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Previous studies have examined whether difficulties in short-term memory for verbal information, that might be associated with dyslexia, are driven by problems in retaining either information about to-be-remembered items or the order in which these items were presented. However, such studies have not used process-pure measures of short-term memory for item or order information. In this work we adapt a process dissociation procedure to properly distinguish the contributions of item and order processes to verbal short-term memory in a group of 28 adults with a self-reported diagnosis of dyslexia and a comparison sample of 29 adults without a dyslexia diagnosis. In contrast to previous work that has suggested that individuals with dyslexia experience item deficits resulting from inefficient phonological representation and language-independent order memory deficits, the results showed no evidence of specific problems in short-term retention of either item or order information among the individuals with a self-reported diagnosis of dyslexia, despite this group showing expected difficulties on separate measures of word and non-word reading. However, there was some suggestive evidence of a link between order memory for verbal material and individual differences in non-word reading, consistent with other claims for a role of order memory in phonologically mediated reading. The data from the current study therefore provide empirical evidence to question the extent to which item and order short-term memory are necessarily impaired in dyslexia.
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INTRODUCTION

Developmental dyslexia has been defined as a specific difficulty in learning to read that cannot be attributed to general intellectual difficulties, sensory disorders, or poor schooling (Critchley, 1975; Ramus, 2014). Developmental dyslexia is often accompanied by a deficit in verbal short-term memory. Indeed, the association of dyslexia and verbal short-term memory deficits has been identified in both children and adults by a large number of researchers (e.g., Brady et al., 1983; Pennington et al., 1990; Avons and Hanna, 1995; Snowling et al., 1996; Kramer et al., 2000; Roodenrys and Stokes, 2001; Plaza et al., 2002; Ramus et al., 2003; Tijms, 2004; Nithart et al., 2009; Martin et al., 2010).

However, the nature of this association is still not fully understood. One potential reason for this is that, though simple, typical verbal short-term memory tasks may measure more than one ability. In particular, in a typical verbal short-term memory span task, two types of information have to be remembered –item information and the serial order in which the items are presented.

A number of studies have suggested that item memory and order memory are two distinct processes (cf. Healy, 1974). For example, both phonological similarity and semantic similarity produce dissociative effects on item and order memory (e.g., Murdock, 1976; Crowder, 1979; Saint-Aubin and Poirier, 1999; Nairne and Kelley, 2004). Majerus et al. (2006) found that short-term memory tasks maximizing order or item recall were in dependently associated with vocabulary acquisition in children. Some researchers have argued that order memory might play a more important role than item memory in the acquisition of vocabulary and reading because it ensures the ordered reactivation of phonological representation in the language network, which in turn increases the probability that the phonological representation of a new word is transformed into a stable representation in long-term memory (Baddeley et al., 1998; Gupta, 2003). The neuropsychological literature provides more evidence for the distinction of item and order processes in short-term memory. Selective impairments of either item or order memory capacities have been observed in children with Down syndrome (Brock and Jarrold, 2004; though see also Smith and Jarrold, 2014), patients with semantic dementia (Majerus et al., 2007), and patients with aphasia (Attout et al., 2012).

Therefore, the distinction between item and order memory is critical for understanding verbal short-term memory deficits in dyslexia. It has been assumed that most individuals with dyslexia suffer from inefficient phonological representations (Snowling, 1981; Ramus et al., 2003), resulting in poor performance in verbal short-term memory tasks. From the perspective of separable order and item memory processes, the suggestion that verbal short-term memory deficits in dyslexia are a consequence of impaired phonological representations implies an item memory deficit, because item information depends directly on the quality of the language network (Burgess and Hitch, 1999; Majerus and D’Argembeau, 2011).

However, although verbal short-term memory deficits in dyslexia have been mostly explored using tasks in which both item and serial order recall are involved (e.g., Snowling et al., 1996; Kramer et al., 2000; Tijms, 2004), there is also evidence to imply an association between order memory deficits and reading impairment (Mason, 1980; Brady et al., 1983; Nithart et al., 2009). More recently, studies have attempted to examine item and order processes separately. Martinez Perez et al. (2012) found that children with dyslexia performed significantly less well than a chronological age matched control group on an item memory measure, but less well than both chronological age and reading age matched control groups on a serial order short-term memory task. Furthermore, Martinez Perez et al. (2013) observed impaired short-term memory for order information in adults with dyslexia that was independent of any short-term memory impairment for item information. Bogaerts et al. (2015) found that dyslexic participants showed both a long-term serial order learning difficulty and impaired short-term memory for order information. They also observed reliable lexicalization of a repeated sequence of phoneme combinations among their control group but not among the dyslexic group, suggesting that a longer-term serial-order learning impairment may lead to impaired lexical representations. They proposed that the evidence in support of a phonological impairment in dyslexia might, at least partly, be explained in terms of problematic serial-order representation and learning (Szmalec et al., 2011). Thus, these studies suggest a severe impairment of short-term memory for order information that cannot be reduced to a phonological representation deficit in both children and adults with dyslexia.

However, this conclusion needs to be qualified for both methodological and theoretical reasons. First, pure measurements of item and order memory are required to properly investigate the nature of any association between these short-term memory skills and dyslexia. However, most short-term memory tasks tap both processes in combination. Researchers have attempted to maximize either the item or order memory processes required in the tasks employed in their studies, but it is still far from clear that these represent pure measurements of item or order memory (cf. Nairne and Kelley, 2004). Another issue is whether short-term memory for order information is entirely language-independent. There remains dispute as to whether order memory rests on domain-general or domain-specific process. Some have argued that order memory is language-independent (Henson, 1998; Brown et al., 1999; Burgess and Hitch, 1999; Gupta, 2003). However, it has been shown that some language characteristics of to-be-remembered word lists, such as phonological and semantic similarity, affect individuals’ order memory. For example, both phonological similarity and semantic similarity affect order memory (e.g., Murdock, 1976; Crowder, 1979; Nairne and Kelley, 2004), suggesting that order memory process might not be entirely language-independent.

Furthermore, it has been suggested that words (particularly irregular words) and non-words are read via two types of cognitive pathways, one involving semantic representations and the other connecting orthography with phonology directly. Whether reading really involves two entirely distinguishable routes is a subject of debate, and the links between orthographic, phonological, and semantic codes have been successfully instantiated in connectionist models of reading (Plaut et al., 1996; Harm and Seidenberg, 2001; Harm and Seidenberg, 2004). More recently, Tree and Kay (2006) provided evidence from a single case of an individual with acquired dyslexia who did not show generalized phonological processing impairments. They therefore suggested that sub-lexical problems in reading that compromise a direct link between orthography and phonology (cf. Coltheart et al., 2001) can exist separately of more general linguistic difficulties. In sum, there are a number of possible pathways, that depend more on either phonological, semantic, or language-independent processes, that might be involved in reading, and which might be differently associated with item and order memory deficits in individuals with dyslexia.

The present study therefore aimed to explore short-term memory for both item and order information in adults with a previous diagnosis of dyslexia. A process dissociation paradigm was employed in order to obtain purer estimates of these abilities than those derived from any previous work and to properly assess whether individuals with a previous diagnosis of dyslexia experience an item or an order short-term memory impairment, or both. In addition, language characteristics, specifically semantic similarity and phonological similarity, were manipulated to explore the interactions between item and order memory and these language features. If dyslexia is characterized by a general and independent verbal short-term memory deficit, that is not simply a consequence of poor phonological processing abilities, then both item and order memory deficits would be expected in adult participants with a previous diagnosis of dyslexia. Furthermore, if any order memory deficit is language-independent, then one would expect order memory estimates among individuals who had received a diagnosis of dyslexia to be no more affected by ‘language-related’ manipulations of phonological or semantic similarity than is seen in typical readers.

The process dissociation paradigm (Jacoby et al., 1997) was first used to obtain relatively pure measurements of item and order retention in short-term memory by Nairne and Kelley (2004). This approach assumes that two processes, in this case item and order memory, operate independently. The estimates of the two processes can be obtained by comparing performance across two experimental conditions, called inclusion and exclusion conditions respectively. In an inclusion condition both item and order processes promote performance, while in an exclusion condition one process facilitates and the other reduces performance. In Nairne and Kelley’s (2004) original study, the inclusion task was a serial recall task, in which participants were required to recall all items in their position in a sequence. As a result, this task relied on both item and order memory. Assuming independence of these two processes, the probability of a correct response is equal to the product of the probability of remembering the item (I) and the probability of remembering its position (Or). In the exclusion condition, participants were presented a sequence of items, and then required to recall all of them with the exception of the one that appeared in a particular position. In this case, participants would only recall the item from this position if they remembered the item but forgot its order. The following two formulas can be obtained from the two conditions:

Inclusion = I∗Or

Exclusion = I∗(1-Or)

The estimates of item memory (I) and order memory (Or) can then be obtained by simple algebra.

I = inclusion + exclusion

Or = inclusion/I.

As noted above, the process dissociation paradigm depends on the assumption that the two processes that are set in opposition in the exclusion task are independent of one another. A number of computational models of verbal short-term memory employ separate processes for the representation of item and order information (e.g., Burgess and Hitch, 1992; Brown et al., 2000), and the assumption that item and order memory are entirely independent of each other is central to the perturbation model of short-term memory (Estes, 1997). In Nairne and Kelley’s (2004) study, simulations using the perturbation model provided a very good fit to the data, providing some support for the validity of this assumption of independence. However, it should be noted that not all would agree with the claim that item and order information are entirely separable (e.g., Farrell and Lewandowsky, 2002).

Since relatively short lists were used in Nairne and Kelley’s (2004) inclusion and exclusion tasks, participants had to complete simple addition problems after presentation of the memoranda to avoid ceiling effects on serial recall in that study. To remove this problem, and to use tasks that were more similar to standard short-term memory measures without a filled delay, adapted tasks were used in present study. Specifically, rather than delaying recall by the inclusion of addition problems between presentation and recall, immediate recall was required for longer lists of items than used by Nairne and Kelley (2004).

To properly understand the profile of item and order memory seen in adults with a previous diagnosis of dyslexia, a control group of typical readers was also included in this study. In addition to the item and order memory tests, we also administered a reading a test to all participants in order to confirm that the individuals with an existing diagnosis of dyslexia taking part in this study had expected difficulties in non-word reading relative to this control group.

MATERIELS AND METHODS

Participants

Fifty-eight undergraduates from University of Bristol participated in this study for course credit, or for 5 pounds remuneration. All subjects gave written informed consent, and the study was approved by the Faculty of Science Human Research Ethics Committee of the University of Bristol. All participants were native English speakers with normal vision or corrected normal vision. Twenty-eight of them were individuals with a self-reported diagnosis of developmental dyslexia, and 13 were typical readers who reported no history of reading difficulties. Individuals in the developmental dyslexia group were recruited on the basis of self-identifying with a diagnosis of dyslexia, having been recruited through advertisements placed at the University of Bristol’s Disabilities Service. All participants in this group signed a consent form to confirm that they had received a formal diagnosis of dyslexia from a qualified practitioner, and approximately half the sample spontaneously brought evidence of this diagnosis to the testing session. However, given that a formal diagnosis could not be fully confirmed in all cases, reading ability was explicitly checked by administering a reading test as noted above. One of the typical group showed very poor performance on the reading test, and so the analysis below excluded this participant.

Materials

Reading Ability Test

Fifteen regular words (words with regular pronunciation rules), 15 irregular words (words without regular pronunciation rules), and 15 non-words developed by Manis et al. (1996) were selected for the reading ability test. Three blocks were constructed and each block consisted of 15 words of the same type and the sequence of blocks was counterbalanced between participants. Participants were required to read aloud the items as accurately as possible.

Experimental Tasks

Phonological materials: 108 nouns were used to construct 18 word sets; each set were constructed with MRC Psycholinguistic Database and consisted of six phonologically similar rhyming nouns. Eighteen dissimilar sets were constructed by simply combining words from the similar sets in the following way: the 18 similar lists were divided into three groups of six sets of six words; these groups were named as G1, G2, and G3. Within each group, six words, one from each set, were selected and combined to create a list of phonologically dissimilar items. Thus, 18 phonologically similar lists and 18 dissimilar lists were obtained and used in the inclusion condition. The order of similar and dissimilar trials was randomly determined in the task. The same word sets were used in the exclusion condition with the words in a list and sequence of trials re-randomized. Kucera–Francis written frequency scores were available for all 108 words, and the set had a mean frequency score of 80.06 (SD = 136.09). The word printed familiarity ratings derived from MRC Psycholinguistic Database (Coltheart, 1981) were available for 95 of these words (mean = 543.42, SD = 53.43).

Semantic materials: 108 nouns selected from 18 semantic categories (e.g., vegetables, countries, drinks) were used to construct similar and dissimilar lists for semantic versions of the inclusion and exclusion tasks. The categories were constructed with reference to the UMBC Semantic Similarity Service developed by Han et al. (2013). The semantically dissimilar lists were constructed in the same way as the phonologically dissimilar lists. Latent Similarity Analysis (LSA) (Landauer et al., 1998) similarity ratings were used to compare the semantic similarity between the resultant similar and dissimilar sets. This showed that the mean LSA similarities of semantic similar lists (0.326) was significant greater than that of semantic dissimilar lists (0.086), F(1,34) = 44.376, p < 0.001, MSE = 0.012, η2 = 0.566. Kucera–Francis frequency values were available for 100 of these 108 words, and this subset had a mean frequency score of 62.60. The word printed familiarity ratings derived from MRC Psycholinguistic Database (Coltheart, 1981) were available for 78 of the words (mean = 571.13, SD = 37.44).

Design and Procedure

This experiment employed a within-subjects design, with both groups being administered both the reading ability test and experimental tasks.

In the reading ability test, each item (regular word, irregular word, or non-word) was presented as a written word in the middle of the 14-inch screen on a laptop in Arial font size 44 in black on a white background. The participants were required to read aloud the item on screen, and then the next item appeared on the screen after the experimenter advanced the computer program. The proportions of correct responses for each type of word were recorded as the reading scores.

For the experimental task, all participants contributed data to all cells of the design manipulation type (semantic vs. phonological) × similarity (similar vs. dissimilar) × condition (inclusion vs. exclusion). The experimental task consisted of four blocks, phonological inclusion, phonological exclusion, semantic inclusion and semantic exclusion condition respectively. Each block consisted of 36 trials containing18 similar lists and 18 dissimilar lists. The sequences of blocks were counterbalanced between-subjects.

An adapted serial recall task was employed as the inclusion task. In a trial, a list of six words was presented in order on the screen. Each item was presented visually as a written word in Calibri font size 44 in the middle of the screen for 750 ms with a 250 ms interval between items. After presentation of a list, the response screen was shown: six blue squares appeared in a horizontal line in the middle of the screen. Participants were required to recall all words in their presented order by verbal report. When they recalled the words they were required to touch one of the squares on the screen to signify the corresponding serial position or had to say “pass” for any forgotten item.

In the exclusion condition, the presentation of memoranda was exactly the same as in the inclusion condition. The response screen was similar to that used in the inclusion condition with the exception that an “X” was shown in one of the six squares. The participants were instructed to recall all the other words except for the position “X”. These remaining items could be recalled in any order. The to-be-excluded item was sampled equally often from each of the six serial positions across trials.

RESULTS

Reading Test

Table 1 summarizes the performance of the self-diagnosed dyslexia and control groups on the three blocks of the reading test. A mixed analysis of variance, with word type as the within-participants factor and group as the between-participants factor, was conducted on the reading accuracy data. It revealed a significant main effect of word type, F(2,110) = 87.713, p < 0.001, MSE = 2.828, η2 = 0.527, a significant main effect of group, F(1,55) = 10.927, p = 0.002, MSE = 0.006, η2 = 0.017, and a significant interaction between word type and group, F(2,110) = 7.505, p = 0.001, MSE = 2.828, η2 = 0.045. Within subject contrasts showed that regular word reading accuracy was significantly greater than that for irregular words and non-words (p < 0.001), while irregular word and non-word reading were of a comparable difficulty (p = 0.800). Post hoc tests revealed that the individuals with a self-referred diagnosis of dyslexia showed impaired irregular word reading relative to the control group, F(1,55) = 4.296, p = 0.043, MSE = 3.676, η2 = 0.072, and an even more marked deficit on non-word reading, F(1,55) = 12.481, p = 0.001, MSE = 5.740, η2 = 0.185. Levene’s test of homogeneity of variances showed that group variances were not significantly different in either of these analyses; irregular word reading, F(1,55) = 0.298, p = 0.587, non-word reading F(1,55) = 3.583, p = 0.064. Reading accuracy for regular words did not differ significantly between the two groups, F(1,55) = 1.374, p = 0.246, MSE = 0.408, η2 = 0.024, though in this case Levene’s test of homogeneity of variances was significant, F(1,55) = 9.410, p = 0.003.

TABLE 1. Background reading skill in the self-diagnosed dyslexia and control groups; proportion correct scores.
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Initial Analysis of Data from the Experimental Task

Prior to calculating item and order memory estimates by the process dissociation method, an initial analysis was conducted to examine whether the data pattern observed in this study was similar to that seen in Nairne and Kelley’s (2004) results.

Figure 1 plots mean levels of recall for phonologically or semantically similar and dissimilar trials in the inclusion condition averaged across all participants in both groups.
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FIGURE 1. Inclusion task performance on phonological (A) and semantic (B) conditions. Data averaged across all participants.



For the inclusion condition, the data from the phonologically similar and dissimilar trials were subjected to a repeated measurement analysis of variance with position (1–6) and similarity as within-subject factors. This revealed a significant phonological similarity main effect, F(1,56) = 19.859, p < 0.001, MSE = 0.034, η2 = 0.017, and a significant serial position main effect, F(5,280) = 37.970, p < 0.001, MSE = 0.050, η2 = 0.244, as well as a significant interaction between serial position and similarity, F(5,280) = 17.328, p < 0.001, MSE = 0.010, η2 = 0.023. Figure 1 shows bow-shaped serial position curves and a trend of an increasing phonological similarity effect with increasing serial position. Comparable patterns were found in Nairne and Kelley’s (2004) study using a filled delay before recall, and also are typically found in immediate serial recall, suggesting that our immediate recall and increased list length did not change the effects of similarity in fundamental way compared with Nairne and Kelley’s (2004) paradigm.

An overall analysis of variance with position and semantic similarity as within-subject factors on the data from the semantic trials showed a significant similarity main effect, F(1,56) = 124.997, p < 0.001, MSE = 0.018, η2 = 0.065, and a significant serial position main effect, F(5,280) = 51.461, p < 0.001, MSE = 0.032, η2 = 0.238. Figure 1 shows generally bowed-shaped serial position curves, in line with Nairne and Kelley’s results. As expected, a beneficial effect for semantic similarity was seen, as has been observed in previous immediate serial recall data (see Saint-Aubin and Poirier, 1999). The interaction of semantic similarity by serial position was significant, F(5,280) = 2.707, p = 0.021, MSE = 0.010, η2 = 0.004, although Figure 1 does not show any obvious trend in the mean data aside from a potential reduction of the effect at the final serial position.

The error rates from the exclusion condition are shown in Figure 2. As with the analysis of data from the inclusion condition, a repeated measurement analysis of variance was administered to examine the effects of phonological and semantic similarity, of serial position, and the interaction between these factors. Since it was assumed that an error in exclusion condition reflects the failure of order memory, more exclusion errors for phonological similar lists were expected (Nairne and Kelley, 2004). The analysis of data from the exclusion trials with phonological materials showed a significant main effect of phonological similarity as expected, F(1,56) = 65.685, p < 0.001, MSE = 0.075, η2 = 0.098, a significant serial position effect, F(5,280) = 5.567, p < 0.001, MSE = 0.062, η2 = 0.034, and a significant interaction, F(5,280) = 3.818, p = 0.002, MSE = 0.047, η2 = 0.018. In contrast to Nairne and Kelley’s (2004) study, in which fewer exclusion errors occurred in the first and last items in both conditions, the current serial position curves showed fewer errors for the first two and last items in the phonologically similar lists only. This might reflect the change in procedure used in the current study, with immediate rather than delayed recall leading to fewer floor effects in the easier, dissimilar, condition.
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FIGURE 2. Exclusion task performance on phonological (A) and semantic (B) conditions. Data averaged across all participants.



The ANOVA on data from semantic trials revealed a significant similarity main effect, F(1,56) = 19.896, p < 0.001, MSE = 0.055, η2 = 0.026, with more errors on semantically similar lists, a significant serial position effect, F(5,280) = 5.579, p < 0.001, MSE = 0.052, η2 = 0.034, and a significant interaction between semantic similarity and serial position, F(5,280) = 2.794, p = 0.018, MSE = 0.050, η2 = 0.017. The interaction was driven by less of a similarity effect at the first two and the last serial positions, consistent with Nairne and Kelley (2004).

In summary, the overall patterns of performance found in both the self-diagnosed dyslexia and the control group in this study were quite similar to those obtained by Nairne and Kelley (2004) and to the predicted patterns that emerged from their simulation of their data using the Perturbation Model (Lee and Estes, 1981; Estes, 1997). Therefore, despite the changes made to the current design in comparison to this earlier study, it is reasonable to assume that the current data will provide equally meaningful estimates of item and order memory.

Item and Order Estimates Derived from the Process Dissociation Procedure

Item and order memory estimates were calculated for each participant from their average performance across materials and similarity conditions using the equations shown above. The resultant average item and order estimates for both groups are shown in Figure 3. Analysis of variance of these data revealed that both item and order estimates were not significantly different across the two groups; for item memory, F(1,55) = 0.006, p = 0.940, MSE = 0.010, η2 < 0.001, and for order memory, F(1,55) = 0.712, p = 0.402, MSE = 0.007, η2 = 0.013. In order to better understand these null effects, a Bayesian analysis was conducted following the procedures outlined by Masson (2011). This showed that the posterior probability in favor of the null hypothesis was 0.883 for the comparison of item memory estimates and 0.842 for the comparison of order memory estimates. According to Raftery (1995) this amounts to ‘positive’ (as opposed to either ‘weak’ or ‘strong’) evidence for the null hypothesis of no group difference in each case.
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FIGURE 3. Item memory and Order memory estimates for the self-diagnosed dyslexia and typical groups.



We then computed the order (Or) and item (I) estimate for each manipulation type and condition separately. The results of these calculations are shown in Figure 4. An ANOVA on phonological Or scores with group as a between-subject factor and similarity as a within-subject factor was first conducted. It revealed a significant phonological similarity effect, F(1,55) = 69.547, p < 0.001, MSE = 0.011, η2 = 0.281, no significant group effect, F(1,55) = 1.334, p = 0.253, MSE = 0.024, η2 = 0.012, and no significant interaction, F(1,55) = 0.931, p = 0.339, MSE = 0.011, η2 = 0.004. The corresponding analysis of variance on semantic Or scores showed a significant semantic similarity effect, F(1,55) = 6.576, p = 0.013, MSE = 0.007, η2 = 0.025, no significant group effect, F(1,55) = 0.042, p = 0.838, MSE = 0.024, η2 = 0.001, and no significant interaction, F(1,55) = 2.579, p = 0.114, MSE = 0.007, η2 = 0.010. In both analyses, greater similarity (phonological or semantic) reduced order memory estimates.
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FIGURE 4. Order (A) and item (B) estimates in each condition for the self-diagnosed dyslexia and typical groups.



The ANOVA of phonological I produced a significant phonological similarity effect, F(1,55) = 19.176, p < 0.001, MSE = 0.017, η2 = 0.089, no significant group effect, F(1,55) < 0.001, p = 0.992, MSE = 0.044, η2 < 0.001, and no significant interaction, F(1,55) = 0.301, p = 0.585, MSE = 0.017, η2 = 0.001. Finally the analysis of semantic I showed a significant semantic similarity effect, F(1,55) = 103.774, p < 0.001, MSE = 0.010, η2 = 0.364, no significant group effect, F(1,55) = 0.016, p = 0.899, MSE = 0.024, η2 < 0.001, and no significant interaction, F(1,55) = 0.362, p = 0.550, MSE = 0.010, η2 = 0.001. In these analyses greater similarity (phonological or semantic) significantly improved item memory estimates.

Finally, in order to explore the associations between reading accuracy and estimates of item or order memory, these variables were correlated with one another and the results of this analysis are illustrated in Table 2. Only the correlation between item memory for phonological similar items and non-word reading was marginally significant, r = -0.254, p = 0.056, N = 57, and even this association should be interpreted with a degree of caution given the fact that Table 2 contains 24 separate correlations.

TABLE 2. Correlations between item and order estimates and reading ability tests.
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DISCUSSION

The present study applied the process dissociation procedure of measuring item and order memory for memoranda with language characteristics manipulated to investigate the verbal short-term memory deficits seen in adults with a self-reported diagnosis of developmental dyslexia. Based on previous studies and the assumption that order memory is independent of language, it was expected that both item and order memory deficits would be present in the self-diagnosed dyslexia group, and that order memory estimates in the phonological and semantically similar trials would be affected by these manipulations to the same amount as that seen in typical readers.

A first point to note is that although the current study adapted the process dissociation paradigm used to distinguish item and order memory by Nairne and Kelley (2004), specifically by presenting more items and allowing immediate rather than delayed recall, the current task produced similar patterns to those seen in this previous work. In particular, phonological similarity between items impaired order memory, a finding consistent with a large body of literature showing that phonological similarity leads to confusions of order (Wickelgren, 1965; Henson et al., 1996). In contrast, both phonological and semantic similarity improved item memory, again in line with Nairne and Kelley (2004) and a number of other studies (Saint-Aubin and Poirier, 1999; Gupta et al., 2005). Our task was therefore sensitive to these experimental manipulations, and would therefore be expected to have the required sensitivity to detect group differences in either item or order memory provided that these effects were of a reasonable size. Indeed, Figure 1 shows serial position curves for both the inclusion and exclusion tasks that clearly fall below ceiling and above floor, and, as noted above, somewhat greater evidence of an effect of phonological similarity on errors in the exclusion task emerged from our study than was seen by Nairne and Kelley (2004).

In addition, the results of the preliminary reading test showed that the accuracy of reading observed in the individuals with self-reported diagnosis of dyslexia was less than that seen for typical readers for both non-words and irregular words lists, though not significantly impaired for regular words. These key findings confirm that the self-diagnosed dyslexia group assessed here were experiencing statistically significant reading difficulties, and that these were of the form that one would expect in such a sample, even one that self-referred as having a diagnosis of developmental dyslexia. Indeed, the group difference on non-word reading accuracy, where one would most expect individuals with dyslexia to differ from those without dyslexia, was relatively large (an effect size of 0.185). However, contrary to expectations, the present study did not show a general item or order memory deficit in this self-reported diagnosis of dyslexia group. Rather, the two groups performed extremely similarly on the experimental task, leading to comparable item and order estimates (see Figure 3). Indeed, the Bayesian analysis of these item and order scores produced positive evidence for the null hypothesis. The evidence for the absence of any group differences on these estimates could have been even greater (for example, posterior probabilities of above 0.95 are considered ‘strong’ evidence). However, it is clear that the current study provides no evidence to support the view that this sample of individuals with a self-reported diagnosis of dyslexia differed from the comparison group on these measures of item and order memory.

However, when the item and order memory estimates were calculated in each condition separately, there was some tentative evidence to suggest that the level of non-word reading was associated with the order memory estimate for phonologically similar materials. Since the reading test showed that non-word reading was significantly impaired among individuals with self-diagnosed dyslexia, one might conclude that adults with dyslexia would exhibit an order memory deficit when the to-be-remembered items place heavy demands on phonological short-term memory in a study with more power to detect such a difference.

Most previous studies have found both item and order memory are impaired in adults or children with dyslexia. This contrast with the present results might be attributed to the fact that non-words or novel words have often been used in those previous item memory or order memory tasks. Another possible reason for the discrepancy with the current findings might be that previous tasks thought to maximize item memory, such as non-word recognition or delayed non-word repetition tasks, depend more on phonological encoding than on short-term memory maintenance processes. Although it have been assumed that dyslexia is associated with inefficient representation of phonological information (Snowling, 1981; Ramus et al., 2003) resulting in an item memory deficit (Burgess and Hitch, 1999; Majerus and D’Argembeau, 2011), this phonological ‘representation’ process might not be constrained by memory processes. If so, then poor performance on tasks that depend on such phonological representation might not necessarily be a sign of poor item memory. Therefore, when item memory is measured using familiar words, as was the case in the current study, any detrimental effect caused by inefficient phonological encoding and subsequent representation might disappear.

Alternatively, although previous studies have shown evidence of problems of serial ordering in dyslexia, it is possible that these reflect a deficit in learning serial order contingencies in the longer-term, more than problems in representing serial order in short-term memory. Szmalec et al. (2011) tested individuals with and without dyslexia on verbal and non-verbal versions of the Hebb repetition paradigm (cf. Hebb, 1961; Couture and Tremblay, 2007). In the Hebb paradigm participants are presented with lists of items for serial recall. The majority of trials are ‘filler’ trials that are different from each other, but a subset of interleaved ‘Hebb’ trials are identical and always present the same items in the same serial order; participants show learning of the ordering of these items across the course of the experiment. Importantly there is evidence to show that while recall performance on filler trials depends on short-term memory capacity, the degree of learning of the ordering of Hebb trials depends on a separate, longer-term learning process (Mosse and Jarrold, 2008). Szmalec et al. (2011) found that individuals with dyslexia were unimpaired, relative to matched controls on recall of filler lists in a Hebb paradigm, but showed impaired longer-term learning of serial order across Hebb trials. Although a more recent replication of this work by Bogaerts et al. (2015) found deficits in both filler trial recall and degree of Hebb learning among a sample of individuals with dyslexia, it remains possible that serial ordering problems associated with the condition are most marked when it comes to learning longer-term contingencies, and are not so apparent in serial order recall tasks that only require the short-term maintenance of the order of a just-presented list.

It should also be acknowledged that the current study relied on self-report of an existing diagnosis of dyslexia, and that formal evidence of this diagnosis was not available for all participants in this group. However, as a group this sample did show significant word reading difficulties, relative to the comparison sample drawn from their peer group, and even more marked difficulties in non-word reading as one would expect from a sample of individuals with a diagnosis of dyslexia. The data from the present study therefore provide some empirical evidence to question the extent to which item and order short-term memory processes are necessarily impaired in individuals with dyslexia. Previous work has suggested that individuals with dyslexia experience item memory deficits resulted from inefficient phonological representation and language-independent order memory deficits. However, the present study found no evidence for the former in our sample and only very limited, suggestive, evidence of the latter. This is potentially consistent with the recent claim (Szmalec et al., 2011) that ordering problems in dyslexia are most apparent in cases when a consistently ordered sequence of items needs to be learnt and maintained in the longer-term, as would be the case in language learning and aspects of reading acquisition.

Of course, one should be cautious when generalizing these conclusions since there are several limitations of the present study. As already noted, although the participants in our ‘dyslexia’ group clearly experienced predicted difficulties in the non-word condition of the reading test, they were a self-referred sample, and, as university students, are not necessarily representative of the broader population with dyslexia. Given that these participants may have been identified as having dyslexia at a younger age, they might have received interventions to improve their reading ability, as well as other abilities that are related to the process of reading, such as short-term memory. The relatively high level of intelligence associated with a university-based sample might also have led participants to circumvent any short-term memory difficulties by long-term learning or through professional training, and these participants may have developed additional memory strategies as a result of their extensive educational experience. Further studies employing children as participants would be need to reduce these effects related to life experience. Second, the mean frequency and familiarity of values of the items used in the phonological and the semantic stimuli sets were significantly different across these sets. Although no reliable interaction between these two effects and the two groups was found in present study, one should bear in mind that individuals with dyslexia might be more sensitive to any change in frequency or familiarity of word stimuli. Further evidence of the interaction between phonological and semantic factors is clearly needed to fully understand any memory difficulties associated with dyslexia. Third, the process dissociation approach adopted here assumes the independence of item and order memory. While there are reasons for making this assumption, for example in the light of the ability of the perturbation model to simulate Nairne and Kelley’s (2004) findings, this independence cannot be guaranteed. Any violation of this assumption would reduce the validity of the process dissociation procedure. In addition, there may be other problems inherent in Nairne and Kelly’s method. Nairne and Kelly’s assumption is that in the exclusion condition, when a participant remembers the identity of an item, but not its order, she or he will never report it. However, this is not necessarily a valid assumption, as participants might be subject to response biases that lead them to use different strategies. For example, some participants might elect to report an item in the exclusion task even when they do not remember its position, neglecting the risk of it being in the exempted position. Other participants might be more conservative and not report any item whose order is forgotten. Furthermore, there may be a degree of overlap between the inclusion and exclusion tasks. For example, in both tasks if one forgets the position of a given item, but remembers the positions of the other five items, the forgotten position can be inferred by simple deduction. Therefore, further evidence for (or against) the Nairne and Kelly method, including tests of the independence of item and order processes in short-term memory and the validity of these tasks, should be sought in the future.
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