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Abstract 

Previous research suggests that prospective memory (PM) may be impaired in Autism 
Spectrum Disorders (ASD), but little is known about how this is affected by task demands, 
or if the trends in PM performance seen in ASD extend into the broader phenotype. The 
present study used a novel task design to systematically vary the difficulty of both the on 
going task (OGT) and PM aspects of the exercise in typically developed participants, as 
well as measuring their traits associated with autism using the Autistic Spectrum Quotient 
(AQ). It was found that the effect of task demands on any aspect of the task depended on 
the task type (OGT or PM), and the difficulty of the other part of the exercise. More 
specifically, the negative impact of increasing the difficulty of the PM task could be seen 
in OGT performance, and vice versa; the negative impact of increasing the difficulty of the 
OGT could be seen in PM performance. No significant correlations were found between 
task performance and AQ scores, suggesting that PM performance was not related to 
traits associated with autism. Given that previous research has shown that PM 
performance is affected in ASD, this finding implies that these trends in PM performance 
do not extend into the broader autism phenotype. 
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Introduction
	 The term Prospective Memory refers to the formation, retention and retrieval of intended 

future actions, such as remembering to buy groceries on the way home from work. Prospective 

Memory (PM) is essential to our everyday life, as it underpins many of our most basic actions, as 

well as more complex planning behaviours. It is implicated in the successful completion of tasks 

associated with time management, and many jobs, like aviation and nursing, which utilise many 

forms of PM as part of their normal completion.


	 Prospective memory is thought to have four main stages; intention formation, intention 

retention, intention initiation, and intention execution (Kliegel, Martin, McDaniel, & Einstein, 2002). 

Returning to the example of buying groceries that was given above, intention formation can be 

described as deciding to go to the shop after work to get groceries. Intention retention refers to 

having to encode the intention buy groceries after work to be remembered later. Intention initiation 

is what happens when a cue, in this example the cue could be leaving work, triggers the retrieval 

of the intention that was encoded earlier, so you remember to buy your groceries on the way 

home. Finally, intention execution occurs when the intention that has been recalled is acted upon, 

so you successfully buy your groceries before you get home.


	 Einstein and McDaniel (1990) identified two types of PM; time-based PM and event-based 

PM. In Time-based PM the intended action is carried out at a pre-specified time, for instance, you 

may need remember to call and book an appointment at 3pm this afternoon. In time-based PM 

the future intention is self initiated, based on factors like time estimation and information gained 

through clock checking. By contrast, in event-based PM a pre-specified event triggers the 

retrieval of the intended future action, for example, you may plan to post a letter when you see the 

post box on your walk. In this example seeing the post box was the event that causes you to 

remember to post your letter, which is the future intended action. In addition, there are two types 

of event-based PM; immediate-execute and delayed-execute (McDaniel, Einstein, Graham, & Rall, 

2004). The letter posting example given above would be an immediate-execute task, but a 

delayed-execute event-based PM task would require you to wait a pre-specified length of time 

after the occurrence of the event before carrying out the intended action. Examples of this type of 

PM task can be seen in recipe books, for example the method may call for you to bring the pan to 

a rolling boil (the event), then wait 5 minutes, before reducing it to a simmer (intended future 
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Introduction
action). In this way it could be argued that delayed-execute event based PM is underpinned by 

elements of both time and event based PM; the first cue is an event, by time estimation and clock 

checking will likely be involved in the delayed element.


	 Most of the theoretical work in the field of prospective memory has been carried out by 

Einstein and McDaniel, to date there are 3 major theories; the Preparatory Attentional Model, the 

Reflexive Associative theory, and the Multi-Process model. The Preparatory Attentional Model 

posits that there are two main processes at work in PM; the storage and maintenance of future 

intentions, and the actions taken by elements of retrospective memory to differentiate between 

the intention and unwanted thoughts, in order to maintain focus on the goal. However, in 1990 

Einstein & McDaniel found that many of their participants reported their intentions as having 

“popped” into mind, suggesting that future intentions may not be constantly maintained after all, 

but instead my be automatically cued.


	 In light of that study they developed the Reflexive Associative model (Einstein and 

McDaniel, 2000); this model suggests that when people create an intention they form an 

association between the target cue and the intended action. When the target cue occurs, the 

association they made earlier will initiate the retrieval of the intended action, regardless of whether 

the intention is actively maintained in consciousness. The Multi-process model goes further to 

describe how cues can initiate intention retrieval. Like the reflexive associative model, it suggests 

that PM retrieval does not always require active monitoring and can occur spontaneously (Einstein 

and McDaniel, 2005) . PM cues can lead to spontaneous retrieval of the intention if; a) the cue and 

target action are highly associated to each other, b) the cue is salient, c) the processes performed 

during the OGT direct attention to relevant cue features. Although it is easy to see how this model 

could be applied to event based PM, it is less clear how it could explain time based PM, as the 

retrieval of future intentions in time based tasks is thought to rely more heavily on self-initiated 

retrieval.


	 Experimental studies of PM tend to share key methodological design styles. A typical 

paradigm in this field would require participants to remember the rules for a task that they will do 

later, this is the experimental PM task. The participant would then have to carry out an On-Going 
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Introduction
task (OGT), which is used as an experimental representation for the things you do in the mean 

time in real life examples of PM. The PM element of the design will be embedded in the OGT in 

some way, occurring after a pre specified time for a time based task, or at seemingly random 

intervals in an event based task. It is common for studies in the field to use computerised tasks 

for both OGT and PM elements of the experiment. This allows for the the PM component to be 

easily inter-leaved with the OGT, as well as the convenient measurement of performance through 

the measurement of factors like reaction time (RT) and accuracy (was the PM task successfully 

carried out).


	 One group of individuals that have been shown to have impairments in PM are those with 

Autistic Spectrum Disorders (ASD). Key traits associated with ASD include problems with 

communication and social skills, as well as repetitive behaviours (Rinehart, Bradshaw, Moss, 

Brereton & Tonge, 2001). Other associated traits include executive dysfunction and atypical 

patterns of attention, with particular emphasis on visual attention (Rinehart et al. 2001). Visual 

attention is thought to encompass the disengagement of attention from a focused-on target, 

shifting attention to a new target, and engagement of attention at a new target (Van der Geest, 

Kemner, Camfferman, Verbaten, & Engeland, 2001). In fact, it has even been suggested that some 

of the atypical social behaviours seen in autism, such as looking at others less and unusual use of 

reciprocal gaze, may actually be due to dysfunction in visual attention (Van der Geest et al., 2001). 

It is likely that this association between particular cognitive styles and attentional deficits may 

extend into the general population, much like the autistic traits themselves.


	 Modern approaches to the study of Autism consider it to be a spectrum disorder. Lorna 

wing (1988) put forward the notion of an autistic continuum, in which traits of the disorder blur into 

the normal population. This notion is further supported by the removal of Aspergers syndrome 

from the DSM-5 (American Psychiatric Association, 2013); Autism is no longer viewed as one of a 

collection of similar disorders, including Aspergers and high functioning Autism, but rather as one 

disorder with variations in the severity of traits. This shows a move towards viewing autism as a 

spectrum disorder at a diagnostic level. One measure of traits associated with autism that has 

been shown to be effective in non-clinical populations is the Autism Spectrum Quotient (Baron-

Cohen et al., 2001).
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Introduction

	 Baron-Cohen and colleagues (Baron-Cohen, Wheelwright, Skinner, Martin & Clubley, 2001) 

developed the Autism Spectrum Quotient (AQ), which consists of 50 items, with Likert answers 

ranging from “definitely agree” to “definitely disagree”, which are worth one point each. The AQ is 

made up of five subsets of questions, each intended to measure a key aspect of the disorder. 

These subsets are; communication, social skills, attention to detail, attention switching, and 

imagination. The AQ has been investigated for reliability and results have been positive. The 

potential of using the AQ as a screening measure was investigated in a study carried out by 

Woodbury-Smith and fellows, who found that the AQ had good discriminative validity (Woodbury-

Smith, Robinson, Wheelwright, & Baron-Cohen, 2009). They found that the AQ could distinguish 

between those who had received a diagnosis and those who had not. This was further supported 

by the work of Hoekstra and colleagues (Hoekstra, Bartels, Cath, & Boomsma, 2008), which found 

the AQ to be a reliable tool for assessing ASD.


	 As Prospective memory is thought to depend on cognitive functions, like task switching 

and internal control, which are known to be impaired in ASD, it would be reasonable to assume 

that Prospective memory would also be impaired. To date there has been relatively little research 

into Prospective Memory functioning in ASD, and many of the findings have been contradictory. 

Altgassen and colleagues (Altgassen, Koban, & Kliegel, 2012) were the first to compare time and 

event based PM in ASD using a real life style paradigm, where participants were asked to prepare 

breakfast. They found that participants with ASD correctly completed fewer event and time based 

tasks than controls, whats more, participants with ASD monitored time less than controls and 

followed rules less closely than controls. An earlier study by Brandimonte and colleagues 

(Brandimonte, Filippello, Coluccia, Altgassen, & Kliegel, 2011) also found that event and time 

based PM were impaired in ASD when compared to controls.


	 However, others have found that only time based prospective memory is diminished in 

ASD (Williams, Boucher, Lind, and Jarrold, 2012; Williams et al. 2013; Henry, Terrett, Altgassen, 

Raponi-Saunders, Ballhausen, Schnitzspahn, & Rendell, 2014). Williams and colleagues (2012) 

carried out the first study into PM performance in ASD to use the same group of participants to 

examine both time and event based PM, as well as cognitive correlates. Although all participants 
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with ASD had successfully encoded the task rules, time based PM performance was significantly 

lower for the ASD group than for controls. By contrast, event based PM was unimpaired in the 

ASD group. It has therefore been suggested by Williams and Colleagues (2012) that the event 

based PM impairment that was found in previous studies may have been due to methodological 

issues.


	 The proposed selective impairment of time based PM in ASD may be due to an inherent 

issue with internal control that may be present in ASD. Time based prospective memory is 

thought to depend more strongly on aspects of internal control, due to a need to self-initiate the 

retrieval of the intended future action, maintain the future intention, and make time estimates. In 

contrast, event based PM is thought to be more externally controlled, as the retrieval of the 

intended future action is triggered by an external event. Studies have shown that when 

participants are encouraged to externalise control, by the use of clock checking, time- based PM 

performance is improved (Huang, Loft, & Humphreys 2014). This implies that the selective 

impairment of time based PM found some in previous studies may be due to difficulties with 

internal control in ASD.


	 It has been suggested that the difficulties with self-initiated retrieval of future intentions in 

ASD may also be linked to diminished Theory of Mind (TOM, Williams et al., 2012; Henry et al.,

2014). The issues with TOM in ASD are already well documented, and It has been posited that 

these TOM difficulties may extend beyond an impairment of understanding the beliefs of others, 

but may also affect the way in which individuals with ASD perceive their own beliefs and 

intentions. In this way, a person with ASD may have a sufficiently impaired understanding of their 

own future intentions that they may fail to act upon it, despite having correctly encoded the future 

intention, and having remembered to monitor it. If this were the case it would be plausible for time 

based prospective memory to selectively impaired in ASD, as it relies more on self initiated 

retrieval than does event based prospective memory, which is externally cued. 


	 


	 Another explanation of the time based PM failures seen in ASD suggests that they may 

struggle with time estimation. It is thought that an impaired understanding of the passage of time, 

and an inability to estimate how much time has passed may lead to individuals with ASD failing to 
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carry out time based PM tasks within the allotted time frame. Although many studies have found 

that time estimation ability may in fact be impaired in ASD, it is worth noting that the majority of 

studies in this field have used paradigms that tested very short periods of time, less than 45 

seconds. A study by Williams and colleagues (2014) compared the clock checking behaviours of 

high functioning children with ASD to that of controls as an indicator of time estimation ability. It 

was found that the children with ASD showed similar clock checking patterns as did controls, 

suggesting that time estimation may not actually be impaired in ASD. This supports the findings of 

an earlier study, which also found no evidence that time estimation difficulties cause the PM 

failures in ASD (Williams et al., 2012). Although, it is worth noting that these studies did investigate 

longer durations than most of the previous work in this field, so perhaps an impairment is present, 

but only at shorter durations. 


	 Autism spectrum disorders are also well known to be accompanied by problems with 

attention and task switching, and it has been suggested that PM failures in ASD may be linked to 

difficulties in switching from the OGT to the PM task when cued. Participants with ASD may 

become fixated on the OGT, and fail to engage in the PM task, possibly due to a failure of the cue 

to initiate retrieval of future intentions surrounding the PM task. In this way the impaired PM 

performance in ASD may be linked to the stereotyped repetitive behaviours that are typical of the 

disorder (Kretcschmer et al., 2014). It is possible that the extent to which task switching becomes 

problematic for participants with ASD when completing PM tasks may be influenced by the 

salience of cue. It has already been suggested in the Multi Process model (Einstein and McDaniel, 

2005) that cue salience may play a vital role in initiating the retrieval of future intentions in typically 

developed individuals, and this may be even more important those with ASD. So, paradigms 

using highly salient cues may have less of a task switching cost because the PM task is so 

intrinsically related to the OGT.


	 Having established that a PM impairment may be present in ASD it is worth investigating 

this further to examine how this may be affected by other factors, such as variations in task 

demands, and if these trends can be seen to extend into the broader autism phenotype. To date 

there has been relatively little literature on the impact of increasing the task demands on PM 

performance in ASD, and these have been limited to varying the difficulty of just the OGT, not both 
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the OGT and PM elements of the task. So far, previous research has found that increasing OGT 

difficulty has a negative impact on PM performance for both individuals with ASD and typically 

developed controls  (Voight et al., 2014). In a study that examined time based PM in children with 

ASD, Voight and colleagues (2014) found that increasing the working memory load go the OGT 

had a negative impact on PM performance and monitoring behaviour. However, this effect was 

only seen in older children, suggesting that the strategies used by younger children may rely less 

heavily on monitoring than those used by older children.This finding could be seen to support the 

notion of the importance of controlled execuitive processes in PM, which has been put forward by 

both the Multi Process Model and the Preparatory Attentional Model.


	 As yet, it is unclear if the extent of the negative impact of increased OGT demands is 

different for those with ASD than comparison groups, or if the impact for typically developed 

controls with high levels of traits associated with ASD is similar to those that have traits at a 

clinical level. Furthermore, research is yet to establish how varying the task demands of the PM 

task may affect OGT performance for individuals with ASD, or non-clinical subjects with high 

levels of traits associated with autism. In order to fully investigate the impact that varying OGT 

demands and PM task demands has on the performance of both the OGT and PM aspects of the 

paradigm, a study should be carried out that systematically varies the difficulty of both the OGT 

and PM task. Whats more, all versions of the task should be completed by the same participants 

to eliminate the confounding variable of individual differences.


	 Given what is already known about how task switching and attention deficits associated 

with ASD may affect PM performance, it is likely that increased OGT demands may negatively 

impact the disengagement of attention from the OGT and therefore increase the task switching 

costs of shifting attention to the PM task. If this were the case then there would likely be a 

reduction in reaction times for PM task trials, and possibly an increase in PM failures. This kind of 

trend would be in line with the Multi-process model, and is supported by previous work by 

Kretcschmer and colleagues (Kretschmer, Altgassen & Kliegel, 2014), that were discussed earlier. 

In this way, cue salience would also be an important factor to control in a future study on the 

effect of task demands on PM performance, as tasks with highly salient cues may have a reduced 

task switching cost. As traits associated with autism are believed to extend into the broader 
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phenotype, it could be expected that typically developed participants with higher levels of traits 

associated with ASD may be more severely affected by increased OGT demands than would 

participants with lower levels of traits associated with ASD. 


	 Similarly, one might expect that more complex PM tasks may put increased demands on 

the maintenance of future intentions, at a cost to OGT performance, due to the increased level of 

internal control required to maintain complex PM rules. In this way OGT accuracy may be reduced 

when the PM task is harder, and reaction times could also be slower. This kind of trend would be 

in line with the Preparatory Attentional Model, and is supported by research from Huang and 

colleagues (2014), that were discussed earlier. Yet again, it would be expected that typically 

developed participants with high levels of traits associated with ASD would be more negatively 

affected by increased PM demands than participants with low levels of traits associated with 

ASD. 
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Method

The Experimental Task 

The research questions will be investigated using a computerised odd-one-out game with 

an alien theme. This consists of 2 components, the ongoing task trials and the Prospective 

Memory trials. The difficulty of these trial types were 

varied; there will be high load and low load conditions 

of each, thus creating 4 conditions in total (as 

demonstrated in the Table 1 below). 


	 	 In low load conditions the odd-one-out is 

more easily distinguishable (due to a difference in a 

larger feature, the mouth of the alien stimuli), and in the 

high load conditions it is less easily distinguishable 

(due to a difference in a smaller feature, the number of 

antennae). 


	 	 During OGT trials the participants simply 

indicate which side of the screen the odd-one-out is on 

by pressing keys on the keyboard; ‘Z’ key to indicate 

left, ‘/‘ key to indicate right.


	 	 The Prospective Memory aspect of the task 

requires the participant to make a different response on 

trials in which one of four ‘invading aliens’ appears in 

standard stimulus array (the inter-leaved Prospective 

Memory trials). On these Prospective Memory trials 

Table 1: 4 conditions of the task
Prospective Memory Task Difficulty

Easy Hard

Ongoing Task Difficulty Easy Easy OGT/ Easy PM Easy OGT/ Hard PM

Hard Hard OGT/ Easy PM Hard OGT/ Hard PM
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Method
only the odd-one-out target will be an invading alien, which has to be identified with a different 

pair of keys on the keyboard; ‘P’ or ‘Q’, as indicated in the rules at the beginning of the game. 


	 	 There are 4 types of invading aliens, each split into two groups. In low load 

conditions similar pairs of invading aliens will be identified using the same letter key, but in high 

load conditions the same letter key will identify dissimilar pairs of invading aliens. 


	 	 


	 Strict rules were used in stimulus design. Stimuli were systematically varied across 5 

factors; colour (4 variations), shape (5 variations), number of eyes (3 variations), number of 

antennae (2 variations), and mouth type (2 variations). This allowed for the creation of 240 different 

stimuli, which enables the program to be designed so that no particular stimulus had to be used 

as a target or distractor twice in any given block. Further to this point, PM stimuli were created 

using different colours and shapes that were not used in OGT trials. 


	 As can be seen in Figure’s 1, 2 and 3, stimuli were arranged in a circle around a central 

fixation point. The circle had a radius of 200 pixels, and was located in the middle of a application 

frame with a size of 1260 x 675 pixels, which was displayed on a screen that was 6400 x 4000 

pixels. Stimuli were arranged with their centres at the intersect of each of the following pixel 

locations; 781 x 259 pixels, 844 x 400, 781 x 541, 499 x 541, 440 x 400, and 499 x 259 pixels. 

This placement allowed the stimuli not to be placed directly along the central vertical axis, which 

would have caused confusion when the participants had to indicate if the target was on the left or 

right of the screen. Target placement around these 6 points was randomised so that the target 

was equally likely to occur in each position, for both pm and OGT trials.


	 From clicking the button to start the game there is a 2 second delay before the first 

stimulus array is displayed. Once the key has been pressed to indicate the location of the target, 

there is a further 2 second delay before the next stimulus array is shown. Participants are given 
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Method
regular opportunities for breaks, after every 30 trials. Each break is signalled by the display of a 

wait screen, which displays the participant’s current score, and a button they can press to move 

on to next trial. This allows participants to dictate the length of their breaks as needed. Accuracy 

and reaction times have been recorded in both the ongoing task trials, and the Prospective 

Memory trials. Making an OGT response during a PM trial is regarded as a PM failure and will not 

count towards their PM score.


Session Structure


	 The experiment consists of 3 sessions, each lasting approximately 30 minutes. In this first 

session participants also completed 30 ongoing task trials without any PM component. 

Performance on this task was used as a baseline measure. In each of the second two sessions, 

the participants completed two blocks of 108 ongoing task trials each, one high load block and 

one low load block. Within each block they also completed 12 Prospective Memory trials, giving a 

total of 120 trials per block. The load manipulation of the PM trials was split by session, rather 

than block, to avoid rule confusion. To further aid this, there was a delay of one week between the 

second and third session of the study.  At the end of sessions 2 and 3 participants were tested 

briefly for their knowledge of the Prospective Memory rules by asking them to say which key they 

should be pressing for each of the 4 invading aliens.


Participants 

Twenty-eight typically developing adults completed the experimental task 

described above. All Participants were recruited through the University of Bristol online 

participant pool system. As well as being free from any history of brain damage or 

neurological disorder, all had normal or corrected to normal vision. In addition to this they 

Table 2: Session Structure

PM DIFFICULTY

WM LOAD session 1 Session 2

Block 1 Easy OGT/Easy PM Easy OGT/Hard PM

Block 2 Hard OGT/Easy PM Hard OGT/Hard PM
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Method
also completed the Autistic Spectrum Quotient (AQ), and a self report measure of 

Prospective Memory (PRMQ). Participant data are shown in Table 3.


Table 3: Participant Characteristics

No. of Participants Age range Average age No. Male No. Female

28 18-43 24.42 7 21
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Results

Descriptive Statistics 
	 Data for twenty-eight participants were analysed to investigate the influence of traits 

associated with autism, and variations in task demands, on performance on an event-based 

perspective memory task. A 3-way ANOVA was carried out to explore the effects of varying the 

difficulty of the on-going and PM portions of the task. Then, after checking the questionnaires for 

reliability using Chronbach’s alpha, Persons correlational analysis was used to determine if 

performance changes seen under varying task demands were associated with questionnaire 

measures of autistic traits and memory. But first, comparisons were made of the average RT for 

each trial, to check for outliers (see figure 1). It was concluded that the first five trials of each set 

were demonstrably different from those in the rest of the set, and that these should therefore be 

excluded from further analysis. Data from the practice trials were also excluded from the analysis.


	 The average reaction time and accuracy for each block, split by task type, can be seen in 

Table 1 below.
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Table 1: Average RT and accuracy by block

Task 
Type Block 1 Block 2 Block 3 Block 4

Average 
Accuracy 
(SD)

OGT 0.992 
(0.008)

0.518 
(0.009)

0.995 
(0.007)

0.516 
(0.0128)

PM 0.892 
(0.208)

0.077 
(0.216) 0.476 (0.067) 0.479 

(0.058)
Average 
RT m/s 
(SD)

OGT 1289 
(356.04)

1723 
(386.16)

1164 
(318.24)

1567 
(436.57)

PM 1743 
(611.46)

1810 
(362.21)

2287 
(587.09)

2079 
(640.98)



Results
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Results

Inferential Statistics 
	 Participant accuracy and RT data collected using the experimental paradigm were 

analysed using 3-way ANOVA. In order to assess the effects of PM task demands on performance 

of both the PM task trials and OGT trials of a given set, the factor of PM task difficulty (2 levels, 

easy and hard) was analysed. Similarly, the factor of OGT difficulty (2 levels, easy and hard) was 

assessed so that the impact of OGT demands on performance of either OGT trials and PM task 

trials could be investigated. Finally, in order to assess if the impact of task demands of the set 

was dependant on the type of task being completed, the factor of task type (2 levels, PM or OGT) 

was also analysed. Although, one could expect that PM difficulty to impact performance of PM 

task trials, the demands of that task may carry over and impact upon the performance of OGT 

trials carried out in the mean time. Furthermore, high demands in the OGT may impair the 

participant’s ability to maintain future intentions around the PM task. Thus it is important to 

include the third factor of task type in the analysis of this data.


Task Data 
	 A 3-way ANOVA carried out on the accuracy data for all blocks of the experimental task 

revealed a significant main effect of Task Type (F= 317.119, df= 1, ηp2= .922, p < .01), and PM 

difficulty (F= 902.493, df= 1, ηp2= .971, p < .01). The effect of OGT difficulty was not found to be 

significant (F= .158, df=1, ηp2= .006, p> .05). This suggests that the accuracy differed greatly 

between the two task types (OGT and PM), more specifically the accuracy of responses in PM 

task trials is lower than that for OGT trials. Moreover, the accuracy varies depending on the 

difficulty of the PM task (easy or hard); accuracy is lower for hard PM task trials than for easy PM 

task trials. Significant two way interaction effects were also found; for Task Type X PM difficulty 

(F= 8405, df= 1, ηp2= .237, p < .01; see Figure 2), and OGT difficulty X PM difficulty (F=208.902, 

df= 1, ηp2= .886, p < .01; see Figure 3). The interaction between Task type X OGT difficulty was 

not found to be significant (F= .808, df=1, ηp2=.029, p>.05).
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Results

	 The significant interaction between Task Type and PM Difficulty suggests that the effect of 

PM Difficulty on accuracy is different for PM task trials than OGT trials. Post hoc ANOVAs were 

carried out to further clarify this interaction. Firstly, a 2-way ANOVA was used to investigate the 

impact of PM Difficulty in OGT trials. It was found that PM difficulty had a significant impact on 

accuracy in OGT trials (F= 29930.356, df= 1, ηp2= .998, p< .01). Another 2-way ANOVA looked at 

the effect of PM difficulty in PM trials. It was found that the effect of PM difficulty on PM accuracy 

was also significant, but had a smaller effect on performance (F= 42.113, df= 1, ηp2= .434, p< .

01). This is reflected in in then graph Figure 2. Although accuracy is generally higher in sets with 

easier PM tasks than those with harder PM tasks, for both Task Types, the reduction in accuracy 

between easy and hard PM sets is greater for the OGT trials than the PM task trials.


	 


	 The significant interaction between OGT difficulty and PM difficulty suggests that the 

effect of PM difficulty on accuracy is dependant of the difficulty of the OGT. To further explore this 

effect post hoc 2-way ANOVAs were carried out. The first ANOVA, looking into the effect of PM 

difficulty on easy OGT trials, found a significant effect (F= 354.039, df= 1, ηp2= .866, p<.01). A 

smaller, but still significant effect, was also found between PM difficulty and hard OGT trials (F= 

54.376, df=1, ηp2= .506, p< .01). This interaction is illustrated in Figure 3. Although accuracy is 

generally lower in sets with hard PM tasks than easy PM tasks, regardless of the OGT difficulty of 
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Results
the set, easy OGT sets show a greater impact of a hard PM task than do hard OGT sets. More 

information can be gathered about this interaction by unpacking the data from the 3-way 

interaction.


	 A significant three-way interaction effect was also found between all three factors; Task 

Type X PM difficulty X OGT Difficulty (F=175.851, df=1, ηp2= .867, p < .01).  This suggests that 

the interaction between the PM Difficulty of a set and OGT Difficulty of that set is different during 

OGT trials than PM trials. To explore this further post hoc ANOVAs were used to compare the 

interaction between OGT difficulty and PM difficulty in OGT trials, and PM task trials. A significant 

interaction between OGT difficulty and PM difficulty was found in OGT trials (F=122.556, df=1, 

ηp2= .819, p< .001), but not PM task trials (F=.066, df= 1, ηp2= .002, p> .05). This suggests that 

the difficulty of the OGT and PM task only has a significant effect on the accuracy of OGT trials, 

not PM trials. Whats more, further analysis found a significant interaction between PM difficulty 

and easy OGT difficulty in OGT trials (F=199.592, df=1, ηp2=.881, p< .01), but not between PM 

difficulty and hard OGT difficulty (F=.039, df=1, ηp2=. 001, p> .05). This suggests that PM 

difficulty has a significant effect on the accuracy of easy OGT trials, but not on hard OGT trials. 


	 A second 3-way ANOVA was carried out on the reaction time data for all blocks of the 

experimental task. Significant main effects were found for Task type (F=164.982, df= 1, ηp2= .

859,p< .01), and PM Difficulty (F= 19.847, df=1, ηp2= .424, p< .01). The main effect of OGT 

Difficulty was found to be non-significant (F=4.314, df=1, ηp2= .138, p> .05. This shows that RT’s 

varied meaningfully between the two task types, more specifically, RT’s were slower for PM task 

trials than for OGT trials. RT’s were also different for Easy PM trials than for Hard PM trials. 

Significant two way interactions were also found between Task Type X OGT difficulty (F= 32.594, 

df=1, ηp2= .547, p< .01), and Task Type X PM Difficulty (F= 46.193, df=1, ηp2=.631, p < .01), but 

the OGT Difficulty X PM Difficulty was not found to be significant (F=2.112, df= 1, ηp2= .073, p> .

05).


	 To further explore the interaction between Task Type and OGT difficulty post hoc ANOVA’s 

were carried out. It was found that the effect of OGT difficulty was significant in both OGT and PM 

task types, though the effect appears to be smaller for OGT tasks (F= 10.480, df= 1, ηp2= .446, 
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p< .01) than for PM tasks (F=18.036, df=1, ηp2= .998, p< .01). The interaction between Task Type 

and OGT difficulty suggests that the effect of OGT difficulty on RT is in some way dependent on 

the Task Type of the trial. Although RT’s are generally slower for PM trials than for OGT trials, it 

can be seen in Figure 6 that there is a greater difference between PM and OGT RT’s in the hard 

OGT sets than in easy OGT sets, with the PM trials of hard OGT tests tending to have the slowest 

RT’s. 


	 


Similarly, the effect of task type is also modulated by the PM task difficulty of that set, and the 

RT’s tend to be slower for PM trials than for than for OGT trials, but the greatest difference 

between PM and OGT RT’s is seen in the sets with easy PM trials. Post hoc ANOVA analyses 

revealed that the PM difficulty has a significant influence on OGT trials (F=177.741, df=1, ηp2= .

446, p< .0), but this effect is not significant in PM trials (F=.785, df=1, ηp2=.434, p> .05). No 

significant 3-way interaction was found for the reaction time data (F= 2.646, df= 1, ηp2= .089, p> .

05).


	 Due to very low accuracy during PM trials, a decision was made not to carry out a further 

ANOVA for the reaction time data of correct trials, as having vary few data points would affect the 

validity of the analysis.


Questionnaire Data 

Reliability Testing 
	 	 Average scores for the AQ and PRMQ are located in Table 2. Prior to analysing the 

data obtained from the AQ and PRMQ questionnaires, reliability analyses were carried out, 

examining Cronbach’s Alpha values for each questionnaire. This allowed us to determine whether 

the responses for each question of any given questionnaire were correlated with each other, and 
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Results
could therefore be said to be assessing a similar underlying trait. Highly correlated question 

scores would imply that we could be as confident as possible that the questionnaires are a 

reliable source of information on that trait, and that their scores are not skewed by irrelevant data. 

In the case that a reliability score is shown to be below what was expected, we can investigate if 

the removal of some items from the analysis would improve reliability of the overall set. A 

Cronbach’s Alpha value was obtained for the total questionnaire scores of the PRMQ and AQ, as 

well as for each of the five subsets of the AQ.

	 

	 Data from reliability testing and be seen below in Table 3. Reliability testing for the PRMQ 

revealed a Cronbach’s Alpha of .913, which was considered to be sufficient for analysis of the 

data without adjustment. Reliability testing for the AQ showed a Cronbach’s Alpha of .837, which 

was also considered to be appropriate for the analysis of that data without adjustment. However, 

Cronbach’s Alpha scores for the subsets of the AQ showed more variability. Cronbach’s Alpha 

scores for the Social Skill, Communication, and Imagination subsets of the AQ were found to have 

lower than ideal values (.664, .674, and .346 respectively) and were adjusted to improve reliability. 

It was also found that although the reliability of the attention to detail subset was acceptable 

(Cronbach’s Alpha of .754), this could be improved by the removal of one item, so this subset also 

underwent adjustment. All subsequent analyses of the AQ subsets were carried out using 


AQ PRMQ	
total

PMRQ	
Retrospective	
memory		total

PMRQ	
Prospective	
memory	total

Self	
cued	
PM

Environmentally	
cued	PM

Average	
Score	
(SD)

15.545	
(7.270)

39.522	
(9.694)

18.52	
(4.737)

21	
(5.248)

10.65	
(2.822)

10.35	
(2.870)

Table 3: Reliability testing

PRMQ AQ	
total

Social	
skill

AJenKon	
switching

AJenKon	
to	detail CommunicaKon ImaginaKon

Chronbach
's	Alpha	(n) 0.913	(16) 0.837	

(50)
0.664	
(10) 0.758	(10) 0.754	(10) 0.674	(10) 0.346	(10)

items 
removed 0 0 Q1 0 Q28 Q18 0

new alpha - - 0.827 - 0.812 0.747 -

�19



Results

Correlational Analyses 
	  The relationships between the questionnaire data for the AQ and its subsets, and the 

PMRQ were analysed using Pearson correlation (see Table 4 for data). No significant correlations 

were found between the PRMQ scores and either the total AQ score, or scores for each of the AQ 

subsets. This suggests that no relationship has been found in this study between traits associated 

with autism and memory behaviours captured by the PMRQ.


	 Significant positive correlations were found between total AQ and scores for all subsets of 

the AQ, except Attention to detail (See table 4). One would expect that scores on the AQ subsets 

are correlated with AQ total scores, but, it is worth noting that the attention to detail subset is not 

correlated with AQ total scores. As such, one should be careful drawing any conclusions about 

the broader autism phenotype based on data from this subset. Some significant positive 

correlations were also found within the different subsets of the AQ. A moderate positive 

correlation was found between the Social Skill subset go the AQ and the Imagination Subset of 

the AQ, suggesting a relationship between the traits measured by these subsets of the AQ. 

Similarly, scores for the Communication subset of the AQ were also positively correlated with the 

Imagination subset. The Social skill subset was found to be positively correlated to both the 

Communication subset, and the Attention switching subset of the AQ.
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Table 4: Questionnaire Correlations

Social	Skill
Attention	Switching

Attention	to	Detail
Communication Imagination PRMQ	total

PRMQ	pm	section
PRMQ	rm	section

PM	environmentally	cued

PM	self	cued

AQ	unaltered

Social	Skill Pearson	Correlation .610** -0.099 .921** .490* -0.144 -0.173 -0.103 -0.228 -0.09
.844**

Sig.	(2-tailed) 0.003 0.662 0 0.021 0.522 0.441 0.649 0.307 0.691 0

Attention	Switching
Pearson	Correlation -0.124 .709** 0.347 0.12 0.104 0.132 -0.088 0.284

.772**

Sig.	(2-tailed) 0.582 0 0.113 0.595 0.647 0.558 0.697 0.201 0

Attention	to	Detail
Pearson	Correlation

-0.104 -0.154 0.302 0.213 0.387 0.202 0.19 0.233

Sig.	(2-tailed) 0.646 0.493 0.172 0.342 0.075 0.368 0.396 0.297

Communication
Pearson	Correlation .578** 0.045 0.001 0.093 -0.108 0.112 .895**

Sig.	(2-tailed) 0.005 0.842 0.997 0.681 0.631 0.618 0

Imagination Pearson	Correlation 0.095 0.088 0.097 0.07 0.093 .580**

Sig.	(2-tailed) 0.675 0.698 0.666 0.758 0.682 0.005

PMRQ	total Pearson	Correlation .977** .970** .919**
.884** 0.183

Sig.	(2-tailed) 0 0 0 0 0.414

PRMQ	pm Pearson	Correlation .896** .925**
.921** 0.121

Sig.	(2-tailed) 0 0 0 0.592

PRMQ	rm Pearson	Correlation
.860**

.793**
0.244

Sig.	(2-tailed) 0 0 0.273

PM	environmentally	cued
Pearson	Correlation

.703** 0.004

Sig.	(2-tailed) 0 0.987

PM	self	cued
Pearson	Correlation 0.222

Sig.	(2-tailed) 0.32

**	Correlation	is	significant	at	the	0.01	level	(2-tailed).

*	Correlation	is	significant	at	the	0.05	level	(2-tailed).



Results
	 Further correlational analyses were then carried out between the questionnaire data and 

the experimental task data for the RT and accuracy of each block, as well as overall accuracy and 

RT across all blocks (see Table 5 for data). No significant correlations were found between 

accuracy or RT data for any block and scores on the PRMQ, total AQ scores, Communication 

subset scores, Attention to Detail subset scores, Attention Switching subset scores, and the 

scores for Social skill subset of the AQ. This suggests that there was no relationship between 

traits associated with autism or memory behaviour, and performance of the task. Significant 

correlations were found between the scores for the Imagination subset and average RT scores 

across all blocks (R=.454, p<.05), as well as average RT scores for the block with easy PM 

difficulty and easy OGT difficulty (R=.544, p<.01). This could suggest that traits measured by the 

Imagination subset of the AQ are associated with task performance. However it is important to 

note that the reliability score for the Imagination subset of the AQ was very low, so any findings 

found in relation to this subset of the AQ should be regarded with caution.

Table 2: Task correlations
EasyEasy
RT

EasyHar
dRT

HardEas
yRT

HardHar
dRT

EasyEasy
ACC

EasyHar
dACC

HardEas
yACC

HardHar
dACC

ALLblock
sRT

ALLblock
sACC

Attentio
nSwitchi
ng

Pearson	
Correlati
on

-0.003 -0.233 -0.134 -0.311 -0.035 0.114 -0.156 -0.026 -0.199 -0.047

Sig.	(2-
tailed)

0.989 0.296 0.552 0.158 0.876 0.613 0.489 0.909 0.374 0.835

SocialSki
ll

Pearson	
Correlati
on

0.212 0.064 0.193 0.085 0.014 -0.031 0.166 -0.158 0.153 -0.004

Sig.	(2-
tailed)

0.343 0.778 0.39 0.707 0.952 0.89 0.46 0.482 0.497 0.985

Attentio
ntoDetai
l

Pearson	
Correlati
on

-0.123 0.001 -0.159 -0.208 -0.096 -0.015 0.097 0.257 -0.141 -0.004

Sig.	(2-
tailed)

0.584 0.997 0.481 0.353 0.671 0.949 0.666 0.248 0.531 0.985

Commu
nication

Pearson	
Correlati
on

0.285 0.113 0.206 -0.008 -0.134 -0.119 0.04 -0.161 0.161 -0.177

Sig.	(2-
tailed)

0.199 0.617 0.357 0.973 0.552 0.598 0.859 0.474 0.475 0.431

Imaginat
ion

Pearson	
Correlati
on

.544** .537* 0.276 0.257 -0.31 0.17 0.164 -0.232 .454* -0.281

Sig.	(2-
tailed)

0.009 0.01 0.213 0.248 0.16 0.449 0.465 0.298 0.034 0.206

PMRQto
tal

Pearson	
Correlati
on

0.07 -0.042 -0.03 -0.159 0.12 -0.152 0.199 0.178 -0.05 0.164

Sig.	(2-
tailed)

0.757 0.853 0.895 0.48 0.596 0.5 0.374 0.428 0.824 0.465

PRMQp
m

Pearson	
Correlati
on

0.024 -0.098 -0.09 -0.159 0.204 -0.127 0.196 0.17 -0.094 0.242

Sig.	(2-
tailed)

0.914 0.663 0.691 0.479 0.363 0.575 0.382 0.451 0.677 0.278
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PRMQr
m

Pearson	
Correlati
on

0.118 0.025 0.04 -0.149 0.017 -0.172 0.192 0.177 0.002 0.066

Sig.	(2-
tailed)

0.601 0.911 0.859 0.508 0.941 0.444 0.392 0.429 0.992 0.769

PMenv
Pearson	
Correlati
on

0.073 0.024 -0.022 -0.114 0.227 -0.055 0.237 0.096 -0.015 0.264

Sig.	(2-
tailed)

0.747 0.915 0.922 0.612 0.309 0.809 0.288 0.672 0.947 0.235

PMself
Pearson	
Correlati
on

-0.029 -0.209 -0.145 -0.18 0.148 -0.18 0.123 0.219 -0.16 0.182

Sig.	(2-
tailed)

0.898 0.351 0.52 0.422 0.511 0.422 0.586 0.328 0.476 0.419

AQunalt
ered

Pearson	
Correlati
on

0.186 0.064 0.067 -0.108 -0.099 0.014 0.11 -0.053 0.052 -0.08

Sig.	(2-
tailed)

0.407 0.778 0.767 0.633 0.663 0.951 0.626 0.814 0.818 0.722

EasyEasy
RT

Pearson	
Correlati
on

.851** .722** .574** -0.298 -0.289 0.25 -0.048 .883** -0.287

Sig.	(2-
tailed)

0 0 0.005 0.178 0.191 0.262 0.833 0 0.195

EasyHar
dRT

Pearson	
Correlati
on

.766** .598** -0.234 -0.13 0.329 -0.002 .901** -0.175

Sig.	(2-
tailed)

0 0.003 0.294 0.563 0.134 0.994 0 0.437

HardEas
yRT

Pearson	
Correlati
on

.785** 0.006 -0.382 0.37 -0.072 .918** -0.013

Sig.	(2-
tailed)

0 0.979 0.079 0.09 0.751 0 0.954

HardHar
dRT

Pearson	
Correlati
on

0.011 -0.351 .489* 0.006 .845** 0.039

Sig.	(2-
tailed)

0.961 0.109 0.021 0.978 0 0.863

EasyEasy
ACC

Pearson	
Correlati
on

-0.108 .452* -0.119 -0.144 .937**

Sig.	(2-
tailed)

0.634 0.034 0.598 0.523 0

EasyHar
dACC

Pearson	
Correlati
on

-0.009 -0.081 -0.326 0.057

Sig.	(2-
tailed)

0.969 0.721 0.139 0.802

HardEas
yACC

Pearson	
Correlati
on

-0.012 0.411 .587**

Sig.	(2-
tailed)

0.958 0.057 0.004

HardHar
dACC

Pearson	
Correlati
on

-0.03 0.137

Sig.	(2-
tailed)

0.895 0.543

ALLblock
sRT

Pearson	
Correlati
on

-0.12

Sig.	(2-
tailed)

0.594

**	Correlation	is	significant	at	the	0.01	level	
(2-tailed).
*	Correlation	is	significant	at	the	0.05	level	(2-
tailed).
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	 Discussion
	 Previous research has shown that increasing the working memory load of the OGT has a 

negative impact on PM performance (Voight et al. 2001), and that this trend can be seen in neuro-

typical participants and those with ASD. It was therefore the aim of the current study to examine if 

the effect of increasing the WM load of the OGT could be replicated in the broader autism 

phenotype, and to further explore the impact of varying the WM load of both the OGT and PM 

aspects of the task on performance of both aspects of the task. It is hoped that by further 

investigating the role of task demands in PM that a more true to life and well-rounded 

understanding of PM functioning may be developed. In real life situations the complexity of PM 

tasks and the things we do in the meantime (OGT) will both vary, and people will likely want to 

perform well on both of these elements. Although it is understandable that most research in the 

field of PM to date has focused on how the OGT affects the PM, as PM is the focus, the impact of 

PM difficulty on OGT performance is also important in daily life.


	 To date there has been relatively little research into Prospective Memory functioning in 

ASD, and many of the findings have been contradictory. A 2012 study carried out by Altgassen 

and colleagues found individuals with ASD performed less well than controls on both time and 

event based prospective memory. However, other research has found that individuals on the 

autistic spectrum have difficulties in time-based prospective memory, but not event-based 

prospective memory (Williams et al., 2012; Henry et al., 2014). Furthermore, Williams et al. (2014) 

found no evidence to suggest that this impairment was linked to faulty time estimation.


	 It has been suggested by Henry and colleagues (2014) that the impairment of time-based 

PM in ASD may indicate difficulties with self-initiated cues for the retrieval of intentions, and  as 

such impaired time-based PM could be linked to diminished Theory of Mind (TOM, Williams et al., 

2012). It has been posited that the TOM impairments seen in ASD may extend to their 

understanding of their own intentions, so this could possibly explain the time-based PM 

impairment seen in ASD. For example, an impaired understanding of their own intentions may 

lead to impaired encoding of future intentions around the PM task, and then when they are later 

cued to retrieve these intentions a person with ASD could receive a faulty set of instructions for 

the PM task. Or, it could be that impaired understanding of their own future intentions may lead 
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	 Discussion
individuals with ASD to not retrieve their encoded future actions when the cue is present, due to a 

failure to correctly associate the cue with the intended future action.


	 It has also been suggested that impaired PM performance in ASD may be linked to the 

stereotyped repetitive behaviours that are typical of the disorder. These repetitive behaviours may  

prevent them from switching between the OGT and PM tasks (Kretcschmer et al., 2014). In this 

way participants with ASD may become fixated on the OGT, and fail to engage in the PM task, 

possibly due to a failure of the cue to initiate retrieval of future intentions surrounding the PM task. 

Kretschmer et al. (2014) have also suggested that future work looking into PM in ASD should 

consider varying the demands of the ongoing task (OGT). Work already investigating the role of 

task demands of the OGT in ASD has found that both controls and participants with ASD perform 

less well on the PM task when the demands of the OGT are greater (Henry et al., 2014; Voight et 

al., 2014). 


	 The present study investigated the effects of varying task demands of the OGT and PM 

aspects of the PM task by the use of a computerised odd one out task with a built-in prospective 

memory component. In a novel paradigm, the difficulty of both the ongoing task (the odd one out 

task) and the prospective memory component, were varied systematically to investigate the 

impact that WM load on PM performance. Two difficulties (easy and hard) were created for each 

of the two task types (OGT and PM), resulting in 4 conditions; one where both were easy, one 

where both were hard, another where the OGT was hard and the PM was easy, and finally a 

condition where the PM was hard and the OGT was easy. Accuracy and reaction times were 

recorded for both the OGT and PM aspects of the task as measures of performance. Participants 

also completed the AQ questionnaire, so that their performance on the PM task could be related 

to their traits associated with autism. In addition to this the PRMQ was completed, as a self-

report measure of memory functioning, including PM. Correlating the scores on the PRMQ and 

AQ questionnaires was used as another way to assess links between traits associated with autism 

and PM.


	 This indirect method of assessing the link between traits associated with ASD and PM was 

used, instead of a clinical sample, because pilot studies using the same paradigm as the present 
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study in clinical subjects found that this design may be too difficult to use in adolescents with 

ASD. Very low accuracy scores in adolescents with ASD, even when completing practice trials 

(which have no PM element) and easy versions of the full task (with OGT and PM elements), 

raised concerns around floor effects in the data, and resulting validity issues. As such, it was 

decided that this paradigm should be used in non-clinical adults instead.


	 Baron-Cohen and colleagues (Baron-Cohen et al., 2001) developed the Autism Spectrum 

Quotient (AQ) questionnaire to assess autistic traits in individuals with typical IQ scores. The AQ 

consists of 50 items, with Likert answers ranging from “definitely agree” to “definitely disagree”, 

which are worth one point each. The AQ is made up of five subsets intended to measure key 

aspects of the disorder, with ten questions in each, these are; communication, social skills, 

attention to detail, attention switching, and imagination. The initial study by Baron-Cohen et al. 

(2001) found that 80% of individuals with high functioning autism (HFA) or Asperger syndrome 

(AS) scored 32 or above on the AQ, while only 2% of controls scored in this range. It was also 

found that all of the 11 sciences and maths students who scored in this range met three or more 

of the DSM-IV criteria for HFA and AS, and that 7 of these individuals met the threshold for 

diagnosis. It was therefore concluded that the AQ was a valuable measure for the assessment of 

autistic traits, and had potential for use as a screening tool in adults.


	 Investigations into the utility of the AQ have been largely positive. Its potential as a 

screening measure has been investigated by Woodbury-Smith and colleagues, who found the AQ 

to have good discriminative validity and good screening properties in a clinic setting (Woodbury-

Smith, Robinson, Wheelwright, & Baron-Cohen, 2009). They found that the AQ could reliably 

differentiate between those who had received a diagnosis after their referral to a diagnostic clinic, 

and those who had not. These findings were later supported by a Dutch study, which found the 

AQ to be a reliable instrument for the assessment of ASD (Hoekstra, Bartels, Cath, & Boomsma, 

2008). As such, one can conclude that the AQ is a reliable measure of autistic traits.


	 


	 As there is a lack of previous research into the effects of task demands on PM 

performance, expectations for this study are drawn largely for the three major theories of PM; the 

Preparatory attentional model (PAM; Einstein and McDaniel, 1990), The Reflexive associative 
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model, and the multi-process model. According to the PAM, successful PM performance relies on 

continuous maintenance of the cue and intended future action. If this model were true, then one 

might expect that the high load PM conditions would have greater maintenance demands, due to 

the more complex rules around the grouping of the hard PM cues. The extra demands placed on 

the maintenance of these PM rules may result in poorer performance in the OGT, as mental effort 

is shifted away from completing the OGT and towards the maintenance of PM rules. Similarly, 

high load OGT tasks  may interfere with the maintenance of PM rules, resulting in poorer PM 

performance. However, the PAM is not fully supported by research, so alternative explanations 

should be considered. 


	 One alternative theory of PM is the Reflexive associative model (Einstein and McDaniel, 

2000), which argues that continuous maintenance of the cue and intended future action are not 

needed for successful PM performance. As long as encoding of PM rules at the start of the task is 

accurate, the cue can automatically initiate retrieval of the intended future action, without 

maintenance. If this theory is true, then there may be little effect of increasing the task demands of 

the PM or the OGT, so long as encoding of the task rules was accurate. To limit the effect of 

encoding errors on findings, the present study tested participant memory for the PM rules before 

beginning the task. However, this may not have ensured automatic retrieval of the intended future 

actions, as more recent theories argue that the reflexive associative model is too simplistic. 


	 The Multi-Process model argues that the association between the cue and the future 

action can only be relied on to automatically initiate retrieval under certain conditions (Einstein 

and McDaniel, 2005). The target must be highly associated with the intended action; like 

remembering to post a letter when you pass the post box, there is a strong association between 

the cue (the post box) and the intention (posting the letter). The target should be prominent. And 

finally, the OGT should direct attention toward the target cue. In the current paradigm the target 

was not as highly associated with the intended action as it is in the more naturalistic example just 

given, but participants completed 120 trials per set, so the association may have become greater 

with practice. The current paradigm also used shapes and colours that were unique to PM 

targets, and which therefore should help them to stand out from the OGT and be salient. The OGT 

also draws attention to PM targets; by encouraging the participants to search in the same 
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locations where PM targets can appear, and encouraging participants to examine stimulus 

features to look for the odd-one-out. So, it could be argued that some, but not all, of the 

conditions for automatic retrieval may be met in the current study.


	 Due to very low accuracies in PM trials, further analyses investigating the effect of WM 

load on the RT of just the correct trials were not carried out. In fact, the accuracy for hard PM and 

hard OGT sets were near 50%, as previously discussed. This suggests that the WM load may 

have been very high in hard versions of the tasks, so there is a danger that floor effects may have 

affected the validity of results in this study, especially those regarding accuracy. 


	 


	 Analysis of the experimental task found that the RT of OGT and PM aspects of the PM 

task were affected by task type, OGT difficulty, and PM difficulty. Although RT was generally 

slower in PM task trials than OGT trials, as would be expected due to the higher cognitive 

demands of PM tasks more generally, it was also found that this effect of task type was 

modulated by the difficulty of the OGT, and the difficulty of the PM task. The significant interaction 

between OGT difficulty and Task type showed that, while the effect of task type was significant for 

both easy and hard OGT tasks, this effect was reversed for easy OGT tasks as compared to hard 

OGT tasks. When the OGT is hard the RT of OGT trials decreases compared to when the OGT is 

easy, whilst the RT of the PM tasks of hard OGT sets are increased. In contrast, when the OGT is 

easy the RT of OGT trials increases, whilst that for PM tasks are decreased. This trend was also 

seen in the significant interaction between task type and PM difficulty. When the PM is hard the 

RT of PM trials decreased compared to easy PM trials, but the RT for the OGT increases in these 

sets, and vice versa. Together, these findings suggest that the negative impact of increasing WM 

load of one task type is seen in its opposite, and this is true for both the PM and OGT elements of 

a PM task.


	 Similar trends were found for accuracy as were found in the RT data. Analysis of the data 

showed that the accuracy of a task is affected by task type and the difficultly of the PM task, 

though unlike in the RT data, no significant main effect of OGT difficulty was found. Accuracy was 

generally higher for sets with easy PM trials than for sets with hard PM trials, for both the PM and 

OGT trials of those sets, but the negative impact of increasing the WM load of PM trials was again 
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greater for OGT trials than PM trials. The significant interaction between OGT difficulty and PM 

difficulty reflected the fact that when PM was hard the accuracy was greater in hard OGT sets 

than in easy OGT sets, but when PM was easy this trend was reversed. Furthermore, the 

exploration of the 3 way interaction showed that the interaction between OGT difficulty and PM 

difficulty was only significant for PM trials. Much like the findings for RT, these data suggest that 

the negative impact of increasing the WM load of a task is largely seen in the opposite task.


	 Overall, the findings of this study suggest that there may be a preference for maintaining 

OGT performance in sets with hard OGT, resulting in a trade off in performance of the PM task, 

and vice versa. It may be that in sets where the OGT is hard, participants are forced to choose 

between focusing on either the OGT or the PM component in order to maintain adequate levels of 

performance. If participants are shifting focus as a strategy to maintain performance, then it could 

be expected that the RT would be similar between those sets with easy tasks and those with 

harder tasks. In the present study the average RT (across OGT and PM trials) for sets with an easy 

OGT was 1618 ms (SD 316), and was 1754 (SD 362) for sets with a hard OGT. This suggests that 

overall speed of the set remains similar, but rather the distribution of how time is spent during the 

set is what changes as the WM load is increased, supporting the idea that a shift in focus is what 

is occurring during harder task sets. Of course, it is worth noting that there are far fewer PM trials 

than OGT trials in each set, so any changes in PM difficulty are less likely to have an effect on 

overall RT than would changes in OGT difficulty.


	 The trade off in performance shown by the interaction between task type and task 

difficulty could also be explained by participants giving up on harder versions of the task, freeing 

up their capacity to work on the other task. If this were the case it might be expected that the 

accuracy of the hard tasks would be much lower than for easy versions of the tasks. Overall 

accuracy for hard OGT trials in this study did approach the 50% margin, so it may be the case 

that some participants resorted to guessing in hard versions of the OGT. it is possible that this 

explanation may be an extension of the focus shifting explanation discussed above; that giving up 

on hard tasks may be an extreme expression of prioritising task performance when tasks get 

harder. 
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Looking back at the theories discussed earlier, it can be seen that the findings of the 

present study are more closely support to the Multi-Process Model than the Reflexive associative 

model. Predictions based on the Reflexive Associative model would likely suggest that there 

would be relatively little effect of increasing task demands on PM performance; so long as task 

rules has been correctly encoded automatic retrieval could occur. Whereas, the Multi-process 

model states that specific conditions must be met before automatic retrieval of future intentions 

can occur, if these conditions are not met then maintenance will have to be used instead. This 

would likely result in poorer performance in high load conditions as these would have greater 

maintenance costs. For example, the present study found that high load PM conditions had lower 

accuracies than the low load PM conditions. It could be that the more complicated rules around 

the grouping of the hard PM cues lead to greater maintenance demands in the high PM load 

conditions compared to low load PM sets. In which case it may be that the paradigm used in the 

present study did not sufficiently meet the criteria for automatic retrieval that was put forward in 

the Multi-Process Model, and so participants had a greater reliance on the maintenance of task 

rules.


	 


	 Before carrying out correlational analysis on the questionnaire data they first underwent 

reliability testing. Although the PRMQ and overall AQ were found to be highly reliable after 

Chronbach’s alpha analysis, the subsets of the AQ were more variable; all subsets, apart from 

Attention Switching, were found to have reliability scores below that which would be considered 

acceptable. Of these four subsets (Attention to Detail, Communication, Social Skill, and 

Imagination) with low reliability, 3 were adjusted by the removal of one question each to achieve 

an acceptable reliability score. However, the analysis of the Imagination subset revealed that no 

adjustments would make a considerable impact on the reliability, so this remained unadjusted. 

This means that findings linked to the Imagination subset of the AQ may lack validity, and should 

be treated with caution.


 


	 Unadjusted total AQ and Imagination subset scores, and the adjusted subset scores, were 

not found to be significantly correlated with PRMQ total scores or scores on it’s subsets, 

suggesting that memory performance, including PM, is not linked with traits associated with 

autism. This is surprising, given that previous research has shown that participants with ASD have 
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impaired PM performance. It may be that this trend does not extend into the broader phenotype, 

or is linked to traits that are not measured by the AQ. It is also worth noting that the PRMQ 

measures both retrospective and prospective memory, so scores on this measure may not 

correlate with traits associated with ASD because the retrospective memory component is not 

linked to ASD traits.


	 Unsurprisingly, unadjusted AQ total scores were found to be significantly correlated with 

adjusted scores of many of its subsets. All subsets, except Attention to Detail, were found to have 

a significant positive correlation with AQ total scores. This suggests that the traits of all subsets, 

expect those measured by Attention to Detail, are linked to total AQ traits. This is surprising, given 

that AQ scale and its subsets have been tested extensively, and traits associated with the 

Attention to detail subset are widely accepted to be an aspect of ASD. However, it is worth 

remembering the small sample size of the present study, so findings in this regard may lack 

validity.


	 Subsets of the AQ were also found to be inter correlated with each other. The Imagination 

subset of the AQ was found to significantly positively correlated with the communication and 

social skill subsets of the AQ, significant positive correlations were also found between the 

Communication, Attention switching, and Social Skill subsets of the AQ. However, the Attention to 

Detail subset was, once again, found to have no significant correlations with other AQ subset 

scores. These findings suggest that while most of the AQ subsets are measuring linked traits, the 

Attention to Detail subset appears to be measuring traits that are not linked to the overall AQ 

score, or scores of the other subsets. As such, one should be careful when drawing conclusions 

about how the data of the present study relate to the attention to detail subset.


	 No significant correlations between traits associated with autism, as measured by the AQ 

and its subsets, and performance in the experimental paradigm were found in the current study. 

This is surprising, given that previous research on PM in ASD shows an impairment. So this study 

cannot state whether trends shown in ASD populations can be extended to the broader 

phenotype, as these findings show no relationship between PM performance and ASD traits. 

However, it is worth noting that some of the previous research in individuals with ASD suggests 
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that impaired PM is only present in time-based PM tasks. So one might only expect to see this 

trend in the broader phenotype for time based PM tasks. The present study is an event-based PM 

task, which may explain the lack of correlation with AQ scores.


	 The power of the sample is and important factor to consider when looking at the results of 

this study. Due to the small sample size obtained in this experiment it is likely that the power is 

limited. This could make it difficult for analyses to yield significant results, and may explain why 

some expected associations were not found in this paradigm. For example. the lack of significant 

correlations with the PRMQ may be partly due to the limited power of the sample.


	 Future work in this area should consider using 3 levels of difficulty; low, medium, and high 

WM load. This could help to further investigate the impact of task difficulty on performance. It 

may also be fruitful to compare these findings to more naturalistic PM tasks that vary in difficulty, 

to see if the decline in accuracy between easy and hard PM tasks is similar in real life PM. Follow 

up studies should also investigate if present findings on the effect of task demands can be 

replicated in clinical subjects with ASD.


 	 In conclusion, the present study has shown that the performance of a PM task can be 

affected by not only the difficulty of the PM element of that task, but also the difficulty of the OGT 

component. The findings of the present study found no evidence of the automatic retrieval of 

intended future actions, as evidenced by the significant effect of increasing task demands, 

despite the task rules being correctly encoded. As such the present study can be said to more 

greatly support the Multi Process model, which argues the automatic retrieval of future intentions 

can only happen when certain criteria have been met. Future research into PM should be sure to 

monitor and control the difficulty of both aspects of a PM task in order to develop a full picture of 

PM performance. In doing so it could be worthwhile to use three levels of difficulty for the OGT 

and PM aspects of the task; easy, medium and hard, in order to get a better grasp of the negative 

impact that increasing the WM load of one aspect of a PM task can have on the other. Future 

research should also investigate whether or not these trends can be replicated in studies of time-

base PM, and if these can be linked to the broader autism phenotype.
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