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CAN MEASURES OF EXECUTIVE FUNCTIONS AND SPATIAL ABILITY PREDICT 
MULTITASKING PERFORMANCE? 

 
Anna Ryan 

 
Recent studies have indicated that individual differences in Executive 
Functionings (EF) are independent predictors of multitasking 
performance and mediated by spatial ability. However, these studies 
lacked multiple measures of EF and their observed effects of spatial 
processing may have been induced by the nature of the spatial task per se. 
In this study, participants completed a multitasking session in which they 
monitored deadlines of four digital clocks running at different rates along 
with separate measures of EF (inhibition and updating) and spatial ability 
(mental rotation). Results showed that individual differences in mental 
rotation and EF were independent predictors of multitasking performance, 
even when task-specific spatial cues were eliminated. Furthermore, males 
showed a better multitasking performance than females, and these gender 
effects were fully mediated by spatial ability. These findings suggest that 
efficient multitasking involves EF, but that relying on spatial abilities can 
alleviate cognitive control demands. 

 
 

Individuals perform most activities in a routine manner requiring little or no effort. There is 
a general consensus within the field of cognitive research that dual tasks can be executed in 
a rather automated, bottom-up fashion. However, when engaging in multitasking—defined 
as “dealing with more than one task within a constrained timeframe” (Tododorv, 2017, 
p.20)—cognitive load increases and our well-known limited cognitive capacity suffers. 
Recent studies have indicated that individual differences in multitasking are affected by 
executive functions (EF) and mediated by spatial abilities (Mäntylä, 2013; Todorov, Del 
Missier, Konke & Mäntylä, 2015; Todorov, Del Missier & Mäntylä, 2014). One limitation 
in previous studies is that individual differences in EFs were measured with a single task 
that was expected to reflect the updating component of EF. Furthermore, in previous 
studies, as component tasks have been spatially determined, the observed effects of spatial 
processing in earlier studies may have been induced by the spatial task itself. The present 
study used multiple measures of EFs while also reducing effects of task-specific spatial 
cues.  
 
Results from previous studies (Mäntylä, Todorov, Kubik & Del Missier, 2016; Todorov, 
2014) imply that one way to offload cognitive control demands is to represent the temporal 
pattern of deadlines and task goals in spatial terms by introducing what is termed the 
spatiotemporal hypothesis of multitasking. As a working hypothesis, the main idea states 
"that in situations in which temporal demands are high, demands on EFs can be relieved by 
using spatial relation processing to facilitate the monitoring and goal-directed behavior 
connected to multiple ongoing tasks" (Todorov, 2017, p.32). In general, there are two 
strategies for reducing cognitive control demands by offloading cognition—either as an 
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More direct support for the offloading hypothesis has been provided in studies by Mäntylä 
(2013; see also Mäntylä et al., in press; Todorov, 2017) in which individuals with varying 
spatial abilities completed a multitasking session with four component tasks and separate 
tasks of EF and spatial ability. Specifically, participants completed a time-based 
multitasking session with four identical and component tasks and which required a high 
degree of time management. In this counter task, participants must monitor four digital 
counters that are identical in that they display forward running digits on the computer 
screen (see Figure 1). The instructions are to press the spacebar whenever one of the 
counters shows a target reading (defined by a rule). Participants could check the reading of 
each counter whenever they wanted by pressing its corresponding key (during which that 
counter remained visible for a few seconds (see also Mäntylä, 2013; Todorov et al., 2014).  
Indirect support for the hypothesis derives from behavioral and neurocognitive studies, 
demonstrating that we understand and handle aspects of time (e.g., interval and order) by 
representing them in a spatial reference frame (Bonato, Zorzi & Umiltà, 2012; Casasanto & 
Boroditsky, 2008; Dehaene & Brannon, 2011). 
 
Previous studies (Mäntylä, 2013; Todorov, 2017; Todorov et al., 2014) found that 
individual differences in spatial ability mediate multitasking performance—male tended to 
outperform female study participants in the luteal phase (during which the level of estradiol 
is elevated), but not those in the menstrual phase of the cycle. Despite the controversy 
inherent in these findings, they are in line with some of the most substantial findings in the 
field of cognitive research—namely, that there are gender-based differences in cognitive 
abilities. More specifically, males have been found to perform at a higher level 
(approximately one standard deviation) when compared to females in the mental rotation 
task—a test that specifically measures spatial abilities (Halpern, 2011; Linn, 1985; Timo et 
al., 2013; Uttal et al., 2103). Various spatial skills have been found to be malleable with 
results that indicated that proper training generates substantial transfer effects (for a meta-
analysis see Uttal et al., 2013). 
 
Executive Functionings (also referred to as the executive control system or cognitive 
control system) covers multiple components that have historically been considered essential 
for any goal directed behavior and a crucial component for successful multitasking. 
Located in the pre-frontal lobes, EF is an area believed to regulate lower level processes, 
such as motor responses and perception, and extensive research supports the fact that 
impairments to EF are associated with many forms of psychopathology. Unfortunately, and 
despite scholarly interest and media coverage, the training of EFs has not been found to 
produce malleability or any substantial transfer; nor were gender differences found (for a 
meta-analysis see Melby-Lervåg & Hulme, 2013). For decades considered as one central 
executive, Miyake et al. (2000) found that three components could be distinguished and 
operationalized, termed updating, inhibition, and shifting. The three have substantial 
correlations and function together as a unit. At the same time, these components also show 
diversity and their correlation values are not close to 1.0 (Miyake & Friedman, 2012). 
Updating is closely associated with working memory and refers to the ability to monitor, 
encode, and temporarily store new, relevant information and to replace old, non-useful, and 
irrelevant information. Updating involves reviewing new information and storing that 
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which is relevant to the current task while modifying the existing information in working 
memory. Inhibition refers to the ability to inhibit or ignore dominant, automatic, or 
prepotent reactions when needed. According to Miyake & Friedman (2012) this conscious, 
controlled process highlights the importance of not occupying the limited capacity of 
working memory with irrelevant information. Shifting refers to moving back and forth 
between different tasks, operations, or mental sets and is considered important in overall 
executive control.  
 
Altogether, the three components of EF provide a solid ground for more complex executive 
tasks and operations such as reasoning, problem-solving, and planning (Diamond, 2013) 
and are considered important for higher-order cognitive functioning. In most prior studies 
on multitasking, EF has been measured using a single task. As many tests of EF are 
associated with measurement problems, it has been suggested that its assessment should be 
based on multiple measures (cf. Miyake et al., 2000). Further, effects from previous studies 
might be selective in that multiple task monitoring and coordination reflected specific 
updating-related control skills. Therefore, in this study, the participants completed a 
multitasking session along with two separate measures of response inhibition (stop signal 
and Stroop tasks) and working memory updating (letter memory and matrix monitoring 
tasks). As the two components are considered to be independent but correlated dimensions 
of cognitive control (Miyake et al., 2000) or tapping a more general and common versus a 
more specific dimension of control (Friedman & Miyake, 2012), I hypothesized that both 
measures would contribute to individual differences in multitasking performance. 
Furthermore, following earlier work (Mäntylä, 2013; Todorov et al., 2014), I expected that 
individual differences in spatial ability would contribute to multitasking performance, even 
when both the updating and inhibition components were considered. 

Another aim of this study was to test the validity of the spatiotemporal offloading 
hypothesis of multitasking while reducing the effects of task-specific spatial cues. 
Specifically, in most studies on multitasking, the component tasks are spatially defined. For 
example, in the counter task (Mäntylä et al., 2016) the digital clocks are presented on 
different positions of the computer screen. In other words, as spatial information is a 
distinct characteristic of the component tasks (in both everyday multitasking and its 
experimental simulations), one might argue that the observed role of spatial ability in 
earlier work was induced by the spatial nature of the tasks per se. To test this alternative 
account, participants of this study completed either the original version of the counter task 
(here referred as the spatial-counter task) or a modified version in which we eliminated its 
spatial characteristics. This non-spatial version of the task was identical except that the four 
component tasks appeared at the same position on the screen. To the extent that the spatial 
nature of the counter task was a relevant factor, individual differences in spatial ability 
should contribute to multitasking performance only in the spatial version of the task. 
Alternatively, to the extent that reliance on “space in time” transformational processes is a 
more general strategy of complex task coordination, individuals with efficient spatial 
abilities should perform better than less skilled individuals in both tasks.  
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Method 
 
 
Participants 
A total of 94 undergraduates (60 women) between 18 and 35 years of age (M = 24 years, 
SD = 3.5) participated in the study in return for a partial course credit. Sixty participants 
completed the spatial-counter task (22 men, 36 women) and the remaining 34 completed 
the non-spatial version (11 men, 25 women). Two participants had one incomplete measure 
each and these data were replaced with mean scores. 
 
Tasks Multitasking was assessed by four digital counters framed by different colored 
rectangles (green, red, blue, and yellow) on a computer screen (see also Mäntylä, 2013; and 
Figure 1). The numbers of the counters were not visible to the participants, but by pressing 
a specific key on the keyboard (each counter had a corresponding key) the participants 
could monitor each for 2s/item. To prevent the four tasks from being handled as a single 
task, the counters ran at different rates (4.2s, 3.7s, 2.7s, and 2s, respectively). Participants 
were instructed to press the spacebar when the last digit of the green counter (running at 
4.2s) was 7, when the last two digits of the blue Counter (3.7s) were a multiple of 11, when 
the last two digits of the red counter (2.7s) were a multiple of 20, and when the last two 
digits of the yellow counter (2s) were a multiple of 25. Participants pressed the spacebar 
whenever the counters displayed one of the four deadlines. In the spatial-counter task, the 
four component tasks appeared on separate positions of the computer screen, whereas in the 
non-spatial version they were located in the middle of the screen (see Figure 1). In the non-
spatial version (right), a grey rectangle indicated the position of the counters (when not 
monitored) and colored frames defined each counter. In both tasks, participants were 
allowed to check the reading of each counter whenever they wanted by pressing a 
corresponding key. 
 
 
 
 
 
 
 
 
 
 
Figure 1. Illustration of spatial version of the counter task to the left and the non-spatial 
counter task to the right. 
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Executive functioning was assessed with the letter memory and matrix monitoring tasks, 
which are considered to tap the updating component. Response inhibition was measured 
with the stop signal and n-back tasks, tapping the updating component.  
 
In the letter memory task (see Miyake et al., 2000) a trial of letters is presented on the 
screen (see Appendix, Figure 2). The length of the series was randomized and varied 
between five and twelve letters. Each letter was visible for two seconds. The participants 
were instructed to report only the last four letters of the five to twelve letters presented on 
the screen. Two training sessions were included to ensure that participants understood the 
instructions and a short break was allowed before the testing started. The final score in the 
letter memory test is the proportion of correctly recalled letters across all trials. Altogether, 
there were 14 trials. Higher scores indicated a better result and performance is reflected in 
proportion to accuracy. 
 
In the matrix monitoring task, two 4 × 4 matrices, separated by a line, appeared on the 
computer screen (see Appendix, Figure 3). Inside the cells, in both the upper and lower 
matrices, a black dot appeared. After three seconds the matrices disappeared. Two 
sequences of three arrows appeared on the screen to indicate where the dot had moved in 
either the upper or the lower matrix. Finally (see Appendix, Figure 3), only one matrix 
reappeared, either above or below the line, with a dot in one of the cells. Participants now 
had to decide whether the position of the dot was the same as or different from the final 
position that the arrows had originally indicated. In the matrix monitoring task, the 
participants completed 12 trials and the number of correct responses is reflected in the 
proportion of  
accurate/correct responses. Participants could receive a maximum of 32 points. Higher 
scores indicated a better result. 
 
In each trial of the stop signal task (Logan, 1994; Salthouse et al., 2003), a stimulus letter 
(X or O) appears briefly on the computer screen. The participants were asked to press a 
different key for each of the letters X or O as they appeared on the computer screen (see 
Appendix, Figure 4). They were instructed to make an exception when they heard a beep 
(also referred to as a stop signal) soon after the letters X or O had been presented. The beep 
induces an inhibition response as the participant is forced to inhibit the predominant 
response to press the key. There were 12 stop trials and in the stop signal task performance 
is reflected in the proportion of withheld responses in stop trials (see also Miyake et al., 
2000).  
 
In the Stroop test (Stroop, 1935), the task is to specify in which color a word is printed 
while simultaneously ignoring the meaning of the word. The task was computerized, 
requiring manual responses (see Del Missier et al., 2010). In each trial, a set of three words 
was presented on the screen with the central word in color (see Appendix, Figure 5). In half 
the trials, the color was congruent, i.e. the color of the word was the same as the meaning of 
the word (e.g., “blue” was printed in blue). In the other half of the trials, the words were 
incongruent, i.e. the color of the word was different from the meaning of the word (e.g., 
“blue” was printed in yellow). The two words to the side of the central word were color 
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names, always printed in black. The participants were instructed to press a right side key to 
point out that the color of the central word corresponded to the color name on the right side 
of the screen. To indicate that the color of the central word corresponds to the color name 
on the left side, participants had to press a left side key. An incongruent trial causes a 
conflict, which requires the participant to inhibit the meaning of the word in order to 
respond correctly. The maximum possible score is 48 in the incongruent correct trial and 
the Stroop test performance is reflected in the proportion of correct responses in the 
incongruent trials.  
 
Spatial ability was assessed with the mental rotation task (Vandenberg & Kuse, 1978). The 
original version of the task consists four parts, sets A to D. The task is to compare 2-D 
drawings of 3-D geometrical figures (see Appendix, Figure 6). In this study, sets A and C 
were used and every item consisted of five line drawings, which were presented in a row. 
One of the figures was presented to the left most location of the sheet—the target figure. 
Two of the figures were rotated reproductions of the original target figure and two were 
distractors. The given task was for the participants to correctly identify two figures from the 
four that represent the rotated target figure. The participants received written instructions 
and as a practice session they completed four parts. Participants were instructed to solve as 
many tasks as possible within the timeframe. They had three minutes to complete set A 
and, after a short break, they completed set C. In line with the standard version, responses 
were scored so that participants were given a point only if both figures matched the target 
figure and were identified correctly. In the mental rotation task, a score was given if the two 
figures were correct, and the final score was summarized. Higher scores indicated a better 
result and performance is reflected as a proportion of accuracy.  
 
Procedure 
During the test session, which was a part of a larger data collection, each individually tested 
participant first completed a brief questionnaire about demographic background 
questionnaire, followed by the cognitive tasks. After this initial procedure a practice phase 
took place during which the experimenter checked that instructions were properly 
understood. Altogether, the test session lasted for approximately 60 minutes. All tasks were 
computerized and presented on a 20-inch display except for the mental rotation task, which 
was performed manually on paper. Informed consent was obtained before participation, and 
the study was completed according to the ethical guidelines established by the Declaration 
of Helsinki. For a schematic presentation of all measures and constructs used in the present 
paper see Appendix, Figure 1. 

 
Results 

 
 
A central aim of this study was to examine how the subcomponents of EFs—updating and 
inhibition—are related to multitasking performance. Table 1 shows correlations and means 
for the stop test, Stroop test, matrix, and letter memory tasks. Exploratory factor analyses 
on these data indicated that that the four measures were separable as two constructs. All the 
standardized factor loadings of the EF tasks were above the general cut-off value 0.40, 
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(emphasized in bold,see Table 1), recommended for the inclusion into one factor (Johnson 
& Stevens, 2001).  
 
Table 1. Summary of the explorative factor analysis for the measures of EF. 

 Factor 1 Factor 2 h2 

Stroop test  .82  .07 .68 

Stop test  .40  .09 .16 

Matrix monitoring test  .33  .60 .42 

Letter memory test -.03  .63 .42 

Eigenvalue  1.5  1.2  

Variance in %   38   69  

Factor correlation  .95  .78  
aPrincipal factor analysis with oblimin rotation (N = 94) 
 
 
Figure 2. Simple stucture tested.  
 

 
 
 
Note: RMSEA = root mean square error of approximation, CFI = comparative fit index, 
AIC = Akaike information criterion. Software: ONYX. N = 94. 
 
Multitasking performance was based on a combined score of the four counter tasks with 
response accuracy and monitoring frequency as dependent measures. As the latter measure 
did not show any systematic effects, accuracy was the primary measure of counter task 
performance in this study. A response was considered correct if the spacebar was pressed 
within one digit of the counter target. If the counter target displayed 20 and the participant 
pressed 19, 20, or 21, it would be considered as a correct response.   
 

After the confirmatory factor analysis, simple 
stucture was tested to further evaluate the fit of 
the theoretical model including chi-square (χ2) 
and χ2/df. A Model can be considered to provide 
a good fit with non-significant χ2 values at the 
0.05 level, χ2/df of less than 2, CFI of more than 
0.90, RMSEA of less than 0.08, and smaller AIC 
values. A one-factor CFA model fitted the data 
well, χ2 (8) = 9.2, CFI = 0.95, RMSEA = 0.04, 
SRMR = 0.09, AIC = -312.42. All EF tasks 
showed similar medium to high sized factor 
loadings. 
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The correlation data summarized in Table 2 suggests that multitasking was related to 
individual differences in both spatial ability (as measured by mental rotation task scores) 
and EF (as measured by the factor scores of the updating and inhibition components). 
These effects were also specific in that the updating score correlated significantly with 
counter task accuracy whereas the correlation of inhibition was non-significant.  
 
Table 2. Pearson correlations, mean values (M), standard deviations (SD). 

 Counter MRT Updating Inhibition M SD 

Counter 1    .77 .10 

MRT .40** 1   .40 .23 

Updating .35** .02 1  .73 .10 

Inhibition .11 .02 .09 1    .78  .21 
Note. MRT = mental rotation task. ** = p <.01. N = 94. 
	
As displayed in Table 3, the spatial and non-spatial versions of the counter task groups 
revealed very similar results. Consequently, analysis with one-way ANOVAs for the 
counter, mental rotation, updating, and inhibition tasks showed non-significant effects on 
all four measures (p > .05), correspondingly for the spatial and non-spatial task groups.  
	
Table 3. Task performance as a function of the counter task group. Standard deviation 
within parenthesis. Spatial task group N = 58, non-spatial task group N = 36. 

                         Spatial                          Non-spatial  

Counter .77 (.10) .77 (.10) 

MRT .40 (.23) .40 (.22) 

Updating .73 (.10) .72 (.10) 

Inhibition .78 (.21) .75 (.24) 
Note. MRT= mental rotation task. 
 
Separate one-way ANOVAs of the counter task data showed a significant gender difference 
with males (M = .80, SD = .10) performing better than females (M = .76, SD = .10), F(1, 
92) = 4.04 p = .047 (p < .05). Males had higher scores on the mental rotation task (M = .45, 
SD = .21) compared to the females (M = .37, SD =.23), but this difference was non-
significant: F(1, 92) = 2.53 p = .116 (p > .05). 
 
Additional analysis with a one-way ANCOVA showed that when spatial ability was 
controlled for, the gender difference in counter accuracy was eliminated F(1, 92) = 2.33 p = 
.138 (p > .05).  
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Figure 3. Counter task accuracy and mental rotation performance as a function of gender. 
Male (N = 33), Female (N = 61). Error bars displaying standard error. 
 
To assess the relative contribution of the primary independent measures, I conducted a 
hierarchical regression analyses, entering the EF measures first, followed by the mental 
rotation task. Results showed that updating (β = .33 p < .001) was an independent predictor 
of counter task accuracy whereas inhibition (β = .04 p < .398) was not, explaining 13% of 
the counter task variance at step 1 (see model 1 in Table 4), R2 = .13, F2 91 = 6.83 (p = 
.002) p < .010. When mental rotation task was included at step 2 (see model 2 in Table 4), 
it remained a reliable predictor of multitasking performance (β = .43 p < .000) explaining 
an additional 15 % of the variance after controlling for the measures of EF, R2 = .28, F3 90 
= 11.80 (p < .010). 	
	
Table 4. Dependent variable (measure of multitasking) counter task = intercept. Beta (β) 
unstandardized regression coefficients. Standard error within parenthesis. 
                                                              95% Confidence                                     95% Confidence 
                                                                    Interval                                                    Interval                       

                             Model 1         Lower          Upper        Model 2             Lower            Upper                                         

Updating  .33 
(.10) ** .15 .53   .33 

 (.09) ** .16 .51 

Inhibition  .04     
(.05)  

-.05 
 

.13 
 

  .04  
 (.04) -.05 .12 

MRT     .17              
(.04)** .09 .25 

Counter 
(intercept) 

  .50    
(.08) ** .35 .65  .43                   

(.07) ** .29 .58 

R2  (adjusted)     .11    .26   

Note. MRT = mental rotation task. ** p < .01. Confidence interval, lower and upper bound 
N = 94. 
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Discussion 

 

The present study aimed to use multiple measures for individual differences in EFs and to 
investigate whether the observed effects of spatial processing in earlier studies could have 
been induced by the nature of the spatial task itself. The first key finding in the present 
study supports previous research, indicating that individual differences in multitasking are 
affected by EFs as well as mediated by spatial ability. The second key finding was that 
performance due to the spatial nature of the original counter task could not be explained by 
the spatial determination of the task as they proved to be irrelevant in this study. Finally, 
the observed gender difference effect was fully mediated by spatial ability, providing 
indirect support for the spatiotemporal offloading hypothesis.  

 
The primary concern addressed in this study that the observed effects of spatial processing 
in earlier studies could have been induced by the spatial task itself can be dismissed. These 
results indicate that this is not the case as no task group effects (spatial/non-spatial) were 
found on any of the four measures (counter task, mental rotation task, inhibition, or 
updating), providing support for the validity for the counter task as a valid measure of 
multitasking. 
 
It was expected that booth inhibition and updating measures would each contribute to 
individual differences in multitasking performance. However, the results in this study 
indicate that only the updating component of EF did so, whereas inhibition only had a 
modest effect. Factor analysis revealed that the four measures used in the present study 
formed valid constructs for updating and inhibition. However, a closer investigation of the 
stop signal task component revealed a lower factor loading compared to the Stroops, which 
was almost twice as high. There are several explanations for why this occurred. One is an 
issue with the measurements of the task performances. When reaction time was used, 
several participants had low scores since they had fast reaction times to the audio stimuli 
and not because their inhibition ability was low. In hindsight, there was no certain way to 
separate the participants with a low reaction time due to low inhibition ability from those 
with a low score due to low reaction time to the audio signal. However, thorough 
calculations showed that booth accuracy and reaction times had similar effects, suggesting 
that the most likely explanation (for this study) is simply that inhibition does not contribute 
to multitasking performance to the same extend as updating.  
 
However, although the two subcomponents of EFs (updating and inhibition) did not make 
equal contributions to multitasking performance, they did hold as substantial constructs, 
when combined, as predictors of multitasking performance. More important, these results 
suggest that when spatial ability is included in the model it remained a solid predictor of 
multitasking performance. 
 
No support was found for the hypothesis of the second aim of the study, namely that 
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individual differences in spatial ability was expected to contribute to multitasking 
performance only in the spatial version of the task. However, as males performed better 
than females on the counter task and these effects disappeared when the mental rotation 
task was controlled for, this does provide support for the hypothesis; more spatially skilled 
individuals performed better than less skilled individuals in both groups of the counter task. 
Note that these results do not imply that men are better at multitasking per se, but rather 
they highlight the mediating effect of spatial ability in multitasking performance, 
suggesting that spatial ability acted as a mediator for counter task performance in favour of 
men. As an alternative explanation, these results can be interpreted as that men, to a higher 
extend then women, rely on “space in time” transformational processes, considered a more 
general strategy of complex task coordination. 
 
Future research  
Traditionally, previous research has emphasized that in order to successfully coordinate 
multiple goals (and deadlines within a constrained framework) a high degree of cognitive 
control (EF) is required while the spatial dimension has earned less attention. However, 
spatial ability can be seen as a unique form of intelligence separate from memory skills, 
reasoning ability, and verbal ability. How and when the development of spatial skills takes 
place is not known, though research indicates, that somewhere in the early school years, 
previously insignificant gender differences start to manifest with significant magnitude and 
men start to outperform women in math tests. Other research disputes this claim by arguing 
that for the last decade the gender differences have reduced and are perhaps even 
disappearing. However, results from some studies suggest "it appears that if more complex 
items are included in math assessments, the male advantage may be more robust across 
ages” (Ganley & Vasilyeva, 2014, p.106); for example, the mental rotation task (supported 
by previous research that supports gender differences in this particular task).  
 
Despite the limited scope of the present study and the fact that multiple explanations could 
account for the observed effects, one possible explanation could be derived from a study 
that found that individual spatial anxiety affected mental rotation task performance among 
women with higher-level working memory (Miller & Halpern 2014). As this seems 
paradoxical from a female perspective, one possible scenario is that a woman can have a 
high-level working memory but fail to succeed in spatial tasks due to the high level of 
anxiety she experiences when confronted with math tasks. As a phenomenon, this is 
explained by the stereotype threat that states that if an individual’s social group identity is 
perceived to be associated with a negative stereotype, situational factors can trigger and 
confirm this stereotype (Steel & Aronson, 1995); for instance, this can occur in a testing 
setting. A simple spatial anxiety test could be added to exclude the possibility that spatial 
anxiety negatively affected the mental rotation task performance among female 
participants. Future studies in this area could also combine behavioural data with simpler 
biological measures such as cortisol tests of participants before and after testing sessions.  
 
It should be noted that a possible consequence for the modest contribution of inhibition 
might, unfairly, be due to the low loading of the stop signal task. Given the overall task 
issue problem, future studies in this area should consider using another task. 
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Historically, EF is considered essential for successfully managing most daily life activities; 
it facilitates prioritizing and is strongly correlated with academic success and overall well-
being. In contrast, spatial skills are critical for successful problem solving and are 
considered a strong predictor of academic achievement in science, technology, engineering, 
and mathematics, known as the STEM fields, an area in which women are clearly 
underrepresented (Reilly, Neuman & Andrews, 2016). However, the spatial dimension is 
crucial to perceiving and orienting oneself in the world. Given that various spatial skills are 
malleable (meta-analyses by Uttal et al., 2013), this provides an encouraging path for future 
research. I recommend specifically that future research should be targeted towards younger 
female students. For example, the classroom setting offers an excellent platform for 
experimental research to further investigate various effects for the development of spatial 
skill and their related gender differences.  
 
Limitations 
A person might walk in a park while eating a sandwich without thought; these actions are 
apparently completely automated and are executed in a bottom-up manner. Other activities 
such as swimming and bicycling are so well rehearsed that they do not require considerable 
effort; these too are bottom-up processes. Now consider the following scenario: a person is 
crossing a very busy street when, suddenly, an ambulance turns on its siren. Generally, 
performing two tasks (dual tasking) can be done without much effort. In this example, to 
successfully cross the street and avoid being hit by a car or getting in the way of the 
ambulance, a set of top-down processes using EF is initiated. In fact, any situation or task 
requiring concentration or sustained attention, such as multitasking (performing two or 
more tasks), puts demands on the use of EF. However, exactly when and where these 
operations are initiated is unknown. The latter statement leaves a question for future 
research to answer: can a laboratory setting with the counter task account for a real-life 
scenario and categorically equal multitasking performance (as defined in this study)?  
 
Another limitation is that the participants used in this study were university students and 
consequently this sample may not be representative of the entire population.  

 
 

Conclusions 
 
The present study can conclude that the difference in spatial arrangement of the counters 
did not have any reliable effects as both task groups (spatial/non-spatial) performed equally 
well in multitasking performance, even when the spatial cues of the tasks were left out. 
Moreover, the results in the present study provide indirect support for the spatiotemporal 
offloading hypothesis, which suggests that effective multitasking involves EFs, but that by 
relying on spatial abilities one can relieve cognitive control demands. 
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APPENDIX 
 
 

Figure 1. Schematic model of constructs and measures used in the present paper. 

 
Executive functioning and the updating, inhibition, and shifting subcomponents (to the 
right), show an accurate model of Miyake and colleagues from 2000. Shifting (in grey) and 
examples of tasks considered to tap the shifting component were not addressed in this 
paper. The dependent variable multitasking performance (to the left) is measured by the 
spatial and non-spatial version of the counter task. Updating and inhibition components and 
spatial ability (as measured with the mental rotation task) are shown with dotted arrow lines 
indicating their independent relation to multitasking. N = 94. 
 
Note. MRT = mental rotation task. TOH = tower of Hanoi, WCS = Wisconsin card sorting. 
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Figure 2. Letter memory task. 
 
Example: The letter sequence is A B C D E 
 
The participant answers B C D E à this is a correct four-letter sequence AND four 
correctly recalled letters. 
 
	
Figure 3. Matrix monitoring task. 
 

 
 
 
 
 
Figure 4. Stop signal task. 
 

 
 
     PRESS KEY  
 

                                         "BEEP"     
 
  
 

 
     PRESS KEY  
 
                  "BEEP"     

 
  
 
 
 
 
 
 

x OR ¢ 
 

 
 

x OR ¢ 
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Figure 5. Stroop test. 
 
Congruent trial  
RED BLUE BLUE 
 
Incongruent trial 
BLUE  BLUE  RED 
 
 
Figure 6. Mental Rotation task. 
 
                                      Objective figure item 3 

 
Distractor 1                     Target 1                         Target                                  Distractor 2                          
Item 3: Mirror-image      Item 3: 125° rotated      Item 3:250° rotated             Item 4 
 
 
 
 
 
 


