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Abstract

We examined children’s ability to employ a metacognitive heuristic based on memorability expectations to reduce false recognitions, and explored whether these expectations depend on the context in which the items are presented. Specifically, 4-, 6-, and 9-year-old children were presented with high-, medium-, and low-memorability words, either mixed together (Experiment 1) or separated into two different lists (Experiment 2). Results revealed that only children with a higher level of executive functioning (9-year-olds) used the memorability-based heuristic when all types of items were presented within the same list. However, all children, regardless of age or executive level, implemented the metacognitive rule when high- and low-memorability words were presented in two separate lists. Moreover, the results of Experiment 2 showed that participants processed medium-memorability words more conservatively when they were presented in a low- than in a high-memorability list, suggesting that children’s memorability expectations are sensitive to list-context effects.
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Introduction

In recent years, studies on child metacognition have begun to focus on how expectations and naïve theories about memory functioning can influence memory decisions through the use of metacognitive rules (Ghetti & Alexander, 2004; Geurten, Willems, & Meulemans, 2015b; Koriat, Ackerman, Lockl, & Schneider, 2009; Lockl & Schneider, 2002). For example, researchers who have explored the relationship between false memory and metacognition have placed a particular emphasis on how children employ differences in the expected memorability of items to strategically determine whether they have been previously presented (for a review, see Ghetti, 2008).

Generally, researchers who examine the effect of metacognitive expectations on children’s or adults’ decision-making interpret their results within the framework of signal detection theory (SDT; see Macmillan & Creelman, 2005). As a reminder, SDT characterizes how perceivers separate meaningful information from “noise” in terms of two underlying components: sensitivity (d’) and response bias (C). High sensitivity reflects good discrimination between signal and noise distributions (i.e., greater probability of “yes” responses when a target is presented and “no” responses when a distractor is presented) while low sensitivity represents poor discrimination between signal and noise. A negative response bias represents liberal responding (i.e., a greater tendency to classify an item as “old” whether it is a target or a distractor), while a positive value represents conservative responding (i.e., greater probability of classifying an item as “new” whether it is a target or a distractor). Thus, using a conservative response criterion decreases both hit and false recognition rates, while a liberal response criterion has the exact opposite effect.

According to many authors, the influence of metacognitive expectations about memorability on recognition decisions is driven by a heuristic (i.e., an automatic inference rule that is supposed to operate at the fringe of consciousness; Reber, Wurtz & Zimmermann, 2004). The memorability-based heuristic is demonstrated when people implement a more conservative response criterion, which results in a reduction of the false recognition rate for a class of stimuli that is anticipated to be highly memorable compared to a class of stimuli that is anticipated to be less memorable (Dobbins & Kroll, 2005; Ghetti, 2003; McDonough & Gallo, 2012; Meeks, Knight, Brewer, Cook, & Marsh, 2014). Generally, stimuli are judged as being memorable (either owing to inherent features or by contrast with other items) when they lead to the metacognitive impression that they would have been remembered if they had been previously experienced (Meeks et al., 2014). Over time, the influence of the memorability-based heuristic has been demonstrated using various sorts of verbal and non-verbal memory material. For instance, studies in adults have established that the criterion to endorse an item as “old” usually appears to be more stringent for low-frequency words than for high-frequency words. As the former are encountered less, they are generally perceived as more distinctive and more memorable than the latter words in a recognition test. This leads participants to believe that if they had seen the memorable items, they would have remembered them (Meeks et al., 2014). Similar results have been obtained when comparing different classes of autobiographical events (common vs. uncommon; Ghetti & Alexander, 2004), classes of pictures (familiar vs. unfamiliar; Dobbins & Kroll, 2005), and encoding methods (enacted vs. imagined actions; Ghetti, Castelli, & Lyons, 2010) in adults (Dobbins & Kroll, 2005) and in children (at least after the age of 8-9: Ghetti & Alexander, 2004; Ghetti et al., 2010). These experiments, although they have used various types of memory material, have mostly been based on a single mixed-list design. To the best of our knowledge, to date, only one study in adults (Meeks et al., 2014; Experiment 3) – and no study in children – has examined the influence of the memorability heuristic when stimuli are divided into two separate lists.
According to Dobbins and Kroll (2005), there are two main prerequisites for the use of the memorability-based heuristic when different types of stimuli are mixed within the same list. First, participants have to reliably detect differences in the memorability of the two types of items. Secondly, they have to adjust their expectations and therefore their response criterion on a trial-to-trial basis when making recognition decisions. According to these authors, this constant switching from one criterion to another requires controlled executive processes. Interestingly, the cognitive cost associated with this repeated shifting could explain why studies that have investigated the memorability effect (with a classical mixed-list design) indicate the use of expected memorability to guide memory decisions, but not before the age of 9 years (some indications of the use of the memorability rule were also detected in a minority of 7- and 8-year-old children; for a review, see Ghetti, 2008). In support of this view, other results suggest that this finding is not due to an inability of younger children to develop accurate expectations about their own memory performance. Indeed, some studies have recently established that even 4-year-old children are able to develop such expectations (Geurten, Willems, & Meulemans, 2015a; Hembacher & Ghetti, 2014; Lipowski, Merriman, & Dunlosky, 2013). Young children’s failure to use the memorability-based heuristic could instead be explained by the amount of resources required to shift the response criterion upward or downward depending on the stimuli to be judged. In this context, it is possible that young children (e.g., between the ages of 4 and 6 years) may be able to rely on the memorability heuristic to guide their memory decisions under less demanding cognitive conditions. This postulate, however, has yet to be investigated.
In the present study, two experiments were carried out to test this hypothesis. The main goal of Experiment 1 was to replicate the results of previous studies and to confirm that, when a recognition test composed of a mix of high- and low-memorability items is administered to children aged 4, 6, and 9 years old, only older participants are able to rely on their memorability expectations to guide the decision-making process. For this purpose, we varied the memorability of three sets of stimuli included in the test. As the word frequency effect on the items’ expected memorability has not been demonstrated before the middle of childhood (e.g., Garlock, Walley, & Metsala, 2001) and, thus, could not be used in the present study, the memorability of the stimuli was established through a pretest using a trials to acquisition procedure (i.e., a study-test loop procedure in which the pairs that participants fail to recall are presented for re-study until perfect recall is achieved; Bahrick & Phelps, 1987). The second aim of this first experiment was to corroborate the postulate of Dobbins and Kroll (2005) and establish that children’s use of the memorability-based heuristic is related to their executive abilities when the response criterion has to be adjusted on a trial-to-trial basis.

Experiment 2, on the other hand, aimed at further examining whether, in a situation where perceived memorability does not vary widely between trials (and, thus, where no change in the decision criterion is needed from one trial to the next), children younger than age 9 are able to rely on memorability expectations to guide the decision-making process. To this end, we presented children with two nearly “pure” memorability lists that were almost exclusively composed of either high- or low-memorability words, but that also included a few medium-memorability words. The aim of the latter procedure was to explore whether children process medium-memorability words differently depending on the memorability context in which they are presented (e.g., Bodner & Lindsay, 2003; McCabe & Balota, 2007). Specifically, we hypothesized that the memorability difference between the medium-memorability stimuli and the other stimuli (high or low) constituting our two experimental lists would be too slight to be detected, and thus would not prompt children to adjust their response criterion (Dobbins & Kroll, 2005). In this case, participants would adopt a more conservative bias for medium-memorability words when they are presented in a high-memorability context than when they are presented in a low-memorability context (for an example of such findings in adults, see McCabe and Balota, 2007).
Experiment 1

The purpose of Experiment 1 was to examine the use of the memorability-based heuristic by investigating whether 4-, 6-, and 9-year-old children are able to use the expected memorability of information to guide their recognition decisions. In this experiment, high-, medium-, and low-memorability items were presented within the same list. Following the item-based criterion hypothesis (Dobbins & Kroll, 2005), we expected that high-memorability words would produce a more conservative response criterion than low-memorability words. However, we anticipated that this effect would only appear for the 9-year-olds (e.g., Ghetti & Alexander, 2004). Given the results of previous studies, we hypothesized that the executive abilities of 4- and 6-year-old children would not be mature enough to allow them to adjust their response criterion on a trial-to-trial basis.

Method

Participants. The final sample included 69 typically developing children aged 4 (n = 22; 10 females; mean age = 55.45 months; SD = 7.06), 6 (n = 23; 12 females; mean age = 77.87 months; SD = 3.53), and 9 (n = 24; 12 females; mean age = 113.04 months; SD = 3.16) years. Three additional participants were tested but not included in the final analyses because they responded “no” to all items during the recognition test. No group difference was found in terms of parental education level, F(2,65) = 0.64, p = .53, and non-verbal intelligence, F(2,65) = 1.11, p = .34, respectively assessed using both parents’ years of education and scores on the Matrix Reasoning test (Wechsler, 2004, 2005). The sample was recruited from French-speaking kindergartens and elementary schools in Belgium.

Materials. The stimuli consisted of a list of 69 French words composed of 18 randomly assigned study items, 45 distractors, and 6 buffer items (i.e., items that are presented to prevent primacy and context effects, but that are not included in statistical analyses). The words in the list were divided into three categories according to their level of memorability (high/medium/low). This level was determined through a pretest in which a list of 80 words expected to be included in the vocabulary of 4-year-old children was randomly presented (3 s each) to 36 children (4, 6, and 9 years old) who were required to study these words using a trials to acquisition procedure. This procedure was chosen because we are not aware of any other established methods for selecting words (e.g., based on frequency) that would have allowed us to determine words’ memorability for children in this age range. Furthermore, many studies carried out in children have demonstrated that items that are easily encoded in a trials to acquisition procedure are more likely to be remembered on a subsequent test (e.g., Geurten et al., 2015a; Koriat et al., 2009).
Specifically, in this pretest, participants were asked to try to remember as many words as possible in order to be able to recall them later. Each time 20 out of the 80 items had been presented, a free recall test was administered. Once all 80 items had been displayed, the words that participants failed to recall were presented for re-study and then tested again (Bahrick & Phelps, 1987; Karpicke & Roediger, 2008). This study-test loop ended when children achieved perfect recall or when they failed to recall the items after 10 trials. At the end of the pretest, the stimuli were sorted into three categories depending on the average speed with which they were learned: (1) items that were recalled by more than 65% of the children in each age group during the first three study-test loops were classified as having a high level of memorability (mean = 2.04 loops; SD = 0.81), (2) items that more than 65% of the children in each age group failed to recall before the last three study-test loops were classified as having a low level of memorability (mean = 4.82 loops; SD = 0.85), and (3) items that were recalled by more than 65% of the children in each age group between the fourth and the seventh study-test loop were classified as having a medium level of memorability (mean = 8.08 loops; SD = 1.08). Six study items, 15 distractors, and 2 buffer items were picked from each category to form the list of stimuli employed in the present experiment. The three types of selected words were equal in terms of frequency (between 15.1 and 15.9 occurrences per million words; Radeau, Mousty, & Content, 1990) and number of syllables (a mean of between 1.91 and 2.04 syllables); however, ex post analyses revealed that they differed in terms of concreteness (values between 5.79 and 6.49; Desrochers & Bergeron, 2000) and word length (a mean of between 5.59 and 6.59 letters per word). The latter findings probably explain why these three classes of items were not recalled equally well in pretest: studies in adults have established that concrete or short words are usually better remembered than abstract (e.g., Glanzer & Adams, 1990) or long (e.g., Cortese, McCarty, & Schock, 2014) words in tests of long-term memory. A list of the items can be found in Appendix 1A.
Procedure. Written consent was obtained from the parents before the study started. Children were tested individually in a quiet room in their school, and underwent a 45-minute session including a study and a recognition phase, which were separated from each other by a 15-minute delay that was filled with non-verbal cognitive tasks. 

Study Phase. A list of 18 items (high/medium/low memorability) was presented in a random order to each child. Participants were instructed to study the words as carefully as possible in order to be able to recall them in an upcoming test. More specifically, participants were asked to stare at a fixation cross (“+”) in the center of the screen, while the study items were named by a female voice (over the computer speakers) at a rate of one every 3 s. Three buffer words were also presented at the beginning of the study list to ensure that each child started to learn the material in the same memorability context.

Recognition Phase. A 15-minute delay followed the study phase. Once this time had elapsed, there was a recognition test. Specifically, children were told that they would be presented with both studied and non-studied words, and that they had to respond “yes” if they remembered hearing the stimulus in the first phase, and “no” if they did not. A cross-hair appeared at the center of the computer screen while the items in the list were successively named in a random order. After each response, or after a delay of 5 s, a blank screen was presented for 500 ms, followed by the presentation of the next item. Overall, 18 studied words and 45 distractors from the three different levels of memorability were presented. Additionally, three new buffer items were displayed at the beginning of the task to keep participants from being placed in different memorability contexts when they began the test.

Executive functioning. During the 15-minute interval that preceded the recognition test, participants were given non-verbal cognitive tasks, such as the self-ordered pointing test (SOPT), which assesses the executive ability to monitor a sequence of responses (Cragg & Nation, 2007), the Dragons’ House test of attentional shifting from Zimmermann, Gondan, and Fimm’s (2005) attentional test battery for children, and a go/no-go test of response inhibition (Raaijmakers et al., 2008). These three tasks were selected because it is well-established that these tasks assess each of the main executive functions described in Miyake et al.’s (2000) classical model, and because each of these functions (inhibition, working memory, and shifting) could possibly be involved in the ability to adjust the response criterion on a trial-to-trial basis: namely, by inhibiting competing thoughts, maintaining relevant information in memory, and allowing children to switch from one criterion to another. Finally, the Matrix Reasoning test was administered at the end of the session, following the recognition test.

Measures. The main measures used in our analyses were (1) a corrected hit rate for high-, medium-, and low-memorability items, which was computed by dividing the number of correctly recognized targets by the number of targets for which an answer was given within the allotted time (5 s), (2) a corrected false recognition rate for high-, medium-, and low-memorability items, which was computed by dividing the number of falsely recognized distractors by the number of distractors for which a response was given within the allotted time, (3) sensitivity (d’) and response bias (C) scores for the three types of items, which were estimated by comparing the number of studied words that were correctly identified with the number of distractors that were falsely recognized (Macmillan & Creelman, 2005), and (4) two executive scores combining the participants’ results on the three executive tasks. Specifically, reaction times on the Dragons’ House and go/no-go tasks, on the one hand, and the number of errors on the SOPT, Dragons’ House, and go/no-go tasks, on the other hand, were standardized and averaged to form two separate composite scores: EF (RT) and EF (Errors).

Results

Data analyses. Recognition measures were each analyzed using a 3 (Age Group: 4-, 6-, or 9-year-old) × 3 (Memorability: high, medium, or low) mixed-factor design where memorability was manipulated within participants. Table 1 displays the mean hit and false recognition rates, as well as sensitivity and response bias for the two memorability levels.

To explore the relationship between children’s level of executive functioning and their use of the memorability heuristic, Pearson’s correlations were computed. The significance level was set at .05. Preliminary analyses indicated homogeneity of variance between age groups, and revealed no gender or order effect on any of the dependent variables.
Hit and false recognition rates. We first examined whether memorability affected children’s hit and false recognition rates. The results of the mixed ANOVA indicated no effect of age, F(2,66) = 2.08, p = .13, or memorability, F(2,132) = 0.28, p = .76, and no interaction between the two variables, F(4,132) = 1.37, p = .25, for the hit rate. Moreover, no effect of age on the participants’ corrected false recognition rate was found, F(2,66) = 1.48, p = .24, and no Age × Memorability interaction, F(4,132) = 0.83, p = .51. However, a main effect of memorability was found, F(2,132) = 3.19, p = .04, η²p = .05, indicating that children, whatever their age, made fewer false recognitions for high-memorability items than for low-memorability items (see Table 1).
< Table 1 >

Signal detection analyses. To identify the contributions of sensitivity and response bias to the children’s reduced false recognition rate with high-memorability words compared to low-memorability words, a signal detection analysis was performed.

Sensitivity. Examination of the effect of items’ memorability on discrimination accuracy (d’) revealed no effect of age group, F(2,66) = 0.16, p = .85, or memorability, F(2,132) = 0.95, p = .39, and no interaction, F(4,132) = 0.69, p = .60.

Response bias. Once again, there was no significant age group, F(2,66) = 2.36, p = .10, memorability, F(2,132) = 1.16, p = .31, or interaction effect, F(4,132) = 0.39, p = .81. However, according to previous findings (for a review, see Ghetti, 2008), the oldest children in our sample should have been able to employ a metacognitive strategy based on the items’ level of memorability to guide their memory decisions during recognition tests. One of the primary points of interest in the present study was to confirm this hypothesis. For this reason, we chose to examine whether children in each of our three age groups implemented a more conservative response criterion for high- than for low-memorability words (i.e., the two extreme memorability levels). Data analyses revealed a statistical trend in this direction for 9-year-old children, F(1,23) = 3.75, p = .06, η²p = .14, but the results were not significant for the two younger groups, Fs < 1. These results indicate that only children in the older age group tended to respond more conservatively to high- than to low-memorability items.

Executive functioning and heuristic use. The participants’ use of the heuristic was estimated by subtracting the response bias for high-memorability words from the response bias for low-memorability words, with a positive score indicating the implementation of a more conservative response criterion for high- than for low-memorability items and, thus, use of the metacognitive rule. The EF (RT) and EF (error) composite scores were used to assess children’s level of executive functioning. A lower score indicated better executive performance. The results of the one-way ANOVAs revealed that children’s performance, for both the EF (error) score, F(2,66) = 15.02, p < .001, η²p = .31, and the EF (RT) score, F(2,66) = 44.07, p < .001, η²p = .57, significantly improved with age. Furthermore, a significant correlation was found between children’s use of the heuristic and their EF (RT) score (r = ‑.27, p = .02). As Figure 1 reveals, this correlation indicates that children with lower reaction times on the executive tasks demonstrated better use of the metacognitive rule (i.e., the implementation of a more conservative bias for high- than for low-memorability words). On the other hand, the correlation with the EF (error) score did not reach significance (r = .08, p = .51). This absence of effect could possibly be explained by a ceiling effect for the EF (error) score. Results of the post hoc analyses (Tukey’s test) indicated no significant difference between 6- and 9-year-old children for the latter variable (p > .05). By contrast, a significant difference was found between all age groups for the EF (RT) scores (all ps < .001). These findings are coherent with results presented elsewhere in the literature, demonstrating that reaction time is sometimes a more sensitive measure of cognitive development than response accuracy (e.g., Lange-Küttner, 2012).
< Figure 1 >

Finally, data analysis revealed an initial trend toward a correlation between the heuristic score and children’s age (r = .21, p = .08), suggesting that the ability to use the memorability heuristic improved with age. A partial correlation analysis was thus carried out to examine whether children’s level of executive functions truly accounts for age differences in the use of the memorability heuristic. And indeed, once the influence of executive functions (i.e., assessed using the EF [RT] score) was taken into account, the trend toward a correlation between children’s chronological age (in months) and their use of the memorability heuristic (rp = -.02, p = .85) was no longer found, thus supporting the potential involvement of executive functions in children’s use of the metacognitive rule.
Discussion, Experiment 1
The first goal of Experiment 1 was to replicate previous findings indicating that memorability expectations can be used to guide memory decisions through the implementation of a metacognitive rule, but only starting at the age of 9 years (e.g., Ghetti & Alexander, 2004). Our results are in line with this hypothesis. In the present experiment, only 9-year-old children demonstrated a tendency to respond more conservatively to high- than to low-memorability words. The second aim of this experiment was to examine the relationship between children’s use of the memorability-based heuristic and their level of executive functioning. Interestingly, a significant correlation was found between the participants’ tendency to implement a more conservative response criterion for high- than for low-memorability words and their executive abilities. Furthermore, the results of the partial correlation seem to indicate that children’s level of executive functions accounts for age differences in the use of the memorability heuristic. Although the weak correlation between children’s chronological age and the use of the memorability heuristic means that the result of the partial correlation must be interpreted with caution, our findings seem to be consistent with the hypothesis of Dobbins and Kroll (2005) postulating that, when the contrast in the expected memorability of the items that compose a list is sufficient to be detected, two distinct response criteria could be developed and the adjustment of these criteria on a trial-to-trial basis could require controlled processes.
Experiment 2

Experiment 1 confirmed that the implementation of a decision rule based on memorability expectations did not occur before the age of 9 years, and that it could be related to the participants’ level of executive functioning. In Experiment 2, we sought to determine whether younger children are able to employ the memorability-based heuristic when the implementation of the metacognitive rule does not involve executive shifts from one criterion to another on a trial-to-trial basis. Specifically, in the present experiment, children were tested on two separate lists of items composed of either a majority of high-memorability words or a majority of low-memorability words. In this context, we expected all children to implement a more conservative response criterion for the high- than for the low-memorability items, demonstrating the use of the heuristic when no criterion switching is required. On the other hand, we anticipated no significant relationship between children’s level of executive functioning and the use of the metacognitive rule. In addition, a small number of medium-memorability words were also included in both lists. Assuming that the difference in the memorability level of these items would be negligible, and thus would not prompt children to switch their response criterion, we anticipated that the medium-memorability words would be more conservatively processed in the high- than in the low-memorability list context (see McCabe & Balota, 2007).
Method

Participants. Participants included in the final sample were 70 typically developing children aged 4 (n = 23; 11 females; mean age = 56.78 months; SD = 2.03), 6 (n = 23; 11 females; mean age = 77.18 months; SD = 3.67), and 9 years (n = 24; 18 females; mean age = 113.25 months; SD = 3.32). Two children were excluded from the analyses because they answered “no” to all items during the recognition test. Once again, no group difference was found in terms of parental education level, F(2,67) = 0.26, p = .77, or non-verbal intelligence, F(2,67) = 2.09, p = .13.

Materials. The word pool employed in Experiment 2 was mainly the same as the one used in Experiment 1 (see Appendix 1B). However, the stimuli were no longer presented within the same list. Instead, they were divided into two sets of words depending on their memorability (high or low). Each set was respectively composed of 22 high- or low-memorability words (11 study items and 11 distractors) and 10 randomly assigned medium-memorability words (5 study items and 5 distractors). Thus, 32 words were studied altogether (16 per list), and 64 words were presented during the recognition tests (32 per list). No buffer words were used in Experiment 2. The memorability level of each word was determined using the same pretest as in Experiment 1.

Procedure. Children participated in two 45-minute sessions approximately five days apart. Each session included both study and recognition phases. One of the two lists of stimuli (high- or low-memorability) was randomly assigned to each of the two sessions, counterbalanced between subjects. The medium-memorability words were counterbalanced between lists. Study and test words in both lists were presented in a random order for each participant. Once again, the two phases of the memory test—i.e., study and recognition phases—were separated from each other by a 15-minute delay that was filled with two non-verbal cognitive tasks: the Dragons’ House and Matrix Reasoning tests in one session; the SOPT and go/no-go tests in the other session.

Results

Data analyses. The first goal of this second experiment was to further investigate whether children are able to employ a more conservative response criterion for high- than for low-memorability items when no criterion shift is required. To this end, we used a 3 (Age Group: 4-, 6-, or 9-year-old) × 2 (List Type: high- or low-memorability) mixed-factor design to compare hit and false recognition rate, sensitivity, and response bias for high- and low-memorability words. The second aim of Experiment 2 was to explore whether children’s expectations about items’ memorability could be influenced by the memorability context in which they were presented. For this purpose, we used a 3 (Age Group: 4-, 6-, or 9-year-old) x 2 (List Type; high- or low-memorability) mixed-factor design to examine whether the list type factor affected hit and false recognition rate, sensitivity, and response bias for medium-memorability words. Table 2 displays the mean hit and false recognition rates, as well as sensitivity and response bias for each class of stimuli (high/low/medium) as a function of the experimental list (high/low).

To explore whether the implementation of a more conservative response criterion for high- than for low-memorability words was still linked to the composite executive scores when these two types of items were presented in two separate lists, Pearson’s correlations were computed.

As two separate ANOVAs were carried out on medium-memorability and high/low-memorability words, a Bonferroni correction was applied. In the following sections, statistical tests were thus considered significant when the p-value was lower than .025. Preliminary analyses indicated homogeneity of variance between age groups and revealed no gender or order effect on any of the dependent variables. 

Hit and false recognition rate. Firstly, mixed ANOVAs were carried out to compare the hit and the false recognition rate for high- and low-memorability stimuli between the two experimental lists for each age group. The results of these ANOVAs revealed a main effect of age for false recognitions, F(2,67) = 5.94, p = .004, η²p = .15, but not for hits, F(2,67) = 0.50, p = .61. Critically, the results showed both a lower level of false recognitions, F(1,67) = 6.51, p = .01, η²p = .09, and a trend toward a lower level of hits, F(1,67) = 4.57, p = .04, η²p = .06, for high- than for low-memorability items. No other effect reached significance, Fs < 1.

Secondly, mixed ANOVAs were carried out to compare the hit and the false recognition rate for medium-memorability stimuli between the two experimental lists for each of the three age groups. Once again, the results of the ANOVAs, on hits and false recognition separately, revealed a main effect of age for false recognitions, F(2,67) = 6.25, p = .003, η²p = .16, but not for hits, F(2,67) = 0.45, p = .96. The false recognition rate for medium-memorability items did not differ between the two experimental lists, F(1,67) = 2.66, p = .11. However, a higher level of hits was found for the medium items in the low-memorability list than in the high-memorability list, F(1,67) = 23.52, p < .001, η²p = .26. No other effect reached significance, Fs < 1.
As Figure 1 (Panel A) illustrates, these results suggest that children in all age groups demonstrated a lower false recognition rate for high- than for low-memorability words and indicate that participants rejected more medium-memorability items when they were presented in a low-memorability context (rate = .22 and .53 for false recognitions and hits, respectively) than when they were presented in a high-memorability context (rate = .30 and .75 for false recognitions and hits, respectively).
< Table 2 >

Signal detection analysis. To establish whether the above results were due mainly to an increase in children’s discrimination accuracy or to a difference in their response bias, a signal detection analysis was conducted.

Sensitivity. The mixed ANOVA carried out for high- and low-memorability stimuli demonstrated a statistical trend toward a main effect of age, F(2,67) = 3.67, p = .03, η²p = .10, indicating that children tend to become more discriminating with age. No other main or interaction effect reached significance. Similarly, none of the results of the mixed ANOVA carried out for the medium-memorability stimuli was statistically significant, Fs < 3.

Response bias. As Figure 1 (Panel B) illustrates, the results of the mixed ANOVA carried out for high- and low-memorability stimuli indicate that children implemented a more conservative response criterion for high- than for low-memorability items, F(1,67) = 6.06, p = .02, η²p = .08. No other main or interaction effect was revealed, Fs < 3. Moreover, results of the ANOVA carried out for the medium-memorability stimuli revealed that children implemented a more conservative response criterion for medium items in the low-memorability list than in the high-memorability list, F(1,67) = 7.13, p < .001, η²p = .11. Once again, no other main or interaction effect from these two ANOVAs was significant, Fs < 1. As a whole, these findings indicate that children, regardless of their age, were able to respond more conservatively to high- (C = .26) than to low-memorability items (C = -0.01). Furthermore, the results also suggest that the response bias demonstrated by participants for medium-memorability items depended on the memorability context in which they were presented: namely, medium-memorability words were shown to be processed more conservatively when they were presented in a low-memorability (C = 0.27) than in a high-memorability (C = -0.01) context.

< Figure 2 >

Executive functioning and heuristic use. Finally, we investigated whether children’s use of the memorability-based heuristic was related to their level of executive functioning when the response criterion did not have to be constantly adjusted on a trial-to-trial basis. Participants’ use of the heuristic was estimated by subtracting the response bias for the high-memorability words from the response bias for low-memorability words. A positive score indicates the use of the heuristic. No correlation was found between children’s chronological age and their memorability heuristic score (r = -.13, p = .28). As in Experiment 1, the results of the one-way ANOVAs revealed that children’s executive performance improves with age, as measured both by the EF (error) score, F(2,67) = 5.32, p = .007, η²p = .14, as well as the EF (RT) score, F(2,67) = 50.91, p < .001, η²p = .60. Specifically, post hoc analyses (Tukey test) revealed significant differences between all age groups for the EF (RT) scores (p < .001), but for the EF (error) scores, a significant difference was only observed between 9- and 4-year-old children (p = .005). No significant correlation was found between children’s use of the memorability heuristic and executive scores (r = .15, p = .20 and r = .02, p = .88 for EF (RT) and EF (error) scores, respectively).
Discussion Experiment 2
Experiment 2 demonstrated that children implemented a more conservative response criterion for high- than for low-memorability items when these two types of items were presented in separate lists, resulting in a decrease in both hit and false recognition rates for the former type of items. These findings are important since they indicate that, under favorable conditions, all children can use metacognitive expectations about the memorability of information to strategically reduce their false recognition rate. Furthermore, the absence of a correlation between children’s use of the memorability heuristic and the two executive scores further supports the hypothesis that young children’s inability to implement the memorability-based heuristic when items are presented within a mixed-list design (see Experiment 1) is probably not due to a real inability to use the metacognitive rule, but rather to an inability to switch the response criterion on a trial-by-trial basis, which could possibly result from a lack of executive resources (Dobbins & Kroll, 2005).
Moreover, these results are coherent with the idea that the recognition decision for an item depends on the context in which it is presented (Bodner & Lindsay, 2003; Bodner & Richardson-Champion, 2007; McCabe & Balota, 2007). Surprisingly, though, our results point in the opposite direction to the one that was expected: medium-memorability words induced the implementation of a more conservative criterion when presented in the liberal (i.e., low-memorability) list compared with the conservative (i.e., high-memorability) list. The opposite pattern was expected: the implementation of a conservative response criterion for both high- and medium-memorability words in a ‘conservative’ context, and the use of a liberal response criterion for both low- and medium-memorability words in a ‘liberal’ context. Two explanations may account for this result. First, it is possible that we under- or over-estimated the perceived memorability of our medium items, thus explaining why participants switched their response criterion within-list. However, in this case, they should have been biased in one or the other direction (more or less memorable) and a shift should have been observed in the response criterion in only one of the experimental lists (e.g., if medium-memorability items were more memorable than estimated, the change of criterion should have taken place in the low- but not in the high-memorability list). As a criterion shift was demonstrated in both experimental lists, this hypothesis does not seem tenable. Alternatively, the relatively small number of medium-memorability items that was included in the two experimental lists could explain our result. In fact, the predominance of high- and low-memorability items could have led children to develop a single overall memorability benchmark in these two contexts (which would not be the case in an evenly mixed list). The small number of medium items could have prompted a feeling of surprise arising from the discrepancy between this benchmark and the experienced impression of ease or difficulty for medium items. In this way, medium-memorability items could have “popped out” from their background and induced participants to adjust their response criterion (for a similar reasoning about fluency, see Westerman, 2008). However, other studies must be carried out in order to determine the validity of the latter hypothesis (see below for more details).
General Discussion

The present study was designed to achieve three main goals: (1) to determine whether children are able to employ a metacognitive heuristic based on memorability to guide their recognition decisions before the age of 9 years, (2) to investigate whether children’s use of the memorability-based heuristic is related to their executive abilities in certain experimental situations, and (3) to explore whether the context in which an item is presented can influence its expected memorability. To this end, two experiments were carried out. Their results are discussed in relationship to each of our hypotheses in the following sections. 

Evidence for the Memorability Heuristic

Two interesting and interrelated findings about the development of the memorability-based heuristic in childhood were observed. The results of Experiment 1 indicated that when high- and low-memorability stimuli were presented within the same list, only 9-year-old children tended to demonstrate a pattern of responses coherent with the use of the metacognitive rule: namely, the implementation of more conservative response criterion for high- than for low-memorability items. Furthermore, correlational analyses highlighted a statistical relationship between participants’ use of the metacognitive heuristic and their level of executive functioning. Similarly, partial correlational analyses seem to indicate that children’s level of executive functions could account for age differences in the use of the memorability heuristic. However, in Experiment 2, when high- and low-memorability stimuli were separated into two different lists, the results revealed that all children, regardless of their age, responded more conservatively to high- than to low-memorability words. Moreover, in the latter experiment, participants’ use of the memorability-based heuristic was no longer found to be correlated with their executive abilities.

Taken together, these findings seem to indicate that young children’s inability to implement a decision rule based on their memorability expectations (e.g., Ghetti, 2003; Ghetti & Alexander, 2004) does not seem to be due to a real inability to use the memorability-based heuristic, but rather to an inability to shift their response criterion on a trial-to-trial basis, which could possibly be explained by a lack of executive resources. Specifically, although the weak correlation between children’s chronological age and the use of the memorability heuristic means that our data must be interpreted with caution, the results of the correlational analyses seem to be consistent with the idea that executive functions could be required to allow participants to shift from one response criterion to another when high- and low-memorability items are presented within the same list (Dobbins & Kroll, 2005; see also Miller, Chatley, Marcovitch, & Rogers, 2014). However, when such a constant adjustment is not needed because high- and low-memorability words are presented in two separate lists, we demonstrated that all children are able to employ the memorability-based heuristic to guide their memory decisions. On the whole, the present results indicate that the ability to rely on expectations and naïve theories to regulate decision-making processes develops early in childhood. However, regarding the executive hypothesis (Dobbins & Kroll, 2005),  this interpretation will require further corroboration (e.g., using neurological patients with problems in executive control) as our findings are not sufficient to establish that executive processes are involved in children’s use of metacognitive heuristics when high- and low-memorability items are presented within the same list.
Memorability of words

This study demonstrated the presence of a memorability effect in a population of young children. But what characteristic of our stimuli could account for this effect? Recall that the memorability level of the three sets of stimuli used in this study was established on the basis of differences in children’s memory performance rather than on the basis of specific differences in word features (e.g., word frequency). Follow-up analyses revealed that our three classes of stimuli differed in terms of concreteness and word length, suggesting that young children’s long-term memory performance may be influenced by these two factors. On the other hand, no word frequency effect was found (Garlock et al., 2001).
It is well-established that concreteness produces a memorability effect on recognition memory (e.g., Fliessbach, Weis, Klaver, Elger, & Weber, 2006; Glanzer & Adams, 1990). In the present study, although low-memorability words were less concrete than high-memorability words, each class of stimuli was nonetheless composed of highly concrete items (between 5.79 and 6.49 on a seven-point scale). This is interesting because it could explain why no statistical difference was found between hit rates for high- and low-memorability words in our two experiments (by definition, memorable materials are supposed to increase the number of hits). Studies in adults have demonstrated that differences in hit rates between high- and low-memorability items may disappear when the gap between the memorability level of the two classes of stimuli is not large enough (e.g., Cortese, Khanna, & Hacker, 2010). In this context, the decrease in the hit rate due to the implementation of the conservative criterion and the increase in the hit rate due to greater memorability, should cancel each other out.
Regarding differences in word length, recent studies have established the positive effect of short words on long-term memory performance (e.g., Cortese et al., 2014). Like concreteness, the word length effect could thus explain the memorability difference highlighted here. However, it is worth mentioning that only on a small number of words with a different length were included in each experimental list. In the context of a list composed of short words, a small number of long (and, usually, less memorable) words may become very memorable due to their salience. According to Hume et al. (2006), isolating a word of different length in a list produces a substantial memory advantage for this isolated item (i.e., isolated long words are better remembered than other words in a list of short words, while isolated short words are better remembered than other words in a list of long words), a memory phenomenon termed the isolation effect (von Restorff, 1933). On the whole, our experimental lists were equal in terms of the number of items with a different length (i.e., four short or long words in each list). In agreement with the isolation effect, the word-length effect was thus broadly neutralized between our lists. In order to examine this claim, the data were re-analyzed only using responses to words that were matched on word length. However, removing short and long words from our analyses did not change our findings (details of these results are provided in the supplementary materials).

On the whole, these findings seem to indicate that the memorability effect demonstrated in our study is more likely to be explained by a concreteness effect rather than by a word length effect.
Memorability in Context

The last goal of this study was to explore whether the context in which material is presented can influence children’s expectations about its memorability. More specifically, using an experimental procedure inspired by studies examining the effect of context on the expected memorability of items in adults (Bodner & Lindsay, 2003; Bodner & Richardson-Champion, 2007; McCabe & Balota, 2007), we presented participants with medium-memorability words either in a high- or in a low-memorability list context. In accordance with McCabe and Balota (2007), we expected children to develop a global memorability benchmark in the high-memorability (conservative) and low-memorability (liberal) contexts, and thus to process medium-memorability items more conservatively in the former, compared to the latter context. Surprisingly, however, although a context effect was found, its direction was opposite to our expectations. The results indicated that, at test, children implemented a more conservative response criterion for medium-memorability items when they were included in a liberal context than when they were included in a conservative context. Following Westerman (2008), we hypothesized that this finding could be explained by the small proportion of medium-memorability items included in the two experimental lists, which could have induced participants to adjust their response criterion on the basis of a feeling of surprise resulting from the unexpected ease (or difficulty) with which the medium-memorability words were recollected.
This effect has two important implications. First, combined with the results of the analysis conducted on the high- and low-memorability items, it further confirms that children rely on expected memorability to implement their decision criterion. Second, it provides some evidence that children’s memorability expectations depend on the overall context in which the information is presented. Nevertheless, other studies are needed  to determine the effect of context on children’s memorability expectations in more precise terms. In Experiment 2, medium-memorability words were both encoded and tested either in a high- or in a low-memorability context. Consequently, it cannot be totally ruled out that the results of the two recognition tests in the present study may be due to differences in the amount of effort required when encoding medium-memorability items compared to high- or low-memorability items during the study phase.

Conclusion

In two experiments, the ability of young children to employ the memorability-based heuristic to reduce their false recognition rate was demonstrated. Our findings are consistent with the results of other studies that have recently highlighted the early involvement of metacognitive skills in decision making (Geurten et al., 2015a; Hembacher & Ghetti, 2014; Lipowski et al., 2013). However, future studies (e.g., using other types of memory material) must be conducted in order to further confirm the involvement of executive functions in children’s use of the memorability heuristic in mixed-list designs. Until such data become available, Ghetti’s (2008) hypothesis that children are unable to implement metacognitive decision rules before the middle of childhood, cannot be entirely ruled out.

Moreover, our results also suggest that context may have an influence on the formation of metacognitive expectations in children. Of course, this latter finding needs to be corroborated and investigated with the help of other kinds of experimental paradigms. For example, studies should be carried out examining how medium-memorability words are processed in experimental lists that consist of an equal number of contextual (high- or low-memorability) and medium-memorability items (see McCabe & Balota, 2007). Similarly, following a method employed by Westerman (2008) with the fluency heuristic, studies could also be conducted that investigate whether children are able to switch their response criterion in a mixed-list design composed of an unequal number of high- and low-memorability words.
Regardless, these questions concerning the relationship between memory and metacognition in children are of great theoretical and practical interest, and thus deserve to be examined in future studies. Indeed, if they are confirmed, such findings may shed new light on the development of metacognitive heuristics in children and moreover hopefully prompt practitioners to adapt their procedures when assessing young children’s metacognitive abilities, namely, by placing them in situations that are less demanding in terms of executive resources. Furthermore, our results also have important implications concerning methods of assessing memory in children. Specifically, our findings regarding the context effect seem to suggest that, in situations where children have to answer to multiple memory questions (e.g. schooling, giving testimony), the likelihood that they will claim to remember something from the past will depend on how well they remember the answers to the other memory questions.
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Appendix 1A
Lists of the Stimuli Employed in Experiment 1
	
	Memorability

	
	High
	Low
	Medium

	Buffers
	Feather (Plume)
	Cradle (Berceau)
	Exercice (Exercice)

	
	Secret (Secret)
	Lie (Mensonge)
	Story (Histoire)

	Targets
	Bird (Oiseau)
	Accident (Accident)
	Bottle (Bouteille)

	
	Broom (Balai)
	Basket (Panier)
	Farm (Ferme)

	
	Calendar (Calendrier)
	Color (Couleur)
	Map (Carte)

	
	River (Rivière)
	Field (Champ)
	Meadow (Prairie)

	
	Soldier (Soldat)
	Fountain (Fontaine)
	Tap (Robinet)

	
	Tear (Larme)
	Mask (Masque)
	Window (Fenêtre)

	Distractors
	Baby (Bébé)
	Blanket (Couverture)
	Book (Livre)

	
	Bread (Pain)
	Circus (Cirque)
	Copy (Double)

	
	Calculation (Calcul)
	Cloud (Nuage)
	Danger (Danger)

	
	Castle (Château)
	Error (Erreur)
	Forest (Forêt)

	
	Doctor (Docteur)
	Flag (Drapeau)
	Journey (Voyage)

	
	Ghost (Fantôme)
	Idea (Idée)
	Look (Regard)

	
	Hotel (Hôtel)
	Letter (Lettre)
	Mountain (Montagne)

	
	Island (Île)
	Mattress (Matelas)
	Newspaper (Journal)

	
	Pancake (Crêpe)
	Music (Musique)
	Party (Fête)

	
	Postman (Facteur)
	Phone (Téléphone)
	Path (Chemin)

	
	School (Ecole)
	Shadow (Ombre)
	Pin (Epingle)

	
	Star (Etoile)
	Smile (Sourire)
	Problem (Problème)

	
	Stick (Bâton)
	Soap (Savon)
	Question (Question)

	
	Street (Rue)
	Storm (Tempête)
	Stone (Pierre)

	
	Treasure (Trésor)
	Work (Travail)
	Tractor (Tracteur)


Appendix 1B
Lists of the Stimuli Employed in Experiment 2
	Memorability

	High
	Low
	Medium

	Baby (Bébé)
	Accident (Accident)
	Book (Livre)

	Bird (Oiseau)
	Basket (Panier)
	Bottle (Bouteille)

	Bread (Pain)
	Blanket (Couverture)
	Copy (Double)

	Broom (Balai)
	Circus (Cirque)
	Farm (Ferme)

	Calculation (Calcul)
	Cloud (Nuage)
	Forest (Forêt)

	Calendar (Calendrier)
	Color (Couleur)
	Journey (Voyage)

	Castle (Château)
	Error (Erreur)
	Look (Regard)

	Doctor (Docteur)
	Field (Champ)
	Map (Carte)

	Ghost (Fantôme)
	Flag (Drapeau)
	Meadow (Prairie)

	Hotel (Hôtel)
	Fountain (Fontaine)
	Mountain (Montagne)

	Island (Île)
	Idea (Idée)
	Newspaper (Journal)

	Pancake (Crêpe)
	Letter (Lettre)
	Party (Fête)

	Plume (Plume)
	Lie (Mensonge)
	Path (Chemin)

	Postman (Facteur)
	Mask (Masque)
	Pin (Epingle)

	River (Rivière)
	Mattress (Matelas)
	Question (Question)

	School (Ecole)
	Music (Musique)
	Stone (Pierre)

	Soldier (Soldat)
	Phone (Téléphone)
	Story (Histoire)

	Star (Etoile)
	Shadow (Ombre)
	Tap (Robinet)

	Stick (Bâton)
	Smile (Sourire)
	Tractor (Tracteur)

	Street (Rue)
	Soap (Savon)
	Window (Fenêtre)

	Tear (Larme)
	Storm (Tempête)
	/

	Treasure (Trésor)
	Work (Travail)
	/


Table 1

Proportion of Hits and False Recognitions, Sensitivity (d') and Response Bias (C), and Rate of Non-Responses (Means and Standard Deviations) by Age Group for Each Memorability Level in Experiment 1
	
	All (N = 69)
	4 years (n = 22)
	6 years (n = 23)
	9 years (n = 24)

	
	High
	Medium
	Low
	High
	Medium
	Low
	High
	Medium
	Low
	High
	Medium
	Low

	Hits
	0.73 (0.22)
	0.71 (0.19)
	0.72 (0.24)
	0.80 (0.20)
	0.72 (0.16)
	0.80 (0.25)
	0.71 (0.21)
	0.69 (0.22)
	0.63 (0.25)
	0.69 (0.23)
	0.71 (0.20)
	0.72 (0.20)

	False recognitions
	0.12 (0.15)
	0.12 (0.15)
	0.16 (0.18)
	0.18 (0.19)
	0.16 (0.19)
	0.18 (0.19)
	0.09 (0.10)
	0.09 (0.13)
	0.14 (0.18)
	0.09 (0.13)
	0.12 (0.13)
	0.15 (0.17)

	Sensitivity (d')
	1.80 (0.79)
	1.78 (0.68)
	1.66 (0.92)
	1.69 (0.83)
	1.67 (0.68)
	1.77 (0.85)
	1.81 (0.69)
	1.84 (0.67)
	1.55 (0.89)
	1.89 (0.86)
	1.86 (0.64)
	1.67 (1.04)

	Response bias (C)
	0.36 (0.39)
	0.35 (0.41)
	0.29 (0.44)
	0.22 (0.38)
	0.27 (0.42)
	0.20 (0.48)
	0.46 (0.40)
	0.45 (0.38)
	0.42 (0.45)
	0.39 (0.36)
	0.34 (0.40)
	0.25 (0.38)

	Non-responses
	0.05 (0.05)
	0.05 (0.05)
	0.06 (0.05)
	0.08 (0.05)
	0.07 (0.05)
	0.08 (0.06)
	0.05 (0.05)
	0.06 (0.06)
	0.06 (0.04)
	0.02 (0.02)
	0.03 (0.03)
	0.03 (0.03)


Table 2
Proportion of Hits and False Recognitions, Sensitivity (d') and Response Bias (C), and Rate of Non-responses (Means and Standard Deviations) for Both Experimental Lists (High- vs. Low-Memorability) and Each Class of Stimuli (High/Low/Medium) in Experiment 2
	
	High
	Low

	
	High
	Medium
	Low
	Medium

	Hits
	0.60 (0.24)
	0.75 (0.26)
	0.68 (0.23)
	0.53 (0.27)

	False recognitions
	0.23 (0.26)
	0.30 (0.33)
	0.34 (0.31)
	0.22 (0.27)

	Sensitivity (d')
	1.14 (0.77)
	1.21 (0.87)
	1.06 (0.85)
	0.84 (0.80)

	Response bias (C)
	0.26 (0.69)
	-0.01 (0.54)
	-0.01 (0.75)
	0.27 (0.56)

	Non-responses
	0.04 (0.06)
	0.02 (0.03)
	0.03 (0.03)
	0.01 (0.02)


Figure Captions

Fig.1. Scatterplot for children’s use of the memorability heuristic as a function of their level of executive functioning in Experiment 1.
Fig.2. Proportion of false recognitions (panel A) and response bias values (panel B) for both experimental lists (high vs. low) and each class of stimuli (high/low/medium) in Experiment 2. Error bars show the standard deviation of the mean.

