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Researchers have suggested that the recognition memory effects resulting from two separate attentional manipulations—attentional boost and perceptual degradation—may share a common cause; namely a transient up-regulation of attention at the time of encoding that leads to enhanced memory performance at the time of retrieval. Prior research has demonstrated that inducing two similar transient shifts of attention simultaneously produces redundant performance in memory. In the present study, we sought to evaluate the combined influence of the attentional boost and perceptual degradation on recognition memory. If these two effects share a common cause, then we ought to observe a redundancy in memory performance, such that these two factors interact. Yet, across four experiments we fail to observe such a redundancy in recognition memory. We evaluate these results using the limited resource model of attention and speculate on how combining transient shifts of attention may produce redundant memory performance in the one case, but non-redundant performance in the other case.
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Introduction

It is axiomatic that attention plays an important role in remembering—“paying attention” improves remembering, and divided attention undermines remembering (e.g., Jacoby et al., 1993; Craik et al., 1996). At the same time, attention is a multifaceted construct (e.g., Posner and Peterson, 1990), and the study of how particular attention processes influence memory is an emerging field of interest. In the present study, we examined the effect of transient shifts of attention on memory encoding, with a particular focus on two distinct effects thought to be produced by such transient attention shifts: the attentional boost effect and the perceptual degradation effect.


The attentional boost effect

It is well established that engaging in two tasks simultaneously is associated with performance costs (Welford, 1952). These dual task costs are sometimes attributed to attentional resources being limited; use of attentional resources on one task reduces resource availability for a second task (Wickens, 1980). Alternatively, dual task costs have been attributed to a bottleneck occurring at the response selection stage (Pashler, 1994); while one task occupies that processing stage, access for a second task is postponed and thus produces performance costs. Both of these theoretical views have been applied to a wide range of dual task interference effects.

Although dual task performance costs may be the norm, Swallow and Jiang (2010) reported a dual task benefit, where attending to two tasks simultaneously during an encoding phase produced superior memory in a following test phase. In the divided attention trials of their study, participants studied a series of natural images while also performing a secondary detection task. Each natural image was overlaid with a small square for 100 ms—a white square on 20% of trials and a black square on 80% of trials. While studying the images, the secondary task involved detecting white target squares with a button press while ignoring black distractor squares. Importantly, recognition memory of natural images was better on target trials than distractor trials. In fact, recognition on target trials did not differ from a full attention condition in which participants’ only task was to remember the natural images. Swallow and Jiang labelled the surprisingly good memory on divided attention target trials the attentional boost effect (ABE). They proposed that detecting a target produces a transient up-regulation of attention during an early phase of encoding that enhances memory for items in close spatiotemporal proximity to the target.

Mulligan et al. (2014) subsequently extended the attentional boost procedure to lexical materials. Word frequency effects in recognition are well established, with the usual finding that recognition is better for low than high frequency words (Gorman, 1961). Mulligan et al. noted that low frequency words may attract more attention than high frequency words in an early phase of encoding (Glanzer and Adams, 1990; Criss and Malmberg, 2008). If this is the case, then word frequency effects in recognition could be driven by the same transient up-regulation of attention that produces the ABE. Mulligan et al. reported a pattern of data consistent with this idea—a robust ABE for high frequency but not for low frequency words.



The perceptual degradation effect

Several studies have demonstrated that increased perceptual processing difficulty can result in improved memory (Nairne, 1988; Hirshman and Mulligan, 1991; Hirshman et al., 1994; Mulligan, 1996; Mulligan, 1999; Diemand-Yauman et al., 2011; Rosner et al., 2015; although see Yue et al., 2013), in line with the desirable difficulty principle (Bjork, 1994). One account of these processing difficulty effects is that, like low frequency words and target detection, processing difficulty results in a transient up-regulation of attention that improves memory encoding. For example, Rosner et al. had participants read an intermixed list of clear and blurry words in an incidental study phase. Participants then completed a recognition test for the words they had previously read. Recognition sensitivity was better for blurry than clear words. Rosner et al. suggested that a transient up-regulation of attention may have strengthened memory encoding and consequently improved recognition for blurry items.

The purpose of the present study was to evaluate the relation between perceptual degradation and attentional boost effects on recognition by examining them together. We were particularly interested in whether transient shifts of attention on ‘boost’ (target present) trials and on blurry trials would be redundant, as appears to be the case for ‘boost’ and low frequency trials (Mulligan et al., 2014). If target detection and perceptual degradation produce redundant transient shifts of attention, then we should observe a larger ABE for clear than for blurry words.




Experiments 1a and 1b

To measure both the attentional boost and perceptual degradation effects in Experiment 1a, participants read clear and blurry words while monitoring for and responding to target signals. According to Swallow and Jiang (2010), the ABE reflects an up-regulation of attention to items in close spatiotemporal proximity to targets that strengthens memory encoding. Rosner et al. (2015) proposed a similar account for the perceptual degradation effect—a transient up-regulation of attention for blurry items strengthens memory encoding. Our goal was to examine whether these two attention manipulations produce redundant effects on recognition. If so, then the attentional boost effect should be larger for clear than blurry words.

Experiment 1b was conducted as a full attention control condition. Participants read clear and blurry words, but were told nothing about the target and distractor boost signals. In this experiment, we should observe a perceptual degradation effect, but no ABE. Furthermore, performance for the target present trials in Experiment 1a should approximate that of the corresponding full attention condition in Experiment 1b (e.g., Swallow and Jiang, 2010; Mulligan et al., 2014).


Method


Participants

For all experiments in this article, participants were recruited from a pool of undergraduate psychology students at McMaster University. Participants gave informed consent in accordance with the McMaster Research Ethics Board, reported normal or corrected-to-normal vision, and were compensated $10 CAD or partial course credit. A power analysis conducted using G*Power 3 (Faul et al., 2007) aimed at measuring a large effect size (Cohen, 1988; Mulligan et al., 2014) with power = 0.80 revealed that 20 participants were required. For counterbalancing purposes, we collected data from 24 participants in both experiments. An a posteriori sensitivity analysis for a 2 × 2 repeated measures ANOVA assuming power = 0.80 revealed that we could reliably measure effect sizes larger than f = 0.41. Twenty-four undergraduates (20 females) ranging in age from 18 to 23 years (M = 19.17, SD = 1.24) participated in Experiment 1a. A separate group of 24 undergraduates (17 females) ranging in age from 18 to 22 years (M = 18.92, SD = 1.10) participated in Experiment 1b.



Apparatus and stimuli

Stimuli were presented on a 24-inch BENQ LCD monitor with a resolution of 1920 × 1,080 pixels, using PsychoPy software (Peirce, 2007, 2009). Manual responses were recorded using a QWERTY keyboard. The stimuli consisted of five letter high-frequency nouns (Kučera and Francis, 1967). The words subtended 4.01° of visual angle horizontally and 0.92° vertically. Clear words were presented as text stimuli using PsychoPy. Blurry words were created by applying a Gaussian blur radius of 15 pixels to each word using GNU Image Manipulation Program (GIMP).1 Rosner et al. (2015) demonstrated that this level of degradation reliably produces perceptual disfluency effects in recognition of single words [see also Xie et al. (2018); Weissgerber et al. (2021) for an interesting recent debate about perceptual disfluency effects in recall of text]. The blurry words were imported into PsychoPy as picture files. On each trial of the study phase, one coloured dot appeared above the word and a second coloured dot appeared below the word. Each dot had a diameter that subtended 1.15° of visual angle, and both dots were either blue or yellow on any given trial. Examples of these stimuli are presented in Figure 1.
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FIGURE 1
 An example of a clear and blurry word, including target and distractor coloured dots, used in each of the four experiments.




Procedure

Participants were seated approximately 50 cm from the computer monitor. Each experiment consisted of a study phase, a distractor phase, and an incidental memory test phase. For Experiments 1a and 1b, the distractor and test phases were identical; the study phases differed slightly, as described below.

In Experiment 1a, the study phase included 10 practice trials and 120 experimental trials. Each trial began with a fixation cross for 200 ms, followed by a word and two coloured dots. The word was either clear or blurry, and both dots were either blue or yellow. The dots were presented for 100 ms, whereas the word remained on screen for 700 ms. Participants were instructed to: (1) read aloud the word; and (2) monitor the colour of the dots—if the dots matched the target colour, they were to press the spacebar.

In Experiment 1b, the study phase was identical to Experiment 1a with the exception that participants were instructed only to read aloud the word on each trial; they were told nothing about the dots that appeared with the words.

Following the study phase, there was a 10-min distractor task that required completion of arithmetic problems. Finally, the test phase involved an incidental recognition test. Each recognition trial began with presentation of a word. Participants were instructed to press the ‘A’ key for an ‘old’ response and the ‘L’ key, for a ‘new’ response. To assess recollection and familiarity (Rajaram, 1993; Yonelinas and Jacoby, 1995; Yonelinas, 2002) participants also made remember/know judgments following all ‘old’ responses. If participants ‘remembered’ seeing the word in the study phase they were to press the ‘z’ key, whereas if they had a feeling of ‘knowing’ the word had been presented in the study phase they pressed the ‘/’key (McCabe and Geraci, 2009). The remember/know procedure was included for exploratory purposes, and recollection and familiarity estimates and analyses are presented in Appendix A, but not in the body of the paper.



Design

The words were drawn from four lists of 60 words (see Appendix B). Of those 240 words, 120 were presented in both the study and test phases (‘old’ words). The remaining 120 words appeared only in the test phase (‘new’ words). For both ‘old’ and ‘new’ words, half appeared clear and half appeared blurry. This constraint was achieved by assigning one of the four lists to each of the clear ‘old’, blurry ‘old’, clear ‘new’, and blurry ‘new’ conditions. The assignment of lists to conditions was counterbalanced across participants such that each list appeared as old/new and clear/blurry an equal number of times. Presentation of words in both the study phase and test phase was randomized. During the test phase, ‘old’ words appeared as they had appeared in the study phase (i.e., if a word was blurry during the study phase, it was also blurry in the test phase). In both Experiments 1a and 1b, targets occurred on a random 20% of trials and distractors occurred on the other 80% of trials. The assignment of colours (blue/yellow) to target and distractor roles was counterbalanced across participants.




Results


Study phase

For Experiment 1a, target detection sensitivity in the study phase was calculated by subtracting the false alarm rate from the hit rate, separately for clear and blurry words. There was no difference in sensitivity to boost targets for clear (M = 0.97) and blurry (M = 0.94) words (p > 0.05). For Experiment 1b, participants did not respond to target signals, so no such comparison was conducted.



Test phase

The proportion of ‘old’ responses for old and new items (i.e., hits and false alarms) for each condition are presented in Table 1. Corrected hit rates (i.e., hits minus false alarms) were computed for each condition and submitted to separate repeated measures analyses of variance (ANOVA) for each experiment. The ANOVAs treated perceptual degradation (clear/blurry) and boost signal (target/distractor) as within-participant factors. Mean corrected hits for each condition are plotted in Figure 2.



TABLE 1 Proportions of hits and false alarms for each condition in Experiments 1a, 1b, 2a, and 2b. Standard errors corrected by removing overall between-participant variance are presented in parentheses (Morey, 2008).
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FIGURE 2
 Mean corrected hits (hits minus false alarms) for each condition for both Experiment 1a, in which the task involved word reading and signal monitoring, and Experiment 1b, in which the task involved only word reading. Error bars reflect standard errors corrected to remove overall between-subject variation (Morey, 2008).


Experiment 1a. There was a significant effect of perceptual degradation, F (1, 23) = 7.46, p = 0.01, ηp2 = 0.24, with better memory for blurry (M = 0.28) than clear words (M = 0.21). There was also a significant effect of boost signal, F (1, 23) = 22.23, p < 0.001, ηp2 = 0.49, with better memory on target trials (M = 0.29) than distractor trials (M = 0.20). The interaction between perceptual degradation and boost signal was not significant, F (1, 23) = 0.08, p = 0.79, ηp2 = 0.003. A Bayesian analysis (Wagenmakers, 2007; Masson, 2011) revealed that the posterior probability of the null hypothesis was 0.82 and the posterior probability of rejecting the null hypothesis was.16, which constitutes positive evidence for the null hypothesis (see also Raftery, 1995).

Experiment 1b. There was a significant effect of perceptual degradation, F (1, 23) = 16.56, p < 0.001, ηp2 = 0.42, with better memory for blurry (M = 0.32) than clear words (M = 0.22). No effects involving boost signal were significant, as participants were not asked to detect targets in this experiment.

Comparison of Experiments 1a and 1b. Attention was divided across tasks (naming and target detection) in Experiment 1a and focused on a single task (naming) in Experiment 1b. To compare results across experiments, corrected hits were submitted to a mixed factor ANOVA that treated experiment (1a/1b) as a between-participants factor. This analysis revealed a main effect of perceptual degradation, F (1, 46) = 14.86, p < 0.001, ηp2 = 0.24, with better memory for blurry (M = 0.30) than clear words (M = 0.21). There was also a significant interaction between experiment and boost signal, F (1, 46) = 9.70, p = 0.003, ηp2 = 0.17. To examine this interaction further, we collapsed across perceptual degradation and compared target and distractor trials across experiments. Corrected hits did not differ across experiments for target trials, t(45) = 0.49, p = 0.62, d = 0.14 (Experiment 1a: M = 0.29; Experiment 1b: M = 0.27). However, corrected hits for distractor trials were higher in Experiment 1b (M = 0.27) than Experiment 1a (M = 0.20), t (45) = 2.08, p = 0.04, d = 0.60.




Discussion

Several findings from these experiments are worth noting. First, the perceptual degradation effect of Rosner et al. (2015) was replicated successfully. Recognition was better for blurry than clear words in both Experiments 1a and 1b. Second, an ABE was observed in Experiment 1a, with better recognition for target trials than for distractor trials (Swallow and Jiang, 2010). Third, recognition of target words in Experiment 1a (divided attention) was similar to that for corresponding words in Experiment 1b (full attention), whereas recognition of distractor words in Experiment 1a (divided attention) was worse than for corresponding words in Experiment 1a (full attention). This result replicates prior studies showing that the attentional boost lifts performance up to the level of full attention performance but not beyond (but see Swallow and Jiang, 2014a; Mulligan and Spataro, 2015). In light of these findings, the key new result is that the ABE was similar in magnitude for clear and blurry words. This result suggests that the attentional boost and perceptual degradation do not produce redundant effects on recognition (see also Mulligan et al., 2014).




Experiments 2a and 2b

Experiments 2a and 2b aimed to establish the replicability of the key result from Experiment 1a. Experiment 2a was a direct replication of Experiment 1a, with targets occurring on 20% of study phase trials and distractors occurring on 80% of study phase trials. Experiment 2b was identical to Experiment 1a with the exception that targets and distractors each occurred on 50% of study phase trials. Previous research has shown that the ABE does not depend on targets being more rare than distractors (Swallow and Jiang, 2012), yet most studies of the attentional boost have included a higher proportion of distractor than target trials (Swallow and Jiang, 2010, 2011, 2012, 2014a,b; Spataro et al., 2013, 2015; Mulligan et al., 2014; Mulligan and Spataro, 2015). As such, we predicted that an attentional boost should occur in both experiments. The key issue in both experiments was again whether the ABE would be smaller for blurry trials than for clear trials.


Method


Participants

Thirty-six2 undergraduates (31 female) ranging in age from 17 to 29 years (M = 18.36, SD = 2.00) participated in Experiment 2a and 24 undergraduates (18 female) ranging in age from 18 to 25 years (M = 19.00, SD = 1.50) participated in Experiment 2b. A sensitivity analysis like that conducted in Experiments 1a and 1b revealed that we could reliably measure effect sizes larger than f = 0.33 for Experiment 2a, and larger than f = 0.41 for Experiment 2b.



Apparatus, stimuli, and procedure

The apparatus, stimuli, and procedure in Experiments 2a and 2b were the same as in Experiment 1a.



Design

The design in Experiment 2a was the same as in Experiment 1a. The design in Experiment 2b was similar to that in Experiment 1a with the exception that there were equal proportions of targets and distractors in the study phase, in contrast to the 0.2/0.8 target/distractor proportions used in Experiments 1a and 2a.




Results


Study phase

Target detection sensitivity was again measured by subtracting the false alarm rate from the hit rate separately for clear and blurry items. For Experiment 2a, sensitivity did not differ for clear (M = 0.96) and blurry conditions (M = 0.94). For Experiment 2b, sensitivity was slightly higher for clear trials (M = 0.91) than blurry trials (M = 0.88), t (23) = 2.37, p = 0.03, d = 0.48.



Test phase

For both experiments, corrected hits from the recognition test were submitted to a repeated-measures ANOVA that treated perceptual degradation (clear/blurry) and boost signal (target/distractor) as within-participant factors. Mean corrected hits are presented in Figure 3.

[image: Figure 3]

FIGURE 3
 Mean corrected hits (hits minus false alarms) for each condition for both Experiment 2a (20% targets) and Experiment 2b (50% targets). Error bars reflect standard errors corrected to remove overall between-subject variation (Morey, 2008).


Experiment 2a. There was a main effect of perceptual degradation, F (1, 35) = 7.83, p < 0.01, ηp2 = 0.18, with better memory for blurry words (M = 0.27) than clear words (M = 0.21). There was also a main effect of boost signal, F (1, 35) = 19.59, p < 0.001, ηp2 = 0.36, with better memory for target trials (M = 0.29) than distractor trials (M = 0.19). However, these factors did not interact, F (1, 35) = 0.35, p = 0.56, ηp2 = 0.01. A Bayesian analysis (Wagenmakers, 2007; Masson, 2011) revealed a posterior probability of the null hypothesis of 0.83 and a posterior probability of the alternative hypothesis of 0.17, indicating positive evidence for the null hypothesis (see also Raftery, 1995). We further explored intraindividual differences in these effects by computing a Pearson correlation coefficient to assess the relation between the perceptual degradation effect and boost effect across all participants in Experiments 1a and 2a. This correlation was not significant, r (58) = −0.04, p = 0.79.

Experiment 2b. There was a significant effect of perceptual degradation, F (1, 23) = 5.33, p = 0.03, ηp2 = 0.19, with better memory for blurry (M = 0.25) than clear words (M = 0.18). The effect of boost signal was also significant, F (1, 23) = 23.31, p < 0.001, ηp2 = 0.50, with better recognition for target trials (M = 0.25) than distractor trials (M = 0.17). There was also a significant interaction between perceptual degradation and boost signal, F (1, 23) = 4.45, p = 0.05, ηp2 = 0.16. We explored this interaction further by analyzing boost signal effects separately for clear and blurry items. For clear items, recognition was better for target (M = 0.21) than distractor (M = 0.16) trials, t (23) = 2.43, p = 0.02, d = 0.49. For blurry items, the same pattern was observed, with better recognition for target (M = 0.30) than distractor (M = 0.19) trials, t (23) = 4.83, p < 0.001, d = 0.90. Critically, the difference in memory sensitivity between targets and distractors was larger for blurry than clear words.




Discussion

The results of Experiment 2a provide a replication of the results of Experiment 1a. There was an effect of both perceptual degradation and attentional boost, however these factors did not interact. The results from Experiment 2b, in which targets occurred on 50% rather than 20% of trials, differed slightly from those of Experiment 1a. In addition to main effects of perceptual degradation and the boost signal, we also observed an interaction between these two factors. This interaction was driven by a larger ABE for blurry than for clear words. This pattern is not consistent with the idea that perceptual degradation and attentional boost produce redundant effects on recognition memory. If that were the case, then the attentional boost should have been smaller for blurry than clear trials, rather than the reverse.




General discussion

The purpose of this study was to evaluate the combined influence of target detection and perceptual degradation at study on recognition performance. On their own, both target detection (Swallow and Jiang, 2010) and perceptual degradation (Rosner et al., 2015) at study improve recognition memory. It seemed possible that measuring them in the same experiment would produce redundant effects on recognition, with the ABE being smaller for blurry than clear items. Mulligan et al. (2014) reported an effect of this type for word frequency, with the attentional boost being smaller for low than high frequency words. Which they attributed to redundant attention effects of target detection and word frequency on an early phase of encoding. The present study failed to produce evidence for the predicted interaction. Instead, the ABE was no different for clear and blurry words (Experiments 1a and 2a) or larger for blurry than clear words (Experiment 2b). We conclude that perceptual degradation does not interact with the attentional boost in a manner that suggests redundant attention processes on an early phase of encoding.

Yet, the present results do not rule out the idea that perceptual degradation and target detection affect similar attention processes. Consider that encountering either a boost target signal or a blurry word could draw upon the same limited pool of attentional resources (Wickens, 1980). If resource allocation in response to target detection leaves sufficient resources in the pool that resource allocation in response to a blurry word is unaffected, then the effects of these two variables on recognition would be additive, as observed in Experiments 1a and 2a. Alternatively, the allocation of attentional resources from a limited pool could occur at distinct points in time for target detection and perception of a blurry word, which could also produce additive effects of boost signal and perceptual degradation.

Whether an attentional resource account of this type fits with the word frequency findings reported by Mulligan et al. (2014) is unclear. The interaction between attentional boost and word frequency effects reported in that study would imply either that low frequency words draw sufficient resources from the limited pool to compromise the allocation of resources to target detection, and/or that there is substantial overlap in the time course across which resources are drawn in response to low frequency words and target detection. It is worth noting that Prull (2019) did not find an interaction between attentional boost and word frequency. Instead, the magnitude of the ABE was the same for low and high frequency words. To reconcile these results with those reported by Mulligan et al., Prull speculated that perhaps the low frequency words they used were not orthographically distinct enough from the high frequency words to garner the early allocation of attentional resources in a way that would interfere with boost target detection. An alternative account is that the interaction between target detection and word frequency reflects a form of structural redundancy (Wickens, 1980). By this account, the additive effects of boost signal and perceptual degradation in the present study may occur because there is no structural redundancy between mechanisms required for target detection and the perception of blurry words. Further research on the influence of transient shifts of attention on memory encoding is needed to sort out this issue.

In summary, the present study replicates both the attentional boost and perceptual degradation effects, yet offers no evidence of an interaction that would implicate redundant transient attention mechanisms for these two effects. These results contrast with those reported by Mulligan et al. (2014) in their study of the joint effects of attentional boost and word frequency, and invite additional study of links between transient shifts of attention and long-term memory encoding.
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Footnotes

1gimp.org

2Multiples of 20 participants were used in all experiments to properly counterbalance the words lists. Our power analysis indicating at least 20 participants were required to measure a large effect size was met in both experiments.



References

 Bjork, R. A. (1994). “Memory and metamemory considerations in the training of human beings,” in Metacognition: Knowing about knowing. eds. J. Metcalfe and A. P. Shimamura (Cambridge, MA: MIT Press), 85–206.

 Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.) Hillsdale: Erlbaum.

 Craik, F. I. M., Govoni, R., Naveh-Benjamin, M., and Anderson, N. D. (1996). The effects of divided attention on encoding and retrieval processes in human memory. J. Exp. Psychol. Gen. 125, 159–180. doi: 10.1037/0096-3445.125.2.159 

 Criss, A. H., and Malmberg, K. J. (2008). Evidence in favor of the early-phase elevated-attention hypothesis: the effects of letter frequency and object frequency. J. Mem. Lang. 59, 331–345. doi: 10.1016/j.jml.2008.05.002

 Diemand-Yauman, C., Oppenheimer, D. M., and Vaughn, E. B. (2011). Fortune favours the bold (and the italicized): effects of disfluency on educational outcomes. Cognition 118, 111–115. doi: 10.1016/j.cognition.2010.09.012 

 Faul, F., Erdfelder, E., Lang, A.-G., and Buchner, A. (2007). G*power 3: a flexible statistical power analysis for the social, behavioral, and biomedical sciences. Behav. Res. Methods 39, 175–191. doi: 10.3758/BF03193146 

 Glanzer, M., and Adams, J. K. (1990). The mirror effect in recognition memory: theory and data. J. Exp. Psychol. Learn. Mem. Cogn. 16, 5–16.

 Gorman, A. M. (1961). Recognition memory for nouns as a function of abstractness and frequency. J. Exp. Psychol. 61, 23–29.

 Hirshman, E., and Mulligan, N. (1991). Perceptual interference improves explicit memory but does not enhance data-driven processing. J. Exp. Psychol. Learn. Mem. Cogn. 17, 507–513. doi: 10.1037/0278-7393.17.3.507 

 Hirshman, E., Trembath, D., and Mulligan, N. (1994). Theoretical implications of the mnemonic benefits of perceptual interference. J. Exp. Psychol. Learn. Mem. Cogn. 20, 608–620. doi: 10.1037/0278-7393.20.3.608

 Jacoby, L. L., Toth, J. P., and Yonelinas, A. P. (1993). Separating conscious and unconscious influences of memory: measuring recollection. J. Exp. Psychol. Gen. 122, 139–154. doi: 10.1037/0096-3445.122.2.139

 Kučera, H., and Francis, W. N. (1967). Computational analysis of present-day American English. Providence, RI: Brown University Press.

 Masson, M. E. J. (2011). A tutorial on a practical Bayesian alternative to null-hypothesis significance testing. Behav. Res. Methods 43, 679–690. doi: 10.3758/s13428-010-0049-5 

 McCabe, D. P., and Geraci, L. D. (2009). The influence of instructions and terminology on the accuracy of remember–know judgments. Conscious. Cogn. 18, 401–413. doi: 10.1016/j.concog.2009.02.010 

 Morey, R. D. (2008). Confidence intervals from normalized data: a correction to Cousineau (2005). Tutorials in Quantitative Methods for Psychology 4, 61–64. doi: 10.20982/tqmp.04.2.p061

 Mulligan, N. W. (1996). The effects of perceptual interference at encoding on implicit memory, explicit memory, and memory for source. J. Exp. Psychol. Learn. Mem. Cogn. 22, 1067–1087.

 Mulligan, N. W. (1999). The effects of perceptual interference at encoding on organization and order: investigating the roles of item-specific and relational information. J. Experimental Psychology: Learning, Memory, and Cogniton 25, 54–69. doi: 10.1037//0278-7393.25.1.54 

 Mulligan, N. W., and Spataro, P. (2015). Divided attention can enhance early-phase memory encoding: the attentional boost effect and study trial duration. J. Exp. Psychol. Learn. Mem. Cogn. 41, 1223–1228. doi: 10.1037/xlm0000055

 Mulligan, N. W., Spataro, P., and Picklesimer, M. (2014). The attentional boost effect with verbal materials. J. Exp. Psychol. Learn. Mem. Cogn. 40, 1049–1063. doi: 10.1037/a0036163

 Nairne, J. S. (1988). The mnemonic value of perceptual identification. J. Exp. Psychol. Learn. Mem. Cogn. 14, 248–255. doi: 10.1037/0278-7393.14.2.248 

 Pashler, H. (1994). Dual-task interference in simple tasks: data and theory. Psychol. Bull. 116, 220–244. doi: 10.1037/0033-2909.116.2.220 

 Peirce, J. W. (2007). PsychoPy-psychophysics software in python. J. Neurosci. Methods 162, 8–13. doi: 10.1016/j.jneumeth.2006.11.017 

 Peirce, J. W. (2009). Generating stimuli for neuroscience using PsychoPy. Front. Neuroinform. 2:10. doi: 10.3389/neuro.11.010.2008

 Posner, M. I., and Petersen, S. E. (1990). The attention system of the human brain. Annual Review of Neuroscience 13, 25–42. doi: 10.1146/annurev.ne.13.030190.000325

 Prull, M. W. (2019). The attentional boost effect for words in young and older adults. Psychol. Aging 34, 405–417. doi: 10.1037/pag0000337 

 Raftery, A. E. (1995). “Bayesian model selection in social research,” in Sociological methodology 1995. ed. P. V. Marsden (Cambridge: Blackwell), 111–196.

 Rajaram, S. (1993). Remembering and knowing: two means of access to the personal past. Mem. Cogn. 21, 89–102.

 Rosner, T. M., Davis, H., and Milliken, B. (2015). Perceptual blurring and recognition memory: a desirable difficulty effect revealed. Acta Psychol. 160, 11–22. doi: 10.1016/j.actpsy.2015.06.006 

 Spataro, P., Mulligan, N. W., and Rossi-Arnaud, C. (2013). Divided attention can enhance memory encoding: the attentional boost effect in implicit memory. J. Exp. Psychol. Learn. Mem. Cogn. 39, 1223–1231. doi: 10.1037/a0030907 

 Spataro, P., Mulligan, N. W., and Rossi-Arnaud, C. (2015). Limits to the attentional boost effect: the moderating influence of orthographic distinctiveness. Psychon. Bull. Rev. 22, 987–992. doi: 10.3758/s13423-014-0767-2 

 Swallow, K. M., and Jiang, Y. V. (2010). The attentional boost effect: transient increases in attention to one task enhance performance in a second task. Cognition 115, 118–132. doi: 10.1016/j.cognition.2009.12.003

 Swallow, K. M., and Jiang, Y. V. (2011). The role of timing in the attentional boost effect. Atten. Percept. Psychophys. 73, 389–404. doi: 10.3758/s13414-010-0045-y

 Swallow, K. M., and Jiang, Y. V. (2012). Goal-relevant events need not be rare to boost memory for concurrent images. Atten. Percept. Psychophys. 74, 70–82. doi: 10.3758/s13414-011-0227-2

 Swallow, K. M., and Jiang, Y. V. (2014a). Perceptual load and attentional boost: a study of their interaction. J. Exp. Psychol. Hum. Percept. Perform. 40, 1034–1045. doi: 10.1037/a0035312

 Swallow, K. M., and Jiang, Y. V. (2014b). The attentional boost effect really is a boost: evidence from a new baseline. Atten. Percept. Psychophys. 76, 1298–1307. doi: 10.3758/s13414-014-0677-4

 Wagenmakers, E.-J. (2007). A practical soluction to the pervasive problems of p values. Psychon. Bull. Rev. 14, 779–804. doi: 10.3758/BF03194105 

 Weissgerber, S. C., Brunmair, M., and Rummer, R. (2021). Null and void? Errors in meta-analysis on perceptual disfluency and recommendations to improve meta-analytical reproducibility. Educ. Psychol. Rev. 33, 1221–1247. doi: 10.1007/s10648-020-09579-1

 Welford, A. T. (1952). The ‘psychological refractory period’ and the timing of high-speed performance—a review and a theory. Br. J. Psychol. 43, 2–19.

 Wickens, C. D. (1980). The structure of attentional resources. in Attention and performance VIII. ed. R. Nickerson (Hillsdale, NJ: Erlbaum), 239–257.

 Xie, H., Zhou, Z., and Liu, Q. (2018). Null effects of perceptual disfluency on learning outcomes in a text-based educational context: a meta-analysis. Educ. Psychol. Rev. 30, 745–771. doi: 10.1007/s10648-018-9442-x

 Yonelinas, A. P. (2002). The nature of recollection and familiarity: a review of 30 years of research. J. Mem. Lang. 46, 441–517. doi: 10.1006/jmla.2002.2864 

 Yonelinas, A. P., and Jacoby, L. L. (1995). The relation between remembering and knowing as bases for recognition: effects of size congruency. J. Mem. Lang. 34, 622–643.

 Yue, C. L., Castel, A. D., and Bjork, R. A. (2013). When disfluency is—and is not—a desirable difficulty: the influence of typeface clarity on metacognitive judgements and memory. Mem. Cogn. 41, 229–241. doi: 10.3758/s13421-012-0255-8


OPS/images/fpsyg-13-1024498-g003.jpg
Corrected Hits

04

e
[

o
)

e

mBoost

" Distractor

Clear Blurry
Rare Targets (Exp 2a)

Blurry
Common Targets (Exp 2b)





OPS/images/fpsyg-13-1024498-t001.jpg
Exp.
Target
la 052(0.02)
1b 050 (0.03)
2a 049 (0.02)
2b 052(0.02)

Clear Words

Distractor

0.43(0.02)
0.48 (0.02)
0.41(0.01)
047 (0.02)

FAs

027 (0.02)
027 (0.02)
024(0.01

)
)
)
031 (0.01)

Target

0.61(0.03)
0.59(0.03)
0.60(0.03)
0.02)

0.61(0.02

Standard errors corrected by removing overall between-participant variance are presented in parentheses (Morey, 2005).

Blurry Words

Distractor

0.52(0.02)
061 (0.02)
049 (0.02)
051 (0.02)

FAs
0.28(0.02)
0.28(0.03)
0.28(0.02)
0.02)

0.31(0.02)





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The attentional boost effect and perceptual degradation: Assessing the influence of attention on recognition memory



		Introduction



		The attentional boost effect



		The perceptual degradation effect









		Experiments 1a and 1b



		Method



		Participants



		Apparatus and stimuli



		Procedure



		Design









		Results



		Study phase



		Test phase









		Discussion









		Experiments 2a and 2b



		Method



		Participants



		Apparatus, stimuli, and procedure



		Design









		Results



		Study phase



		Test phase









		Discussion









		General discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary Material



		Footnotes



		References



















OPS/images/fpsyg-13-1024498-g001.jpg
o
CLOUD
o






OPS/images/fpsyg-13-1024498-g002.jpg
Corrected Hits

04

e
G

o
)

e

mBoost
" Distractor

Clear Blurry
Divided Attention (Exp 1a) Full Attention

Blurry
{Exp 1b)





OPS/images/cover.jpg
, frontiers | Frontiers in Psychology

The attentional boost eeff ct and
perceptual degradation:
Assessing the influence of
attention on recognition
memory









OPS/images/crossmark.jpg
(®) Check for updates






OPS/images/logo.jpg
' frontiers Frontiers in Psychology





