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Executive function deficits have been linked to attention deficit hyperactivity disorder (ADHD), but it has been theorized that the symptom inattention is specifically related to problems with complex verbal working memory (WM). Using the Conners Adult ADHD rating scale, adults aged 18–35 were assessed for ADHD symptoms, and completed tasks designed to tap verbal and spatial aspects of WM (Experiment 1). Results showed that high inattention predicted poor performance on both simple and complex verbal WM measures. Results relating to spatial WM were inconclusive. In a follow up experiment based on the theory that those with inattention have problems receiving verbal instructions, a measure of goal neglect assessing integration of information into a task model in WM was employed (Experiment 2). Results showed that high inattention uniquely predicted performance on this task, representing the first reported association between inattention and the phenomenon of goal neglect. The results from both experiments lend support to the WM theory of inattention.

Keywords: inattention, working memory, goal neglect, ADHD, executive function

INTRODUCTION

Inattention is one of three core symptoms characterizing attention deficit hyperactivity disorder (ADHD); a childhood onset, neurodevelopmental disorder. It is characterized by an inability to focus, high levels of distractibility, forgetfulness, and poor organization and planning. The two other symptoms associated with ADHD, hyperactivity and impulsivity, are characterized by excessive energy levels, impatience, and disruptive, often inappropriate behavior, with a lack of regard for social rules. The Diagnostic and Statistical Manual of Mental Disorders 5th edition (American Psychiatric Association, 2013) lists three presentations of ADHD; the combined type where individuals meet criteria for both inattention and hyperactivity-impulsivity (ADHD-C), the predominantly inattentive type (PIT) where individuals only meet criteria for inattention (ADHD-I), and the predominantly hyperactive-impulsive type (ADHD-HI) where only hyperactive-impulsive criteria are met.

Most of the existing work on this disorder focuses on participants with combined symptoms, and some of the work makes no reference to subtype at all. It is not possible to draw conclusions specifically about inattention in these cases. This is important, as several authors have argued that ADHD-I is likely qualitatively different from ADHD-C, and should perhaps be considered a disorder in its own right with distinct etiology, symptoms, comorbidities, and cognitive profile (Barkley, 1997, 2001; Milich et al., 2001; Diamond, 2005). Furthermore, describing pure inattention as ADHD-I is something of a misnomer because of the implied hyperactivity. Therefore, in this work diagnosis of the PIT will be referred to as such in order to avoid confusion (as in Barkley, 2001). Furthermore, although most commonly associated with ADHD, inattention is not specific to it, and is also a symptom of other disorders such as autism spectrum disorder (Mayes et al., 2012) schizophrenia (Egeland et al., 2003), and some eating disorders (Seitz et al., 2013), warranting further investigation of this symptom/disorder as an independent entity.

Inattention in Adulthood

For many years ADHD was thought to be a disorder exclusive to childhood, and has only recently been recognized as existing in adults. The latest version of the DSM, released in 2014, was the first to provide specific diagnostic criteria for adults. Longitudinal follow-up studies suggest that ADHD persists into adulthood in around 60% of cases (Elliott, 2002), and that up to 6% of adults may have ADHD (Wender et al., 2001). These figures could be even higher when we consider that the diagnostic criteria developed for children has been deemed by many as unsuitable for application to adult populations, and may have resulted in under-diagnosis (Murphy and Barkley, 1996). It is difficult to generalize findings from child research to adults, as the disorder’s manifestation appears to differ. Research suggests that symptoms of hyperactivity and impulsivity diminish with age, while inattention persists (Biederman et al., 2000). It is therefore not surprising that the majority of adults diagnosed with ADHD present with PIT (Millstein et al., 1997); the most common complaints being cognitive (e.g., difficulty concentrating, forgetfulness), and self-regulatory (e.g., problems with organization and planning, poor discipline), none implying hyperactivity (Wolf and Wasserstein, 2001).

Inattention in the General Population

Recent research and subsequent debate has led many experts to a shift in approach, from a categorical, to a dimensional view of ADHD symptoms (Barkley and Murphy, 2006). It is suggested that they are better regarded as being at the extreme end of normal expression within the general population. This is supported by the prevalence of symptoms in community samples (Faraone and Biederman, 2005; Alloway et al., 2010). With this in mind, the aim of this research is to explore inattention as a symptom in its own right, as it appears within the general population, rather than one as part of a disorder. As the majority of work on inattention falls within the ADHD literature, this is necessarily the main frame of reference. However, inattention is the primary focus of this work.

Inattention and Working Memory

Much of the research on ADHD has focused on neuropsychological deficits. This literature has established a reliable link between ADHD and executive functions (EFs) in children (Doyle, 2005; Willcutt et al., 2005), and in adults both clinically, and in community samples, and EF’s (cf. Johnson et al., 2001; Woods et al., 2002; Hervey et al., 2004; Boonstra et al., 2005; Schoechlin and Engel, 2005; Alderson et al., 2013). However, this research is largely relevant only to those with hyperactivity-impulsivity (HI). Indeed, Barkley’s (1997) influential EF model of ADHD is intended to describe only those with ADHD-C, not PIT. There is however, reason to believe that there may be differences in neuropsychological profile between subtypes (Chhabildas et al., 2001; Nigg et al., 2002; Schmitz et al., 2002). Diamond (2005) posits that the defining EF impairment in PIT is in working memory (WM), and that deficits in this particular EF are associated with inattention alone; not hyperactivity or impulsivity. She suggests that complex-span tasks, i.e., those that require working with information under high interference conditions, will be most sensitive to the WM problems experienced with inattention.

Working memory has been defined in several ways. All agree that it has a limited capacity, and requires holding information in mind in an active, easily retrievable form, and that it is distinct from short-term memory. Baddeley and Hitch (1974) defined WM as holding information in mind combined with some kind of ongoing mental activity. This can mean manipulating the information being held, or performing an entirely separate but simultaneous operation. Another model of WM defines it as the ability to hold information in mind whilst blocking or inhibiting counter-productive information (Conway and Engle, 1994; Kane and Engle, 2000, 2002). The WM model of Baddeley and Hitch has three components; the central executive, the visuospatial sketchpad and the phonological loop. The central executive is responsible for coordinating attention, and has the use of two “slave systems” for the storage of verbal (phonological loop) and visual/spatial (visuospatial sketchpad) information. Moreover, Baddeley (2000) proposed a further slave system called the Episodic Buffer whose role was to integrate phonological, visual and spatial information and has recently been associated with the phenomenon of goal neglect (Duncan et al., 1996). In many ways the central executive of WM, and attention, are overlapping constructs; indeed it is sometimes referred to as executive attention. Deficits in WM associated with inattention are therefore thought to be related to this component of the model.

The literature on WM and inattention in children in both clinical and community samples tends to support Diamond’s view (Klingberg et al., 2005; Martinussen and Tannock, 2006; Lui and Tannock, 2007). A study that looked at differences in WM performance between the subtypes ADHD-C and PIT in adults, found only weak evidence that PIT may be related to greater impairment (Schweitzer et al., 2006). However, without an ADHD-HI group to compare to, it is difficult to ascertain the role of inattention in any impairment, as both groups performed significantly poorer than normal controls. A study comparing ADHD-HI and PIT groups of adults found only the participants with PIT had a deficit in WM compared to controls, however, group sizes were notably small (Gansler et al., 1998). In a non-clinical sample of adults, Kim (2004) found inattention was predicted by verbal WM performance. Other research on non-clinical inattention in adults has found inattention to be the only symptom of ADHD to predict performance on a reasoning task strongly correlated with WM (the Cognitive Reflection Test; Stupple et al., 2013; Elisa and Parris, 2015).

There is also the question of whether the impairment is with a specific type of WM. Diamond writes that verbal presentation of material places a particularly high demand on WM, and that children with PIT often have superior spatial skills. This would suggest that the key problem may be with verbal WM. However, research testing combined-type or ADHD samples of children and adults without mention of subtypes has produced mixed findings. Several studies have found an impairment in spatial WM (Dowson et al., 2004; Westerberg et al., 2004). Others have found specific impairments in verbal WM (Seidman et al., 1998; Marchetta et al., 2008). Two meta-analyses found impairments across both types of WM (McInnes et al., 2003; Martinussen et al., 2005; Kasper et al., 2012). In a non-clinical sample of children, Lui and Tannock (2007) found composite WM including verbal and spatial measures predicted parent-rated inattention (but not hyperactivity-impulsivity). The mixed findings and lack of consideration for ADHD subtypes in some of these studies makes them difficult to interpret for present purposes.

The present research was designed to test Diamond’s hypothesis that inattention, but not hyperactivity or impulsivity, would be associated with impairments in performance on a complex, but not a simple, verbal WM task. Given the putative dimensional nature of inattention and other ADHD symptoms, we tested a community sample of adults. We are not aware of any prior research that has looked at complex vs. simple WM tasks in relation to either clinical or non-clinical ADHD symptoms. Furthermore, we employed a variety of tests of WM capacity. Experiment 1 employed traditionally used measures of WM capacity, specifically the Backward Digit Span task and the Operation Span (OSPAN) task (Turner and Engle, 1989) to represent both simple and complex-span varieties, respectively. We predicted that inattention but not hyperactivity or impulsivity would explain unique variance on the OSPAN task, but that a relationship may not be evident between inattention and performance on the backward digit span task. Although, the literature does not lead to a strong prediction, in line with Diamond’s point on the importance of verbally presented material, we expected that inattention may not explain variance in a spatial WM task. The Corsi blocks task (Corsi, 1973) was used to assess spatial WM span.

EXPERIMENT 1

Method

Participants

Ninety-five males (N = 30) and females (N = 65) aged 18–35 years (M = 21.46, SD = 4.19) were recruited for this research, largely through opportunity sampling. The majority of participants were psychology students from Bournemouth University, who collected course credits for their time. None of the participants had an existing ADHD diagnosis. All participants gave written informed consent to participate in the research, which was approved by Bournemouth University Ethics Committee.

Materials

ADHD symptoms

Conners Adult ADHD Rating Scale–Self-Report: Short Version (CAARS-S:S; Conners et al., 1999). This is a 26 item self-report measure designed to assess current ADHD symptoms in adults. Items are rated on a four-point Likert-type scale, where 0 = not at all and 3 = very much. The measure contains four factor-derived subscales; (A) inattention/memory problems, (B) hyperactivity/restlessness, (C) impulsivity/emotional lability, (D) problems with self-concept, as well as (E) an ADHD index comprised of items from the other subscales. For each subscale, a T-score is derived. Guidelines suggest that a T-score of 45–55 is average for adults (using data from a normative sample). Scores range from 29 to 90. A T-score of above 65 is considered to be indicative of clinically elevated symptoms.

Working memory span tasks

Backward Digit Span (BDS). This is a test of verbal WM, and requires participants to maintain information online while mentally manipulating that same information. Participants were presented with series of digits spoken verbally by the experimenter. After presentation of each series, participants were instructed to verbally repeat the numbers back to the experimenter in the opposite order to presentation. Series consisted of 2–8 digits with two trials for each length. Testing stopped after both items of a trial were failed or all trials were completed. One point was awarded for each correct trial, giving a maximum possible score of 14.

Operation Span (OSPAN; Turner and Engle, 1989). This task also tests verbal WM, and requires participants to hold information online while intermittently processing unrelated information. Participants were shown a series of operation-word strings (ranging from two to six in length) presented on a computer. These consisted of simultaneously presented mathematical equations, and unrelated words to be recalled, for example:
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Participants were instructed to read the equation and indicate by key press whether the answer presented was correct or not. They were told to then read the word aloud. This continued until the end of the set at which point participants were asked to recall and type in all the words from that set. Three sets of each length were presented, and appeared in an unpredictable order so that the number of words to recall was unknown until recall.

A partial-credit unit scoring (where each item is scored as a proportion of correctly recalled elements per item, regardless of item size) method was used for this test as recommended by Conway et al. (2005) and Redick and Lindsey (2013). This gave scores that ranged from 0 to 100.

Corsi Blocks (Corsi, 1973). This version of the traditional measure of visuospatial WM was taken from the Psychology Experiment Building Language (PEBL) battery of tests. Participants viewed a series of blocks lighting up on screen and were required to reproduce the order they were lit in by mouse click on the correct blocks. Series were 2–8 blocks in length with two trials for each length. Testing stopped after both items of a trial were failed or all trials were completed. One point was awarded for each correct trial, giving a maximum possible score of 14.

Intelligence quotient (IQ)

A shortened version of the Wechsler Abbreviated Scale of Intelligence (WASI-II) was administered. This consisted of vocabulary and matrix reasoning subsets so that a score for both crystallized (Gc) and fluid intelligence (Gf) was obtained. An approximate overall WAIS IQ score was also calculated for each participant. IQ is a known correlate of WM, and was included as a measure in order to control for covariance.

Procedure

Each participant was individually administered each test item alone, in a quiet testing room. Test administration order was counterbalanced.

Data Analysis

Relationships between variables were firstly analyzed using correlation. To assess the unique predictive value of inattention on the two verbal WM tasks as per Diamond’s hypothesis, hierarchical regressions were carried out. For both, WM scores served as the criterion, and ADHD symptoms (along with IQ for control purposes) were added as the predictors. This was to enable us to look at the variance accounted for by inattention when hyperactivity and impulsivity were already in the model rather than to imply any direction in the relationship.

Bayes Factors (B) were used to assess the strength of evidence in support of hypotheses where the p-value indicated no significant result. These were calculated using the procedures outlined in Dienes (2014). Proposed cut-offs for acceptance of a hypothesis (Jeffreys, 1998), states a B above 3 as providing substantial support for the alternative hypothesis, whilst below 1/3 provides substantial support for the null hypothesis. A B that falls between 1/3 and 3 deems the data insensitive as to whether the alternative or null hypothesis should be accepted. We modeled the predictions of the theory of an absence of evidence for a relationship with a half-normal whose mean and standard deviation values were for the variable inattention in the backward digit span analysis. BH(0,X) refers to the Bayes Factors testing each hypothesis, where ‘H’ indicates a half-normal distribution, and ‘X’ the predicted standard deviation of this half-normal, against a null hypothesis of no difference.

Results

On the CAARS questionnaire 20% of participants scored above average on the composite subscale for ADHD. For individual symptoms, 32.63% of participants scored above average for inattention, 15.79% scored above average for hyperactivity, and 12.63% scored above average for impulsivity, suggesting the most prevalent symptom for this sample was inattention. CAARS scores were normally distributed and we observed not major outliers. Means, standard deviations, and ranges for each subscale are presented in Table 1.

TABLE 1. Mean scores, standard deviation, and range for each CAARS:S:S subscale.
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Means, standard deviations, and ranges for each WM test are presented in Table 2. Correlations (see Table 3) showed fluid intelligence (Gf) score was related to performance on backward digit span score (p = 0.007), and Corsi blocks score (p < 0.001), but not OSPAN score (p = 0.193). Neither aspect of IQ was related to any of the ADHD subscales (ps > 0.05). The accuracy scores on the OSPAN task were positively correlated with the average scores for memory on the same task (r = 0.316, p = 0.002), which is typical for this task. Scores on the two verbal WM tasks were positively correlated with each other (p < 0.001), but neither was correlated with performance on the Corsi blocks task (ps > 0.05).

TABLE 2. Mean scores, standard deviation, and range for each WM test.
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TABLE 3. Correlations between IQ, CAARS subsets, and working memory scores.
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A significant negative relationship was found between scores for inattention and performance on the two tasks assessing verbal WM; backward digit span (p = 0.001), and OSPAN (p = 0.017), but not for the spatial span task. Contrary to predictions, significant negative relationships were also found between scores for impulsivity, and performance on the backward digit span (p = 0.024), and Corsi blocks (p = 0.024) tasks. No relationships were found between hyperactivity and any of the WM tasks (ps > 0.05).

As expected, IQ was a significant contributor to variance in backward digit span score (p = 0.028, see Table 4). Bayes values suggested that hyperactivity made no contribution to the model (p = 0.225, BH(0,0.25) = 0.28), while data for impulsivity were insensitive (p = 0.104, BH(0,0.25) = 1.03). Only inattention explained a significant amount of variance in backward digit span scores when all other variables were accounted for (p < 0.001).

TABLE 4. Summary of regression for IQ, hyperactivity, impulsivity, and inattention on Backward Digit Span scores.
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Analysis for the OSPAN task was conducted in the same way (see Table 5). In contrast to the findings for backward digit span, analysis suggested that data for IQ were insensitive [F(1,93) = 0.069, p = 0.793, R2 = 0.001, BH(0,0.25) = 0.47], as was the case for the ADHD symptoms hyperactivity and impulsivity (p = 0.401, BH(0,0.25) = 0.86; p = 0.427, BH(0,0.25) = 1.28, respectively). The inclusion of inattention did improve the model, although p is just shy of significance. However, the B suggests that there is evidence for the alternative hypothesis (p = 0.064, BH(0,0.25) = 4.66), and so it is interpreted as significant.

TABLE 5. Summary of regression for IQ, hyperactivity, impulsivity, and inattention on Ospan.
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Although, correlations suggested inattention might not be a good predictor of Corsi blocks performance (and that perhaps impulsivity might be), regression was carried out in the same manner for this WM task (see Table 6). This enabled us to make direct comparisons regarding the variables across all three WM tasks. IQ was a good predictor (p < 0.001), as was impulsivity (p = 0.045). Analysis suggested that hyperactivity made no contribution to variance on this task (p = 0.337, BH(0,0.25) = 0.17). The data for inattention were insensitive (p = 0.337, BH(0,0.25) = 0.39).

TABLE 6. Summary of regression for IQ, hyperactivity, impulsivity, and inattention on Corsi Blocks.
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Discussion

The aim of this experiment was to test the hypothesis that symptoms of inattention, but not hyperactivity-impulsivity, are associated with lower performance on verbal WM measures, particularly a complex-span task, and that this relationship is evident in a community (non-clinical) sample. Findings provide partial support for this hypothesis; inattention predicted unique variance in performance on two measures of verbal WM; the backward digit span task, and the OSPAN task. However, only the latter is a complex span task indicating that the secondary processing element is not likely to be a factor determining this relationship. Findings regarding hyperactivity and verbal WM were mixed. For the BDS task, there is evidence to suggest hyperactivity makes no contribution to performance, however, we cannot be confident of the same for the OSPAN task as the Bayes value suggests the data were insensitive. We are also unable to draw conclusions regarding impulsivity and verbal WM as Bayes values fell within the insensitive range for both tasks. Conversely, impulsivity significantly predicted performance on the Corsi blocks task, but we are unable to draw conclusions regarding inattention for this task as the Bayes value fell within the insensitive range. However, analysis suggests we can have confidence that hyperactivity does not contribute to performance on Corsi blocks. Since relationships were identified between the WM tasks and at least one ADHD symptom we can be sure there is sufficient power to detect such relationships. Overall, our data permit us to conclude that: (1) inattention is related to verbal WM; (2) impulsivity is related to spatial WM; (3) hyperactivity is not as likely to be related to the WM tasks employed in the present study.

The findings converge with previous work that has demonstrated a relationship between inattention, and performance on the backward digit span task in child (Lui and Tannock, 2007), and adult (Kim, 2004) general population samples. However, our findings do not support the idea that complex-span tasks are any better at elucidating the cognitive problems experienced in PIT than simple-span tasks, as performance on both the OSPAN and BDS tasks was predicted by inattention. This finding contributes to the debate as to whether the secondary element must present new stimuli to be processed (as in OSPAN), or whether mental transformation of the target memory items (as in BDS) is enough to constitute a WM task.

There is no doubt that the backward digit span task is more difficult than the forward version which requires only serial repetition of the numbers presented, but equally it is reasonable to consider the OSPAN task to be more difficult than the BDS task, not only because of its dual-processing element, but because of the mathematical demands the secondary part of the task poses. Research by Engle et al. (1999) suggests that an interference component is a necessary element to a WM task. Using factor analysis they found the backward span task grouped with short-term memory, rather than complex-span WM tasks, suggesting that mental transformation of target information is not enough. However, Oberauer et al. (2000) found no distinction between tasks involving simple transformation, and those falling into the complex span category. Further exploration suggested the ability to resist interference, or coordinate dual streams of information in complex-span tasks, does not necessarily reflect WM capacity (Oberauer et al., 2004). Our data suggest that in terms of inattention, a simple-span task is sufficiently demanding. This is even more important when considering that the present sample were not from a population with clinical diagnoses.

Diamond (2005) suggests that verbal presentation of material to children with PIT should be avoided, as it places particularly high demand on WM. She also suggests that PIT is often associated with superior spatial skills in a trade-off with linguistic skills, although we are not aware of any empirical evidence for this. Some take the view that there is no distinction between the processes used in verbal and spatial WM (Jones et al., 1995; Kane et al., 2004; Conway et al., 2005). As previously mentioned, findings relating to ADHD and spatial WM are mixed. Studies making use of the Corsi Blocks task as a spatial WM measure with child participants have found no relationship between performance and inattention (Scheres et al., 2004; Geurts et al., 2005). However, it is worth noting that while these studies may have had non-significant p-values, without tests for the strength of evidence for the null (e.g., Bayes), a conclusion that there is no relationship is premature. Other research has observed a relationship between combined type or unspecified ADHD and spatial WM using the Corsi Blocks and similar tasks (McInnes et al., 2003; Westerberg et al., 2004; Sowerby et al., 2011). Unfortunately, findings from the present study are not able to contribute to this debate with regard to inattention, as we cannot confidently comment on its role. However, our results do suggest that impulsivity is moderately correlated with Corsi blocks performance, and that it is a significant predictor of performance. Impulsivity is therefore a likely contributor, and potentially sole generator, of the relationship between ADHD and spatial WM reported in the literature.

Conclusions drawn from the present data should be considered in light of some potential methodological issues. Firstly, it should be noted that the Corsi blocks task is not always regarded as a measure of WM. Since the task has no concurrent processing demands, it is regularly used as a measure of simple storage. This might be responsible for the inconclusive results found in the present work. The task was used to assess spatial WM in this study on the grounds that when the sequence to be recalled becomes longer than three or four items, so that memory load increases, central executive resources are called upon (Vandierendonck et al., 2004). Also, along with similar tasks, it has been widely used as a spatial WM measure in research on ADHD symptoms (see above). However, we concede that there may be better measures of SWM, and that these might be more sensitive to variation.

Secondly, we note that participants in the current study found the mathematical component of the OSPAN task very difficult; more so than is usually observed in this task. Turner and Engle (1989) propose that the difficulty of the secondary task needs to be demanding enough to engage WM processes and reveal individual differences in task performance, but not be so difficult as to produce floor effects. Conway et al. (2005) recommend discarding data from participants who score less than 85% accuracy on the processing component of a task; accuracy is expected to be near ceiling. However, in the current study over 80% of participants failed to meet this criterion. The 5-s time limit to solve and answer the problem and read the word aloud should not have been an issue, as this was based on the average time to complete these operations found by Unsworth et al. (2005) in a sample of 296 students. The complexity of the equations themselves was no more difficult than standard versions of the task. Additionally, distribution of IQ scores in our sample was normal. Therefore, we can only speculate as to why this was, and say that further work on complex-span tasks and inattention is needed.

EXPERIMENT 2

The present study has so far provided support for the hypothesis that deficits in verbal WM are associated with inattention. The work also supports the idea that deficits associated with ADHD continue into adulthood, and that there are implications for un-diagnosed symptoms (regardless of DSM threshold) in the general population. Experiment 2 makes use of a novel task that in contrast to traditional measures of WM, focuses on the capacity to integrate aspects of instructions and avoid goal neglect. If as Diamond (2005) has suggested, inattention leads to difficulty with verbally presented material, it may not just be the verbal nature of the material that is relevant but the fact that instructions comprise various components that need to be integrated. The letter-monitoring task described below requires the utilization of stored information and relies on representation integrity to guide behavior. However, it is thought to tap a different form of attention than that assessed in traditional WM tasks (Duncan et al., 2008).

Duncan et al. (1996) describe a type of performance failure they call goal neglect. In goal neglect, participants are able to state a given rule, and yet behaviorally make no attempt to adhere to it. They developed a task sensitive to this failure, originally for use with frontal lobe damaged patients, but found the effect was also demonstrated in a normal population sample. On each trial of the task, a series of number-letter pairs are shown in quick succession in the center of a computer screen. Participants are instructed to watch the characters on either the left or right side, and to read aloud the letters, but not the numbers they see on that side. An initial cue at the beginning of each trial directs participants to which side to read from; either “WATCH LEFT” or “WATCH RIGHT,” is written in the center of the screen. Then, immediately preceding the last three character pairs, a second cue directs them to which side to watch. The second cue is either a + or - symbol flashed in the center of the screen. Irrespective of what side the participant started watching, + indicates watch right, and - indicates watch left. This determines whether the participant continues reading letters on the side they started on, or switches to reading letters on the opposite side. The +/- cue is often neglected, despite the fact it is not forgotten; participants are asked during and at the end of the task to relay the +/- rule in order to confirm understanding of it. Duncan et al. (1996) concluded that while participants were perfectly capable of obeying the rule, they were simply not doing so. They suggest that information competition is a key factor in neglect, i.e., because the switch rule comes chronologically later than other task relevant information, the quality of its representation in WM is poorer. The rule would be more likely followed if other task demands were not present, and so whilst the rule is represented it is not fully integrated into what Duncan et al. (2008) refer to as the Task Model. This is quite different to the secondary interference posed in complex-span tasks of WM, which is designed to increase demand on resources. Duncan et al. (2008) conducted a series of experiments to determine what kind of attention or WM limit underlies goal neglect, and found that level of neglect is determined not by processing demands during task execution, but by total complexity of the facts, rules, and requirements in the task model. They suggest a WM limit in constructing and maintaining the task model and that this underlies goal neglect. This WM limitation is different to those tested in traditional span tasks in several ways. Firstly, Duncan et al. (2008) argue that the quantity of information needed to be held in active storage for their task creates much greater demands on capacity than do the few items on typical span task lists. Secondly, in traditional span tasks, strings of information (digits, words, etc.) are continually discarded and updated as the task goes on meaning it is not necessary to hold them in active storage for very long. The task model, however, must be kept stable throughout the course of the task, and be ready to respond to appropriate triggers. Duncan et al. (2008) suggest that this is reflective of Baddeley’s (2000) episodic buffer. Baddeley describes this as a limited-capacity temporary-storage system that is capable of integrating information from a variety of sources. Like the slave systems, it is controlled by the central executive, which is able to retrieve information from it for the purposes of reflection, manipulation and modification. The attention of the central executive is directed consciously, meaning that it influences the content of the buffer by determining what sources of information are in focus. Duncan et al. (2008) are not the only ones to make a connection between use of instructions and WM. Other work has shown a clear link between instruction guided behavior and WM, albeit in children (Jaroslawska et al., 2016; Yang et al., 2016).

If goal neglect errors arise from attention control failures, this suggests the task described by Duncan et al. (1996) will be a good measure of executive control. We would therefore expect performance on tasks assessing goal neglect to be related to inattention, but not hyperactivity or impulsivity. The existing literature on this is limited. There is evidence for an association between ADHD and goal neglect (Shue and Douglas, 1992; Pennington and Ozonoff, 1996; Karatekin, 2006; Kofman et al., 2008; van Lambalgen et al., 2008), and findings from a study using tasks designed to tap the episodic buffer suggested that ADHD was associated with an impaired ability to utilize the information processed by the buffer (Alderson et al., 2014). In terms of inattention specifically, Whyte et al. (2000) found patients with traumatic brain injury associated with impairments of attention, demonstrated increased off-task behavior, which they suggested could reflect a reduction in task-goal maintenance.

A second literature links goal neglect to mind wandering (McVay and Kane, 2009; Kane and McVay, 2012); the tendency to be distracted by thoughts unrelated to the task at hand. Mind wandering is also associated with ADHD (Shaw and Giambra, 1993; McVay et al., 2008), including non-clinical symptomology (Seli et al., 2015), and is reminiscent of the distraction and lack of sustained attention to tasks described in DSM criteria for inattention.

In order to extend previous findings, the present experiment aims to test whether this novel assessment of construction of WM representations, is predicted by inattention in a non-clinical sample of adults. Again, whilst not directly predicted by Diamond (2005), the notion strongly chimes with her contention that verbally presented material is particularly problematic for those with inattention, although it is not the verbal nature of the instructions that is key under present predictions, but the requirement to fully integrate and to sufficiently maintain different components of a task model. We predicted that goal neglect errors will increase with higher levels of inattention, but not be related to impulsivity or hyperactivity.

Method

Participants

The 95 participants from the previous study were invited back to complete an additional WM measure; 66 accepted (men: N = 24, women: N = 42, mean age = 22.09, SD = 4.73).

Materials

Letter Monitoring Task (Duncan et al., 1996)

The task was administered as per Duncan et al. (1996). Each block began with the word “READY” presented in the center of the screen. After the participant confirmed they were ready to proceed, the experimenter pressed a key and the word disappeared and was followed by a blank interval of 500 ms before the instruction “WATCH LEFT/RIGHT” was presented in its place for 1 s. After a further blank interval of 1 s the stimuli sequence began. This was a series of stimulus pairs (numbers or letters) presented for 200 ms and separated from the next by blank intervals of 200 ms. Ten pairs appeared in turn and after the 10th a + or - symbol was presented in the center of the screen for 200 ms. After a further blank interval of 200 ms three more pairs were presented. Of the first 10 pairs a randomly selected five were letter pairs, and the rest were numbers. Of the last three pairs, the first were always digits, and the second two were letters. On half the trials participants were to stay on the side of the initial instruction, and on the other half they were required to switch to the opposite side. For each trial digits were selected randomly and independently from the set 1–8, and letters were selected randomly without replacement from the alphabet but excluding D, I, O, V, and W. For each trial a perfectly correct report would consist of five letters from the appropriate side from the first 10 stimulus pairs, and two from the appropriate side for the last three. A prepared sheet was use to record responses for later scoring. Figure 1 shows an example of stimuli for one trial.


[image: image]

FIGURE 1. An example of stimuli for one trial as per Duncan et al. (1996). Time runs from top to bottom. “WATCH RIGHT” is presented for 1 s, each proceeding stimulus is presented for 200 ms separated by a blank interval of 200 ms.



Each participant received the same instructions which described the three basic task requirements: (a) to read aloud letters and ignore numbers, (b) to begin on the side as instructed on screen, (c) and to use the +/- symbols to guide responses for the final part of each trial. To ensure that the +/- rule would be remembered, pieces of paper were placed on the appropriate sides of the testing desk with either “PLUS” or “MINUS” written on them.

Participants were given at least one practice trial. Practice was repeated until at least one letter was reported (not necessarily from the correct side), and the +/- rule was described correctly.

The experiment consisted of three blocks of 12 trials. Each block contained four sub-blocks arranged so that one of each trial type (WATCH RIGHT followed by +, WATCH RIGHT followed by -, WATCH LEFT followed by -and WATCH LEFT followed by +) appeared once per sub-block in random order (equating to two “switch” trials, and two “stay” trials per sub-block). Participants were asked to repeat the rule again between each block. Verbal prompts from the experimenter were controlled in the same manor as in Duncan et al. (1996).

Scores were awarded for the number of passed sub-blocks, meaning out of the four trials within each sub-block, participants had to correctly respond to one “switch” trial, and one “stay” trial to score a point. A correct trial response amounted to correctly reading at least three pre-+/- cue letters, and at least one post- +/- cue letter.

Results

The mean score on the letter-monitoring task was 7.02 (SD = 2.50, range = 1–9). Correlations (see Table 7) showed that, neither aspect of IQ was related to performance on the letter monitoring task (ps > 0.05). Performances on the three traditional tests of WM (backward digit span, OSPAN, and Corsi blocks) were all significantly positively correlated with performance on the letter monitoring task (ps < 0.01). As expected, the ADHD symptom inattention was significantly negatively correlated with letter monitoring performance (p = 0.032), while there was no significant relationship between hyperactivity or impulsivity and the task (ps > 0.05).

TABLE 7. Correlations between IQ, CAARS subsets, and working memory scores.
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Regression was used in the same manner as in Experiment 1, to assess the predictive value of inattention on letter monitoring task performance when the other symptoms of ADHD were accounted for (see Table 8). As before, IQ was included as a covariate along with hyperactivity and impulsivity. Bayes Factors were used as per Experiment 1. Results suggest that data for IQ were insensitive (p = 0.126, BH(0,0.25) = 0.61), but that neither hyperactivity nor impulsivity contributed to variance in letter-monitoring scores (p = 0.431, BH(0,0.25) = 0.16; p = 0.968, BH(0,0.25) = 0.27, respectively). Inattention explained a significant amount of unique variance even after all other variables had been accounted for (p = 0.005).

TABLE 8. Summary of regression for IQ, hyperactivity, impulsivity, and inattention on Letter-Monitoring scores.
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Discussion

The aim of Experiment 2 was to build on the findings of Experiment 1, and show that symptoms of inattention but not hyperactivity or impulsivity are related to WM using a novel paradigm quite different to that used in traditional tests. Our findings support this; performance on the letter-monitoring task was predicted by inattention, but not by other symptoms of ADHD. This is the first study to show that inattention is a good predictor of goal neglect.

This has implications for our understanding of the way in which WM is deficient in inattention. Our findings suggest that inattention relates to the ability to integrate a task model thought to reflect the episodic buffer component of WM. While there appeared to be no problems in construction of this knowledge base (all participants were able to repeat task rules between blocks), it seems that in inattention, the quality of it was not sufficient in order to utilize the information while concurrently undertaking the task itself. This supports previous work linking attention problems to the episodic buffer (Alderson et al., 2014) and difficulties with task-goal maintenance (Whyte et al., 2000). We suggest that this apparent difficulty with task model integration may explain why verbal presentation of information is particularly problematic for those with inattention, as highlighted by Diamond (2005).

Research has shown that construction and maintenance of the task model is strongly related to fluid intelligence (Duncan et al., 1996, 2008, 2012). The present work did not find a significant correlation between either aspect of IQ and performance on the letter-monitoring task. However, Bayes values for the regression were insensitive meaning that our data does not rule out a relationship. Although our distribution for IQ was normal, we note that Duncan et al. have often sampled from both young and old populations to ensure enough variability in IQ in their samples, which could account for our inconclusive results. Notably, our results show that inattention predicts goal neglect independently of IQ and as such our results have implications for understanding goal neglect more generally.

GENERAL DISCUSSION

The present research presents several important insights regarding the WM problems associated with inattention. Neither the mode (visual vs. spatial) nor the format (simple vs. complex) of presentation appears to be the factor determining the relationship between WM and inattention. Of the three ADHD symptoms, we can only be confident that inattention is associated with verbal WM deficits, which is broadly supportive of Diamond’s hypothesis. However, only the goal neglect task clearly differentiated inattention from the other two core ADHD symptoms. Results for hyperactivity provided evidence for no contribution to the backward digit span and letter-monitoring verbal WM tasks, but were inconclusive for the Ospan verbal WM task. For impulsivity, the results provided evidence for no contribution to letter-monitoring, but were inconclusive for backward digit span and Ospan.

Both experiments suggest that use of a complex-span task (involving storage plus a secondary processing element) is unnecessary to show the WM deficit associated with inattention. Performance on a simple-span task was predicted by inattention in Experiment 1, and in Experiment 2 it predicted goal neglect errors, which Duncan et al. (2008) showed are not affected by processing demands during task execution. However, as noted above, only the goal neglect task clearly differentiated the three core ADHD symptoms.

Instead, construction of complex representations sufficient enough in quality to enable use of all represented information might be the key factor differentiating WM deficits associated with inattention from those associated with the other two core ADHD symptoms. This could explain why cumulatively, research has not found a distinction between verbal and spatial WM in ADHD using traditional tasks. Nevertheless, since the goal neglect task utilized in the present study was a verbal task, future research will need to be directed to investigating this possibility. Moreover, whilst task model complexity was shown to be related to inattention in Experiment 2, it cannot be the sole factor determining WM deficits in those with inattention since the BDS task does not require the construction of a complex task model. Again though, our data do not allow us to differentiate between inattention and impulsivity in predicting performance on the BDS.

Finally, we provide evidence that symptoms of inattention experienced by adults from a community sample are associated with similar cognitive deficits as those seen in the childhood literature. It also shows that there is sufficient variation in symptomology within the general population to produce these effects. If we accept a dimensional view of ADHD and it’s symptoms, our findings have relevance to understanding them in clinical groups. Awareness of the WM deficit associated with inattention even in a non-clinical sample may be of use in developing interventions for adults experiencing difficulties.

An important theoretical issue that should be noted with relation to our findings is that of direction of causation. We use regression to analyze data for both experiments with the primary purpose of looking at inattention independently from hyperactivity and impulsivity, a by-product of which is an imposition of direction on the data. However, we mean to make no judgment on whether inattention produces the problems seen in WM, or whether WM underpins inattention. Either of these directions is reasonable. Holmes et al. (2014) suggest that high levels of inattentive and distractible behavior may arise in part from a failure to maintain task goals in WM. Such a view proposes that inattention is the behavior, i.e., the final consequence that results from a cognitive deficit pathway. This seems to be the most common view in the literature, but then much of the research in the field of ADHD is pre-geared toward developing causal models for the disorder. Alternatively, it is possible that inattention leads to poor WM, as by its very nature it limits the information, or quality of information coming into the system through lack of focus. It is also likely that there are multiple pathways to poor WM. In this work, inattention only explained a small portion of impaired WM performance. There might be another impaired process influencing performance. For example, Hofmann et al. (2012) recently proposed that self-regulation (broadly defined as goal-directed behavior) is connected to all three core EFs, and is seen as facilitating WM in several ways; primarily through top–down control of attention toward goal-relevant stimuli, and away from irrelevant stimuli. It is possible that components of self-regulation may be driving the relationship between inattention and WM, and that inattention may be better explained by a self-regulatory rather than specific EF deficit. This has not been considered specifically in relation to inattention, but Shiels and Hawk (2010) suggest that ADHD may involve deficits in self-monitoring and adaptive control components of self-regulation, and the cognitive-energetic model of ADHD (Sergeant, 2000) comes closest to representing this theoretically. Both the second and third levels of the model (the energetic pools and the management/evaluation mechanism) involve self-regulatory functions that would play a role in constructing and utilizing WM representations. Shiels and Hawk suggest that such regulatory deficit models combine cognitive and motivational theories to offer a plausible alternative to core cognitive models that don’t seem to fit with the heterogeneous nature of ADHD.

Limitations and Future Directions

Our research used self-report measures to assess inattention and the other symptoms of ADHD, but we note that it may be useful for future work to utilize objective measures. While no such measures address DSM defined inattention per se, there are tasks that tap various aspects of attention, for example the Attention Network Test (ANT; Fan et al., 2002), which purports to tap three networks of attention. Redick and Engle (2006) found that WM was related to the executive control network (involved in resolving action conflict), and conclude that the ability to control attention is influenced by individual differences in WM capacity. It would be useful to understand whether and how the ANT relates to subjective estimates of inattention.

It is worth noting that there is evidence to suggest there may be gender differences in ADHD; both in presentation and diagnosis. Historically, males have been more likely to receive a diagnosis than females, although some have blamed this on the propensity of females to have internalizing symptoms without the more blatant externalizing symptoms (Gershon and Gershon, 2002), or clinician gender bias (Bruchmüller et al., 2012). However, data collected from university students suggested that males had a greater prevalence of both inattention and hyperactivity-impulsivity (Elisa and Parris, in review). The gender split in the current research was uneven. However, it was not the aim of the work to assess gender differences, but to establish a relationship between inattention and WM. Future work may wish to take this further by looking at whether this relationship is mediated by gender and ensuring equal numbers in each group.

In summary, we have presented evidence that WM is related to ADHD symptoms in adults without a clinical diagnosis of ADHD. However, results from both experiments suggest that inattention is the key symptom implicated in WM deficits. Whilst inconclusive for spatial WM, inattention predicted performance on both simple and complex-span traditional verbal tasks, as well as a novel task assessing WM for task rules.
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