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Abstract
Early childhood is a critical period for episodic memory development, with sharp behavioral improvements between ages 4 to 7 years. Prior work has demonstrated this extensively with prompted memory tasks, but we explored performance on unprompted, free recall of a naturalistic experience in children, and how their performance relates to other cognitive measures. We asked children and adults to view a television episode, a naturalistic task for which there exists a ground truth, and assessed their free recall memory for the episode. Children’s free recall performance improved dramatically with age, with many young children producing no verbal free recall whatsoever, even though prompted recognition memory measures showed retention of material. However, detail in free recall was related to both recognition and temporal order forced-choice memory performance in our full sample, showing agreement among memory measures. Free recall was strongly predicted by verbal skills, suggesting that children’s sparse recall reflects verbal skill development rather than a pure mnemonic deficit. We propose that free recall has a more protracted developmental trajectory because it requires more substantial verbal skills as well as meta-cognitive skills that direct memory search, as compared to forced-choice memory tasks.







Children’s memory for events: The challenge of free recall
Memory is a core feature of human cognition, shaping our understanding of the world, informing our actions, and molding our personalities. On an individual level, our collection of episodic memories creates the foundation from which we understand ourselves and helps us relate to others through narrative recall of our experiences. These memories are essential for constructing the story of who we are, where we come from, and where we are going.—in other words, our sense of self (Prebble et al., 2013). 
Early childhood is a critical window for the development of mnemonic capacities. Most adults cannot recall autobiographical details from the first two years of their lives, a phenomenon termed “infantile amnesia” (Bauer, 2015). After that period there is a time in childhood of sparce and gist-like memories termed “childhood amnesia” (Newcombe et al., 2000). From as young as two years old, children can verbally recall past events, though the accuracy of the recall tends to be quite low (Fivush, 2011) and the amount of recall children produce increases across development (Goodman & Reed, 1986). With increasing age, mnemonic processes develop significantly. In particular, between the ages of 4 and 7, there are marked improvements in cued or prompted episodic memory performance (Benear et al., 2021; Newcombe et al., 2007; Ngo et al., 2018). In these types of memory tasks, participants encode stimuli (usually visual items such as faces, objects, or scenes) and then are prompted as to whether they’ve previously seen a given item (old/new) or to choose which item they’ve previously seen from a list of options (containing the target items, and one or more lure or foil items). Age effects are also observed in free recall memory—where memory is probed in a free manner, without any cues or answer choice options—although this ability develops over a more prolonged period, with improvements in recall volume, accuracy, and specificity from ages 3 up to age 13 noted in the literature (Krøjgaard et. al, 2017; Piolino, 2007; Sluzenski et al., 2006; Strange & Hayne, 2013). 
Prior work investigating free recall in children generally focused on autobiographical memory for events that occurred outside the lab (Brainerd et al., 2008; Ceci & Bruck, 1993; Goodman et al., 1991; Goodman & Reed, 1986; but see Kulkofsky et al., 2008; Sluzenski et al., 2006). This work was essential in establishing what children were capable of in terms of recalling memories without scaffolds or multiple-choice options, generally finding improvements in children’s recall volume, accuracy, and resistance to suggestibility with increasing age across early childhood (Brainerd et al., 2008; Ceci & Bruck, 1993; Goodman & Reed, 1986; but see Goodman et al., 1991). However, without a ground truth against which to compare children’s responses, it is not possible to verify the accuracy of their reports, nor can between-child factors be controlled for (e.g., time since the event occurred, familiarity with the context in which the event occurred, repeated storytelling about the memory with the family, etc.). Therefore, here, we sought to examine free recall in a sample of children for a naturalistic, event-like experience that occurred recently and for which we had a ground truth about what actually occurred. Although prior work has shown sharp improvements in memory in early childhood using prompted memory measures (Benear et al., 2021; Newcombe et al., 2007; Ngo et al., 2018), how children’s performance for more naturalistic stimuli develops has not been thoroughly characterized.
What factors account for the improvement in free recall in childhood besides general  age-related improvement in mnemonic capacity? We investigated two factors: the maturation of event segmentation and verbal skills. Our group and others have shown that children who exhibit more adult-like event segmentation perform better on forced-choice memory tasks (Benear et al., 2023; Zheng et al., 2020), with older children generally segmenting television shows into events more like adults than younger children (Benear et al., 2023). We hypothesized that as children develop the ability to divide the stream of consciousness into distinct events, they may be better able to organize and communicate their memories, underscoring the potential importance of event segmentation in free recall (Zheng et al., 2020). 
Another non-mnemonic contributor to free recall ability is the ability to verbally communicate an event. Although the episodic memory literature rarely discusses language, it is clear that verbal skills and naturalistic forms of memory recall (such as autobiographical memory) should share some variance, given that sharing narratives about daily experiences can be more detailed and precise when one has a high level of communication aptitude. Indeed, language skills explain some of the variance in children’s free recall ability (Bauer & Larkina, 2019) with this development continuing into middle childhood (Bauer & Larkina, 2016). Additionally, research on autobiographical free recall has shown that greater cohesiveness in verbal narrative production (Kulkofsky et al., 2008) and knowledge of semantic links among concepts (reviewed in Brainerd et al., 2008) were linked to better recall performance in children.
In the present study, we asked whether forced-choice and free recall memory develop concurrently in children who are in a crucial developmental window for memory, and how factors such as event cognition and verbal skills might moderate this relationship. We note that event segmentation and verbal skills are not completely independent; the ability to weave a narrative, which is a key part of free recall, may be supported by event segmentation capabilities (Zheng et al., 2020).  Here we collected data from children aged 4-7 years and from young adults. Children watched a cartoon and later were asked to relate to the experimenter everything that had happened in the cartoon. Thus, our free recall memory measure has a ground truth.  Based on prior findings, we expected that there would be a main effect of age such that adults would outperform children, and older children would outperform younger children. Next, we expected to find that more accurate forced-choice memory would predict more detailed free recall in both children and adults. Additionally, we predicted that children who have more adult-like event segmentation and more advanced verbal language skills would demonstrate better free recall performance.
Methods
Participants
This study focuses on unanalyzed free recall data from a larger study (please refer to Benear et al., 2023 for the forced-choice and fMRI findings). The present study collected data from young adults and 4-7-year-old children. Adult participants were recruited through Temple’s SONA system, and children were recruited through the Temple Infant and Child Lab database, social media posts, or community outreach. Two adult audio recordings were empty or inaudible, so these participants were excluded. The final sample included 38 adults (Mage=19.5; 21 F, 15 M, 2 NB) and 44 children (Mage= 5.48; 24 F, 20 M). Of the children, 23 were “younger children” (ages 4.00-5.99) and 21 were “older children” (ages 6.00-7.99). Our sample size was chosen based on power achieved by prior work in the lab (e.g. Benear et al., 2021). All participants, or participants’ guardians, confirmed that they had not seen All Hail King Julien (AHKJ), an animated television show based on characters from the movie Madagascar, prior to the study.
Stimuli and Task Procedure
The study began with each participant reviewing an expository slideshow that presented them with brief descriptions of the setting, characters, and events featured in the first episode of AHKJ. After watching the last five minutes of Episode 1, they watched the entirety of Episode 2. Two control tasks were then employed to test spatial working memory and verbal intelligence. Subsequently, participants completed the free recall task, followed by prompted memory tasks related to AHKJ. Finally, the participants completed the event segmentation task after training. Child participants were guided through the procedure by a researcher and had more extensive training to ensure they understood the event segmentation task. For more details on the prompted memory and event segmentation tasks, see Benear et al., 2023. 
Verbal Skills measure
	Verbal intelligence was measured using the Verbal and Riddles subtests of the Kaufman Brief Intelligence Test, Second Edition (KBIT-II). These subtests consist of vocabulary tasks and riddles that assessed participants’ ability to draw language-based inferences. Scores on the KBIT-II are generally age standardized to generate a verbal “IQ” measure, but we used raw scores for our analyses in this study to examine verbal ability in each participant.
Event Segmentation Task
	Participants were trained to complete the event segmentation task using the last five minutes of AHKJ Episode 1, with children having extra opportunities to practice and receive feedback. After this training period, participants were instructed to segment AHKJ Episode 2 into events. Participants denoted event boundaries by pressing the space bar whenever they believed one event ended and another began. 
Prompted Memory Tasks
	Additionally, this study assessed participants' memory of AHKJ using two different forced-choice tasks. One of these tasks was a 20-question recognition task, in which participants were asked questions related to characters and events from the show and prompted to select the correct answer from three options. The second task was a 40-question temporal order memory task, where participants saw two screenshots of events from the show along with a brief caption explaining each scene, and had to select which of the two events occurred first. 
Free Recall Task
	The free recall task was administered to participants after completing two intervening non-mnemonic tasks and taking a brief break, such that free recall occurred at a delay of 30-45 minutes after watching the television episode. Participants were instructed to recall as many details as possible about AHKJ Episode 2, which we recorded using an audio app on a desktop or laptop computer. Participants were also directed to describe events in order if possible. Adult participants were alone for their free recall. We anticipated that child participants might not fully comprehend why they should recount the show's events to the researcher, given that the researcher had been with them throughout the viewing. Thus, we asked the parent/guardian to be in the room as their child gave their free recall. The parent and the researcher encouraged the child to give more details with general prompts such as, “What happened next?” or, “Can you tell me more?” if they didn’t initially speak. No directed prompts specific to the content of the show were given. The audio recordings were then transcribed using the Otter.ai program, which produced written transcriptions for each participant’s verbal recall that were then checked by a researcher for errors. 
Free Recall Coding Procedure
Our coding process involved using a systematic approach to score the free recall transcripts. Unlike many free recall tasks which involve recalling autobiographical information, for which the researcher has no access to the ground truth, participants in our study were recalling a television episode, for which there was a ground truth regarding the events that occurred and the order in which they occurred. Thus, we created a custom coding procedure to “score” whether participants included events that indeed happened in the show, and whether they were listed in the correct order. 
First, a scoring key for Episode 2 of AHKJ was created by the researchers. The key was split into 22 scenes based on the most frequently chosen boundaries from the adult event segmentation data (Benear et al., 2023). We then populated each scene with ordered details pertaining to the specifics of that scene as they proceeded temporally during the episode. Scene titles described the overall setting, characters, and actions of each event using brief phrases such as “Lemurs Celebrate Rescue” or “King Julien’s Approval 99 Percent”.  Details zoom in on specific aspects of a scene, providing more concrete descriptions than the broad coverage offered by scenes. For example, “Julien demands TV be turned off” is a detail embedded in the “King Julien’s Approval 99 Percent” scene. After noticing that some participants (primarily children) mentioned events from the last five minutes of Episode 1 in their free recall, we created a key for that episode as well, splitting the five minutes into two scenes, each including details. These two keys served as a comprehensive guide for scoring the free recall transcripts. 
Next, each participant’s transcript was divided into phrases, each of which was a statement or group of statements that corresponded to a single detail within a given scene, or just to a scene if no specific detail was included. Phrases varied in length from a few words to a couple of sentences, depending on how long it took the participant to describe a given detail or scene. For instance, “He thought he found one person, but he ended up messing it up” and “King Julien told Maurice to take a sample of average lemurs and ask them about who hates him” would both be considered a single phrase and correspond to a scene despite the latter statement containing a greater degree of specificity. 
In the prior example, “He thought he found one person, but he ended up messing it up” is too general to assign a specific detail. Rather, the phrase explains the main action of a whole scene. Therefore, this participant would have gotten credit for the scene but not any details. In the latter example, “King Julien told Maurice to take a sample of average lemurs and ask them about who hates him,” details about this scene are given, including who Julien is talking to and what he’s saying. Thus, this participant would have gotten credit for both a scene and a detail. In terms of scoring, we used a binary coding scheme to denote each scene and detail that was included. Participants were given a “1” for each scene they correctly included, with 22 possible total scenes, as well as a “1” for each unique detail they listed within each scene.
Occasionally, participants would include phrases that were too broad to correspond to a single scene or detail. For these cases, we marked clauses as “summary statements”. Summary statements could cover entire scenes or the whole episode. For instance, many participants began their free recall by giving a brief synopsis of the episode, such as “King Julien tried to get the lemurs to like him”. This phrase is an accurate description of the episode, but is too nonspecific to be assigned a distinct scene or detail, as King Julien takes several actions throughout the episode to win approval from the rest of the lemurs. Additionally, some phrases were not included as summary statements, scenes, or details, if they were external to the events of the show. For example, recall was marked as ‘personal thoughts/emotions’ if the participant expressed a thought that was either not related to the show at all (“That’s all I remember”), a reaction to the events of the show (“That part was pretty entertaining”), or if they made an inference about the show that was not explicitly stated or shown (“I guess he just felt really self-conscious”). 
[image: ]

Table 1. Example coding procedure. Example phrases from one participant’s free recall. Each phrase was labeled with its corresponding Scene Number and Detail Number from our scoring key, if applicable. Otherwise, it was determined to be a Summary statement, which may or may not pertain to a single scene and was not matched to a detail (Summaries all received a 0 for Detail Number). Each phrase was also coded for whether it was correct (1) or incorrect (0) in terms of: a. External Temporal Order (scene order), if it was the first description of a given scene (the rest of the recall from that scene was left blank for External Temporal Order); and b. Internal Temporal Order (detail order within a scene) if the phrase corresponded to a specific detail. 

	
To assess accuracy, phrases were also scored for correctness. In general, confabulation was rare, but there were instances where participants included information that was incorrect. In such cases, the statements were not scored as scenes, details, or summary; this occurred primarily in children. For phrases that captured the general idea of what happened but were nonetheless inaccurate, e.g., got the general description of an event correct but misremembered which character was speaking, we still counted them as a remembered scene. It is worth noting that while participants often omitted details or occasionally misremembered subtle details as in the example above, it was very uncommon for them to assert something that was completely false. 
	Finally, the transcripts were also scored for external and internal temporal order. External temporal order focused on scoring the order of the 22 scenes, by giving participants a “1” for a correctly ordered transition, even if intervening scenes were omitted, and a “0” for a transition that moved backward in time. For example, describing scene 3 and then scene 6 would earn a 1, while describing scene 3 and then scene 2 would result in a 0. For the purpose of temporal order, we prioritized the order of scenes over the number of scenes recalled. Thus, even if a participant skipped scenes, if the ones they mentioned were in the correct order, the transition was still marked as correct, such as in the above example. Internal temporal order focused on the sequential order of details within a given scene but followed the same principle as external temporal order. Details were all inherently within-scene, so internal temporal order was independent of external temporal order; e.g., even if a participant earned a 0 for the transition from scene 3 to scene 2, if all the details within scene 2 were described in the correct order, the participant would earn a score of 1 for each detail transition.
Variables of interest
Our predictors of interest were age group (adults vs. children), continuous age (4.00-7.99, for child-only models), forced-choice recognition (number correct, out of 20; chance = 6.67), forced-choice temporal order memory (number correct, out of 40; chance = 20), and KBIT-II as a measure of verbal skills (raw score, not age-standardized). Outcome measures included number of scenes recalled, number of details recalled, number of summary statements recalled, proportion of recall consisting of summary statements, and proportion of scenes recalled in the correct order. 
Results
Forced-Choice Memory Summary
Prior analyses of this dataset were conducted on the forced-choice memory and event segmentation measures employed in this study and are discussed in detail in Benear et al., 2023. To briefly summarize, analyses indicated improvement in performance on both forced-choice memory measures—recognition and temporal order—with increasing age in children, as well as group differences such that adults outperformed children (Benear et al., 2023). Additionally, children segmented events in a more “adult-like” manner with increasing age, and children with more adult-like event segmentation also showed better performance on the forced-choice memory measures (Benear et al., 2023). These forced-choice memory measures provide a scaffolded, prompted memory metric to contrast with the unprompted procedure we employed for free recall. We also note that the neuroimaging data analyzed for Benear et al., 2023, was collected in a separate group of children from the behavioral data, which is why we could not investigate the relationship between neural metrics and the free recall data analyzed here.
Preliminary Analysis
	Experimenters noted that, although our instructions were to recall only Episode 2, some children began by recalling information from the last five minutes of Episode 1 of AHKJ, which was shown to children as an example. Therefore, we coded any recall referring to Episode 1 of AHKJ in the same manner as recall from Episode 2 and quantified the number of scenes children recalled per episode. We found that 45.5% of children recalled only scenes from Episode 2, as instructed. However, 9.1% of children recalled only scenes from Episode 1, and 22.7% of children recalled scenes from both Episode 1 and Episode 2. Including Episode 1 scenes increased the average number of scenes recalled by children from 2.30 to 2.68. However, even when we included recall of Episode 1, we found that 22.7% (n = 10) of children still recalled no scenes at all. Since adding Episode 1 scenes did not resolve the issue of children not responding at all, and because we wanted to maintain consistency between children and adults, we proceeded with our analyses using only Episode 2 recall.


Age Group Differences in Free Recall
We began by examining basic group differences in recall between children and adults. First, in two simple linear regressions with age group (kids vs. adults) predicting number of scenes recalled and number of details recalled, we found that adults recalled significantly more scenes (M = 12.97) than children (M = 2.30; b  = 10.65,  t = 14.28, p < .001; Figure 1a) and significantly more details (M = 40.61) than children (M = 3.66; b  = 37.04,  t = 10.56, p < .001; Figure 1b). Next, we examined the relationship between continuous age and number of scenes and details recalled in only children. We found number of scenes recalled increases linearly with age in children (b = 1.54, t = 9.13, p < .001; Figure 1c). We next examined number of details recalled and, due to the significant number of younger children at floor performance, we used the two-lines approach (Simonsohn, 2018) to model the children’s detail recall data. Briefly, this method fits two generalized linear models to the data, identifying an inflection point in the predictor variable at which to split the data, such that two lines of best fit with two different slopes are generated to fit each of the two split portions of the data (Figure 1d). Using this approach, we found that the number of details recalled does not show any age-related change from age 4 to age 5.47 (b = 0.87, z = 1.03, p = .30), but then increases linearly with age from age 5.47 to 7.99 (b = 5.61, z = 3.23, p = .001; Figure 1d). This reflects a pattern such that there is little increase in the number of details recalled up to roughly age 5.5, with rapid growth proceeding thereafter up to age 8 (Figure 1d). 
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Figure 1. Free recall performance improves with age. a. Adults recall more scenes than children. b. Adults recall more details than children. c. Children’s scene recall increases linearly with age. d. Children’s detail recall shows no improvement with age in younger children, but begins to show age related change around age 5.5. **p < .01, ***p < .001

Both scenes and details corresponded to specific instances from the television show (see Methods). However, we also coded participants’ more general “summary statements” about the show, e.g. “King Julien tried to get everyone to like him”—this statement is true and is a summary that describes the entire episode, but it doesn’t illustrate memory for events pertaining to how King Julien tried to accomplish this goal and what happened as a result. When we looked at age differences in summary statements produced by children and adults, we found that adults generated more summary statements in their recall than children (b = 1.37, t = 3.01, p = .004), but that these statements were a smaller proportion of adults’ recall than children’s (b = 0.36, t = 5.87, p < .001; Figure 2a). Because adults recalled a great deal more than children overall, they had a higher raw number of summary statements; however, proportionally, these types of general memories constituted less of adults’ recall than children’s. This suggests that adults have more specificity in their recall than children do, and that many children’s recall was more likely to be a gist-like, general statement than a detail that could be localized to a specific scene. Children who provided no recall of Episode 2 at all (n = 9) were removed from the proportion analysis.
Finally, in addition to the amount of information recalled about each episode, we were curious about the temporal order in which scenes and details were recalled. We quantified the accuracy of temporal order memory as each participant proceeded freely through their recall of the episode (see Methods) and examined the difference in temporal order accuracy between children and adults. In a simple linear model with age group predicting proportion of scenes recalled in the correct order, with children who recalled fewer than two scenes removed, we found that adults recalled a greater proportion of scenes in the correct order (M = 0.91) than children who recalled at least two scenes (M = 0.72; b = .19, t = 4.90, p < .001; Figure 2b).
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Figure 2. Children have less memory specificity and temporal order accuracy in their recall compared to adults. a. A greater proportion of children’s recall was composed of summary statements than adults’, suggesting less specific memory. Children who did not provide any free recall were removed from this analysis. b. Adults recalled a greater proportion of scenes in the correct order than did children, suggesting more accurate temporal order memory. Only children who recalled at least two scenes were included in this analysis. ***p < .001

Relationship between forced-choice and free recall memory measures
Free Recall Scene Order
	We expected that the ability to place scenes from the show in the correct order in the prompted memory task might relate to the proportion of scenes recalled in the correct order during free recall. We removed child participants who recalled fewer than two scenes and centered the forced-choice temporal order variable. We then ran a linear model with age group, forced-choice temporal order memory, and an interaction between these two terms predicting the proportion of scenes recalled in the correct order. Although age group significantly predicted the proportion of scenes recalled in the correct order (b = .20, t = 4.16, p < .001), forced-choice temporal order (p =.35) and the interaction term (p = .15) were not significant predictors. indicating that there was not a relationship between temporal order accuracy on the prompted task and correct temporal order of scenes within free recall, for both adults and children.
Free Recall Number of Details – Adults vs. Children
We also wanted to examine the relationship between both of our forced-choice memory measures and the level of detail provided in participants’ free recall. After centering both recognition and temporal order memory, in a linear model predicting number of details recalled, with age group and an interaction term for age group by forced-choice recognition memory, we found a main effect of age group (b = 27.22, t = 5.22, p < .001) and of recognition (b = 3.78, t = 2.22, p = .030) on number of details recalled (Figure 3a), with a trend for the interaction term (b = 3.02, t = 1.80, p = .098). In a linear model with the same structure for forced-choice temporal order memory, we found that both age group (b = 24.45, t = 4.15, p < .001) and temporal order (b = 2.00, t = 2.28, p = .025) significantly predicted the number of details recalled (Figure 3b). 
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Figure 3. The relationship between forced-choice and free recall memory measures in adults and children. a. Better forced-choice recognition memory predicted recall of more details in both adults and children. b. Better forced-choice temporal order memory also predicted recall of more details in both adults and children. The beta values and black dashed lines of best fit correspond to main effects of performance on the prompted memory measures predicting free recall details. Purple and green lines of best fit are for visualization purposes. *p < .05.

Free Recall Number of Details – Children Only
	Next, we examined the relationship between the forced-choice memory measures and number of details recalled in children. Like the methods used in our full dataset, after centering continuous age and both recognition and temporal order memory, we ran linear models predicting number of details recalled, with age group and an interaction term for age group by forced-choice memory. In the recognition model, we found a significant main effect of age (b = 2.54, t = 2.40, p = .021) and a significant interaction between age and recognition memory (b = .46, t = 32.36, p = .023). However, when we examined this interaction by evaluating the simple slopes, we found that there was no significant relationship between recognition memory and number of details recalled at the mean of age or +/- 1 SD, likely due to the collinearity between these two predictors (Figure 4a). Although detail recall may be independently predicted by both age and recognition memory performance, it is likely that these two variables explain a similar portion of the variance (see Hierarchical Model Fitting). What is most notable when examining this relationship visually (Figure 4a), is that even many children who perform quite well on the forced-choice recognition memory task (all performed above chance) still performed quite poorly on recall. This indicates that even though children may have intact memory for the cartoon as indexed by prompted memory tasks, they are not able to access or articulate these memories when prompted to recall them freely. This suggests there may be something other than mnemonic ability driving children’s free recall performance, which we explore in the below section, Hierarchical Model Fitting.
	We next examined a similar model for forced-choice temporal order memory and again found a significant main effect of age (b = 2.43, t = 2.75, p = .009) and a significant interaction between temporal order and age (b = .30, t = 3.03, p = .004; Figure 4b). When we examined this interaction by evaluating the simple slopes, we found that there was a significant relationship between forced-choice temporal order memory and number of details recalled only when children’s age was 1 SD above the mean (b = .49, t = 2.22, p = .03). At the mean and below the mean for age (Mage = 5.96), this relationship was not significant (both ps > .19). Again, visually, it is clear that even many children who are performing well on the forced-choice temporal order task still freely recall very few details, with performance on both measures increasing with age (Figure 4b). Therefore, children’s deficit in recall performance is likely not simply due to a failure of memory.
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Description automatically generated with medium confidence]Figure 4. The relationship between forced-choice and free recall memory measures in children. a. There was a significant age by forced-choice recognition memory interaction in predicting the number of details recalled, but no significant relationship once simple slopes were examined, likely due to collinearity in the predictors. All children performed above chance on the recognition task. b. There was a significant age by forced-choice temporal order memory interaction in predicting the number of details recalled, with a significant relationship between temporal order and recall only in older children. Gray dotted line depicts chance level on the temporal order task.
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	Although age accounts for significant variance in all our outcome variables, it is a descriptive variable rather than an explanatory one. Thus, we were interested in the ways age interacted with our other variables of interest—forced-choice memory, event cognition, and verbal skills—to predict free-recall level of detail, especially since many children who do quite well on the forced-choice memory measures still perform quite poorly on free recall. However, because all our predictor variables are highly correlated with one another, we decided to model them in a hierarchical fashion to examine the variance accounted for by each individual predictor. We also created a composite memory score calculated by combining and averaging each participant’s performance on the forced-choice recognition and temporal order memory measures since they both had similar relationships with number of details recalled and used this as a combined measure of prompted memory performance for each participant.
	First, we ran these hierarchical linear models in our full dataset. We began with a simple linear regression where age group predicted the number of details and found that age group accounted for 58.24% of the variance (b = 38.28 t = 10.56, p < .001). When we added the composite memory measure, we found that adding this composite forced-choice memory measure accounted for a significant additional 2.26% of the variance (p = .040). In the better fitting model, both age group (b = 31.58, t = 4.78, p < .001) and composite forced-choice memory (b = 0.98, t = 2.09, p = .040) predicted recall level of detail, suggesting they may account for unique variance in our full sample. We next added event cognition to the initial age group model and found that its contribution of 0.80% of additional variance explained was not significant (p = .23). When we added raw verbal skills to our original simple model, we found that verbal skills accounted for a significant additional 5.25% of the variance (p = .001). Only verbal skills remained significant (b = 0.56, t = 3.32, p = .001) in this better-fitting model, whereas age group was not (p = .13), suggesting a substantial portion of the explanatory power of age in predicting the variation in recall details might be due to developmental increases in verbal skills that occurs from childhood to adulthood. 
	Next, we conducted the same procedure in only our child participants. We again started with a simple linear regression where continuous age predicted detail recall. We found that age explained 46.37% of variance in children’s recall level of detail (b = 3.07, t = 5.73, p < .001). When we added the composite forced-choice memory measure, it explained only an additional 0.21% of the variance, which was not significant (p = .85). This suggests that age likely swamps any variance in recall accounted for by the forced-choice memory measures, bolstered by the analyses in children in the previous section. Next, we added adult-like event cognition to the model and found that its 4.56% of additional explained variance was only marginally significant (p = .072), again suggesting that much of variance in recall accounted for by event cognition in children is mainly an effect of age, which is correlated with event cognition performance. When we added raw verbal skills to the initial model, we found that its contribution of an additional 3.77% of explained variance was only marginally significant as well (p = .10). However, with both variables in the model, age (p = .11) was no longer a significant predictor, suggesting that age and verbal skills are likely highly collinear and account for similar portions of the variance in level of detail recall. To further examine this, we ran a linear regression with only verbal skills predicting recall detail in children and found a significant relationship (b = 0.36, t = 5.75, p < .001), such that 46.48% of variance was explained (just slightly more than for age). Adding age into the verbal skills model did not explain additional variance (p = .10), further supporting the idea that age and verbal skills might explain shared variance in detail level of recall, since they are also highly correlated with one another (b = 7.22, t = 10.54, p  <.001). These findings suggest that perhaps a significant amount of the deficit in children’s ability to freely recall their memories when compared with children is likely due to verbal development in addition to general improvement in mnemonic capacity.
Discussion
Overall, we found that young children show little ability to narratively, freely recall a recent experience, despite often demonstrating robust memory for the content of this experience when prompted with specific questions. While adults showed wide variation in the number of details they recalled from an episode of a television show, children provided little detail, with nearly half of the younger children recalling nothing at all. There was an improvement in children’s recall performance across ages 4-7 years, but when considering specific details rather than more general recall of scenes, we saw a non-linear trend, with the performance of the younger children at floor, and improvements only beginning around age 5.5. Hierarchical model comparisons revealed that free recall performance was driven primarily by improvements in verbal skills across childhood, as well as from childhood into adulthood. This examination of memory ability in young children is especially compelling because we were able to contrast prompted and freely recalled memory in young children when the ground truth is known to researchers. 
While the linear improvements in performance across this age range mirror a large body of prior work (e.g. Benear et al., 2021; Ngo et al., 2018, 2021), the non-linear trend capturing the floor effect for detailed free recall in early childhood, as well as the stark contrast in performance between adults and even the oldest children in our sample are specific to recall. While some children got perfect scores on the recognition memory test, many of those same children showed a paucity of detailed memories when asked to recall the show they watched, with roughly 43% of 4-5-year-olds recalling nothing. This is consistent with prior work that found more than a third of children aged 4-5 say nothing at all when prompted to freely recall a story they’ve recently heard (Sluzenski et al., 2006). This could reflect generally less robust memory that requires prompts for memories to be retrieved, or it could reflect still-developing abilities in constructing and reporting cohesive narratives of one’s experiences.
When considering the first hypothesis—that children’s memory is simply less robust in this age window and might require scaffolding for accurate and detailed memory retrieval—there is evidence that this might be the case. Prior work using episodic memory tasks in the laboratory has demonstrated that, although children’s memory is nearly as good as adults’ memory on basic recognition and associative memory tasks by age 6 (Ngo et al., 2018, 2019), when the tasks require a higher degree of specificity in the memory trace, 6-year-old children are no longer able to perform as well as adults (Ngo et al., 2019). Additionally, there is foundational work in the developmental memory literature establishing that recognition ability develops earlier than recall ability (Brown, 1975), and that children are consciously aware that recall is more difficult than recognition (Speer & Flavell, 1979). These findings would together suggest that children’s recall-specific deficit may be due to a still-developing memory system, and that the scaffolds of prompted memory tasks allow many children to make accurate judgements, while the unconstrained nature of free recall leaves many children unable to access information in memory. Our findings fit nicely into this work, as we replicate prior work showing linear improvements in recognition memory across early childhood, while the ability to perform more challenging recall tasks only emerges around age 6, with even the oldest children still performing well below the average adult. 
The second hypothesis is that children’s particular inability to provide free recall of an experience even when they are able to respond accurately to recognition memory tasks is due to the fact that children are still developing the ability to construct and report a coherent verbal narrative of their experiences. Prior work has shown support for this hypothesis as well, with several studies showing improvements in narrative ability across early childhood, as measured by indices such as narrative comprehension, knowledge of causal structure, and breadth/depth of narrative recall (Bauer & Larkina, 2019; Kleinknecht & Beike, 2004; Lynch et al., 2008). At least one study specifically suggested that narrative ability correlates with memory in young children (Kleinknecht & Beike, 2004). This aligns nicely with our findings showing that verbal skills explain a substantial portion of the variance in children’s recall ability.  Some of this ability to construct narratives and reflect on one’s experiences may be due to the development of theory of mind and metamemory (Kleinknecht & Beike, 2004; Perner & Ruffman, 1995), such that children can reflect on their own experiences with an understanding of what they and others know. Metacognition and metamemory likely contribute to free recall performance, as active memory search without any prompts or scaffolds requires meta-cognition about what information to seek in one’s memory and how to do so.
Age 6 is the onset of formal schooling in the United States, which could lend specific strategies and skills to children in both comprehending and reporting stories and experiences with a narrative structure. This transition into formal schooling may shift children from generally hearing and sharing oral narratives to more experiences with books that follow a prescriptive narrative structure (Schick & Melzi, 2010). Culture may also inform the way children both listen to and tell narrative stories (Kim, 2003). This research supports our findings that children often fail to provide any verbal recall at all despite quite robust recognition memory, an imbalance that might be greater than one would expect simply from a weak memory of an experience. Additionally, our finding that verbal skills account for the majority of the variance in free recall level of detail between adults and children lends significant support to this hypothesis as well. We suggest that perhaps there is a combinatorial effect of children’s developing mnemonic system with their immature narrative comprehension and production skills that result in the stark floor effects for free recall memory in the children in our dataset. 
Along these lines, although we found that more adult-like event segmentation was related to more detailed free recall in children, this effect did not hold when age was accounted for, suggesting that these two functions may develop concurrently rather than one predicting the other. However, although the effect of event cognition on recall level of detail in children was only marginal once age was accounted for, this result is still compelling given the exploratory nature of this analysis. Perhaps the capacity to parse one’s experience into cohesive events does influence children’s ability to freely recall that experience, but our study was either underpowered or didn’t construct the tasks in a way that would allow us to detect this. The suggestion that as children get older, they are better able to construe their memories as events, which improves their recall ability, also aligns with the findings that narrative performance improves during this age range, as being able to structure lengthy streams of information into events might be supported by narrative comprehension as well as supporting narrative production.
Neural explanations	Comment by Susan Benear: Should we remove this section given we don’t discuss any neural data of our own?
	The human brain undergoes tremendous growth and remodeling during childhood. Differences in memory recall as compared to recognition could be due in part to uneven neural maturation. The hippocampus continues to develop across childhood, showing differential activation for children compared to adults, with hippocampal development relating to changes in memory performance across childhood (Ghetti et al., 2010; Riggins et al., 2018). Hippocampal development across childhood could contribute to a more robust cognitive system that is able to support challenging mnemonic tasks like free recall. Additionally, interactions between the inferior parietal lobe and medial temporal lobe may be essential for the accurate recollection of detailed events. Adults with bilateral parietal lobe damage have significantly diminished memory confidence, and diminished free recall of their own autobiographical memories, but normal prompted or cued recall of these same memories (Berryhill et al., 2007). This finding bears some resemblance to what we reported here. Prior work has also shown that structural connectivity between the parietal lobe and medial temporal lobe is correlated with memory performance in 4-6-year-old children (Ngo et al., 2017), although the index of memory was not a free recall measure. This interesting dissociation between the development of recognition versus recall memory is worth investigating in the future.   
Limitations
Our study had some limitations. First, although we have extended findings from prior work on recall for oral stories or word lists to a more naturalistic, rich context by using an animated television show, this is of course not analogous to real-life experience. The story arc of a children’s television show follows a typical narrative structure, and director’s cuts influence where participants perceive boundaries between events, as well as accelerating the passage of time with temporal jumps. Future work should extend these findings into autobiographical memory with young children, potentially with ground truth measures such as videos from parents or geolocation data to validate children’s recall memory accuracy. The second limitation is that there was a strong primacy bias influencing children’s recall, such that a substantial portion of children recalled Episode 1 as part or all of their free recall, despite being explicitly instructed to recall only Episode 2. We used the final five minutes of Episode 1 as a sample of the show on which children could later practice event segmentation. This was an effective tool for this purpose, but we did not anticipate how frequently this portion of the show would contaminate children’s recall. The high number of children recalling Episode 1 is likely due to a combination of the primacy effect, and the high emotional content of this portion of the show, in which the main character rescues several trapped characters from predators by dancing and singing to a song featured in the feature film Madagascar, with which many children were familiar. Finally, the last pitfall of our study was that we did not collect prompted recall data. While many crucial new conclusions can be drawn based on the comparison between forced-choice and free recall measures in our study, prompted recall questions would have provided an intermediary level of difficulty for memory retrieval that could further inform our understanding of mnemonic development, as well as helping to differentiate between the two hypotheses above—that children’s recall deficit is either the result of less robust memory traces or poor narrative production skills.
Summary
There remain many areas ripe for future research based on the findings from our study. As mentioned above, future work should collect recognition, prompted recall, and free recall data corresponding to a naturalistic stimulus such as a television show from the same children to unpack the level of prompting needed for young children to succeed at memory retrieval for rich, episodic information. Collecting neural data from these same children could also lend new insights regarding the brain regions implicated in memory search and successful recall in children. Additionally, the scope could be expanded to collect autobiographical memory data from children to see if effects differ for information encountered in the real world that also has personal relevance. Finally, since we found that even the oldest children in our sample performed well below the average adult on free recall, it would be informative to extend this work into middle childhood or even adolescence to examine at what age children reach free recall performance that is comparable to adults’.
In conclusion, this study provides foundational data contrasting children’s forced-choice and free recall memory performance for a naturalistic stimulus that mimics how episodic experience would occur in everyday life. Crucially, we found that children failed to recall the television show or recalled it with a paucity of detail, even when often placing presented scenes from the show in the correct order and/or correctly answering forced-choice recognition questions about characters or plot points. We replicated the linear trend representing improvement in forced-choice memory measures across the age range of 4-7 years, but showed that free recall memory performance is at floor until around age 5.5, when it then begins to trend upward. Whether the result of imprecise or weak memory traces, or a still-developing ability to process events cohesively and construct a narrative, our study shows that children’s free recall ability is well below that of adults in early childhood, and likely continues to develop into middle childhood and beyond.
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