has determined that different processing strategy use is sensitive to different 

contexts (Fischer & Hommel, 2012; Fischer et al., 2014; Fischer & Plessow, 

2015; Plessow et al., 2012; Plessow et al., 2017; Steinhauser et al., 2007), and our 
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findings were not consistent with previous research. In both the low and high 

demand conditions we did not find effects of SOAs. SOAs effects are common in 

PRP experiments (Meyer & Kieras, 1997), however we did remove the 900 ms 

SOAs from our analysis. Also, if participants are not properly utilizing the PSIs 

then there may not be any effects of SOAs anyway. 

The driving performance data showed a difference in SDLP between low 

demand driving and high demand driving. Since we varied the lateral wind gusts 

it is not surprising that different strength wind gusts impact SDLP differently. The 

driving performance results suggest that we did successfully manipulate the levels 

of demand that the driving scenarios placed on participants. We also observed a 

higher SDLP during multitasking and driving periods compared to the baseline 

just-driving periods. These findings are consistent with other research that shows 

how multitasking impacts driving performance and can increase SDLP (Perez et 

al., 2013). 

Considering the results of Experiment 1, we noted that utilizing serial and 

parallel PSIs require strong motivation, so it is possible that participants were not 

internally motivated enough to use the instructed strategies. Given that 

participants were driving while performing the PRP, it is also possible that the act 

of driving (and the demands associated with driving) reduced participant’s 

motivation to use the appropriate processing strategies. Motivational factors such 

as these were addressed in Experiment 2. Another thing to consider is that the low 

demand driving condition may have already been sufficiently demanding to cause 

a ceiling effect, so the serial processing strategy use was already inhibited. Since 
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identifying the use of a more serial or more parallel strategy requires a 

comparison between the two, a ceiling effect would prohibit our ability to identify 

individual strategies. It is also possible that the demand each driving condition 

placed on drivers was too similar to cause any different impacts in multitasking 

performance. Experiment 2 also tried to address this concern about the variable 

demand of our driving conditions. 

In Experiment 2, participants were paid to participate (where participants 

received course credit in Experiment 1) and were incentivized with an additional 

monetary reward for correctly using the PSIs. Along with this, the specific 

instructions given for each PSI condition that were provided to participants were 

clarified more so than in Experiment 1. This ensured that participants understood 

what was expected for them to properly use each processing strategy. These two 

changes were implemented to further motivate participants to use the correct 

instructed processing strategies. Questionnaires on sleep and stress were also 

added so we could include covariates in our analysis. We wanted to determine if 

sleepiness and related factors had any impact on PSI use. Experiment 2 also 

removed the low demand driving condition and replaced it with a non-driving 

condition. Since we found no differences between the low and high demand 

driving conditions, we decided to use a non-driving condition would ideally place 

even lower demand on participants than the low demand driving did in 

Experiment 1. The final change made for Experiment 2 was that we replaced the 

900 ms SOA trials with 240 ms SOA trials. 
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In the driving demand condition of Experiment 2, we found significant 

effects of PSI, RC and SOA. We were not expecting to find the effect of PSI since 

we had hypothesized the driving demand would inhibit participant’s abilities to 

use a more serial processing strategy. Again, we expected to find RC effects like 

in any PRP experiment, and now we observed an effect of SOA. Since there is an 

effect of PSI, and participants are now using the instructed strategies, the SOA 

manipulation is impacting PRP performance. Driving performance measures were 

only analyzed in the driving condition. There was a decrease in SDLP when 

multitasking while driving compared to the baseline just-driving period, however 

there was no difference in driving performance between the two PSI conditions. 

The no driving demand condition also showed effects of PSI, RC, and SOA; 

however, we were expecting these results. Participants again seem to be using the 

instructed processing strategies. We found no differences between the driving 

demand and no driving demand conditions, therefore, not confirming our 

hypothesis that driving demand impacts PSI use. Experiment 2 also showed an 

effect of PSI meaning the lack of PSI effects in Experiment 1were not due to a 

ceiling effect caused by driving demand. 

Unlike experiment 1, Experiment 2 showed a main effect of PSI, meaning 

participants were able to utilize the instructed processing strategies. This suggests 

a lack of participant motivation in Experiment 1 is why we did not see any effects 

of PSI. In Experiment 2 we also found a decrease in T1 RT and increase in T1 

accuracy compared to Experiment 1. Improvements in PRP performance further 

suggest that participants were more motivated in Experiment 2. 
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Despite the changes between Experiment 1 and Experiment 2 we still saw 

no impact of contextual demands on multitasking processing strategy use. We 

predicted to see participants use both a more serial and a more parallel strategy in 

the non-driving (or lower demand) condition, but only use the more parallel 

strategy in the driving (or higher demand) condition. Instead we observed 

participants using both strategies in both demand conditions. Since participants 

use both PSIs in the driving demand condition, we can assume that the driving 

condition did not inhibited a more serial processing strategy. Driving, in this case, 

may not be demanding enough or it creates a different type of demand that does 

not interact with the resources responsible for PRP performance. The demand 

caused by social stress, for example, interacts with PSI use, but this type of 

demand may be different from the demand that is caused by driving. One 

important difference between driving as a context and other contexts like social 

stress or expected response interference, is that driving is a practiced task in the 

sense that it requires a response. Contexts that have shown to impact PSI use can 

place a demand on participants, but have a more passive resource demand while 

driving has a more active resource demand. Therefore, driving while performing a 

PRP can be thought of as three distinct tasks (driving, T1, and T2) compared to 

just two. This means that different executive functioning resources may be 

utilized in the driving and PRP context compared to other contexts. Driving is 

also a safety critical task, so there may be cognitive mechanisms that help 

compartmentalize driving and non-driving tasks. Our PRP task, unlike traditional 

multitasking while driving experiments, does not require the driver to look away 
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from the road or interact with anything other than the steering wheel. Therefore, it 

may be easier to isolate the cognitive resource needed for the PRP from the 

resource needed for driving. Driving has an important visual-spatial demand, 

while the PRP number classification task has a phonological demand. This 

difference in modality dependencies of driving and the PRP is important to 

consider when determining which resources or cognitive mechanisms are shared 

between the two activities. Our findings do not specify which cognitive 

mechanisms are utilized by driving, which mechanisms are utilized by the PRP, 

and if driving and the PRP require overlapping mechanisms. However, these 

results do help to show that there are likely fewer overlapping cognitive 

mechanisms between the two than we predicted. Considering these results along 

with previous findings on other contexts impacting PRP strategy use gives insight 

into what mechanisms are required to utilize different processing strategies. 

Future research needs to address why driving as a context does not impact PRP 

strategy use, as well as if other driving demands can impact strategy use, 

potentially an even more demanding driving environment. Furthermore, drivers 

are not traditionally instructed which strategy to multitask with, so we are 

interested in seeing which strategy a driver might spontaneously choose to use 

and how different driving environments can impact this choice. We may expect 

drivers to use the less resource demanding parallel strategy, and this may be what 

we observed in Experiment 1 when participants did not show effects of PSI. 

The driving performance data in Experiment 2 were similar to that from 

Experiment 1. There was an impact of performing the PRP task on driving 
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behavior compared to the baseline just-driving periods. In Experiment 2 we also 

did not find an effect of PSI on driving performance. These results suggest that 

multitasking can impact driving performance in general, but that the specific 

multitasking strategies that are implemented by the driver may not interact with 

driving. In this case the act of performing another task is enough to impact 

driving, but the specifics of the task are not as important. In Experiment 1 we also 

observed a higher SDLP while multitasking, but Experiment 2 showed lower 

SDLP while multitasking. The major difference between the two experiments was 

participant motivation, so this difference in SDLP is likely due to the motivation 

participants had to complete the PRP while driving. The lower SDLP in 

Experiment 2 could suggest that drivers less frequently adjust their lane position 

while multitasking, but it is unclear if this is a desirable behavior or not. A higher 

SDLP is often considered an undesirable behavior because a larger SDLP may 

mean more lane departures (Perez et al., 2013). Some research has shown that 

increased cognitive load will increase SDLP (Maciej & Vollrath, 2009), while 

other research has shown the opposite trend (Medeiros-Ward, Seegmiller, Cooper, 

& Strayer, 2010). Future research may want to combine our PRP while driving 

design with a more objective crash analysis to determine potential risk to drivers. 

To further vet our results we wanted to account for proper participant 

motivation. A secondary analysis assessed that individual differences are not 

canceling out our expected effects. Some participants may be more inclined to use 

the instructed processing strategy than others. This may be due to how tired 

participants are. That said, after accounting for trait daytime sleepiness with the 
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ESS we found no change in our results for Experiment 2. Levels of daytime 

sleepiness did not affect RTs or accuracies for T1 and did not modulate the effects 

of environmental demand on PSI. State sleepiness was checked by accounting for 

hours slept the previous night and current reported drowsiness. These two factors 

had no effect on responses to the PRP task. Since social stress has been shown to 

impact PSI use (Plessow et al., 2012; Plessow et al., 2017), it is possible that 

participants who were currently feeling higher levels of stress may perform 

differently than participants experiencing low stress. Participant’s self-reported 

pre-experiment stress level had no impact on their PRP performance or PSI 

utilization. These individual difference measures of sleep and stress had low 

variability across our participants, and were not experimentally manipulated. Our 

results do not address how hours slept, drowsiness, or stress affects multitasking 

and driving, only that these factors did not explain the observed results. 

Lastly, we investigated the individual strategy usage of participants. 

Experiment 2 showed the importance of motivation to use the instructed 

strategies, and some participants may be more motivated than others for reasons 

we did not identify through our questionnaires. Participants who properly used the 

instructed processing strategies based on T1 RT were separately analyzed. This 

sample of participants still did not show an effect of demand on processing 

strategy use. Even with ideal participants we do not find effects of driving 

demand on multitasking strategy use. In Experiment 2 the RC effect we observed 

was smaller than what had been found in previous literature (Plessow et al., 2012; 

Plessow et al., 2017). This suggests that the degree to which participants utilized 
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the processing strategies may be lower than in previous research. This difference 

could be due our participants requiring further motivation, or to the driving 

context of our experiments. 

Conclusion 

Overall, we were able to replicate previous results that showed how multitaskers 

can flexibly use more serial or more parallel processing strategies. However, we 

found that increased driving demands did not inhibit a multitasker’s ability to 

shield T1 from the impacts of T2. Since participants can use both PSIs while 

driving we can assume driving does not create a substantial enough demand on 

the cognitive mechanisms needed to preserve efficiency or save resources when 

performing a number classification PRP. Therefore, drivers can choose to 

preserve efficiency or save resources on secondary tasks while driving. This does 

not mean driving is not a demanding task, it instead places demand on different 

resources than the PRP. Driving is a heavily practiced skill as well, and many 

behaviors are automatic in experienced drivers. Due to this reflexive nature of 

driving, and how common multitasking while driving is, it is plausible that people 

are able to compartmentalize driving from multitasking to have overall reduced 

interference. The multitasking paradigm used in these experiments is not a perfect 

analog for more common types of multitasking that is performed while driving. 

We demonstrate how drivers can use serial and parallel PSIs on a non-driving 

PRP with little interference from the driving demands, but we do not demonstrate 

how other types of multitasking are impacted by driving. It’s possible that the 

visual, physical, and cognitive demands of a PRP paradigm are fundamentally 
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different from the demands of activities such as texting or having a conversation 

while driving. Research has shown that modality is an important factor for 

determining which cognitive resources overlap between different tasks as well as 

when interference between the tasks occurs (Wickens, 1984), particularly when 

performing a PRP (Hazeltine, Ruthruff, & Remington, 2006). That being said, this 

research can still provide important information for how we design technology 

that is used by drivers and how we instruct drivers to use these technologies. Our 

findings suggest that drivers can choose to prioritize certain responses over others. 

For example, a driver may prioritize a response to a collision warning over an 

incoming call, regardless of the driving demand. These results also suggest that 

drivers can choose to divide their attention between two stimuli, for example, 

attending to both a collision warning and a lane departure warning. Knowing 

more about the flexibility of how drivers can prioritize and divide attention is 

important to keep in mind when designing vehicle interfaces and other 

technologies used while driving. 
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Appendix A: Questionnaires 

A1: Demographics and Multitasking Questionnaire 

 

 

 

Demographic and Multitasking Questionnaire 

Today’s date and time: ____________________ 

Participant number:_______________________ 

Gender               M    F  Other   (circle one) 

Handedness      L    R (circle one) 

Age:  ____________________ 

Have you had your normal amount of caffeine today?   Y     N 

Did you get your normal amount of sleep last night?   Y     N 

How many hours of sleep did you get last night? ___________________ 

 

While watching TV, how often do you engage in the following activities… 

 Never Sometimes Often Very Often 

…listening to music     

…sending messages via 

phone or computer 
    

…using social 

networking sites 
    

 

While using social networking sites, how often do you engage in the following activities… 

 Never Sometimes Often Very Often 

…listening to music     

…sending messages via 

phone or computer 
    

…watching TV     

 

While sending messages via phone or computer, how often do you engage in the following activities… 

 Never Sometimes Often Very Often 

…listening to music     

…using social 

networking sites 
    

…watching TV     

 

Please indicate the degree to which you agree or disagree with the following statements… 

 
Strongly 

Disagree 
Disagree 

Neither 

Agree nor 

Disagree 

Agree 
Strongly 

Agree 

I like to do frightening 

things 
    

 

I would like to explore 

strange places 
    

 

I like new and exciting 

experiences, even if I 

have to break the rules 

    

 

I prefer friends who are 

exciting and 

unpredictable 
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A2: Pre-Experimental Questionnaire 

 

11/12/2017 3UH E[SHULPHQW 4XHVWLRQQDLUH

KWWSV://GRFV.JRRJOH.FRP/IRUPV/G/1CR28B:;4KQQ7XCCD]K9XK9G9879QOKMHN;JDGCVQBTR/HGLW 1/5

Pre Experiment Questionnaire
FRU 5A

* 5HTXLUHG

1. SXEMHFW ID # *

2. 7RGD\'V DDWH *
 
E[aPSOe: DecePbeU 15, 2012

FRU PaUWLFLSaQW
POHDVH DQVZHU HDFK TXHVWLRQV DV DFFXUDWHO\ DV SRVVLEOH. 5HPHPEHU, ILOOLQJ RXW WKLV TXHVWLRQQDLUH LV 
YROXQWDU\. 6NLSSLQJ DQ\ TXHVWLRQ WKDW PDNHV \RX IHHO XQFRPIRUWDEOH ZLOO QRW H[FOXGH \RX IURP WKH VWXG\.

3. 2. AUH \RX?
MaUk RQO\ RQe RYaO.

 MDOH

 FHPDOH

4. 1. :KDW LV \RXU AJH?

5. 3. 7KLQNLQJ DERXW KRZ \RX IHHO WRGD\, KRZ ZRXOG \RX GHVFULEH \RXU FXUUHQW SK\VLFDO ZHOO­
EHLQJ?
MaUk RQO\ RQe RYaO.

 E[FHOOHQW

 GRRG

 AYHUDJH

 FDLU

 PRRU

6. 4. 7KLQNLQJ DERXW KRZ \RX IHHO WRGD\, KRZ ZRXOG \RX GHVFULEH \RXU FXUUHQW PHQWDO ZHOO­
EHLQJ?
MaUk RQO\ RQe RYaO.

 E[FHOOHQW

 GRRG

 AYHUDJH

 FDLU

 PRRU
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11/12/2017 3UH E[SHULPHQW 4XHVWLRQQDLUH

KWWSV://GRFV.JRRJOH.FRP/IRUPV/G/1CR28B:;4KQQ7XCCD]K9XK9G9879QOKMHN;JDGCVQBTR/HGLW 2/5

7. 5. DR \RX IHHO VLFN ULJKW QRZ?
(,I \HV, SOHDVH LQIRUP WKH UHVHDUFK DVVRFLDWH)
MaUN RQO\ RQH RYaO.

 <HV

 1R

8. 6. HDV DQ\WKLQJ KDSSHQHG LQ \RXU OLIH RU KDYH DQ\ HYHQWV RFFXUUHG UHFHQWO\ WKDW PLJKW
LQIOXHQFH KRZ \RX DUH IHHOLQJ, \RXU FRPIRUW LQ WDNLQJ SDUW LQ WKH H[SHULPHQW RU \RXU DELOLW\ WR
GULYH WRGD\?
(,I \HV, SOHDVH GHVFULEH EULHIO\ LQ WKH VSDFH SURYLGHG EHORZ.)
MaUN RQO\ RQH RYaO.

 <HV

 1R

9. II \RX DQVZHUHG YHV WR WKH TXHVWLRQ DERYH,
SOHDVH GHVFULEH EULHIO\.

10. 7. DR \RX ZHDU FRUUHFWLYH OHQVHV?
MaUN RQO\ RQH RYaO.

 1R

 <HV ­ *ODVVHV

 <HV ­ CRQWDFWV

11. 8. CRPSDUHG ZLWK RWKHUV \RXU DJH, KRZ ZRXOG \RX UDWH \RXU RYHUDOO YLVLRQ? (II \RX ZHDU
JODVVHV RU FRQWDFWV, UDWH \RXU FRUUHFWHG YLVLRQ ZKHQ \RX DUH ZHDULQJ WKHP.)
MaUN RQO\ RQH RYaO.

 E[FHOOHQW

 *RRG

 AYHUDJH

 FDLU

 3RRU

12. 9. CRPSDUHG ZLWK RWKHUV \RXU DJH, KRZ ZRXOG \RX UDWH \RXU RYHUDOO KHDULQJ?
MaUN RQO\ RQH RYaO.

 E[FHOOHQW

 *RRG

 AYHUDJH

 FDLU

 3RRU
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11/12/2017 3UH E[SHULPHQW 4XHVWLRQQDLUH
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13. 10. 'R \RX ZHDU D KHDULQJ DLG"
MaUN RQO\ RQH RYaO.

 <HV

 1R

DULYLQg HLVWRU\

14. 11. 'R \RX FXUUHQWO\ KDYH D VWDWH LVVXHG GULYHU'V OLFHQVH"
MaUN RQO\ RQH RYaO.

 <HV

 1R (3OHDVH LQIRUP WKH UHVHDUFK DVVLVWDQW)

15. 12. +RZ RIWHQ GR \RX GULYH D FDU RU RWKHU PRWRU YHKLFOH"
MaUN RQO\ RQH RYaO.

 $OPRVW HYHU\ GD\

 $ IHZ GD\V D ZHHN

 $ IHZ GD\V D PRQWK

 $ IHZ WLPHV D \HDU

 1HYHU

16. 13. 2YHU WKH ODVW \HDU, KRZ PDQ\ PLOHV GLG \RX GULYH"
MaUN RQO\ RQH RYaO.

 8QGHU 1,000

 %HWZHHQ 1,001 DQG 5,000

 %HWZHHQ 5,001 DQG 10,000

 %HWZHHQ 10,001 DQG 15,000

 %HWZHHQ 15,001 DQG 20,000

 1RQH (3OHDVH LQIRUP WKH UHVHDUFK DVVLVWDQW)

 , GRQ'W NQRZ

17. 1�. +DYH \RX EHHQ LQ D YHKLFOH FUDVK LQ WKH SDVW ILYH \HDUV ZKHUH \RX ZHUH WKH GULYHU RI RQH RI
WKH YHKLFOHV LQYROYHG"
MaUN RQO\ RQH RYaO.

 <HV

 1R

18. 1�. 2Q D VFDOH RI 1 WR 10 ZLWK 1 EHLQJ YHU\ XQVDIH DQG 10 EHLQJ YHU\ VDIH, KRZ VDIH GR \RX
WKLQN \RX DUH"
MaUN RQO\ RQH RYaO.

1 2 3 4 5 6 7 8 9 10

9HU\
8QVDIH

9HU\
6DIH
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TecKQRORg\

19. 16. 2Q D VFDOH RI 1 WR 10, ZLWK 1 EHLQJ YHU\ LQH[SHULHQFHG DQG 10 EHLQJ YHU\ H[SHULHQFHG, KRZ
ZRXOG \RX UDWH \RXU OHYHO RI H[SHULHQFH ZLWK WHFKQRORJ\ (H.J. FHOO SKRQHV, DXWRPDWLF WHOOHU
PDFKLQHV, GLJLWDO FDPHUDV, FRPSXWHUV, HWF.)?
MaUN RQO\ RQH RYaO.

1 2 3 4 5 6 7 8 9 10

9HU\
,QH[SHULHQFHG

9HU\
([SHULHQFHG

20. 17. 6RPH SHRSOH SUHIHU WR DYRLG QHZ WHFKQRORJLHV DV ORQJ DV SRVVLEOH ZKLOH RWKHUV OLNH WR WU\
WKHP RXW DV VRRQ DV WKH\ EHFRPH DYDLODEOH. ,Q JHQHUDO, KRZ ZRXOG \RX UDWH \RXUVHOI DV EHLQJ
DQ DYRLGHU RU DQ HDUO\ DGRSWHU RI QHZ WHFKQRORJ\?
MaUN RQO\ RQH RYaO.

1 2 3 4 5 6 7 8 9 10

$YRLG DV
ORQJ DV
SRVVLEOH

7U\ DV
VRRQ DV
SRVVLEOH

21. 18. +RZ ZRXOG \RX UDWH \RXU DELOLW\ WR OHDUQ KRZ WR RSHUDWH QHZ WHFKQRORJLHV?
MaUN RQO\ RQH RYaO.

1 2 3 4 5 6 7 8 9 10

9HU\
3RRU

9HU\
*RRG

22. 19. DR \RX RIWHQ XVH D FHOO SKRQH WKDW UHTXLUHV LQWHUDFWLQJ ZLWK D WRXFK VFUHHQ IRU GLDOLQJ H.J.
L3KRQH, +7C ,QFUHGLEOH, BODFNEHUU\ 6WRUP HWF.
MaUN RQO\ RQH RYaO.

 <HV

 1R

 , GRQ'W KDYH D FHOO SKRQH

 , GRQ'W NQRZ

23. 20. :KDW LV WKH PDNH DQG PRGHO RI WKH FHOO
SKRQH WKDW \RX PRVW IUHTXHQWO\ XVH?
(,I \RX GRQ'W NQRZ SOHDVH VKRZ LW RU GHVFULEH LW WR
WKH UHVHDUFK DVVRFLDWH)

24. 21. DR \RX XVH D FHOO SKRQH ZKLOH GULYLQJ?
MaUN RQO\ RQH RYaO.

 <HV

 1R (3OHDVH VNLS WR TXHVWLRQ QXPEHU 25 LQ WKH VHFWLRQ ODEHOHG "&XUUHQW 6WDWH"
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25. 22. +RZ GLVWUDFWLQJ GR \RX ILQG LW WR GLDO D IXOO WHQ GLJLW SKRQH QXPEHU ZKLOH GULYLQJ"
MaUN RQO\ RQH RYaO.

1 2 3 4 5 6 7 8 9 10

NRW DW DOO
GLVWUDFWLQJ

9HU\
GLVWUDFWLQJ

26. 23. +RZ GLVWUDFWLQJ GR \RX ILQG LW WR GLDO D SKRQH QXPEHU IURP \RXU DGGUHVV ERRN ZKLOH
GULYLQJ"
MaUN RQO\ RQH RYaO.

1 2 3 4 5 6 7 8 9 10

NRW DW DOO
GLVWUDFWLQJ

9HU\
GLVWUDFWLQJ

27. 24. 'R \RX XVH YRLFH GLDOLQJ IHDWXUHV ZKLOH GULYLQJ"
MaUN RQO\ RQH RYaO.

 <HV

 NR

CXUUHQW SWaWH

28. 2�. 2Q D VFDOH RI 1 WR 10 ZLWK RQH EHLQJ YHU\ DZDNH DQG 10 EHLQJ H[WUHPHO\ GURZV\, KRZ GR
\RX IHHO ULJKW QRZ"
MaUN RQO\ RQH RYaO.

1 2 3 4 5 6 7 8 9 10

9HU\
AZDNH

E[WUHPHO\
DURZV\

29. 2�. 2Q D VFDOH RI 1 WR 10 ZKHUH RQH LV QRW DW DOO VWUHVVHG DQG 10 LV YHU\ VWUHVVHG KRZ ZRXOG
\RX UDWH \RXU VWUHVV OHYHO ULJKW QRZ"
MaUN RQO\ RQH RYaO.

1 2 3 4 5 6 7 8 9 10

NRW DW DOO
VWUHVVHG

9HU\
6WUHVVHG
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A3: Post-Experiment Questionnaire 
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Post Experiment Questionnaire
FRU RA

* ReTXLUed

1. SXEMHFW ID # *

2. TRGD\'V DDWH *
 
E[aPSOe: DecePbeU 15, 2012

FRU PaUWLcLSaQW
POeaVe aQVZeU eacK TXeVWLRQ aV accXUaWeO\ aV SRVVLbOe. RePePbeU, fLOOLQg RXW WKLV TXeVWLRQQaLUe LV 
YROXQWaU\.  SNLSSLQg aQ\ TXeVWLRQ WKaW PaNeV \RX feeO XQcRPfRUWabOe ZLOO QRW e[cOXde \RX fURP WKe VWXd\.

3. 1. OQ D VFDOH RI 1 WR 10 ZLWK 1 EHLQJ YHU\ DZDNH DQG 10 EHLQJ H[WUHPHO\ GURZV\, KRZ GR \RX
IHHO ULJKW QRZ?
MaUk RQO\ RQe RYaO.

1 2 3 4 5 6 7 8 9 10

VeU\
AZaNe

E[WUePeO\
DURZV\

4. 2. OQ D VFDOH RI 1 WR 10 ZKHUH 1 LV QRW DW DOO VWUHVVHG DQG 10 LV YHU\ VWUHVVHG, KRZ ZRXOG \RX
UDWH \RXU OHYHO RI VWUHVV ULJKW QRZ?
MaUk RQO\ RQe RYaO.

1 2 3 4 5 6 7 8 9 10

NRW aW aOO
SWUeVVed

VeU\
SWUeVVed

E[SeULeQce LQ SLPXOaWRU
3. POeaVe LQdLcaWe WR ZKaW e[WeQW \RX e[SeULeQced WKe fROORZLQg ZKLOe dULYLQg WKe VLPXOaWRU:

5. D. GHQHUDO GLVFRPIRUW
MaUk RQO\ RQe RYaO.

 1. NRQe

 2. SOLgKW

 3. MRdeUaWe

 4. SeYeUe
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6. E. FDWLJXH
MaUN RQO\ RQH RYaO.

 1. NRQH

 2. SOLJKW

 3. MRdHUaWH

 4. SHYHUH

7. F. HHDGDFKH
MaUN RQO\ RQH RYaO.

 1. NRQH

 2. SOLJKW

 3. MRdHUaWH

 4. SHYHUH

8. G. E\H SWUDLQ
MaUN RQO\ RQH RYaO.

 1. NRQH

 2. SOLJKW

 3. MRdHUaWH

 4. SHYHUH

9. H. DLIILFXOW\ IRFXVLQJ
MaUN RQO\ RQH RYaO.

 1. NRQH

 2. SOLJKW

 3. MRdHUaWH

 4. SHYHUH

10. I. IQFUHDVHG VDOLYDWLRQ
MaUN RQO\ RQH RYaO.

 1. NRQH

 2. SOLJKW

 3. MRdHUaWH

 4. SHYHUH

11. J. SZHDWLQJ
MaUN RQO\ RQH RYaO.

 1. NRQH

 2. SOLJKW

 3. MRdHUaWH

 4. SHYHUH
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12. K. NDXVHD
MaUN RQO\ RQH RYaO.

 1. NRQe

 2. SOLgKW

 3. MRdeUaWe

 4. SeYeUe

13. L. DLIILFXOW\ FRQFHQWUDWLQJ
MaUN RQO\ RQH RYaO.

 1. NRQe

 2. SOLgKW

 3. MRdeUaWe

 4. SeYeUe

14. M. FXOOQHVV RI WKH KHDG (DZDUHQHVV RI SUHVVXUH LQ WKH KHDG)
MaUN RQO\ RQH RYaO.

 1. NRQe

 2. SOLgKW

 3. MRdeUaWe

 4. SeYeUe

15. N. BOXUUHG YLVLRQ
MaUN RQO\ RQH RYaO.

 1. NRQe

 2. SOLgKW

 3. MRdeUaWe

 4. SeYeUe

16. O. DL]]LQHVV ZLWK H\HV RSHQ
MaUN RQO\ RQH RYaO.

 1. NRQe

 2. SOLgKW

 3. MRdeUaWe

 4. SeYeUe

17. P. DL]]LQHVV ZLWK H\HV FORVHG
MaUN RQO\ RQH RYaO.

 1. NRQe

 2. SOLgKW

 3. MRdeUaWe

 4. SeYeUe
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18. Q. VeUWLJR (IeeOLQJ SK\VLcaOO\ dLVRULeQWed)
MaUN RQO\ RQH RYaO.

 1. NRQe

 2. SOLgKW

 3. MRdeUaWe

 4. SeYeUe

19. R. SWRPacK aZaUeQeVV (IeeOLQJ RI dLVcRPIRUW MXVW VKRUW RI QaXVea)
MaUN RQO\ RQH RYaO.

 1. NRQe

 2. SOLgKW

 3. MRdeUaWe

 4. SeYeUe

20. S. BXUSLQJ
MaUN RQO\ RQH RYaO.

 1. NRQe

 2. SOLgKW

 3. MRdeUaWe

 4. SeYeUe

CRmmenWV

21. 4. POeaVe XVe WKe VSace beORZ WR ZULWe aQ\ cRPPeQWV RU VXJJeVWLRQV \RX KaYe UeJaUdLQJ WKe
e[SeULeQceV LQ WRda\'V e[SeULPeQW:
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A4: Handedness Survey 

 

 

 

 

Participant ID: ____________ 

EDINBURGH HANDEDNESS INVENTORY 
 
Please indicate your preferences in the use of hands in the following activities by: 
 
Put “+ +” in the appropriate column If your hand preference is so strong that you would 

never try to use the other hand unless absolutely 
forced to. 

 
Put “+” in the appropriate column If you prefer to use one hand over the other. 
 
Put a “+” in both columns If you have no preference. 
 
Some of the activities require both hands.  In these cases the part of the task, or object, for which 
hand preference is wanted is indicated in brackets.  Please try to answer all of the questions, and 
only leave a blank if you have no experience at all of the object or task. 
 
 LEFT RIGHT 

1. Writing   

2. Drawing   

3. Throwing   

4. Scissors   

5. Toothbrush   

6. Knife (without fork)   

7. Spoon   

8. Broom (upper hand)   

9. Striking Match (match)   

10. Opening Box (lid)   

 

i. Which foot do you prefer to kick with?   

ii. Which eye do you use when using only one?   
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A5: Epworth Sleep Scale  

 

 

 

 

ESS - United States/English - Version of 19 Jan 18 - Mapi. 
ID037309 / ESS_AU1.0_eng-US2.doc

Epworth Sleepiness Scale 

621$�,'��: ________________________________________________  Today’s date: _______________  

Your age (yrs): _____________  Your gender (Male = M, Female = F): ____________  

How likely are you to doze off or fall asleep in the following situations, in contrast to just feeling tired? 

This refers to your usual way of life recently. 

Even if you haven’t done some of these things recently, try to figure out how they would have affected 

you. Use the following scale to choose the most appropriate number for each situation: 

0  =  no chance of dozing  
1  =  slight chance of dozing 
2  =  moderate chance of dozing 
3  =  high chance of dozing 

It is important that you answer each item as best as you can. 

Situation Chance of Dozing (0-3) 

Sitting and reading   ____________________________________________  ___ 

Watching TV   ________________________________________________  ___ 

Sitting inactive in a public place (e.g., a theater or a meeting)   __________  ___ 

As a passenger in a car for an hour without a break   __________________  ___ 

Lying down to rest in the afternoon when circumstances permit   _________  ___ 

Sitting and talking to someone   ___________________________________  ___ 

Sitting quietly after a lunch without alcohol   ________________________  ___ 

In a car or bus, while stopped for a few minutes in traffic   ______________  ___ 

THANK YOU FOR YOUR COOPERATION 

ESS © MW Johns 1990-1997. Used under License 
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A6 St. Mary’s Hospital Sleep Questionnaire 

 

96 B. W. ELLIS ET AL. 

APPENDIX: THE SMH SLEEP QUESTIONNAIRE* 
This questionnaire refers to your sleep over the past 24 hours. Please try and 

answer every question. 
Official Use 

Only 

Name: ________________________________ _ 

Today's date: ----.l----.l __ 
Age: ____ Yrs. 
Sex: Male / Female (delete whichever inapplicable) (M 

At what time did you: 
1. Settle down for the night? ___ Hrs. ___ Mins. 
2. Fall asleep last night? __ Hrs. __ Mins. 
3. Finally wake this morning? ___ Hrs. ___ Mins. 
4. Get up this morning? ___ Hrs. ___ Mins. 
5. Was your sleep: (tick box) 121 

1. Very light 0 
2. Light 0 
3. Fairly light 0 
4. Light average 0 
5. Deep average 0 
6. Fairly deep 0 
7. Deep 0 
8. Very deep 0 

6. How many times did you wake up? (tick box) 
O. Not at all 0 
1. Once 0 
2. Twice 0 
3. Three times 0 
4. Four times 0 
5. Five times 0 
6. Six times 0 
7. More than six times 0 

How much sleep did you have: 
7. Last night? ___ Hrs. ___ Mins. 
8. During the day, yesterday? ___ Hrs. __ Mins. 
9. How well did you sleep last night? (tick box) 

1. Very badly 0 
2. Badly 0 
3. Fairly badly 0 
4. Fairly well 0 
5. Well 0 
6. Very well 0 

If not well, what was the trouble? (e.g., restless, etc.) 1. ________________ __ 
2. _________________________ _ 
3. 

Project Code W 2 

Patient Number 5 

Night Number W 7 

1 ; F = 2) 

.... , ....II.....,.' ............. 113 

WIS 
U 16 

W·W20 
W·W'4 
W·W,. 
W·W3' 

W34 

W36 

W·W4() 
W· W44 

W46 

10. How clear-headed did you feel after getting up this morning? (tick box) 

W48 
Wso 
WS2 

1. Still very drowsy indeed 0 
2. Still moderately drowsy 0 
3. Still slightly drowsy 0 
4. Fairly clear-headed 0 WS4 
5. Alert 0 
6. Very alert 0 

11. How satisfied were you with last night's sleep? 
1. Very un satisfied 0 
2. Moderately unsatisfied 0 
3. Slightly unsatisfied 0 
4. Fairly satisfied 0 LJS6 
5. Completely satisfied 0 

Sleep, Vol. 4. No. I, 1981 
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THE SMH SLEEP QUESTIONNAIRE 

12. Were you troubled by waking early and being unable to get off to sleep 
again? (tick box) 

1. No D 
2. Yes D 

13. How much difficulty did you have in getting off to sleep last night? 
(tick box) 

1. None or very little D 
2. Some D 
3. A lot D 
4. Extreme difficulty D 

14. How long did it take you to fall asleep last night? 
__ Hrs. __ Mins. 

97 

W58 

W60 

LJOLJ64 
* Explanatory notes concerning the questionnaire are available from Professor Priest, Academic 

Department of Psychiatry, St. Mary's Hospital Medical School, Harrow Road, London W9 3RL, 
England. 
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Appendix B: Experiment 1 Results 

B1.1: T1 RT High Demand 

Within Subjects Effects 

  Sum of 
Squares df Mean 

Square F p 

SOA  0.003  1  0.003  1.038  0.317  

Residual  0.084  29  0.003        

Compatibility  0.348  1  0.348  50.071  < .001  

Residual  0.202  29  0.007        

Instruction  8.587e-4  1  8.587e-4  0.072  0.790  

Residual  0.344  29  0.012        

SOA ✻ Compatibility  0.005  1  0.005  1.114  0.300  

Residual  0.130  29  0.004        

SOA ✻ Instruction  6.951e-4  1  6.951e-4  0.386  0.539  

Residual  0.052  29  0.002        

Compatibility ✻ Instruction  0.002  1  0.002  0.547  0.465  

Residual  0.106  29  0.004        

SOA ✻ Compatibility ✻ 
Instruction 

 1.043e-5  1  1.043e-5  0.003  0.957  

Residual  0.103  29  0.004        
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B1.2: T1 Accuracy High Demand 

Within Subjects Effects 

  Sum of 
Squares df Mean 

Square F p 

SOA  4.622e-32  1  4.622e-32  8.799e-
30 

 1.000  

Residual  0.152  29  0.005        

Compatibility  0.032  1  0.032  4.685  0.039  

Residual  0.195  29  0.007        

Instruction  0.034  1  0.034  2.789  0.106  

Residual  0.358  29  0.012        

SOA ✻ Compatibility  6.510e0-5  1  6.510e0-5  0.009  0.923  

Residual  0.199  29  0.007        

SOA ✻ Instruction  0.004  1  0.004  0.826  0.371  

Residual  0.146  29  0.005        

Compatibility ✻ Instruction  0.002  1  0.002  0.295  0.591  

Residual  0.230  29  0.008        

SOA ✻ Compatibility ✻ 
Instruction 

 5.859e0-4  1  5.859e0-4  0.080  0.779  

Residual  0.212  29  0.007        
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B1.3: T1 RT Low Demand 

Within Subjects Effects 

  Sum of 
Squares df Mean 

Square F p 

SOA  0.005  1  0.005  2.332  0.138  

Residual  0.059  29  0.002        

Compatibility  0.436  1  0.436  83.880  < .001  

Residual  0.151  29  0.005        

Instruction  0.031  1  0.031  2.518  0.123  

Residual  0.359  29  0.012        

SOA ✻ Compatibility  6.839e-4  1  6.839e-4  0.275  0.604  

Residual  0.072  29  0.002        

SOA ✻ Instruction  4.957e-6  1  4.957e-6  0.002  0.969  

Residual  0.091  29  0.003        

Compatibility ✻ Instruction  0.005  1  0.005  1.114  0.300  

Residual  0.122  29  0.004        

SOA ✻ Compatibility ✻ 
Instruction 

 0.014  1  0.014  4.543  0.042  

Residual  0.092  29  0.003        

 

Post Hoc Comparisons - SOA ✻ Compatibility ✻ Instruction 

Comparison  

SOA Compatibility Instruction   SOA Compatibility Instruction Mean 
Difference SE df t ptukey 

40  Compatible  Parallel  -  40  Compatible  Serial  0.030  0.020  79.699  1.521  0.794  

         -  40  Incompatible  Parallel  -0.075  0.016  107.946  -
4.745 

 < .001  

         -  40  Incompatible  Serial  -0.059  0.020  79.535  -
2.986 

 0.070  

         -  120  Compatible  Parallel  0.010  0.013  112.438  0.766  0.994  

         -  120  Compatible  Serial  0.008  0.019  71.211  0.451  1.000  

         -  120  Incompatible  Parallel  -0.103  0.016  104.940  -
6.584 

 < .001  

         -  120  Incompatible  Serial  -0.056  0.019  77.300  -
2.863 

 0.095  

40  Compatible  Serial  -  40  Incompatible  Parallel  -0.105  0.020  79.535  -
5.334 

 < .001  

         -  40  Incompatible  Serial  -0.088  0.016  107.946  -
5.584 

 < .001  
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Post Hoc Comparisons - SOA ✻ Compatibility ✻ Instruction 

Comparison  

SOA Compatibility Instruction   SOA Compatibility Instruction Mean 
Difference SE df t ptukey 

         -  120  Compatible  Parallel  -0.019  0.019  71.211  -
1.037 

 0.967  

         -  120  Compatible  Serial  -0.021  0.013  112.438  -
1.583 

 0.759  

         -  120  Incompatible  Parallel  -0.132  0.019  77.300  -
6.794 

 < .001  

         -  120  Incompatible  Serial  -0.086  0.016  104.940  -
5.486 

 < .001  

 40  Incompatible  Parallel  -  40  Incompatible  Serial  0.016  0.020  79.699  0.841  0.990  

         -  120  Compatible  Parallel  0.085  0.016  104.940  5.483  < .001  

         -  120  Compatible  Serial  0.084  0.019  77.300  4.293  0.001  

         -  120  Incompatible  Parallel  -0.027  0.013  112.438  -
2.043 

 0.458  

         -  120  Incompatible  Serial  0.019  0.019  71.211  1.034  0.967  

 40  Incompatible  Serial  -  120  Compatible  Parallel  0.069  0.019  77.300  3.543  0.015  

         -  120  Compatible  Serial  0.067  0.016  104.940  4.311  < .001  

         -  120  Incompatible  Parallel  -0.044  0.019  71.211  -
2.340 

 0.287  

         -  120  Incompatible  Serial  0.003  0.013  112.438  0.221  1.000  

120  Compatible  Parallel  -  120  Compatible  Serial  -0.002  0.020  79.699  -
0.093 

 1.000  

         -  120  Incompatible  Parallel  -0.113  0.016  107.946  -
7.126 

 < .001  

         -  120  Incompatible  Serial  -0.066  0.020  79.535  -
3.359 

 0.025  

120  Compatible  Serial  -  120  Incompatible  Parallel  -0.111  0.020  79.535  -
5.648 

 < .001  

         -  120  Incompatible  Serial  -0.064  0.016  107.946  -
4.054 

 0.002  

 120  Incompatible  Parallel  -  120  Incompatible  Serial  0.047  0.020  79.699  2.397  0.257  
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B1.4: T1 Accuracy Low Demand 

Within Subjects Effects 

  Sum of Squares df Mean Square F p 

SOA  0.003  1  0.003  0.382  0.541  

Residual  0.209  29  0.007        

Compatibility  0.082  1  0.082  11.576  0.002  

Residual  0.206  29  0.007        

Instruction  0.018  1  0.018  1.502  0.230  

Residual  0.342  29  0.012        

SOA ✻ Compatibility  0.003  1  0.003  0.445  0.510  

Residual  0.179  29  0.006        

SOA ✻ Instruction  1.628e-5  1  1.628e-5  0.003  0.958  

Residual  0.165  29  0.006        

Compatibility ✻ Instruction  0.007  1  0.007  1.217  0.279  

Residual  0.171  29  0.006        

SOA ✻ Compatibility ✻ Instruction  0.020  1  0.020  3.051  0.091  

Residual  0.190  29  0.007        
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B1.5: T1 RT Combined 

Within Subjects Effects 

  Sum of 
Squares df Mean 

Square F p 

SOA  0.008  1  0.008  3.319  0.079  

Residual  0.067  29  0.002        

Compatibility  0.782  1  0.782  73.567  < .001  

Residual  0.308  29  0.011        

Demand  7.332e-4  1  7.332e-4  0.080  0.780  

Residual  0.267  29  0.009        

Instruction  0.021  1  0.021  1.698  0.203  

Residual  0.362  29  0.012        

SOA ✻ Compatibility  0.005  1  0.005  1.293  0.265  

Residual  0.105  29  0.004        

SOA ✻ Demand  9.464e-5  1  9.464e-5  0.036  0.851  

Residual  0.076  29  0.003        

Compatibility ✻ Demand  0.002  1  0.002  1.596  0.217  

Residual  0.044  29  0.002        

SOA ✻ Instruction  4.087e-4  1  4.087e-4  0.168  0.685  

Residual  0.070  29  0.002        

Compatibility ✻ Instruction  0.006  1  0.006  1.943  0.174  

Residual  0.096  29  0.003        

Demand ✻ Instruction  0.011  1  0.011  0.921  0.345  

Residual  0.342  29  0.012        

SOA ✻ Compatibility ✻ Demand  9.908e-4  1  9.908e-4  0.296  0.590  

Residual  0.097  29  0.003        

SOA ✻ Compatibility ✻ Instruction  0.008  1  0.008  2.172  0.151  

Residual  0.101  29  0.003        

SOA ✻ Demand ✻ Instruction  2.913e-4  1  2.913e-4  0.116  0.736  

Residual  0.073  29  0.003        

Compatibility ✻ Demand ✻ 
Instruction 

 2.834e-4  1  2.834e-4  0.062  0.805  

Residual  0.133  29  0.005        

SOA ✻ Compatibility ✻ Demand ✻ 
Instruction 

 0.007  1  0.007  2.116  0.157  

Residual  0.093  29  0.003        
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B1.6: T1 Accuracy Combined 
Within Subjects Effects 

  Sum of 
Squares df Mean 

Square F p 

SOA  0.001  1  0.001  0.317  0.578  

Residual  0.126  29  0.004        

Compatibility  0.108  1  0.108  13.205  0.001  

Residual  0.236  29  0.008        

Demand  0.011  1  0.011  1.498  0.231  

Residual  0.216  29  0.007        

Instruction  0.001  1  0.001  0.158  0.694  

Residual  0.252  29  0.009        

SOA ✻ Compatibility  0.002  1  0.002  0.261  0.613  

Residual  0.203  29  0.007        

SOA ✻ Demand  0.001  1  0.001  0.170  0.684  

Residual  0.235  29  0.008        

Compatibility ✻ Demand  0.006  1  0.006  1.048  0.315  

Residual  0.164  29  0.006        

SOA ✻ Instruction  0.002  1  0.002  0.395  0.535  

Residual  0.173  29  0.006        

Compatibility ✻ Instruction  0.009  1  0.009  0.960  0.335  

Residual  0.268  29  0.009        

Demand ✻ Instruction  0.051  1  0.051  3.284  0.080  

Residual  0.448  29  0.015        

SOA ✻ Compatibility ✻ Demand  9.847e-4  1  9.847e-4  0.163  0.689  

Residual  0.175  29  0.006        

SOA ✻ Compatibility ✻ Instruction  0.007  1  0.007  0.995  0.327  

Residual  0.199  29  0.007        

SOA ✻ Demand ✻ Instruction  0.002  1  0.002  0.385  0.540  

Residual  0.138  29  0.005        

Compatibility ✻ Demand ✻ Instruction  6.592e-4  1  6.592e-4  0.143  0.708  

Residual  0.133  29  0.005        

SOA ✻ Compatibility ✻ Demand ✻ 
Instruction 

 0.014  1  0.014  1.960  0.172  

Residual  0.202  29  0.007        
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B2: Task 2 Results 

Data Processing and Analysis 

 The T2 analysis mirrored the T1 analysis and used the same repeated 

measures ANOVAs. Trials with missing or inaccurate responses were removed 

(8.45%), also trials with response times outside of 2.5 SD of the mean were 

removed (0.3%). For the accuracy analysis, all trials where T1 or T2 were 

incorrect were considered inaccurate.  

High Demand Results 

 Response Times. Participants did show an effect of PSI [F(1,29) = 7.23, p 

< 0.01], serial responses were slower than parallel responses (1211 ms vs. 1179 

ms). There was also an effect of RC [F(1,29) = 78.70, p < 0.01], compatible 

responses were faster than incompatible responses (1146 ms vs. 1258 ms). We did 

not find an interaction between PSI and RC [F(1,29) = 0.79, p = 0.38]. An effect 

of SOA was found [F(1,29) = 73.14, p < 0.01], shorter SOAs had slower response 

times (1231 ms vs. 1173 ms). 

 Accuracy. T2 response accuracies showed a significant effect of PSI 

[F(1,29) = 6.89, p = 0.01] where serial responses had a higher accuracy than 

parallel responses (65.6% vs. 62.1%). There was also an effect of RC [F(1,29) = 

10.64, p < 0.01], compatible responses had a higher accuracy than incompatible 

responses (65.8% vs. 61.9%). No interaction between RC and PSI was found 

[F(1,29) = 0.13, p = 0.72]. An effect of SOA was observed [F(1,29) = 12.88, p < 

0.01]. Shorter SOAs had lower accuracies (61.6 % v 65.8%). 
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Low Demand Results 

 Response Times. T2 response times did not show an effect of PSI 

[F(1,29) = 0.65, p = .43], however there was an effect of RC [F(1,29) = 81.47, p < 

0.01]. Compatible responses were faster than incompatible responses (1142 ms 

vs. 1255 ms). No interaction between RC and PSI was present [F(1,29) = 0.47, p 

= 0.50]. Short SOAs had significantly slower response times than long SOAs 

(1222 ms vs. 1171 ms) [F(1,29) = 58.51, p < 0.01]. 

 Accuracy. Response accuracies were significantly higher in compatible 

conditions compared to incompatible conditions (67.5% vs. 59.6%) [F(1,29) = 

28.15, p , 0.01]. No effect of PSI [F(1,29) = 0.01, p = 0.92] or interaction between 

PSI and RC [F(1,29) = 0.33, p = 0.57] were found. There was an effect of SOA 

[F(1,29) = 24.38, p < 0.001] where short SOAs had lower accuracies (59.3% vs. 

67.8 %). 

Combined Results.  

 Response Times. Significant effects of PSI [F(1,29) = 7.63, p < 0.01], RC 

[F(1,29) = 9.41, p < 0.01], and SOA [F(1,29) = 1.13, p < 0.01] were present. 

Serial responses were slower than parallel responses (1211 ms vs. 1185 ms), 

compatible responses were faster than incompatible responses (1144 ms vs. 1256 

ms), and shorter SOAs had slower response times than longer SOAs (1225 ms vs. 

1172 ms). There was no interaction between PSI and RC [F(1,29) = 1.69, p = 

0.20]. No effect of driving demand was found [F(1,29) = 2.92, p = 0.87], and no 

interactions between demand and PSI [F(1,29) = 1.71, p = 0.20] or demand and 

RC were found [F(1,29) = 0.01, p = 0.91]. 
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 Accuracy. We found an effect of RC [F(1,29) = 38.61, p < 0.01], where 

compatible responses are more accurate than incompatible responses (66.6% vs 

60.8%). There was also an effect of SOA [F(1,29) = 47.35, p < 0.01]. Shorter 

SOAs mean lower accuracies (60.6% vs. 66.8% ). No effect of demand [F(1,29) = 

0.06, p = 0.81] or PSI were found [F(1,29) = 2.5, p = 0.12]. There was an 

interaction between demand and RC [F(1,29) = 4.43, p = 0.04] but no PSI and RC 

[F(1,29) = 0.04, p = 0.85]. 
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Appendix C: Experiment 2 Results 

C1.1: T1 RT High Demand  

Within Subjects Effects 

  Sum of 
Squares df Mean 

Square F p 

SOA  0.489  2  0.244  49.569  < .001  

Residual  0.286  58  0.005        

Compatibility  0.334  1  0.334  104.759  < .001  

Residual  0.092  29  0.003        

Instruction  0.189  1  0.189  15.100  < .001  

Residual  0.363  29  0.013        

SOA ✻ Compatibility  0.049  2  0.024  13.241  < .001  

Residual  0.107  58  0.002        

SOA ✻ Instruction  0.010  2  0.005  3.207  0.048  

Residual  0.092  58  0.002        

Compatibility ✻ Instruction  0.002  1  0.002  1.068  0.310  

Residual  0.057  29  0.002        

SOA ✻ Compatibility ✻ 
Instruction 

 1.217e-4  2  6.084e-5  0.034  0.966  

Residual  0.102  58  0.002        

 

Post Hoc Comparisons - SOA 

Comparison  

SOA   SOA Mean Difference SE df t ptukey 

40  -  120  -0.025  0.009  58.000  -2.748  0.021  

40  -  340  -0.088  0.009  58.000  -9.662  < .001  

120  -  340  -0.063  0.009  58.000  -6.914  < .001  
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Post Hoc Comparisons - SOA ✻ Compatibility 

Comparison  

SOA Compatibility   SOA Compatibility Mean 
Difference SE df t ptukey 

40  Compatible  -  40  Incompatible  -0.079  0.009  80.880  -9.072  < .001  

      -  120  Compatible  -0.027  0.011  96.109  -2.530  0.126  

      -  120  Incompatible  -0.102  0.011  101.219  -9.044  < .001  

      -  340  Compatible  -0.113  0.011  96.109  -
10.655 

 < .001  

      -  340  Incompatible  -0.141  0.011  101.219  -
12.493 

 < .001  

 40  Incompatible  -  120  Compatible  0.052  0.011  101.219  4.637  < .001  

      -  120  Incompatible  -0.023  0.011  96.109  -2.158  0.267  

      -  340  Compatible  -0.034  0.011  101.219  -3.001  0.039  

      -  340  Incompatible  -0.062  0.011  96.109  -5.827  < .001  

120  Compatible  -  120  Incompatible  -0.075  0.009  80.880  -8.619  < .001  

      -  340  Compatible  -0.086  0.011  96.109  -8.125  < .001  

      -  340  Incompatible  -0.114  0.011  101.219  -
10.114 

 < .001  

120  Incompatible  -  340  Compatible  -0.011  0.011  101.219  -0.973  0.926  

      -  340  Incompatible  -0.039  0.011  96.109  -3.669  0.005  

340  Compatible  -  340  Incompatible  -0.028  0.009  80.880  -3.202  0.023  
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Post Hoc Comparisons - Compatibility ✻ Instruction 

Comparison  

Compatibility Instruction   Compatibility Instruction Mean 
Difference SE df t ptuke

y 

Compatible  Parallel  -  Compatible  Serial  0.041  0.013  37.881  3.232  0.013  

      -  Incompatible  Parallel  -0.066  0.008  54.914  -
8.688 

 < .001  

      -  Incompatible  Serial  -0.015  0.013  42.857  -
1.140 

 0.667  

 Compatible  Serial  -  Incompatible  Parallel  -0.107  0.013  42.857  -
8.079 

 < .001  

      -  Incompatible  Serial  -0.056  0.008  54.914  -
7.411 

 < .001  

Incompatible  Parallel  -  Incompatible  Serial  0.051  0.013  37.881  3.993  0.002  
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C1.2: T1 Accuracy High Demand 

Within Subjects Effects 

  Sum of 
Squares df Mean 

Square F p 

SOA  0.042  2  0.021  2.524  0.089  

Residual  0.486  58  0.008        

Compatibility  0.384  1  0.384  21.517  < .001  

Residual  0.517  29  0.018        

Instruction  0.084  1  0.084  3.713  0.064  

Residual  0.656  29  0.023        

SOA ✻ Compatibility  0.019  2  0.009  1.375  0.261  

Residual  0.397  58  0.007        

SOA ✻ Instruction  0.007  2  0.003  0.608  0.548  

Residual  0.327  58  0.006        

Compatibility ✻ Instruction  0.039  1  0.039  8.657  0.006  

Residual  0.131  29  0.005        

SOA ✻ Compatibility ✻ 
Instruction 

 0.007  2  0.004  0.708  0.497  

Residual  0.288  58  0.005        

  

Post Hoc Comparisons - Compatibility ✻ Instruction 

Comparison  

Compatibility Instruction   Compatibility Instruction Mean 
Difference SE df t ptuke

y 

Compatible  Parallel  -  Compatible  Serial  -0.010  0.017  40.124  -
0.560 

 0.943  

      -  Incompatible  Parallel  0.086  0.016  42.799  5.466  < .001  

      -  Incompatible  Serial  0.035  0.021  57.193  1.638  0.366  

Compatible  Serial  -  Incompatible  Parallel  0.096  0.021  57.193  4.520  < .001  

      -  Incompatible  Serial  0.044  0.016  42.799  2.821  0.035  

Incompatible  Parallel  -  Incompatible  Serial  -0.051  0.017  40.124  -
2.959 

 0.025  
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C1.3: T1 RT Low Demand  

Within Subjects Effects 

  Sum of 
Squares df Mean 

Square F p 

SOA  0.407  2  0.203  48.081  < .001  

Residual  0.245  58  0.004        

Compatibility  0.297  1  0.297  118.396  < .001  

Residual  0.073  29  0.003        

Instruction  0.068  1  0.068  4.653  0.039  

Residual  0.421  29  0.015        

SOA ✻ Compatibility  0.053  2  0.027  17.096  < .001  

Residual  0.090  58  0.002        

SOA ✻ Instruction  0.002  2  0.001  0.623  0.540  

Residual  0.113  58  0.002        

Compatibility ✻ Instruction  0.004  1  0.004  2.695  0.111  

Residual  0.048  29  0.002        

SOA ✻ Compatibility ✻ 
Instruction 

 0.001  2  5.807e-4  0.464  0.631  

Residual  0.073  58  0.001        

  

Post Hoc Comparisons - SOA 

Comparison  

SOA   SOA Mean Difference SE df t ptukey 

40  -  120  -0.023  0.008  58.000  -2.696  0.025  

 40  -  340  -0.080  0.008  58.000  -9.513  < .001  

120  -  340  -0.057  0.008  58.000  -6.817  < .001  
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Post Hoc Comparisons - SOA ✻ Compatibility 

Comparison  

SOA Compatibility   SOA Compatibility Mean 
Difference SE df t ptukey 

40  Compatible  -  40  Incompatible  -0.075  0.008  82.251  -9.467  < .001  

      -  120  Compatible  -0.023  0.010  95.547  -2.323  0.195  

      -  120  Incompatible  -0.097  0.010  100.645  -9.402  < .001  

      -  340  Compatible  -0.106  0.010  95.547  -
10.769 

 < .001  

      -  340  Incompatible  -0.129  0.010  100.645  -
12.453 

 < .001  

 40  Incompatible  -  120  Compatible  0.052  0.010  100.645  5.025  < .001  

      -  120  Incompatible  -0.022  0.010  95.547  -2.289  0.209  

      -  340  Compatible  -0.031  0.010  100.645  -2.991  0.040  

      -  340  Incompatible  -0.054  0.010  95.547  -5.502  < .001  

120  Compatible  -  120  Incompatible  -0.074  0.008  82.251  -9.426  < .001  

      -  340  Compatible  -0.083  0.010  95.547  -8.446  < .001  

      -  340  Incompatible  -0.106  0.010  100.645  -
10.248 

 < .001  

 120  Incompatible  -  340  Compatible  -0.008  0.010  100.645  -0.819  0.963  

      -  340  Incompatible  -0.032  0.010  95.547  -3.213  0.021  

340  Compatible  -  340  Incompatible  -0.023  0.008  82.251  -2.922  0.050  
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C1.4: T1 Accuracy Low Demand 

Within Subjects Effects 

  Sum of 
Squares df Mean 

Square F p 

SOA  0.046  2  0.023  2.853  0.066  

Residual  0.470  58  0.008        

Compatibility  0.657  1  0.657  36.317  < .001  

Residual  0.524  29  0.018        

Instruction  0.077  1  0.077  2.970  0.095  

Residual  0.748  29  0.026        

SOA ✻ Compatibility  0.007  2  0.004  0.524  0.595  

Residual  0.400  58  0.007        

SOA ✻ Instruction  0.026  2  0.013  2.827  0.067  

Residual  0.265  58  0.005        

Compatibility ✻ Instruction  0.032  1  0.032  2.834  0.103  

Residual  0.324  29  0.011        

SOA ✻ Compatibility ✻ 
Instruction 

 0.011  2  0.006  0.922  0.404  

Residual  0.350  58  0.006        

  

  



TOP-DOWN STRATEGIES VS. BOTTOM-UP DRIVING 
 

 

82 

C1.5: T1 RT Combined  

Within Subjects Effects 

  Sum of 
Squares df Mean 

Square F p 

SOA  0.894  2  0.447  61.124  < .001  

Residual  0.424  58  0.007        

Compatibility  0.630  1  0.630  120.073  < .001  

Residual  0.152  29  0.005        

Demand  0.003  1  0.003  0.370  0.548  

Residual  0.263  29  0.009        

Instruction  0.241  1  0.241  11.252  0.002  

Residual  0.622  29  0.021        

SOA ✻ Compatibility  0.102  2  0.051  34.111  < .001  

Residual  0.087  58  0.001        

SOA ✻ Demand  0.002  2  9.390e-4  0.508  0.605  

Residual  0.107  58  0.002        

Compatibility ✻ Demand  5.331e-4  1  5.331e-4  1.196  0.283  

Residual  0.013  29  4.457e-4        

SOA ✻ Instruction  0.009  2  0.004  2.014  0.143  

Residual  0.129  58  0.002        

Compatibility ✻ Instruction  0.006  1  0.006  2.629  0.116  

Residual  0.070  29  0.002        

Demand ✻ Instruction  0.015  1  0.015  2.739  0.109  

Residual  0.162  29  0.006        

SOA ✻ Compatibility ✻ Demand  1.474e-4  2  7.369e-5  0.039  0.962  

Residual  0.111  58  0.002        

SOA ✻ Compatibility ✻ Instruction  7.207e-4  2  3.604e-4  0.194  0.825  

Residual  0.108  58  0.002        

SOA ✻ Demand ✻ Instruction  0.004  2  0.002  1.395  0.256  

Residual  0.076  58  0.001        

Compatibility ✻ Demand ✻ 
Instruction 

 2.158e-4  1  2.158e-4  0.179  0.676  

Residual  0.035  29  0.001        

SOA ✻ Compatibility ✻ Demand ✻ 
Instruction 

 5.624e-4  2  2.812e-4  0.243  0.785  

Residual  0.067  58  0.001        
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Post Hoc Comparisons - SOA 

Comparison  

SOA   SOA Mean Difference SE df t ptukey 

40  -  120  -0.024  0.008  58.000  -3.046  0.010  

40  -  340  -0.084  0.008  58.000  -10.728  < .001  

120  -  340  -0.060  0.008  58.000  -7.682  < .001  

 

Post Hoc Comparisons - SOA ✻ Compatibility 

Comparison  

SOA Compatibility   SOA Compatibility Mean 
Difference SE df t ptukey 

40  Compatible  -  40  Incompatible  -0.077  0.007  61.458  -
11.391 

 < .001  

      -  120  Compatible  -0.025  0.009  80.752  -2.901  0.052  

      -  120  Incompatible  -0.100  0.010  94.858  -
10.277 

 < .001  

      -  340  Compatible  -0.109  0.009  80.752  -
12.782 

 < .001  

      -  340  Incompatible  -0.135  0.010  94.858  -
13.910 

 < .001  

40  Incompatible  -  120  Compatible  0.052  0.010  94.858  5.378  < .001  

      -  120  Incompatible  -0.023  0.009  80.752  -2.651  0.097  

      -  340  Compatible  -0.032  0.010  94.858  -3.342  0.015  

      -  340  Incompatible  -0.058  0.009  80.752  -6.769  < .001  

120  Compatible  -  120  Incompatible  -0.075  0.007  61.458  -
11.075 

 < .001  

      -  340  Compatible  -0.085  0.009  80.752  -9.882  < .001  

      -  340  Incompatible  -0.110  0.010  94.858  -
11.351 

 < .001  

120  Incompatible  -  340  Compatible  -0.010  0.010  94.858  -1.003  0.916  

      -  340  Incompatible  -0.035  0.009  80.752  -4.118  0.001  

340  Compatible  -  340  Incompatible  -0.026  0.007  61.458  -3.776  0.005  
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C1.6: T1 Accuracy Combined 

Within Subjects Effects 

  Sum of 
Squares df Mean 

Square F p 

SOA  0.087  2  0.044  4.802  0.012  

Residual  0.526  58  0.009        

Compatibility  1.022  1  1.022  34.672  < .001  

Residual  0.855  29  0.029        

Demand  7.813e-4  1  7.813e-4  0.055  0.817  

Residual  0.415  29  0.014        

Instruction  0.161  1  0.161  4.589  0.041  

Residual  1.014  29  0.035        

SOA ✻ Compatibility  0.020  2  0.010  1.329  0.273  

Residual  0.436  58  0.008        

SOA ✻ Demand  0.001  2  6.999e-4  0.094  0.910  

Residual  0.430  58  0.007        

Compatibility ✻ Demand  0.018  1  0.018  2.838  0.103  

Residual  0.187  29  0.006        

SOA ✻ Instruction  0.019  2  0.010  2.014  0.143  

Residual  0.274  58  0.005        

Compatibility ✻ Instruction  0.071  1  0.071  7.809  0.009  

Residual  0.262  29  0.009        

Demand ✻ Instruction  8.681e-5  1  8.681e-5  0.006  0.936  

Residual  0.390  29  0.013        

SOA ✻ Compatibility ✻ Demand  0.006  2  0.003  0.488  0.616  

Residual  0.360  58  0.006        

SOA ✻ Compatibility ✻ Instruction  0.018  2  0.009  1.293  0.282  

Residual  0.401  58  0.007        

SOA ✻ Demand ✻ Instruction  0.014  2  0.007  1.246  0.295  

Residual  0.318  58  0.005        

Compatibility ✻ Demand ✻ 
Instruction 

 1.953e-4  1  1.953e-4  0.029  0.865  

Residual  0.193  29  0.007        

SOA ✻ Compatibility ✻ Demand ✻ 
Instruction 

 2.930e-4  2  1.465e-4  0.036  0.965  

Residual  0.237  58  0.004        
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Post Hoc Comparisons - SOA 

Comparison  

SOA   SOA Mean Difference SE df t ptukey 

40  -  120  -0.024  0.009  58.000  -2.756  0.021  

40  -  340  -0.001  0.009  58.000  -0.150  0.988  

120  -  340  0.023  0.009  58.000  2.606  0.031  

  

Post Hoc Comparisons - Compatibility ✻ Instruction 

Comparison  

Compatibility Instruction   Compatibility Instruction Mean 
Difference SE df t ptuke

y 

Compatible  Parallel  -  Compatible  Serial  -0.010  0.016  43.038  -
0.644 

 0.917  

      -  Incompatible  Parallel  0.095  0.015  45.244  6.505  < .001  

      -  Incompatible  Serial  0.045  0.019  57.580  2.404  0.088  

Compatible   Serial  -  Incompatible  Parallel  0.105  0.019  57.580  5.560  < .001  

      -  Incompatible  Serial  0.056  0.015  45.244  3.799  0.002  

Incompatible  Parallel  -  Incompatible  Serial  -0.050  0.016  43.038  -
3.176 

 0.014  
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C1.7: T1 Sleep Survey Descriptives 

Descriptives 

  Drowsiness Stress HoursSleptLastNight 

N  30  30  30  

Mean  4.567  3.300  7.561  

Median  4.500  3.000  7.500  

Standard deviation  2.388  1.985  1.221  

Minimum  1  1  5.000  

Maximum  9  7  11.750  
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C2: Task 2 Results 

Data Processing and Analysis 

 The T2 analysis for experiment 2 was conducted in an identical manner as 

experiment 1. 5.6% of responses were removed for being missing or inaccurate 

and 0.3% were removed because they were outside of 2.5 SD from the mean. 

High Demand Results 

 Response Times. T2 RTs showed no effect of PSIs [F(1,29) = 0.98, p = 

0.33], but there were effects of RC [F(1,29) = 77.61, p < 0.001] and SOA [F(1,29) 

= 191.25, p < 0.01]. Compatible responses were faster than incompatible 

responses (996 ms vs. 1009 ms) and shorter SOAs were associated with longer 

response times (1029 ms vs. 995 ms vs. 897 ms). We also found an interaction 

between PSI and RC [F(1,29) = 15.63, p < 0.01]. 

 Accuracy. There was no effect of PSI on T2 accuracy [F(1,29) = 0.02, p = 

0.88]. Compatible responses were more accurate that incompatible responses 

[F(1,29) = 51.04, p < 0.001] (82.2% vs. 69.5%), and shorter SOAs were 

associated with lower accuracies [F(1,29) = 21.33, p < 0.01] (69.7% vs. 75.6% vs. 

82.2%). There was no interaction between PSI and RC [F(1,29) = 2.88, p = 0.09] 

Low Demand Results 

 Response Times. There was an effect of PSI [F(1,29) 12.35, p < 0.01], 

parallel trial responses were faster than serial trial responses (970 ms vs. 998 ms). 

Compatible responses were significantly faster than incompatible responses 

[F(1,29) = 75.89, p < 0.001] (961 ms vs. 1011 ms). There was also a main effect 

of SOA [F(1,29) = 225.03, p < 0.01] where shorter SOAs had slower response 
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times (1027 ms vs. 989 ms vs. 897 ms). We also found an interaction between PSI 

and RC [F(1,29) = 22.98, p < 0.01]. 

 Accuracy. There was an effect of PSI on T2 accuracy [F(1,29) = 5.75, p = 

0.02], parallel trials were more accurate than serial trials (77.8% vs. 72.2%). 

Compatible responses were more accurate that incompatible responses [F(1,29) = 

57.56, p < 0.001] (82.1% vs. 67.9%), and shorter SOAs were associated with 

lower accuracies [F(1,29) = 11.27, p < 0.01] (70.6% vs. 74.8% vs. 79.7%). There 

was no interaction between PSI and RC [F(1,29) = 0.01, p = 0.92] 

Combined Results 

 Response Times. There was an effect of PSI [F(1,29) = 11.25, p < 0.01] 

parallel processing strategy trials were faster than serial trials (970 ms vs. 998 

ms). Compatible responses were significantly faster than incompatible responses 

[F(1,29) = 120.07, p < 0.01] (912 ms vs. 973 ms). Shorter SOAs were associated 

with longer response times [F(1,29) = 257.32, p < 0.01] (1028 ms vs. 992 ms vs. 

897 ms). We found an interaction between PSI and RC [F(1,29) = 30.60, p < 

0.01]. There was no effect of demand [F(1,29) = 0.07, p = 0.79] and no 

interactions between demand and PSI [F(1,29) = 2.43, p = 0.13] or demand and 

RC [F(1,29) = 0.06, p = 0.81]. 

 Accuracy. We found an effect of RC [F(1,29) = 66.97, p < 0.01], where 

compatible responses are more accurate than incompatible responses (82.2% vs 

68.7%). There was also an effect of SOA [F(1,29) = 20.86, p < 0.001]. Shorter 

SOAs mean lower accuracies (70.2% vs. 75.2% vs. 80.9%). No effect of demand 

[F(1,29) = 0.38, p = 0.54] or PSI were found [F(1,29) = 1.8, p = 0.19]. There was 
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no interaction between demand and RC [F(1,29) = 0.85, p = 0.37] or PSI and RC 

[F(1,29) = 1.07, p = 0.31]. 

  


