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ABSTRACT 

Down syndrome (DS) is the most common genetic form of intellectual disability. 

Individuals with DS present memory and learning difficulties associated with hippocampal 

impairments. The studies presented in this dissertation investigated different ways of encoding 

that may rely less on the hippocampus and therefore support better long-term retention for 

individuals with DS compared to typically developing (TD) mental age-match children.  

Study 1 investigated two learning conditions where participants learned novel arbitrary 

picture word associations using fast mapping (FM), an incidental, exclusion-based learning 

procedure and an explicit encoding learning procedure (Coutanche & Thompson-Schill, 2014). 

Both DS and TD participants performed similarly for the two conditions across immediate, 5-

minute, and 1-week delay. The DS group was not impaired compared to the TD group and 

maintained what they had learned over the 1-week delay. These findings could have been due to 

receiving multiple test opportunities at each delay test. Therefore, Study 2 investigated three 

learning conditions where participants either learned a series of action sequences from two 

demonstrations and a pause, three demonstrations, or from two demonstrations and a test. The 

DS group benefited from the test condition at the 1-month delay test. Further comparisons 

between sequences tested vs. not tested at the 5-minute delay test revealed a testing benefit in 

both groups. The benefit seen with testing could be influence by a self-bias benefit when given 

the opportunity to model the action sequences themselves vs. watching another person model the 

action sequences. Therefore, Study 3 investigated the self-reference effect (SRE), which is a 

memory advantage for information encoded in reference to one’s self compared to another 

person or a lower level processing condition. This study consisted of three learning conditions 

where participants sorted toys and made toy evaluations in reference to themselves, an 
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experimenter, or based on the size of the toy. There was an overall benefit of the size evaluation 

condition and no difference between the DS and TD group for the self and other condition at 

immediate or 1-week recognition and source test. Task difficulty could have inhibited SRE in 

this study.  

These findings suggest that retrieval practice could be an alternative method of learning 

that could be beneficial for individuals with DS. Future studies can investigate the benefit of 

expanded retrieval practice (i.e., combination of spacing and testing). Additionally, more work is 

needed to better determine the outcome of other ways of learning (i.e., FM and SR) for young 

children and individuals with DS. Memory interventions and learning strategies can incorporate 

retrieval practice to support memory difficulties that individuals with DS display.  
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INTRODUCTION 

Memory is essential to our everyday lives. Without it, we would lose a sense of our life 

history, our ability to efficiently learn new knowledge, and even our ability to predict and plan 

for the future. The hippocampus plays a critical role in declarative memory by binding or linking 

together acquired information into an integrated memory (i.e., facts and events) (Davachi & 

Wagner, 2002; Giovanello, 2009; Yonelinas et al., 2001). However, as our understanding of 

memory processes progress, more studies have emphasized that there are multiple memory 

systems and mechanisms available, some of which may operate in the face of hippocampal 

dysfunction (i.e., extra-hippocampal methods of rapid memory consolidation). In this 

dissertation, I examine three potential methods of extra-hippocampal memory consolidation 

(fast-mapping, the testing effect, and self-referential processing) in young children as well as 

children with hippocampal dysfunction, specifically children with Trisomy 21, or Down 

syndrome (DS).  

There are different methods of learning that may not rely on the hippocampus or could be 

less reliant on the functions associated with this brain structure. The first study will examine the 

fast-mapping learning mechanism, which is an incidental, exclusion-based learning procedure 

that has been found to benefit individuals with amnesia by rapidly integrating new information 

into pre-existing networks. The second study will examine the testing effect, which is the 

memory benefit for retrieved information compared to restudied information and is potentially a 

fast route to memory consolidation. The final study will examine the self-reference effect, which 

is the memory benefit for information processed in relation to the self compared to another 

person, also potentially allowing for rapid integration with the self.  
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One theoretical model that has been important for understanding the processes involved 

when acquiring arbitrary associations is the complementary learning system (CLS) model of 

memory. The CLS model proposes that sparse representations (little or no overlap in neural 

representations) are rapidly formed by the hippocampus and medial temporal lobe systems 

(McClelland, McNaughton, & O’Reilly, 1995). The CLS model proposes that information 

initially supported by the hippocampus and neocortex is consolidated over time through sleep 

processes, becoming less dependent on the hippocampus. Therefore, hippocampal dysfunction 

can lead to inability to encode and form long-term representations of past experiences, which 

could have a substantial impact on learning in disorders of this region. While studies of aging 

and lesion cases are the most prevalent human patient examinations of the role of the 

hippocampus in memory, there is an increasing recognition that some developmental disorders 

may have a hippocampal profile, and in some of these conditions there is ample evidence to 

suggest hippocampal involvement from childhood onward. One such condition is Down 

syndrome (DS).  

DS is a chromosomal condition that occurs when an individual has an extra copy of 

chromosome 21 (Lejeune, Gautier, & Turpin, 1959). It is the most common genetic form of 

intellectual disability, with an estimate of about 6,000 diagnoses of DS made each year in the 

United States (Parker et al., 2010). Specifically, individuals with this chromosomal defect suffer 

memory and learning difficulties associated with hippocampal impairments (Clark, Fernandez, 

Sakhon, Spanò, & Edgin, 2017; Edgin, 2013; Nadel, 2003). Along with intellectual delays, 

individuals with DS also present developmental delays. One study examining brain development 

in 101 individuals with DS found delays in myelination and proposed that these delays could 

alter the function of the hippocampal circuitry (Wisniewski, 1990). The trisynaptic circuit of the 
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hippocampus (DG/CA3/CA1) is proposed to play a role in episodic memory (Jabès, Lavenex, 

Amaral, & Lavenex, 2011). A study by Ábrahám et al. (2012) found decreased density of 

myelinated axons of the dentate gyrus (DG) from the start of myelination until adulthood in 

individuals with DS. Individuals with DS also reported reduced volume of the hippocampus 

(Menghini, Costanzo, & Vicari, 2011). Genetic mouse models of DS and human testing using 

neuropsychological tasks that are mediated by the hippocampus have revealed deficits in 

hippocampus-dependent tasks, such as pattern separation and spatial navigation (Clark et al., 

2017; Courbois et al., 2013; Lavenex et al., 2015; Pennington, Moon, Edgin, Stedron, & Nadel, 

2003; Smith, Kesner, & Korenberg, 2014). Individuals with DS that were assessed on an 

allocentric spatial (AS) memory task showed deficits compared to mental age-matched (MA) 

typically developing (TD) children (Lavenex et al. 2015). In addition to memory deficits 

associated with hippocampal impairments, individuals with DS are more likely to suffer from 

poor sleep.  

Individuals with DS have sleep disruptions impacting their quality of sleep. One main 

influence is the prevalence of obstructive sleep apnea (OSA) in individuals with DS (Dyken et 

al., 2003; Goffinski et al., 2015; Shott, 2006). Sleep plays an important role in memory 

consolidation (Diekelmann & Born, 2010). Poor sleep has been found to negatively influences 

word-learning in children with and without DS (Breslin et al., 2014; Edgin et al., 2015; Gómez & 

Edgin, 2015). Individuals with DS that had poor sleep demonstrated a nine-point reduction in 

verbal IQ and 190 fewer words of total vocabulary compared to good sleepers (Breslin et al., 

2014; Edgin et al., 2015). 

The way one learns new information may influence patterns of retention, and some of 

these learning methods may rely on different neural systems. This dissertation investigated 
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multiple ways of learning that can be beneficial for individuals with DS by using brain processes 

that are intact in this group. These methods may bypass the functional role of the hippocampus to 

help aid learning through a different route. These studies also investigated long-term retention 

and the role sleep plays. 
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STUDY 1: SMALL SETS OF NOVEL WORDS ARE FULLY RETAINED AFTER 1-WEEK 
IN TYPICALLY DEVELOPING CHILDREN AND DOWN SYNDROME: A FAST 
MAPPING STUDY 

This study has been published in the Journal of the International Neuropsychological Society. 
For details, see APPENDIX A.  
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STUDY 2: RETRIEVAL PRACTICE WITH TYPICALLY DEVELOPING CHILDREN AND 
INDIVIDUALS WITH DOWN SYNDROME 

 
1. Introduction 

 
Testing (i.e., retrieval practice) instead of restudying the same material has been found to 

be one beneficial method of encoding in neurotypical individuals. This benefit is termed the 

“testing effect” (Bartlett & Tulving, 1974; Carrier & Pashler, 1992). Studies investigating this 

effect typically require participants to learn some information (e.g. vocabulary words) then in 

one condition participants restudy the list of vocabulary words while in the other condition they 

are tested on the meaning of each of the words. The differential benefit for the testing condition 

compared to the restudy condition demonstrates the testing effect. Testing has been shown to be 

even more effective than doing an active learning activity such as concept mapping, where 

students diagram the relationship between concepts (Karpicke & Blunt, 2011).  

The testing effect demonstrated in the lab has also been applied in the classroom. In a 

college course, students who took weekly quizzes performed better on unit tests and a 

cumulative final compared to students who only re-read information (McDaniel, Anderson, 

Derbish, & Morrisette, 2007). Although less is known about the testing effect in young children 

(Fazio & Marsh, 2019) there have been studies that have found a benefit of retrieval practice 

with 18-month-olds when learning eight two-step action sequences using a deferred imitation 

paradigm (Sheffield & Hudson, 2006), preschool-age children when learning names of plush 

toys (Fritz, Morris, Nolan, & Singleton, 2007), and 9-year-olds when learning Dutch words and 

their English translation (Goossens, Camp, Verkoeijen, Tabbers, & Zwaan, 2014). 

Additionally, retrieval practice has been shown to improve long-term memory retention 

in adult groups. Roediger and Karpicke (2006) found that participants who studied a prose 

passage and were tested after, opposed to restudying the passage for a second time, recalled more 
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after 2 days. The testing effect was also present when tested again after a 1-week retention 

interval. Retrieval appears to reduce forgetting that occurs over time. In the study by Roediger 

and Karpicke (2006), feedback could not be attributed to better recall in the testing condition 

since participants did not receive feedback when tested. Although the testing effect has been 

demonstrated over long-term delays, the influence of sleep on the testing effect has rarely been 

investigated.  

One study by Bauml, Holterman, and Abel (2014) found that the testing effect was 

diminished after a period of sleep when participants underwent retrieval practice before sleeping 

compared to wake (but see, Racsmany, Conway, & Demeter, 2010; Tucker & Fishbein, 2008). 

This finding was not due to an increase in forgetting after a night of sleep for participants in the 

retrieval practice condition but reduced forgetting for participants in the restudy condition, so 

that recall performance for both conditions are comparable after a night of sleep and significantly 

better than the study-only wake group. This is consistent with the sleep-dependent learning 

literature that also demonstrates a memory benefit of sleep compared to wake (Ellenbogen, 

Hulbert, Stickgold, Dinges, & Thompson-Schill, 2006; Gais, Lucas, & Born, 2006; Gomez, 

Bootzin, & Nadel, 2006; Wilhelm, Diekelmann, & Born, 2008). Sleep plays a role in the 

consolidation process. Information learned during wake is reactivated during sleep and becomes 

consolidated into long-term storage and becomes less dependent on the hippocampus (Born & 

Wilhelm, 2012). Both retrieval and sleep (independently) appear to reduce forgetting over time. 

Findings from Bauml et al. (2014) demonstrate how retrieval practice could have allowed 

information to be consolidated (independent of the hippocampus) into long-term storage more 

quickly and to bypass the need for consolidation during sleep. Consistent with this idea, Finn and 

Roediger (2011) proposed that information is reactivated when they are retrieved. They 
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investigated whether reconsolidation contributes to the memory benefit following retrieval 

practice through an emotional arousal manipulation (the higher arousal the better the memory), 

since reactivation of a memory makes it labile. Participants were exposed to a blank screen, a 

neutral picture, or a negatively valenced arousing picture after trials in which they had 

successfully recalled the English translations for the cued Swahili terms they had previously 

studied. They found that terms that were successfully retrieved reactivated the memory and made 

it susceptible to change because there was a great memory benefit for terms that were 

successfully retrieved before an emotional arousal picture (i.e., negatively valence arousing 

picture) compared neutral pictures. Retrieval practice can serve as a fast method to memory 

consolidation (Antony, Ferreira, Norman, & Wimber, 2017).  

Retrieval practice can be independent of the hippocampus and can serve as an additional 

route of learning that can be beneficial for individuals with DS. A recent study investigating 

retrieval practice with individuals with DS that had participants reread text (i.e., restudy) or fill-

in-the-gap for missing words in the text (i.e., retrieval) proposed that testing may be a promising 

encoding method for individuals with DS, but more research is still needed (Starling, Moreira, & 

Jaeger, 2019). The current study will utilize a deferred imitation paradigm to assess the testing 

effect with individuals with DS since elicited imitation paradigms are often used to examine the 

development of hippocampal-dependent recall memory in early childhood. Imitation paradigms 

assess both item memory and episodic memory for temporal sequence and allow for event 

sequences to be reproduced by the self or witnessed (Milojevich and Lukowski, 2016).  

Elicited or deferred imitation paradigms require participants to produce action sequences 

in the correct temporal order that was demonstrated to them immediately or after a delay, 

respectively. Patients with amnesia, including damage to the hippocampus, have demonstrated 
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impairments on elicited imitation tasks after a delay (McDonough, Mandler, McKee, & Squire, 

1995). A study by Milojevich and Lukowski (2016) with children with DS (mean age = 33 

months) showed impairments on recall memory for the temporal order of three-step action 

sequences, but not for individual actions, after a 1-month delay compared to TD children 

matched on developmental age. Therefore, in the proposed project we investigated whether 

retrieval practice is an optimal method of learning for individuals with DS compared to MA-

matched TD children based on raw verbal and nonverbal IQ scores using a deferred imitation 

paradigm. 

Aim 1) determined whether individuals with DS will demonstrate the testing effect. The 

hypothesis was that individuals with DS will correctly produce more temporally correct action 

sequences after a 1-month delay for sequences that were modeled two times and tested compared 

to sequences that were modeled three times or modeled two times and given a pause of 20 

seconds to equate the processing time across the three conditions. The pause condition was 

included as a measure of additional processing time, not an additional presentation, as recent 

research has suggested that resting wakefulness intervals may help support memory processing 

(Wamsley, 2019).  

Additionally, since information that is tested is rapidly consolidated and not as influenced 

by sleep, retrieval practice could be a way to address poor consolidation, due to sleep 

disruptions, that is present in individuals with DS. Therefore, aim 2) investigated the relationship 

between sleep quality and the testing effect. The hypothesis was that temporal order 

performance differences across the two time points in the test condition will not be correlated 

with sleep efficiency and sequences that were in the model only conditions will benefit from 

sleep and therefore will be positively correlated with sleep measures.   
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2. Methods  

2.1. Participants 

Twenty-four, 6.50- to 17.25-years-old individuals with DS M = 12.20 years, SD = 3.36, 

12 male) and twenty, 3.42- to 6.42-years-old TD children (M = 4.74 years, SD = .89, 11 males) 

were included in the analyses for the current study based on participants that have completed 

session 1 and 2 across three sites from a larger study. Participants were recruited through local 

and parent organizations and advertisement. The exclusion criteria for this study included: 

uncorrected vision or hearing impairments, past head injury or brain trauma, congenital 

disorders, a diagnosis of autism spectrum disorder (ASD) or anxiety disorder if 

symptoms/medication are not stable. Exceptions to the exclusion criteria for the DS group 

include a dual diagnosis of ASD. DS was confirmed by medical records. At the end of each 

session participants were compensated for their time with a $40 target gift card at the end of each 

session. All experimental procedures were approved by the University of Arizona Institutional 

Review Board. 

The DS and TD group achieved similar raw verbal [t(42) = -.79, p = 0.44] and nonverbal 

[t(42) = -.825, p = 0.41] scores on the K-BIT II. The DS group had a mean verbal raw score of 

23.83 [range = 2-47, SD = 13.01], a mean verbal standardized score of 52.00 [range = 40-70, SD 

= 11.72], a mean nonverbal raw score of 12.50 [range = 0-19, SD = 5.28], and a mean nonverbal 

standardized score of 51.42 [range = 40-73, SD = 9.42]. The TD group had a mean verbal raw 

score of 26.60 [range = 4-42, SD = 9.66], a mean verbal standardized score of 104.15 [range = 

64-124, SD = 15.71], a mean nonverbal raw score of 13.75 [range = 1-22, SD = 4.66] and a mean 

nonverbal standardized score of 99.75 [range = 58-127, SD = 16.86] (Table 1). 
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Table 1. Profile. 

2.2. Procedure and stimulus materials 

Participants in the current study were tested as part of a larger study where participants 

came into the laboratory for three sessions, returning one month after session 1 and again six 

months after session 1. For the current study, performance for the deferred imitation paradigm is 

reported from sessions 1 and 2 only.  

The paradigm used for this study was adapted from Lukowski & Milojevick (2016) and 

was adjusted for young TD children and individuals with DS. Each sequence included three 

target actions (Figure 1). There were three modeling conditions that manipulated different ways 

the sequences were encoded. Each participant saw a total of six sequences, two from each of the 

three sequence modeling conditions: 1) Model, Model, Model (MMM); 2) Model, Model, 20 

seconds (MM20); and 3) Model, Model, Test (MMT). In the MMM condition the examiner 

modeled the three-action sequences three times to the participant. In the MM20 condition the 

examiner modeled the three-action sequences two times to the participant and then removed the 

objects from the table and sat quietly for 20 seconds (to equate the amount of processing time to 

the other conditions). In the MMT condition the examiner modeled the three-action sequences 

twice to the participant and then asked the participant to use the objects to perform all three 

actions in the same order demonstrated within 90 seconds or until they modeled the sequence in 

the correct temporal order.  



21 
 

 

Figure 1. Example sequence. 

During session one, all participants began with one, two-action sequence warm-up, where 

the sequence was modeled twice and then tested. After the warm-up participants received a 

baseline assessment for each of the six sequences. During baseline, participants had 60 seconds 

to manipulate the objects to determine what actions and the temporal order of the actions they are 

able to produce prior to the sequence modeling phase.  

After each baseline assessment the examiner performed one of the three conditions that 

was predetermined: MMM, MM20, or MMT (Figure 2). The condition order was randomized so 

the same condition was not performed twice in a row. After participants underwent the baseline 

and sequence modeling phase for all six sequences, three of six sequences (one from each of the 

three conditions) were tested to obtain a measure of encoding for each condition.  

After a one-month delay, participants returned for session 2 where they were tested on 

the warm-up sequence, the six sequences they saw at session 1, and one sequence never before 

seen to allow for additional control of baseline performance.  

A total of nine sequences were counterbalanced between the three sequence modeling 

conditions, 5-minutes test, and novel sequences at 1-month and 6-month test, into four versions 

(Figure 2). 
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Figure 2. Study design. 

2.3. Scoring 
 

Actions, action pairs, and temporal correctness at any point were coded. Only the first 

instance of each action was coded to account for actions produced by chance and trial-and-error 

when scoring actions and pairs. Possible action pairs included: (action 1 – action 2) and (action 2 

– action 3). Temporal correctness was awarded if participants produced action 1, 2, and 3 in the 

respected order at any point (actions did not have to be the first instance). Maximum scores 

include: 3 actions, 2 pairs, and 1 temporally correct. 

2.4. Additional Measures 

Kaufman Brief Intelligence Test-Second Edition (KBIT-II): Each participant’s verbal and 

nonverbal intelligence was assessed using the KBIT II. Raw scores were used to determine 

participants’ mental age in order to accurately compare between groups.  
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Children’s Sleep Habits Questionnaire: Parents answered this questionnaire used to assess 

major medical and behavioral sleep disorders in young children and special populations. 

Actigraphy/ Sleep Diary: Actiwatches were used to collect sleep data. Participants wore the 

watch for about one week for session 1 and again for session 2. Concurrently, parents also filled 

out a sleep diary. Main sleep measures include: average sleep efficiency (percent of time spent 

asleep from sleep onset to offset) and average sleep time (time spent asleep minus any periods of 

wake). 

3. Results 

Mean number of action pairs was used to assess memory for temporal order based on 

Milojevich & Lukowski (2016). Sequences that were temporally correct, not restricted to first 

instances, at baseline were excluded from all calculations. Results were corrected for multiple 

comparisons using the Holm correction. Immediate performance for the two groups for the MMT 

condition was not significantly different, mean number of action pairs t(42) = -.44, p = .66, or for 

mean number of actions t(42) = .04, p = .97. 

3.1. 5-minute performance 

Pairs: Mean number of actions pairs at time 1 were entered to a 3 (condition: MM20, MMM, 

and MMT) x 2 (group: DS and TD) repeated measures analysis of variance (ANOVA). There 

was a main condition by group interaction F(2,39) = 4.53,  p = .017, ηp2 = .19. There were no 

main condition F(2,39) = .64,  p = .53 or group effects F(1,40) = .23,  p = .64. Post hoc 

comparisons were conducted between the three conditions for each group. These comparisons 

revealed nonsignificant differences between the MM20 and MMM t(23) = -1.14, p = .27, MMM 

and MMT t(23) = -.36, p = .72, and the MMT and MM20 t(23) = 1.45, p = .16 conditions for the 

DS group. There were nonsignificant differences between the MMM and MMT t(17) = 0.00, p = 
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1.00 and MMT and MM20 t(17) = -2.09, p = .052 condition for the TD group. There was a 

difference between the MM20 and MMM condition t(19) = 2.57, p = .02 for the TD group, 

however, after using the Holm correction for multiple comparisons this was no longer 

significant, adjusted p = .06 (Figure 3).  

 

Figure 3. Performance of action pairs at 5-minutes. 

Actions: Mean number of actions at time 1 were entered to a 3 (condition: MM20, MMM, and 

MMT) x 2 (group: DS and TD) ANOVA. There were no condition by group interaction F(2,39) 

= 2.78,  p = .08, main effect of condition F(2,39) = 1.40,  p = .26, or main effect of group F(1,40) 

= .001,  p = .98 (Figure 4). 
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Figure 4. Performance of actions at 5-minutes. 

3.2. 1-month performance 

Pairs: Mean number of actions pairs at time 2 were entered to a 3 (condition: MM20, MMM, 

and MMT) x 2 (group: DS and TD) ANOVA. There was a main effect of condition F(2,41) = 

3.55,  p = .04, ηp2 = .15, where more action pairs were performed from the MMT condition 

overall. There were no main effects of group F(1,42) = .82, p = .37 or a condition by group 

interaction F(2,41) = 2.18, p = .13 (Figure 5). Post hoc comparisons were conducted between the 

three conditions for each group. These comparisons revealed nonsignificant differences between 

the MM20 and MMM t(19) = .54, p = .60, MMM and MMT t(19) = -.44, p = .67, and the MMT 

and MM20 t(19) = -.11, p = .92 conditions for the TD group. In the DS group, there was a 



26 
 

nonsignificant difference between the MM20 and MMM t(23) = .64, p = .53, but the difference 

between the MM20 and MMT were significantly different t(23) = 2.74, p = .012, adjusted p = 

.02, and between the MMM and MMT t(23) = -3.54, p = .002, adjusted p = .006. 

Figure 5. Performance of action pairs at 1-month. 

Actions: Mean number of actions at time 2 were entered to a 3 (condition: MM20, MMM, and 

MMT) x 2 (group: DS and TD) ANOVA. There was a main effect of condition F(2,41) = 5.36,  p 

= .009, ηp2 = .21, where more action were performed from the MMT condition overall. There 

were no main effects of group F(1,42) = 3.11, p = .09 or a condition by group interaction F(2,41) 

= 2.52, p = .09 (Figure 6). Post hoc comparisons were conducted between the three conditions 

for each group. These comparisons revealed nonsignificant differences between the MM20 and 
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MMM t(19) = -.59, p = .56, MMM and MMT t(19) = -.64, p = .53, and the MMT and MM20 

t(19) = .89, p = .39 conditions in the TD group. There was a nonsignificant difference between 

the MM20 and MMM t(23) = .83, p = .42, but the difference between the MM20 and MMT were 

significantly different t(23) = 3.18, p = .004, adjusted p = .008, and between the MMM and 

MMT t(23) = -3.98, p = .001, adjusted p = .003, for the DS group.  

 

Figure 6. Performance of actions at 1-month. 

3.3. Tested vs. Not tested 

 The testing effect was also examined by comparing performance at 1-month for 

sequences that were tested at 5-minutes to sequences that were not tested at 5-minutes.  
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Pairs: Mean number of action pairs at time 2 were entered to a 2 (test: test, not tested) x 2 

(group: DS and TD) ANOVA. There was a main effect of test F(1,42) = 19.80, p < .001, ηp2 = 

.32, with more action pairs performed for sequences that were tested compared to sequences that 

were not tested. There were no significant main effect of group F(1,42) = .87, p = .36 or test by 

group interaction F(1,42) = .03, p = .87. Post hoc tests revealed that sequences tested at 5-

minutes were remembered better after a 1 month delay than sequences not tested at 5-minutes for 

both DS participants t(23) = 3.89, p = .001, adjusted p = .002,  and TD participants t(19) = 2.64, 

p = .016, adjusted p = .016  (Figure 7). 

 

Figure 7. Performance of action pairs at 1-month (test vs not tested at 5-minutes). 

Actions: Mean number of actions at time 2 were entered to a 2 (test: test, not tested) x 2 (group: 

DS and TD) ANOVA. There was a main effect of test F(1,42) = 24.45, p < .001, ηp2 = .37, with 
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more actions performed for sequences that were tested compared to sequences that were not 

tested. There were no main group effects F(1,42) = 3.19, p = .08 or test by group interaction 

F(1,42) = .07, p = .79. Post hoc tests revealed that sequences tested at 5-minutes were 

remembered better after a 1 month delay than sequences not tested at 5-minutes for both DS 

participants t(23) = 4.92, p < .001, adjusted p < .001, and TD participants t(19) = 2.62, p = .017, 

adjusted p = .017 (Figure 8). 

 

Figure 8. Performance of actions at 1-month (test vs not tested at 5-minutes). 

3.4. Sleep data 

Due to missing or un-scoreable data across both sessions, participants’ scores at time 1 

and time 2 were averaged for average sleep efficiency and average sleep time. There was not a 

significant difference between average sleep efficiency for the two groups t(28) = -1.55, p = .13 
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but there was a significant difference between average sleep time t(28) = -3.24, p = .003 (Table 

1). A change score was calculated by subtracting time 2 performance from time 1 for each 

condition (5-minute performance – 1-month performance). Smaller scores indicate less loss 

overtime. To investigate the relationship between sleep measures and performance, sleep 

efficiency and average sleep time were correlated with loss overtime within the MM20, MMM, 

and MMT condition (mean number of action pairs and mean number of actions). Only average 

sleep time was negatively correlated with the change score for the MMM condition in the DS 

group for mean number of actions and average sleep efficiency was unexpectedly positively 

correlated with the change score for the MM20 condition in the DS group for mean number of 

action pairs (Table 2). 

 

Table 2. Sleep and change score correlations. 

4. Discussion 

Consistent with the hypothesis, testing benefited long-term memory for the DS group. 

The DS group demonstrated better temporal order memory and memory for individual actions 

for the MMT condition compared to the other 2 conditions after a 1-month delay. However, the 

TD group did not show a difference between the three conditions at the 5-minute and 1-month 

delay. This is inconsistent with previous literature that found a benefit of retrieval practice in 

young children (Sheffield & Hudson, 2006; Fritz et al., 2007; Goossens et al., 2014). A common 
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criterion associated with retrieval practice benefit is that retrieval must be effortful to benefit 

(Bjork & Bjork, 2011). Delayed memory test performance is better when retrieval practice 

requires free recall instead of recognition, when tests have weaker cues, and when retention 

intervals between study and retrieval practice tests are longer. All of these features are ways to 

achieve desirable difficulty. These effort effects can also explain why testing or spaced learning, 

or a combination of both (i.e., expanded retrieval practice), is more beneficial than massed 

learning (Fritz et al., 2007). Although retrieval practice must be difficult, retrieval must also be 

successful to benefit (Roediger & Karpicke, 2006). Even though performance for immediate test 

for the MMT condition was not significantly different between the two groups, both groups 

could have achieved successful retrieval but it may have required more effort for the DS group to 

do so. Retrieval in the MMT condition could have been at the desirable difficulty level for the 

DS group to benefit from testing but not for the TD group.  

Additionally, we investigated an overall testing benefit independent of the initial 

encoding condition. Since half of the sequences that were encoded were tested at 5-minutes and 

the other half were not tested, this allowed for another way to investigate the testing effect. 

Comparison of 1-month performance for tested sequences with not tested sequences revealed 

that both groups benefited from testing. These findings are consistent with previous studies 

suggesting that testing supports long-term retention. Slower acquisition of information opposed 

to rapid learning, such as when learning takes more effort (i.e., retrieving information), is better 

for long-term retention (Roediger, Putnam, & Smith 2011; Roediger &Karpicke 2006). 

Consistent with the second hypothesis, sleep measures were not correlated with 

performance change across time 1 and time 2 in the MMT condition in both groups. 

Additionally, mean number of actions in the MMM condition was negatively correlated with 
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average sleep time, indicating a relationship between more sleep and better memory for actions 

for the DS group. However unexpectedly, mean number of action pairs for the MM20 condition 

was positively correlated with average sleep efficiency, indicating a relationship with worse 

sleep and better memory for pairs of actions for the DS group. Even though sleep typically 

benefits memory this might be different for individuals with DS, especially for pairs of actions 

(i.e., hippocampally dependent). Individuals with DS may not benefit from sleep in the same way 

as the typical population. In addition to having sleep disturbances, individuals with DS have been 

found to have reduction in REM sleep that can influence learning (Miano et al., 2008). Recent 

work by Spano, Gomez, Demara, Alt, Cowen, and Edgin (2018) that also found reduction in 

REM sleep in children with DS suggest that naps may not be beneficial for learning object-label 

associations for children with DS. This may also extend to night time sleep based on the findings 

of the current study. However, caution should be taken when interpreting these sleep data since 

sleep was not directly manipulated and due to the small sample size for the correlations between 

sleep and change scores for both groups. The full sample size for the DS group was cut in half, 

from 24 to 14 (Table 1). 

Testing appears to benefit long-term memory for both temporal order and single actions 

for both the TD and DS group. Findings from this study add to the limited literature of the testing 

effect with young children and individuals with DS. Additionally, these findings can influence 

learning strategies and memory interventions by incorporating slower and more effortful forms 

of learning like retrieval practice or a combination with spacing.  
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STUDY 3: SELF-REFERENTIAL PROCESSING WITH TYPICALLY DEVELOPING 
CHILDREN AND INDIVIDUALS WITH DOWN SYNDROME  

 
1. Introduction 

 
The self-reference effect (SRE) is the memory advantage for information encoded with 

respect to the self (Rogers, Kuiper, & Kirker, 1977). Potential explanations for this benefit 

include: greater elaboration, greater organization, and increased attention (Symons & Johnson, 

1997). The advantage for self-referential (SR) processing has been found with younger and older 

adults, and patients with neurological damage (Glisky & Marquine, 2009; Grilli & Glisky, 2011; 

Gutchess, Kensinger, Yoon & Schacter, 2007). SR studies with adults typically ask participants 

to evaluate adjectives in relation to themselves (“Are you creative?”) or another person (“Is Brad 

Pitt modest?”). A study by Gutchess et al. (2007) asked younger adults (18- to 20-years-old) and 

older adults (60- to 82-years-old) to make yes/no judgments for three encoding conditions: self 

(“Does this word describe me?”), other person (“Does the word describe Albert Einstein?”), case 

(“Is this word displayed in upper case?”). The three conditions also allow for a comparison 

between higher level (self and other) and lower level (case) processing. Participants made these 

judgments for 48 adjectives in each condition. After a 10-minute interference delay, participants 

received a surprise recognition test for 144 adjectives they saw and 144 lures. They made yes/no 

judgments on whether they studied the word or not. Both younger and older adults remembered 

words encoded in the self-condition better than the other-condition and case-condition. The SR 

advantage has also been found with a patient with amnesia. Sui and Humphreys (2013) 

investigated the self-referential effect (SRE) with a patient, GA, who suffered from herpes 

simplex encephalitis, which resulted in amnesia and affected regions such as the hippocampus. 

GA made judgments for 6 adjectives in relation to himself or 6 other adjectives for a close other 

person (GA’s sister), then was tested using a source test. GA showed enhanced memory 
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performance for items that were encoded in relation to the self. Self-processing may rely less on 

the hippocampus and more on other regions such as the medial prefrontal cortex (mPFC). 

 Van der Meer, Costafreda, Aleman, and David (2010) proposed in their theoretical 

review and meta-analysis of neuroimaging studies that the ventral mPFC is responsible for 

tagging self-relevant information, while the dorsal mPFC is responsible for evaluation and 

decision-making processes related to the self and other. D’Argembeau et al. (2007) found that 

the ventral and dorsal anterior mPFC were recruited during self-processing and the dorsal 

posterior mPFC was recruited during other-processing. Additionally, Philippi, Duff, Denburg, 

Tranel, and Rudrauf (2012) failed to find the SRE with individuals with mPFC damage. 

Processing information in relation to the self appears to be supported by the mPFC. These 

finding suggests that the SRE can be achieved independently of the hippocampus. Relating 

information to one’s self can be a way to improve memory deficits with individuals with 

hippocampal impairments, such as DS.  

SR paradigms used with adults will not be suitable for individuals with DS as evaluation 

of adjectives may be too abstract and too difficult to understand; therefore, the next section will 

review paradigms in the SRE literature with typically developing children that are less abstract. 

1.1. Self-reference effect and typically developing children 

 Previous research has failed to find the SRE with children younger than 7-years-old 

(Halpin, Puff, Mason, & Marston, 1984; Pullyblank, Bisanz, Scott, & Champion, 1985). These 

studies used the same adjective self-evaluation paradigm used with adults, which can be too 

abstract for young children. Consistently, Harter (1983) proposed that self-evaluation develops 

around 7- to 8-years of age. However, it has been argued that by 3-years of age, children would 

have developed their objective self, self-awareness, and a subjective sense of personal ownership 
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(Cunningham, Brebner, Quinn, & Turk, 2014). Therefore, the failure to find the SRE may be due 

to a methodological issue. Using a paradigm that is more suitable for children younger than 7-

years-old would more accurately assess whether the SRE is present with young children and with 

individuals with DS.  

 Recent studies have tried to address this methodological issue by using referent 

identification, ownership, and concrete evaluation based paradigms (Cunningham, Vergunst, 

Macrae, & Turk, 2013; Cunningham et al., 2014; Sui & Zhu, 2005). Sui and Zhu (2005) 

investigated the SRE for own-face reference compared to other-face reference with 4-, 5-, and 

10-year-olds. During the encoding phase, children saw 24 object pictures, half of which were 

paired with a picture of their own face pointing to an object and the other half were paired with 

another person’s face pointing to an object (Figure 9). Participants had to report aloud who was 

pointing to the object (“I am pointing to the tree” or “Other is pointing to the tree”). After the 

encoding phase participants had a 2-minute interference phase and then were unexpectedly given 

a free-recall test, where they were asked to recall as many of the presented pictures as possible. 

After the free-recall test participants were also asked to make source judgements where they 

were asked to recall which one (self or other) was pointing to the pictures they had recalled 

during the free-recall test. Only the 5-year-olds demonstrated a self benefit compared to the other 

condition. The 10-year-olds did not demonstrate the SRE due to equally recalling items in the 

other condition as well as items in the self condition. There was no main effect of age, encoding 

condition, or interaction for source performance. The authors of this study proposed that the task 

demands were too low for the 10-year-olds. The older children were able to remember items in 

the other condition as well as the self condition therefore increasing the task demands would 

reveal the different effects of the two encoding conditions (i.e., SRE). In a second experiment 
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with 5- and 10-year-olds, authors increased the task demands by increasing the number of items 

to 18 in each condition (total of 26) and each stimulus was presented for 2 seconds instead of 4 

seconds. Results of the free recall task revealed a self benefit in the 5-year-olds and 10-year-olds. 

Similar to experiment 1, there were no condition differences in source performance at each age 

group. 

  In another study, Cunningham et al. (2013) investigated the SRE with 4-, 5-, and 6-year-

olds using an ownership task. Two children participated in the encoding phase at the same time. 

Both children were asked to imagine that they owned the basket in front of them (two different 

colored baskets). Then they were told to pretend that all the toys that are sorted into their 

designated basket belongs to them, and the ones that were sorted in the other basket belongs to 

the other child. Children took turns sorting 56 cards, that had a picture of a toy on it, according to 

the color of the border on the card and the color of the two baskets. Although the cards were 

randomized, the colors of the cards were prearranged so an equal number of cards would be 

sorted into each child’s basket. After the encoding phase, each child was individually tested 

using a recognition test, where they were asked whether they had seen the toy in the sorting task 

or not (28 self-owned, 28 other-owned, and 28 unseen foils). Children recognized more items 

that were sorted into their own basket compared to items sorted into another child’s basket across 

the three age groups.  

In another study that closely resembles the adjective evaluation task used with adults, 

Cunningham et al. (2014) required participants to evaluate concrete and highly familiar items. 

During the encoding phase, 4-, 5-, and 6-year-olds either saw a picture of their own face or of 

another child’s face paired with a toy or household object (24 self-referent, 24 other-referent). 

Then they were asked to evaluate the items in reference to the face paired with it (“Would you 
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[Andrew or Amy] really, really like this object, or would you [he or she] not be very fussed 

about it?”) (Figure 10). The other child (Andrew/Amy) was an unfamiliar child to the 

participants and was the opposite sex to prevent participants from projecting their own likes and 

dislikes when making evaluations for the “other” child. After the encoding phase, participants 

were tested using an old/new recognition test (24 self-referent, 24 other-referent, and 24 unseen 

foils). For a second experiment, participants were also asked to make source judgements, using a 

one-step source memory test where participants were asked to respond to each picture with: New 

picture, Shown with me, or Shown with Andrew/Amy. Participants were also tested after a 5-

minute delay. For experiment 1 and 2, items in the self condition were remembered better than 

items in the other condition for recognition memory and source memory across the three age 

groups. 

         

Figure 9. Encoding design adapted from  Figure 10. Encoding design adapted from 
Sui and Zhu (2005).      Cunningham et al. (2014). 
 

These studies provided evidence that children, younger than 7-years-old, can also show 

advantage from self-referencing when using a more suitable paradigm for children, opposed to 

the paradigm typically used with adults. An ownership learning task has also been seen to benefit 

outside the lab in an educational setting, where 7-9-year-old children learned more novel shapes 

and names for self-owned picture cards of the novel shapes than when it was assigned to 

someone else (Cunningham, Scott, Hutchison, Ross, Martin, 2018).  
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Although young typically developing children have an inaccurate self-concept (positivity 

bias) they still demonstrate the SRE (Harter, 1983). Similarly, individuals with DS demonstrate 

an inaccurate self-concept but have been found to have similar self-concepts with typically 

developing children of similar developmental age (about 4- to 6-years) (Cuskelly & de Jong, 

1996; Glenn & Cunningham, 2001). Based on previous literature on the SRE with typically 

developing children, older adults, and patients with amnesia, individuals with DS may also 

benefit from self-referencing.  

One approach to overcoming memory deficits associated with impairments to the 

hippocampus, is to find a way to compensate. This approach seeks to find ways to bypass the 

damaged memory processes. Encoding information in relation to one’s self can be one method to 

achieve this, however, this has not been investigated with individuals with DS. Studies on the 

SRE typically do not have delays that exceed one-day; therefore, this study will examine long-

term retention and the influence sleep may have on the SRE. 

Aim 1) determined whether individuals with DS can benefit from self-referential 

processing. The hypothesis was that participants will recognize more toys encoded in reference 

to themselves than in reference to the examiner. Findings will inform whether the SRE is also 

present in individuals with DS.   

Aim 2) determined whether the SRE is present during immediate test and also after a 

long-term delay test. The hypothesis was that participants will recognize more toys during 

immediate test than delay test, however across both delays participants will recognize more items 

encoded in relation to the self compared to those encoded in relation to the experimenter. 

Findings will determine whether the SRE can also influence long-term retention.  
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Aim 3) determined the role of sleep. The hypothesis was that participants with poor 

sleep efficiency will remember fewer toys in the other-and physical-conditions compared to the 

self-condition. Findings will inform whether the SRE is maintained in the face of poor sleep, 

which we expect in DS.  

Aim 4) compared the two encoding conditions (self vs. other) to a lower level processing 

condition (physical characteristic of the toy). This served as an additional comparison condition. 

The hypothesis was that participants will recognize more toys encoded in reference to 

themselves or in reference to the examiner than those encoded based on the physical 

characteristic of the toy. Findings will inform whether self -referencing is more advantageous 

than other categories of semantic processing.    

 Memory impairments for older adults have been associated with frontal atrophy, which is 

commonly related to deficits in executive functioning (EF) (Glisky, 2004). Damage to the frontal 

lobes, specifically strategic memory processes, like those involved in working memory, have 

also been found to be related to memory impairments (Moscovitch, 1992; Stuss & Alexander, 

2005). Self-referencing can be particularly beneficial for older adults. Glisky & Marquine (2009) 

further categorized the older adult group into low and high frontal function groups using a 

battery of tests that assess EF. Older adults with low frontal function still showed a memory 

benefit for information in relation to the self. Therefore, EF performance will also be assessed to 

determine the role of the development of these abilities and the SRE. 

Therefore, aim 5) determined whether executive function (EF) performance influenced 

the degree of self-processing advantage. The hypothesis was that recognition performance in the 

self-condition will not be correlated with EF abilities. Findings will determine whether self-
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referencing is independent of frontal function, an important factor to consider given a number of 

memory disorders show co-occuring frontal and hippocampal deficits.  

2. Method 

2.1. Participants 

Twenty-six, 10.45- to 26.59-years-old individuals with DS (M = 17.72 years, SD = 4.46, 

13 male) and twenty-five, 41.50- to 83.50- months-old typically developing (TD) children (M = 

67.38 months, SD = 11.78, 13 males) were recruited. The TD group will be split into a younger 

group (TD-Young) (M = 56.58 months, SD = 5.82, 6 males) and an older group (TD-Old) (M = 

77.35 months, SD = 4.70, 7 males).  

Both groups were recruited through local and parent organizations and advertisement in 

Tucson, AZ and Phoenix, AZ. The exclusion criteria include the presence of past head injury, 

incident of loss of consciousness (i.e., greater than 5-minutes in length), uncorrected vision 

impairments, and uncorrected hearing impairments. An additional exclusion criterion for the DS 

group is the dual diagnosis of DS and ASD. DS was confirmed by medical records. At the end of 

each session, participants were compensated for their time with target gift cards: $20 after 

session 1 and $30 after session 2. All experimental procedures will be approved by the 

University of Arizona Institutional Review Board. 

 Sample size was estimated for a 2x2 analysis of variance to determine whether mean 

recognition scores in the self condition is significantly different from the other condition and 

whether this is different by group (DS vs. TD). A large effect was estimated (d= 0.87) from the 

results from Sui and Zhu (2005) and Cunningham et al. (2013). Therefore, the sample size of 26 

per group was estimated for a power of .80 and alpha equal to .05 (Cohen, 1992). 
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2.2. Procedure and stimulus materials 

All participants came into the laboratory for two sessions. In session one, participants 

began with a warm-up, ownership understanding assessment, self-concept assessment (Harter 

Pictorial Scale), IQ assessment (Kaufman Brief Intelligence Test-Second Edition), encoding 

sorting task, and a surprise recognition and source judgment test. After a one-week delay, 

participants returned for session two. During the one-week delay, participants wore an actiwatch 

and parents filled out a sleep diary in conjunction. At the start of session two, participants were 

given a delayed recognition and source judgment test, the self-concept assessment, a theory of 

mind task, and finally various EF tasks. (Figure 11). 

 

Figure 11. Study design. 

Warm-up: After the consenting the participants researcher 1, who will serve as the “other 

person” for the encoding sorting task, interacted with the participant and followed a script where 

they introduced themselves and stated what they like to do. Additionally, they showed and told 

the participant some toys they like to play with. This was standardized across all participants. 

Allowing participants to interact with the other person for a warm-up period was to prevent 

participants from resorting to projecting how they evaluate the toys for themselves when they 

evaluate the toy for researcher 1. 
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Ownership Understanding Measure: This measure, adapted from Fasig (2000), was used to 

assess participant’s understanding of ownership, while also controlling for size, novelty, bias to 

respond, and experience response biases. Four of the five items from the task was used in the 

current study based on results from the Fasig (2000) study. This task required the parent to bring 

a toothbrush and a book, one belonging to the participant and one belonging to the parent for 

each of the items, and the parent’s most worn shoe to the laboratory during their first session. 

The last item are three blocks that vary in size, texture, and designs. All participants underwent a 

practice phase to ensure that they understood the instructions. In the practice phase participants 

were shown three toy animals (tiger, bear, cat). Then, they were asked, “Which one is the tiger?” 

and “Pick up the one animal that is the bear.” After the practice phase participants were shown 

three exemplars from each of the four items (toothbrush, book, shoe, and block) and were asked 

three questions for each item. The three questions were: “Whose item is this?” (Researcher 

pointed to the participant’s item), “Whose item is this?” (Researcher pointed to the parent’s 

item), and “Pick up the one item that is your item.” For the shoe trial, participants were shown 

their parent’s shoe, the researcher’s shoe, and an unknown shoe. During the block trials the three 

blocks were counterbalanced as to which belonged to the researcher, participant, or didn’t belong 

to anyone. The participant was given the researcher’s block for 30 seconds and the block was 

labeled as belonging to the researcher for a total of three times. Next the participant was given 

their own block for five seconds, during which the participant was told three times that the block 

belonged to them. After, the researcher placed the two blocks and a novel block that the 

participant did not interact with in front of them and then asked them the three questions. An 

overall score was computed by summing the number of correct verbal and nonverbal responses 

for the three questions across the four items. 
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Encoding sorting task: An ownership based paradigm adapted from Cunningham et al. (2013) 

was used to assess the self-referent effect and a toy evaluation question that was used in 

Cunningham et al. (2014) was also incorporated. There were three different lists (Lists 1, 2, and 

3) with 16 toys in each list (total of 48 toys). Each list included 16 toys, and each list was 

assigned a color (purple, gray, or green). Each toy was printed on a 5 X 5-inch white cards with a 

6 mm border that was either purple, gray, or green. Participants sorted the cards into three 

different colored box (purple, gray, and green) corresponding to the colored border on the card 

during encoding. Each color served as a different condition. The participant sat next to researcher 

1 and both sat across the table from researcher 2. Three boxes (green, purple and gray) were 

placed on the table (Figure 12). Then the participant was told a set of instructions by researcher 

2: 

We are going to play a sorting game with (researcher 1’s name). I have some picture 

cards here. These cards are very special, they have pictures of toys on them. You have to put all 

the cards in the correct box. All the gray cards go in this box, all the green cards go in this box, 

and all the purple cards go in this box. Now, let’s pretend that the purple box belongs to you, and 

the gray box belongs to (researcher 1’s name), and nobody owns the green box. And all the toys 

that go in the purple box belong to you, all the toys that go in the gray box belong to (researcher 

1’s name), and all the toys that go in the green box does not belong to anyone. You will also use 

this (gesture to the different scales) to answer some questions. Researcher 2 named the toy and 

hand the card to the participant to sort into the corresponding box that matches the color of the 

border around the card, one card at a time.  
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Figure 12. Sample table display of encoding. 

If the participant sorted the card into their own box, they were asked a toy evaluation 

question in regards to themselves, if they sorted the card into researcher 1’s box they were asked 

a toy evaluation question in regards to researcher 1 (How much would you / (researcher 1’s 

name) like this toy? A lot, a little, or not at all?). Participants responded by pointing to one of the 

three circles on the toy evaluation scale or by making a verbal response (Figure 13). If the 

participant sorted the card into the “size” box they were asked a physical characteristic 

evaluation question (How big is this toy in real life? Big, medium, or small?). They responded by 

pointing to one of the three circles on the physical characteristic evaluation scale or by making a 

verbal response (Figure 14). If any cards were sorted into the incorrect box, Research 2 corrected 

the participant to ensure that each condition/box had the same number of cards. 

There were three encoding versions, where the three different lists/color were assigned to 

different conditions. For example, the list of 16 toys that was green was assigned to the self 

condition in version A, assigned to the other condition in version B, and assigned to the size 

condition in versions C. The order in which the cards were shown were randomized where the 

same colored card did not appear more than 2 times in a row to maximized participants attention 
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to evaluate and reference each toy according the preassigned condition.  

 

Figure 13. Toy evaluation scale. 

 

Figure 14. Physical characteristic evaluation scale. 

Recognition and source judgment test (immediate and delay): After sorting all the cards, 

researcher 1 left the room and all the sorted cards were taken out of the boxes before beginning 

the immediate recognition and source judgment test. There were four different recognition 

versions. Only eight of the 16 toys in each condition were tested during immediate test and the 

remaining toys were tested after a one-week delay. These cards did not have any colored borders. 

The eight toys tested in each condition were counterbalanced between immediate and delay test. 

Eighteen additional lure toys were included for a total of 42 test toys at each of the tests. 

Researcher 2 reminded the participant of the different boxes and who they belonged to and 

introduce a “no box” mat (Figure 15). Researcher 2 named the toy and hand one card at a time to 

the participant in a fixed randomized order and then asked the participant, “Did you put (name of 

toy) in a box when we played the sorting game with (researcher 1’s name)? Yes or no? (Toys 

with a no responses were placed on the “no box” mat. Toys with a yes response received a 

source judgment question) “Which box did you put it in when we played the sorting game?”  
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Figure 15. Sample table display of immediate and delay test. 

2.3. Additional Measures 

Actigraphy/ Sleep Diary: Actiwatches were used to collect sleep data. Participants wore the 

watch for about one week during the delay and parents filled out a sleep diary. Main sleep 

measures include: average sleep efficiency (percent of time spent asleep from sleep onset to 

offset) and average sleep time (time spent asleep minus any periods of wake). 

Pictorial Scale of Perceived Competence and Social Acceptance for Young Children (4-7 

years)- Preschool/Kindergarten for girls and Preschool/Kindergarten for boys (Harter & Pike, 

1983): This assessment was used to evaluate how stable the participant’s sense of self is. 

Participants were assessed with this pictorial scale at session 1 and session 2. A reliability score 

was calculated based on how many items were consistently rated the same at session 1 and 

session 2. There were 24 questions, therefore the maximum score for this is 24. 

Theory of mind task: Participants were given a content false belief task, where they were asked 

what they thought was inside a band-aid box, before and after they saw that a horse was actually 
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inside. Then another researcher entered the room and participants were asked what the researcher 

who just entered the room will think is inside the band-aid box. The maximum score for this is 6. 

Kaufman Brief Intelligence Test-Second Edition (KBIT-II): Each participant’s verbal and 

nonverbal intelligence was assessed using the KBIT-II. Raw scores were used to determine 

participants’ mental age in order to accurately compare between groups.  

Executive function tasks: 

Differential Ability Scales (DAS): Participants were assessed on a digit span forward task in 

order to obtain an additional measure of their executive function.  

Arizona Memory Assessment for Preschoolers (A-MAP): Participants were assessed on  

processing speed and executive control tasks from this assessment. Participants are told that the 

mouse likes cheese and the seal likes to play with the beach ball. Depending whether there is 

cheese or a ball in a box participant would have to correctly touch the corresponding animal.  

Questionnaires: 

Observer Memory Questionnaire-Parent Form (OMQ-PF): Parents answered questions used to 

assess their child’s everyday memory.  

Children’s Sleep Habits Questionnaire: Parents answered questions used to assess major 

medical and behavioral sleep disorders in young children. 

Behavior Rating Inventory of Executive Function (BRIEF): Parents answered questions used 

to assess executive function.  

3. Results 

Seven DS participants were removed from the analysis; four participant who false 

alarmed on all lures during immediate recognition test, one participant scored two standard 

deviations below the mean on the Harter scale, one participant scored two standard deviations 
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below the mean on the ownership scale, and one participant who was sick and was not wearing 

their hearing aid. Three TD participants were removed from the analysis; two participants false 

alarmed on all lures during immediate recognition test and one participant scored two standard 

deviations below the mean on the ownership scale. These exclusions left 19, 10.45- to 26.59-

years-old individuals with DS (M = 18.38 years, SD = 4.27, 10 males) and 22, 41.50- to 83.50- 

months-old TD children (M = 68.50 months, SD = 12.13, 11 males) with nine in the TD-Young 

group (M = 55.72 months, SD = 6.53, 4 male) and 13 in the TD-Old group (M = 77.35 months, 

SD = 4.70, 7 males)  in the analysis. 

The TD-Young group will serve as a mental-age (MA) matched comparison group to the 

DS group. The TD-Old group will allow for age comparisons within the TD group. False alarm 

rates were not significantly different between the two comparisons. The DS and TD-Young 

group achieved similar raw verbal [t(26) = .75, p = 0.46] and nonverbal [t(26) = .01, p = 0.99] 

scores on the K-BIT II. The DS group had a mean verbal raw score of 30.84 [range = 10-50, SD 

= 9.83], a mean verbal standardized score of 50.00 [range = 40-62, SD = 9.40], a mean nonverbal 

raw score of 15.68 [range = 10-22, SD = 2.95], and a mean nonverbal standardized score of 

50.05 [range = 40-67, SD = 8.52]. The TD-Young group had a mean verbal raw score of 28.22 

[range = 21-35, SD = 4.97], a mean verbal standardized score of 108.67 [range = 88-127, SD = 

11.37], a mean nonverbal raw score of 15.67 [range = 12-23, SD = 3.61] and a mean nonverbal 

standardized score of 108.00 [range = 97-127, SD = 10.65]. The TD-Old group had a mean 

verbal raw score of 42.08 [range = 34-53, SD = 6.20], a mean verbal standardized score of 

113.23 [range = 97-125, SD = 8.38], a mean nonverbal raw score of 21.92 [range = 13-36, SD = 

7.18] and a mean nonverbal standardized score of 106.38 [range = 83-146, SD = 18.59] (Table 

3). 
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To analyze the recognition memory data, raw hit rates (i.e., proportion of sorted items 

correctly identified as being sorted previously) and false alarm rates (i.e., proportion of new 

items incorrectly identified as being sorted previously) were calculated. Recognition and source 

performance were quantified by calculating d’ (the difference in the proportion of hit and false 

alarms; d' = z(H) - z(F)). Results were considered significant at p = .025 to lower the threshold 

for multiple comparisons, based on two tests (source and recognition) for each family of tests 

(DS vs TD-Young, and TD-Young vs TD-Old). Additionally, due to multiple exploratory 

correlations, significance was determined at p ≤ .001.  

 

Table 3. Profile. 

3.1. DS vs TD-Young group 

Recognition Performance. Time 1 and time 2 recognition scores were submitted to a 2 (delay: 

time 1 and time 2) x 3 (condition: self, other, and size) x 2 (group: DS and TD-Young) repeated 

measures analysis of variance (ANOVA). There was a significant group effect F(1,26) = 7.48, p 

= .011, ηp2 =.22, with TD-Young performing better than the DS group and a main effect of delay 

F(1,26) = 18.34,  p<.001, ηp2 = .41, where more items were remembered at time 1 than at time 2. 

There was a significant condition effect F(2,25) = 4.13, p = .028, ηp2  = .25, with more items 

remembered in the size condition and a condition by group effect  F(2,25) = 3.95, p = .032, ηp2  = 

.24, where TD-Young performed significantly better in the size condition and the DS group 

performed better in the self condition. There were no significant delay by group F(1,26) = .06, p 



50 
 

= .82, delay by condition F(2,25) = .18, p = .84 or delay by condition by group interactions 

F(2,25) = 1.32, p = .29. Post hoc comparisons were conducted between the three conditions for 

each group at each time point. These comparisons revealed a nonsignificant difference between 

self and other t(8) = -.66, p = .526, between other and size t(8) = -2.14, p = .06, and a significant 

benefit of size compared to the self condition for the TD-Young group t(8) = -2.56, p = .03 at 

time 2, however, after using the Holm correction for multiple comparisons this was not 

significant, adjusted p = .099 (Figure 16). 

 

Figure 16. DS vs TD-Young recognition performance. 

Source Performance. Time 1 and time 2 source scores were submitted to a 2 (delay: time 1 and 

time 2) x 3 (condition: self, other, and size) x 2 (group: DS and TD-Young) ANOVA. There was 

a significant delay effect F(1,26) = 25.78, p <.001, ηp2 =.50, where more items were remembered 
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at time 1 than at time 2. There was a significant group effect F(1,26) = 5.54, p = .026, ηp2 = .18, 

with the TD-Young group performing better than the DS group. There wasn’t a significant main 

effect of condition F(2,25) = 2.48, p = .10. There were no significant delay by group F(1,26) = 

3.42, p = .08, condition by group F(2,25) = .16, p = .85, delay by condition F(2,25) = .79, p = .46 

or delay by condition by group interactions F(2,25) = 1.06, p = .36 (Figure 17). 

 

Figure 17. DS vs TD-Young source performance. 

3.2. TD-Young group vs TD-Old group 

There have been mixed results on the effect of age and self-referential benefit in typically 

developing children. Sui and Zhu (2005) only found SRE with 5-year-olds and not with 4-year-

olds or 10- year-olds in their first experiment. Cunningham et al. (2013) and Cunningham et al. 

(2014) found an overall SRE across 4-, 5-, and 6-year-olds, but did not find a benefit at a specific 
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age group. Therefore, the TD group was split into younger and older group to examine age 

effects.  

Recognition Performance. Time 1 and time 2 recognition scores were submitted to a 2 (delay: 

time 1 and time 2) x 3 (condition: self, other, and size) x 2 (group: TD-Young, TD-Old) 

ANOVA. There was a significant delay effect F(1,20) = 53.58, p <.001, ηp2  = .73, where more 

items were remembered at time 1 than at time 2. There was a significant condition effect F(2,19) 

= 3.63, p = .046, ηp2  = .28, with more items remembered in the size condition. There was no 

main group effect F(1,20) = .35, p = .56. There were no significant delay by group F(1,20) = 

1.79, p = .20, condition by group F(2,19) = 2.96, p = .08, delay by condition F(2,19) = 2.10, p = 

.15 or delay by condition by group interactions F(2,19) = 1.22, p = .32 (Figure 18). 

 

Figure 18. TD-Young vs TD-Old recognition performance. 

Source Performance. Time 1 and time 2 recognition scores were submitted to a 2 (delay: time 1 
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and time 2) x 3 (condition: self, other, and size) x 2 (group: TD-Young, TD-Old) ANOVA. 

There was a significant delay effect F(1,20) = 159.74, p <.001, ηp2  = .89, where more items were 

remembered at time 1 than at time 2. There was a significant group effect F(1,20) = 5.11, p = 

.035, ηp2  = .20, where more items were remembered by the TD-Old group compared to the TD-

Young group. There was no main condition effect F(2,19) = 1.91, p = .18. There were no 

significant delay by group F(1,20) = 1.29, p = .27, condition by group F(2,19) = .49, p = .62, 

delay by condition F(2,19) = 1.81, p = .19 or delay by condition by group interactions F(2,19) = 

1.43, p = .26 (Figure 19). 

 

Figure 19. TD-Young vs TD-Old source performance. 

3.3. Executive Function 

To determine whether flexibility in the TD group could have influenced their 
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performance, the TD group was separated into high and low executive function performers. 

Those who performed above the mean on the AMAP task were considered high performers. A 2 

(delay: time 1 and time 2) x 3 (condition: self, other, and size) x 2 (group: EFhigh, EFlow) ANOVA 

revealed no main effect of group for recognition F(1,20) = 2.37, p = .30 and source F(1,20) = 

6.38, p = .11, however there was a main effect of delay for recognition F(1,20) = 53.93, p <.001, 

ηp2  = .73 and source F(1,20) = 165.56, p <.001, ηp2  = .89, where items were remembered better 

at time 1 than at time 2 for both tests. All other main effects and interactions were not significant 

for both tests (recognition and source).  

3.4. Harter- self concept reliability 

The percent reliability score was calculated based on how many items were consistently 

rated the same at session 1 and session 2 out of 24 questions. The TD-Old group (M = 73%, SD 

= .13) had the highest reliability, then the DS group (M = 68%, SD = .18), and then the Young-

TD group with the lowest reliability (M = 56%, SD = .09). The DS and TD group were each 

divided into low and high performers on the Harter scale (high performers = 70% or higher). 

There were no high performers in the TD-Young group. Additional ANOVAs were conducted to 

determine whether high and low performers on the Harter scale influenced their performance on 

the main task. There were no significant main effects or interactions, other than main effects and 

trends of delay, for either the DS, TD-Young, TD-Old, or when both TD groups were combined 

(Recognition: DS: F(1,17) = 9.86, p =.006, ηp2  = .37; TD-Young: F(1,8) = 57.11, p =.005, ηp2  = 

.65; TD-Old: F(1,11) = 31.82, p <.001, ηp2  = .74; TD: F(1,20) = 57.11, p <.001, ηp2  = .74; 

Source: DS: F(1,17) = 6.31, p =.022, ηp2  = .27; TD-Young: F(1,8) = 32.15, p <.001, ηp2  = .80; 

TD-Old: F(1,11) = 146.91, p <.001, ηp2  = .93; TD: F(1,20) = 168.76, p <.001, ηp2  = .89). 
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 3.5. Understanding of ownership measure 

To determine whether concept of ownership in both groups could have influenced 

performance, each group was separated into high and low performers on the ownership measure. 

Those who performed above the mean on the ownership task were considered high performers. 

A 2 (delay: time 1 and time 2) x 3 (condition: self, other, and size) x 2 (group: Ownershiphigh, 

Ownershiplow) ANOVA for the DS group revealed no group by condition interaction for 

recognition F(2,16) = 1.22, p = .32 and source F(2,16) = .06, p = .94, however there was a main 

effect of delay for recognition F(1,17) = 10.76, p = .004, ηp2  = .39 and source F(1,17) = 6.36, p = 

.02, ηp2  = .27, where items were remembered better at time 1 than at time 2. There was also a 

main group effect for recognition F(1,17) = 5.71, p = .03, ηp2  = .25 and source F(1,17) = 8.88, p 

= .008, ηp2  = .34, where high performers remembered more items. There was a main delay by 

ownership interaction for recognition F(1,17) = 7.10, p = .016, ηp2  = .30 and source F(1,17) = 

6.28, p = .023, ηp2  = .27, where high ownership performers remembered more items at time 1 

than at time 2. A 2 (delay: time 1 and time 2) x 3 (condition: self, other, and size) x 2 (group: 

Ownershiphigh, Ownershiplow) ANOVA for the TD group revealed no group by condition 

interaction for recognition F(2,19) = .36, p = .70 and source F(2,19) = 3.21, p = .25, however 

there was a main effect of delay for recognition F(1,20) = 42.23, p <.001, ηp2  = .68 and source 

F(1,20) = 126.17, p <.001, ηp2  = .86, where items were remembered better at time 1 than at time 

2. All other main effects and interactions for both groups and tests (recognition and source) were 

not significant. 

3.6. Secondary measures correlations 

Change score correlations. Additional measures that were obtained (IQ scores, ownership, 

Harter, theory of mind, executive function abilities from a digit span task and task switching 
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computerized assessment-AMAP, average sleep efficiency, and average sleep time) were 

correlated with change in performance from time 1 to time 2 on recognition and source 

performance for each of the conditions for each of the two groups (DS and TD). A change score 

was calculated by subtracting time 2 performance from time 1 (immediate performance – 1-week 

performance). Smaller scores indicate less loss overtime. Change scores were not correlated with 

any of the additional measures for either group (Table 4).  

 

Table 4. Change score correlations. 

Performance correlations. Average sleep efficiency for the DS and the TD-Young groups were 

not significantly different from each other. However, the TD-Young group had a longer average 

sleep time compared to the DS group (Table 3). Average sleep efficiency was not correlated with 

DS or TD performances in either condition at time 1, time 2, or with change scores. Working 

memory ability, based on the differential ability scale, was positively correlated with time 1 

performance for the other and size condition for the source performance for the TD group. 

Additional exploratory correlations revealed a positive correlation between ownership 

performance and time 1 recognition self performance and between verbal raw K-BIT II scores 

and time 1 source self performance (Table 5). 
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Table 5. Performance correlations. 

4. Discussion 

The current study did not reveal a self-referential benefit for the DS group and failed to 

replicate the SRE recently seen with typically developing children, for recognition and source 

performance at time 1 and at time 2. Performance between the self and other conditions were not 

significantly different from each other. Additionally, individuals with DS remembered fewer 

items overall compared to the TD-Young group (MA-matched), consistent with other studies that 

found memory impairments with individuals with DS (Godfrey & Lee, 2018; Pennington et al., 

2003; Vicari, Bellucci, & Carlesimo, 2000). As expected, there was a trend for TD-Old group 

performing better compared to the TD-Young group.  
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Similar, null finding of the SRE was also found with 10-year-olds (Sui & Zhu, 2005). Sui 

and Zhu (2005) proposed that the task demands were low for the older children, allowing items 

in the other condition to be remembered as well as the items in the self condition. After 

increasing task demands by increasing the number of stimuli from 12 to 18 in each condition and 

displaying the stimuli for 2 seconds instead of 4 seconds, they were able to reveal the SRE in 10-

year-olds. Similarly, Cunningham et al. (2013) and Cunningham et al. (2014) found that self 

advantage decreased as age increased. This finding also supports the idea that as task demands 

decrease, as children get older, this allows for items in the other condition to be remembered 

better.  

Previous studies that failed to find the SRE with young children were later attributed to a 

design issue. Studies using age appropriate paradigms like an ownership based task 

(Cunningham et al., 2013) or object evaluation task (Cunningham et al., 2014), rather than an 

adjective evaluation task typically used in older adults, found the SRE with young children. 

Although the current study incorporated both ownership and object evaluation-based tasks to 

engage participants in each condition more, including both in the design could have influence the 

overall task demand. Asking participants to evaluate the toys after sorting the picture cards into 

the corresponding boxes could have allowed participants two opportunities to encode the items 

and could have also increased their exposure time which could have lessen the task demands, 

resulting in the null finding similar to the 10-year-olds. The second exposure could have also 

influenced attention processes. 

One explanation for the SRE is that there is an automatic attention bias for self-

referenced items. A study by Turk et al. (2012) failed to find the SRE when participants’ 

attention was divided on the ownership encoding task compared to when their attention was not 
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divided. The study by Turk et al. (2012) provides evidence that attention may play a role in the 

SRE. Therefore, in the current study, asking participants to also make an evaluation to the 

pictured items may have redirected their attention to items in the other condition and size 

condition, equating attention across all items and preventing automatic attentional bias for the 

self condition. Additionally, Axelsson, Dawson, Yim, and Quddus (2018) found that the longer 

children looked during self-reference trials the better they remembered self-referenced words 

after a 4-hour delay. Previous studies found that executive ability did not influence the SRE, 

providing evidence that the self elicits an automatic response independent of executive ability 

(Cunningham et al., 2014). Cunningham et al. (2014) also used a digit span working memory 

task as an assessment to gauge the development of executive functioning. Similarly, Glisky and 

Marquine (2009) did not find a difference in the SRE between older adult participants that had 

low or high executive function abilities. Glisky and Marquine (2009) determine executive 

function ability using an array of tests including a backward digit span with older adults. 

Consistent with previous literature, the current study found that working memory ability on the 

differential ability scale was not correlated with the self condition for either group but was 

correlated with source performance for the other and size condition at time 1 in only the TD 

group. These findings provided support that the paradigm of the current study is eliciting 

automatic processes in the self condition but redirecting attention to the other two conditions 

may recruit more frontal function to help support memory performance in the other and size 

condition in the TD group, potentially accounting for equal performance across the three 

conditions. Although both groups failed to demonstrate the SRE, the reasoning may be different 

for both groups. For the DS group, additional correlations revealed a relationship between theory 

of mind and source performance in the other condition at time 1. Better theory of mind 
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performance can allow for better perspective taking during encoding for the other condition and 

therefore improving memory performance in the other condition, equating to the self condition, 

resulting in a null finding of the SRE.  

Furthermore, the current study also found an overall benefit of the size condition. The 

purpose of this condition was to elicit lower level processing. This is typically done in adult 

studies by using perceptual based questions like requiring participants to evaluate whether a 

word was in upper-case letters or not. The current study asked participants to make a size 

evaluation of toys in real life opposed to the actual size of the toy on the cards (since all images 

were equal in size on the card). Depending on how participants interpreted the question, 

participants could have made semantic or episodic based evaluations instead. For example, if the 

picture was a toy boat, participants could have thought that all boats in general are big, using 

more semantic knowledge. However, if they were to think about a time when they saw a similar 

toy boat, they may have concluded that it was actual small or medium sized, using more of their 

episodic memory.  

The current study and studies previously mentioned highlight the importance of utilizing 

appropriate tasks and obtaining ideal levels of task difficulty to examine the SRE in young 

children. Based on the findings from the current study, the SRE may not be as robust in young 

children and may also apply to individuals with DS. Additionally, there was an overall delay 

effect with items remembered better at time 1 than at time 2, and no self benefit at time 2. The 

lack of robustness for the SRE in young children may also extend across long delays. A recent 

study with 3-year-olds demonstrated a self benefit at immediate test but this effect was not 

present after a 4-hour or 24-hour delay (Axelsson et al., 2018). Therefore, under some conditions 

the SRE may not be long lasting.  
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The SRE has been tested using different types of paradigms such as: ownership, object 

evaluation, self-recognition, and guided imagery. Although more concrete tasks have been found 

to be better suited for young children a task that incorporates guided imagery maybe something 

to consider for future studies for young children and special populations. In a study by Grilli & 

Glisky (2011), object and location associations were remembered better using self-imagining 

during encoding than visual imagery, semantic elaboration, or imagining another person with the 

object in the location. Memory-impaired individuals were required to imagine themselves 

interacting with an object in a specific spatial location in the self-imagining condition. This 

method can be employed in other groups (i.e., young children and special populations); however, 

it may be difficult to assess whether young children and individuals with intellectual disabilities 

actively participated in imagining.  

Future work examining the SRE in young children and individuals with DS will need to 

determine the optimal level of task difficulty at encoding. Task demands must increase at the 

level of encoding like in the Sui & Zhu (2005) study previously mentioned that had manipulated 

the number of items and exposure time at encoded, which also accounts for why the SRE is not 

present for more difficult retrieval tasks like the 1-week delay test or for the source test of the 

current study. Additionally, if attention is a main contributor to the SRE this provides support 

that changes need to be made at encoding. Based on the findings of this study and the mixed 

results with young children, the SRE is only present under specific circumstances (i.e., concrete 

tasks and appropriate task difficulty) and may not be present if these conditions are not met.  

GENERAL DISCUSSION 

The aim of this dissertation was to investigate various ways of learning that were found 

to benefit patients with amnesia and older adults, both with hippocampal impairments. Previous 
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work has suggested that the learning methods investigated in this dissertation (i.e., FM, SRE, 

retrieval practice) allow for rapid learning into neocortical systems and may be less dependent on 

offline consolidation during sleep. Findings from the three studies presented in this dissertation 

only support retrieval practice as a potentially beneficial method of encoding for individual with 

DS. 

Findings from studies with patients that have hippocampal impairments or studies with 

older adults may not be applicable to individuals with DS. Studies conducted in individuals with 

less severe amnesia and older adults have failed to demonstrate a benefit from FM, suggesting 

severity of hippocampal impairments may play a role (Coutanche, 2019). Individuals with 

developmental amnesia (DA) also failed to benefit of FM (Elward, Dzieciol & Vargha-Khadem, 

2019). There may be a difference in the connectivity of compensatory mechanisms between 

patients with different severity of hippocampal damage who acquired hippocampal damage later 

in life, compared to individuals with DS and DA who acquired impairments at birth or early in 

life. Therefore, both DS and DA may develop different patterns of connectivity that can 

influence how different methods of encoding or compensatory mechanisms (FM, SRE, retrieval 

practice) function compared to hippocampal patients or in the ageing population.  

It has been proposed that FM may allow for information to be rapidly integrated into 

existing networks. A recent study, with healthy young adults, that manipulated sleep and wake 

between FM and EE found that the FM wake group did not demonstrate loss over a 24-hour 

period, as compared to the EE wake group. Additionally, there was no difference between pre- 

and post-test performance for either the wake or sleep group for the FM condition, which was 

seen in the EE condition (more loss in the EE wake group). This study provides evidence that 

FM allows for a rapid integration independent of sleep in adulthood (Himmer, Muller, Gais, & 
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Schonauer, 2017). However, young children may actually benefit from FM only with repeated 

experiences. A slower process of repeated iterations may be the key for learning over time 

(Cooper, Greve, & Henson, 2018). Further, one explanation for the SRE is a rapid attentional 

bias for the self. The SRE has been found in the short-term but does not appear to withstand 

long-term delays in this particular instance (although long-term studies in adults have not yet 

been conducted). Both Study 1 and 3 did not appear to benefit the DS group, therefore a rapid 

bias towards the self and integration with prior knowledge or with the self may not benefit 

individuals with DS. Individuals with DS also have reduced white matter integrity, which has 

been known to influence processing speed (Powell et al., 2014). This structural alteration may 

impair the ability to rapidly integrate information in the DS population. Therefore, a slower and 

more effortful process may be better for learning.  

It has been proposed that rapid learning is less beneficial than slow acquisition for long-

term retention (Bjork, Little, & Storm, 2014). Testing benefits that are more commonly seen at 

long-term delays may suggest that retrieval practice is a slow learning process. In support of this, 

testing over a spaced amount of time has also been shown to be beneficial (Fritz et a., 2007; 

Pashler, Rohrer, Cepeda, Carpenter, & 2007). This is consistent with how the neocortex learns 

slowly and supports long-term memory. Retrieval practice may also reflect similar consolidation 

processes, such as offline replay. Retrieval practice can function similarly to replay or 

reactivation that occurs during sleep, achieving neocortical consolidation but through online 

reactivation. A slower, more effortful process may actually be more beneficial for individual 

with DS than rapid forms of learning and those that only demonstrate learning in the short-term.  

This dissertation also sought to investigate the relationship between the different methods 

of encoding and sleep. Consistent with the absence of sleep correlations in Study 1, Himmer et 
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al. (2017) did not find changes in FM performance between sleep vs. wake conditions. There was 

also an absence of sleep correlations with the self condition in Study 3. Both studies provide 

evidence of rapid integration that does not rely on later sleep consolidation. The sleep-related 

findings in Study 2 were unexpected. This could be due to a small sample size that may not be 

representative of the population. Caution is warranted for all three studies, since these studies 

used actigraphy and did not directly manipulate sleep and wake states. Future studies that 

manipulate sleep directly will be able to provide information on the relationship sleep has with 

these methods of learning.  

When investigating different methods of encoding that can influence learning and 

memory strategies it is important to do so with the goal of benefiting long-term retention. The 

testing literature provides a guideline on how to determine a good learning strategy. Bjork et al. 

(2014) suggested that immediate performance is not a good measure for teachers to determine 

what method of learning is beneficial for long-term retention. Retrieval practice has also been 

investigated using different types of materials, such as name associations, deferred imitation, 

school vocabulary, or reading passages (Fritz et al., 2007; Goossens et al., 2014; Sheffield & 

Hudson, 2006; Starling et al., 2019). This wide variety can be applied to learning in a school 

setting better than FM or a card sorting ownership-based tasks that might be more limited. 

Retrieval practice can inform learning strategies and intervention development that may help 

individuals with DS to overcome their cognitive deficits due to hippocampal dysfunction and 

explicitly support long-term memory.  
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Abstract

Objectives: Down syndrome (DS) is a population with known hippocampal impairment, with studies showing that
individuals with DS display difficulties in spatial navigation and remembering arbitrary bindings. Recent research has also
demonstrated the importance of the hippocampus for novel word-learning. Based on these data, we aimed to determine
whether individuals with DS show deficits in learning new labels and if they may benefit from encoding conditions
thought to be less reliant on hippocampal function (i.e., through fast mapping). Methods: In the current study, we
examined immediate, 5-min, and 1-week delayed word-learning across two learning conditions (e.g., explicit encoding vs.
fast mapping). These conditions were examined across groups (twenty-six 3- to 5-year-old typically developing children
and twenty-six 11- to 28-year-old individuals with DS with comparable verbal and nonverbal scores on the Kaufman
Brief Intelligence Test – second edition) and in reference to sleep quality. Results: Both individuals with and without DS
showed retention after a 1-week delay, and the current study found no benefit of the fast mapping condition in either
group contrary to our expectations. Eye tracking data showed that preferential eye movements to target words were not
present immediately but emerged after 1-week in both groups. Furthermore, sleep measures collected via actigraphy did
not relate to retention in either group. Conclusions: This study presents novel data on long-term knowledge retention in
reference to sleep patterns in DS and adds to a body of knowledge helping us to understand the processes of word-learn-
ing in typical and atypically developing populations. (JINS, 2018, 24, 955–965)

Keywords: Down syndrome, Development, Memory, Sleep, Fast mapping, Word-learning

INTRODUCTION

Memory is a key cognitive process, influencing our ability to
acquire new information, including new words. The hippo-
campus is a brain structure critical to explicit memory; its
function is to bind together unrelated pieces of information
into an integrated memory (Davachi & Wagner, 2002;
Eichenbaum & Bunsey, 1995; Giovanello, Schnyer, & Ver-
faellie, 2009; Yonelinas, Hopfinger, Buonocore, Kroll, &
Baynes, 2001). Memory for such arbitrary associations is
important when learning new words. For instance, to use
“Dax” as the referent for a novel object, the learner must bind
that label to the object. Despite substantial evidence for the
link between the hippocampus and word-learning (Duff,
Hengst, Tranel, & Cohen, 2006; Mayes et al., 2004), few

studies have examined the word-learning process in children
with memory disorders.
In the current study, we examine children’s ability to learn

newwords across a 1-week delay in two encoding conditions,
one of which is considered to be less reliant on hippocampal
function. Using behavioral and eye tracking methods, we
compare word-learning in children with and without Down
syndrome (DS), a population with known hippocampal
impairment and deficits in memory (Edgin, 2013; Jarrold,
Baddeley, & Phillips, 2007; Nadel, 2003).
DS is a chromosomal condition that occurs when an indi-

vidual has an extra copy of chromosome 21 (Lejeune, Gautier,
& Turpin, 1959). Individuals with DS display memory and
learning difficulties, and the syndrome’s profile of hippocampal
deficits is well-established in humans and animal models
(Clark, Fernandez, Sakhon, Spanò, & Edgin, 2017; Menghini,
Costanzo, & Vicari, 2011; Nadel, 2003). Individuals with DS
also have delays in myelination, decreased density of myeli-
nated axons of the dentate gyrus, and reduced volume of the
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hippocampus (Ábrahám et al., 2012; Menghini et al., 2011;
Wisniewski, 1990). Genetic mouse models of DS and human
testing using neuropsychological tasks have revealed deficits on
hippocampal-dependent tasks, such as pattern separation and
spatial navigation (Clark et al., 2017; Courbois et al., 2013;
Lavenex et al., 2015; Pennington, Moon, Edgin, Stedron, &
Nadel, 2003; Smith, Kesner, & Korenberg, 2014).
In addition to memory deficits, individuals with DS have

prominent language delays. Specifically, studies have shown
poor vocabulary growth, grammar deficits, and deficits in
speech-sound production (Mervis & Robinson, 2000; Singer
Harris, Bellugi, Bates, Jones, & Rossen, 1997; Yoder, Woy-
naroski, Fey, & Warren, 2014). Despite these data, not all
researchers have found verbal long-term memory deficits.
Jarrold et al. (2007) found that verbal information was
retained better than spatial information across an estimated
8-min delay, findings that are consistent with word-learning
studies showing that children with DS can effectively com-
prehend and produce one single novel word across an hour
delay (Chapman, Bird, & Schwartz, 1990). Other studies have
suggested that nonverbal memory retention was also unim-
paired at 24 hr (Roberts & Richmond, 2015), but follow-up
studies suggested that young children with DS have deficits in
temporal order memory for deferred imitation sequences
across a delay of 1-month (Milojevich & Lukowski, 2016).
Given the importance of examining long-term word

retention in individuals with DS and the literature suggesting
that word-learning may be linked to the hippocampus under
certain encoding conditions, we examined the ability of
individuals with and without DS to retain words across a
1-week delay. We used measures of explicit memory recog-
nition as well as implicit eye tracking measures to measure
preferential looking to target words. The relational memory
exhibited via eye tracking measures has been proposed to
engage the hippocampal system; therefore, eye tracking can
provide additional information about learning mechanisms
(Hannula & Ranganath, 2009; Richmond & Nelson, 2009).
One theoretical perspective that has been important for

understanding the processes involved when acquiring arbi-
trary associations (e.g., word-learning) is the complementary
learning systems model of memory (McClelland, McNaugh-
ton, & O’Reilly, 1995). This model proposes that sparse
representations are rapidly indexed by the hippocampus and
medial temporal lobe systems. Under this model, distributed
representations are more slowly formed by the neocortex
(Davis & Gaskell, 2009; McClelland et al., 1995, but also see
McClelland, 2013). The complementary learning systems
model proposes that information initially supported by the
hippocampus and neocortex is consolidated over time and
becomes less dependent on the hippocampus. Much work has
been conducted regarding the role of sleep in this process
(Diekelmann & Born, 2010). However, a few studies inves-
tigating a learning mechanism called fast mapping (FM),
have provided some evidence suggesting that the rapid
acquisition of novel arbitrary associations can be achieved
independently of the hippocampus when words are learned
under certain conditions (Sharon, Moscovitch, & Gilboa,

2011, but also see Greve, Cooper, & Henson, 2014; Smith,
Urgolites, Hopkins, & Squire, 2014; Warren & Duff, 2014;
Warren, Tranel, & Duff, 2016).
FM is an incidental, exclusion-based learning procedure

commonly used to explain how young children can rapidly
acquire language after being exposed to a word once or a few
times. In a typical FM task, participants are presented with a
familiar item, a novel item, and the name of the novel item for
each trial. Participants can infer that the label is referencing
the novel item and not the familiar item because they already
know the name of the familiar item. The FM procedure has
three key characteristics, stipulating that the novel word:
(1) is encoded incidentally, (2) is introduced in context with
an already-known item, and (3) has a meaning that is appar-
ent through inference (Coutanche & Thompson-Schill,
2014). In a matched condition using explicit encoding (EE),
which is known to be hippocampal-dependent and to benefit
typical adults compared to FM (Atir-Sharon, Gilboa, Hazan,
Koilis, & Manevitz, 2015; Coutanche & Thompson-Schill,
2014; Merhav, Karni, & Gilboa, 2015; Sharon et al.,
2011), participants are presented with just one novel item and
its name and are instructed to remember the novel
association.
In Sharon et al. (2011), four of six patients with hippo-

campal damage were able to form novel arbitrary associa-
tions better through FM compared to EE, suggesting an
alternate cortical route for consolidation. Initial findings from
this study suggested that amnesic patients are able to rapidly
acquire arbitrary novel associations using FM, independent
of the hippocampus. Merhav et al. (2015) further investigated
whether semantic associations acquired through FM can be
integrated directly into cortical regions. Participants’ func-
tional brain responses were measured during the four-
alternative forced-choice recognition test of the associations
they acquired. Compared to the EE condition, the FM con-
dition had significantly increased activity in the anterior
temporal lobe (ATL). This finding, in concert with a similar
study (Atir-Sharon et al., 2015), suggests that an ATL-related
network is responsible for associations learned through FM.
In total, these studies provide a potential alternative

learning strategy for novel arbitrary associations mediated
by the ATL. As such, the current study seeks to examine
word-learning based on hippocampal and hippocampal-
independent ways of encoding and retaining words in
individuals with DS and mental-age matched typically
developing (TD) children to determine if long-term retention
might be enhanced in DS with FM.
Poor sleep also negatively influences word-learning in

children with and without DS (Gómez & Edgin, 2015).
Individuals with DS have sleep disruptions, including
obstructive sleep apnea, and previous work has shown that
these sleep disruptions correlate with poorer language out-
comes (Breslin et al., 2014; Edgin et al., 2015). However,
little work has examined sleep quality in reference to the
word-learning process over delays of days to weeks. Given
the profile of sleep disturbance in this sample, we also
examined whether or not sleep may impact long-term
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retention in either group (Breslin et al., 2014; Churchill,
Kieckhefer, Landis, & Ward, 2012; Edgin et al., 2015).
Therefore, the current study aimed to determine whether

individuals with DS show deficits in word-learning across
delays in two encoding conditions (FM and EE) and in
reference to sleep. The central hypothesis, based on data
suggesting that the hippocampus is compromised in DS, is
that individuals with DS will learn novel arbitrary associa-
tions better through FM than EE and that their EE perfor-
mance will be impaired in relation to controls. We expected
that individuals with DS would have a delayed or absent
effect of preferential looking to target items during retrieval
compared to the TD group for the EE condition. Finally, we
expected that sleep quality would be poorer in individuals
with DS. Based on previous work, better sleep should relate
to better word retention in both groups, and specifically in the
EE condition, which relies on hippocampal representations
and replay of those bindings for cortical consolidation.

METHODS

Participants

Twenty-six 11- to 28-year-old individuals with DS
(M= 18.70 years; SD= 4.80; 15 male) and twenty-six 3- to
5-year-old TD controls were recruited (M= 4.52 years;
SD= .71, 13 male). DS was verified by karyotype report. The
DS and TD group achieved similar raw verbal [t(50)= .01;
p= .92] and nonverbal [t(50)= − .82; p= .42] scores on the
Kaufman Brief Intelligence Test – second edition (K-BIT-II).
The DS group had a mean verbal raw score of 26.73
(range= 1–54; SD= 13.13), a mean verbal standardized
score of 46.27 (range= 40–71; SD= 9.45), a mean nonverbal
raw score of 14.27 (range= 0–22; SD= 4.87), and a mean
nonverbal standardized score of 48.19 (range= 40–67;
SD= 8.42). The TD group had a mean verbal raw score of
26.42 (range= 11–47; SD= 8.94), a mean verbal standar-
dized score of 106.19 (range= 73–130; SD= 15.28), a
mean nonverbal raw score of 15.69 (range= 1–34;
SD= 7.41) and a mean nonverbal standardized score of
106.96 (range= 58–145; SD= 20.93).
On another benchmark 12-item list-learning task from a

NIH-funded memory battery (the Arizona Memory Assess-
ment for Preschoolers and Special Populations, A-MAP, Clark
et al., 2017), we found that the DS sample showed impaired list
learning retention both at immediate (t(41)= − 2.37; p= .02)
and long-term delays (>10min, (t(41)= − 2.10; p= .04), a
finding matching the memory profile reported in the previous
literature (Pennington et al., 2003).
All groups were recruited through local and parent orga-

nizations and advertisement. The exclusion criteria for this
study included: past head injury or brain trauma, incident of
loss of consciousness, accidental poisoning, chemotherapy or
radiation, enrollment in a clinical trial, and uncorrected vision
or hearing impairments. An additional exclusion criterion for
the DS group was an autism diagnosis. All experimental

procedures were approved by the University of Arizona
Institutional Review Board.
Sample size of 26 individuals per group was estimated for a

power of .80 and alpha equal to .05 to detect large effect sizes
for between-samples condition differences (Cohen, 1992).
Our sample size was commensurate with previous investiga-
tions of memory in Down syndrome and exceeds the samples
comparing FM and EE in previous work (Sharon et al., 2011).

Materials

Actigraphy

The Actiwatch-2 (Phillips Respironics Mini-Mitter, Bend,
OR) was used to obtain sleep data. According to standard
collection procedures for pediatric groups, participants wore
the watch for 7 days (Sadeh, 2011). Data for four participants,
from each group, were not collected due to technical errors or
refusal. Parents also completed a 1-week sleep diary to verify
the watch’s recordings. Data were collected in 30-s epochs
and analyzed using commercially available software
(Respironics Actiware 5.71.0, Bend, OR). Actigraphy data
were scored at the medium sensitivity threshold (activity
counts= 40/min), with sleep onset and sleep end marked by a
period of 3 and 5min of immobility or more, respectively
(Meltzer, Montgomery-Downs, Insana, & Walsh, 2012).
Each epoch of data was assessed as sleep or wake, based

on whether the activity score exceeded the medium threshold.
The actigraphy variables of interest were: average sleep
efficiency (percent of time spent asleep from sleep onset to
offset), average sleep time (time spent asleep minus any
periods of wake), average wake after sleep onset (time spent
awake), average wake percentage (percent of time spent
awake from sleep onset to offset), and average sleep frag-
mentation (an index of restlessness based on the sum of
mobile time and immobile time that lasts less than a minute
during the night). Averages were taken across all nights.

Word-learning stimuli

Two lists of words (versions A and B), were designed in a
computer-based paradigm, each containing four novel and
two familiar words. All of the six words were in the cate-
gories of “fruit” or “animals,” and each list had two novel
words from each category (Figure 1). The familiar items were
at the preschool level (e.g., based on the MacArthur-Bates
CDI, Fenson, Dale, & Reznick, 1993). Most stimuli were

Fig. 1. List A and B items.
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provided by Asaf Gilboa to match those used in the original
study of hippocampal patients. Additional familiar items
were taken from the internet. Pilot work using the same
paradigm as the current study but using a set-size of eight
items with a small group (n= 13 DS) showed that participants
could not correctly recognize the target item significantly
above chance across conditions: FM (M= 48.08%; p= .80)
and EE (M= 59.62%; p= .16).
Therefore, we decreased the set-size to four items per list to

maximize the levels of encoding performance as to be able to
obtain an assessment of retention across long-term delays.
Questions regarding the perceptual detail of items, like the
ones used in the Sharon et al. (2011) study (e.g., “is the
numbat’s tail pointed up?”), were too language demanding
for individuals with DS based on some piloting conducted on
a small set of individuals to determine if they could map
labels onto new referents using this method. Therefore, par-
ticipants were asked to touch the target item instead of
answering a perceptually based question similar to a para-
digm used by Spiegel and Halberda (2011).

Procedure

To ensure that participants encoded the items incidentally in
the FM condition, every participant underwent the FM con-
dition first, followed by the EE condition, which began on the
third session. Each session was separated by a week, equating
to four sessions per participant (Figure 2). All participants
learned both lists A and B, one using the FM encoding pro-
cedure and the other using the EE procedure. The two lists
were counterbalanced between the two encoding conditions.
The neuropsychological and IQ assessments were adminis-
tered between session 2 and 3.

Fast Mapping Condition

Practice encoding phase

In session 1, all participants began with the same five non-
randomized practice trials (three familiar and two novel tar-
gets) to ensure participants understood the task. Participants
were told that they would be playing a pointing game
(Figure 3). Participants used a pointing stick to make their
selection. Each trial began with a fixation cross and then

participants heard the target name while being shown the
target item and a comparison item from the same category,
for 5000ms. After the exposure, participants were instructed
to point to the target item (“Now point to the target”) within
5000ms. The selection-screen timed out after 5000ms to
ensure that every participant was exposed to the stimuli for

Fig. 3. Fast mapping, explicit encoding, and recognition phases.

Fig. 2. Study design. Fast mapping condition: sessions 1 and 2. Explicit encoding condition: sessions 3 and 4. The category test consisted
both lists from the FM and EE condition.
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the same amount of time. A feedback screen was provided
after their selection for 2000ms (Figure 3). Having separate
exposure and stimuli selection displays allowed for eye
tracking collection without contamination from a motor
response (a procedure we used uniformly across conditions).

Encoding

After the practice encoding trials, participants were presented
with the FM encoding phase (four novel and two familiar
targets). This is the learning phase in which participants infer
and select the name of the target item they heard. This fol-
lowed the same presentation as described for the practice
trials. They received two randomized blocks of 6 trials, for a
total of 12 trials.

Recognition test

Immediately after the FM encoding phase, participants were
presented with three of the four target items and asked to
point to the object that matched the auditorily presented label
(Figure 3). We counterbalanced the location of the target item
and tested across three blocks to allow variability in the data
with 12 responses instead of three (three blocks of four trials).
Participants were tested twice more: (1) at a 5-min delay, and
(2) after a 1-week delay, without feedback. Each block was
randomized for each participant, and the blocks were rando-
mized for each of the three recognition tests. Participants
watched a short cartoon video during the 5-min delay.

Familiarity test

After the 1-week delayed recognition test, participants were
tested on their familiarity for FM items versus distractors
(novel items). During this test, participants were asked “Did
you see this in the game we just played with the pointing
stick?” This task was used to assess whether participants
showed memory of the target items from the FM task.

Explicit Condition

Encoding phase

After another week, participants returned for the third session
to participate in the EE procedure. This time participants
were told that they would be playing a “remembering game,”
for which they would have to remember the names of the
items (Figure 3). They were presented with just one item on
each trial and were asked to point to the object that matched
the auditorily presented label. This procedure was conducted
to equate the two learning conditions as much as possible,
aside from having a familiar item presented or not and whe-
ther the task was incidental or not. Since there was only one
option, participants did not receive feedback.

Recognition test

Like the FM condition participants were tested: immediately,
after a 5-min delay, and after a 1-week delay, without

feedback. The number of target items, recognition test
design, and total test trial numbers were equated in the FM
and EE tasks.

Familiarity test

After the 1-week delayed recognition test, participants were
tested on their familiarity for EE items versus distractors
(novel items).

Category test

At the end of session 4, participants received a category test
where they were asked to sort pictures of the novel target
items learned in both conditions into three baskets (animal,
fruit, and other). This was to assess whether participants
categorized each item as the intended category.

Eye Tracking

A SensoMotoric Instruments (SMI) eye tracking system was
used to track the participant’s eye gaze throughout the FM
and EE retrieval trials of the experiment. The SMI eye
tracking system rested at the bottom of a desktop monitor
(510mm width, 250mm height) at an angle of 20. The
tracker monitored the participant’s eye position at 60Hz.
Calibration was performed before beginning the experi-

ment using SMI iView RED-m software. Participants were
seated in front of the monitor, in a desk chair for the older
participants or a car seat for the younger participants. The
experimenters adjusted the position of the monitor until
the eye-tracker could accurately detect the eye position. The
distance between participant’s head and the monitor was
approximately 50–70 cm. During the calibration, participants
were asked to follow a dot, which moved to five different
locations on the screen.
After the participants finished the FM and EE encoding

tasks, respectively, they were immediately tested on their
ability to recognize the four novel target items. Eye tracking
was collected throughout the study but analyzed at the test
recognition phases across all delays. The fixation cross pre-
ceded every trial, focusing the attention of the participant and
ensuring that the eye tracker would pick up the eye movements
starting from the beginning of each trial. The first display of
each trial, included the onset of the three–item display while
the audio played the novel word, lasted 5000ms. The second
display of each trial, when the participant was prompted to
point to the target item, lasted until their response.
Three areas of interest (AOI) (top item, left item, right

item) were applied to each trial assigned as Target, Distractor 1,
or Distractor 2. Using SMI BeGaze software, net dwell time
of eye gaze on each AOI and the background white space was
computed. Focusing on only the AOIs (disregarding the
white space net dwell time), the proportions of net dwell time
for Target, Distractor 1, and Distractor 2 were calculated by
summing the net dwell times of only the AOIs given from
BeGaze and dividing by the total looking time of all three.
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The data were divided into four groups: average looking time
of target for correct trials, average looking time of target for
incorrect trials, average looking time per distractor for correct
trials, and average looking time per distractor for incorrect
trials. We focus our analyses of the time course of these
effects on correct trials only.

RESULTS

Behavioral Results

Results were considered significant for behavioral tasks at
p < .01 to lower the threshold for multiple comparisons (based
on five tests central to our hypotheses and Bonferonni correc-
tion). Post hoc tests, additional exploratory analyses, and tests
of above chance performance were evaluated at p < .001. Both
the TD (M= 91.35; SD= 16.09) and DS (M=86.88;
SD= 17.99) groups performed significantly above chance
(p < .001) and not significantly different from each other
[t(50)= − .94; p = .35] during the FM encoding task, suggest-
ing they had enough word knowledge for the well-known
category exemplars to accurately map the label to the novel
object. The groups did not perform significantly different from
each other on the familiarity test [t(49)= − 1.36; p = .18] or the
category test [t(50)= .95, p = .35].
A 2× 2× 3 repeated measures analysis of variance (Group×

Condition×Delay) was conducted to compare the effect of
delays on the number of words learned in each condition
between the two groups (Figure 4, Table 1). There were no
main group [F(1,50)= 0.06; p = .80], delay [F(2,49)= 1.32;
p = .28], or condition [F(1,50)= 0.84; p = .36] effects. There
was a similar pattern for the two groups across conditions; no
Condition×Group effect was found [F(1,50)= 0.26; p = .61],
against our original prediction. There also was not a Condi-
tion×Delay [F(2,49)=1.29; p = .29] interaction. However,
there was a non-significant trend toward a Group×Delay
interaction [F(2,49)= 4.39; p = .02]. This interaction was more
evident between the 5-min and 1-week delay and reflected a
tendency for the controls to improve from 5-min to 1-week
while the DS group showed maintenance. Therefore, we

computed gain/loss scores between the last two delays for each
group by condition. In the EE condition, the DS group had a
mean loss of 2.63%, while the TD group had a mean gain of
8.58%. These gains and losses for the DS and TD groups were
significantly different [t(50)= − 2.79; p = .007; d = 0.78]. In
the FM condition, the DS group had a mean loss of 1.35%,
while the TD group had a mean gain of 3.65%. These changes
were not significantly different between groups [t(50)= − 1.04;
p = .31] (Figure 5).
Performance for all delays and conditions for the two

groups were significantly above chance (p < .001). Contrary
to our hypothesis that individuals with DS would learn novel
arbitrary associations better through FM than EE, we found
no significant differences at immediate test [t(25)= − 1.44;
p = .16], at the 5-min delay [t(25)= − 0.82; p = .42], or at the
1-week delay [t(25)= − 0.55; p = .59] (Figure 4). Similarly,
we did not find significant differences in the TD group
between the two conditions at immediate test [t(25)= − 0.84;
p = .41], the 5-min delay [t(25)= 0.53; p = .60], or at the
1-week delay [t(25)= − 0.36; p = .72].

Sleep Results

T tests for group differences in sleep were conducted on the
actigraphy data with a critical p-value set at 0.01 (0.05/
5= 0.01). Contrary to our hypothesis, individuals with DS
only showed a significant difference in average sleep time
[t(42)= − 2.66; p = .01; d = 0.80] compared to TD children.
There were no significant differences in sleep efficiency
scores [t(42)= − 2.02; p = .05], average wake after sleep

Fig. 4. Recognition performance.
Fig. 5. Explicit and fast mapping encoding gains/loss between the
5-min test and 1-week test.

Table 1. Mean percentage and standard deviation of recognition
performance across groups, conditions, and delays

DS group TD group

Delay N M SD N M SD

FM
Immediate 26 56.65 24.11 26 56.65 21.26
5-minute 26 58.62 26.07 26 60.69 25.99
1-week 26 57.27 27.27 26 64.35 23.51

EE
Immediate 26 63.46 23.40 26 61.54 25.59
5-minute 26 62.81 27.69 26 57.73 25.70
1-week 26 60.19 27.56 26 66.31 22.36
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onset [t(42)= 0.81; p= .42], average wake percentage
[t(42)= 1.87; p= .068], or sleep fragmentation [t(42)= 1.37;
p= .18] (Table 2). In an exploratory analysis, sleep efficiency
for the DS group was not correlated with change in scores in
either the FM [r(22)= .01; p= .98] or EE [r(22)= − .18;
p= .41] condition. This was also the case for the TD group in
both the FM [r(22)= .18; p= .42] and EE [r(22)= .23;
p= .29] condition. While not reported in full, similar results
were found for other sleep variables.

Eye Tracking Results

To determine the course of preferential looking to target words,
we examined the proportion of looking time across eight
250ms time bins totaling to the first 2-s (2000ms) of the trial.
The viewing scores to the target were compared to chance
performance of 0.33. At immediate test, there were no group or
condition differences (Fs< 0.07; p> .75 for both) and both
groups did not view the target item significantly above chance
in any bin. Multiple t tests were conducted on the eye move-
ment data with a critical p-value set at 0.006 (0.05/8= 0.006 to
control based on the number of bins tested; Figure 6).
One-sample t tests showed that the looking preference to

the target item during the FM condition at the 5-min delay
occurred at 1000–1250ms for DS [t(23)= 3.15; p= .004].
Similarly, at the 5-min delay for the EE condition, pre-
ferential looking occurred at 1000–1250ms for DS only

[t(22)= 3.42; p= .002]. There were no significant overall
condition or group differences across the 2-s window
at 5-min (Group F(1,50)= 0.11; p= .74; Condition
F(1,50)= 2.57; p= .12; Figure 7).
For FM at 1-week, a looking preference emerged at 1000–

1250ms in TD [t(25)= 3.74; p= .001], which stayed above
chance for the following 750ms. Greater than chance-level
viewing started at 1250–1500ms for DS [t(23)= 3.40;
p= .002], continuing across 500ms for FM. Similar results
were found for EE. At 1-week, preferential looking emerged
at 1250–1500ms for TD [t(25)= 2.97; p= .006] continuing
500ms, and at 1500–1750ms for DS [t(22)= 4.75; p< .001]
lasting 250ms. A repeated-measures analysis of variance
showed a main effect of Delay [F(1,40)= 12.19, p= .001]
between the 5-min and 1-week. No group or condition
effects were found (Group F(1,50)= 0.02; p= .90; Condition
F(1,50)= 0.65; p= .42). The delay main effect shows that
both groups looked longer at the target items during the
1-week delay than at 5-min for both conditions across both
groups (Figure 8).

DISCUSSION

Overall, our hypotheses regarding better integration via
encoding with FM in DS and sleep effects on retention were
not supported. Therefore, we first detail the main finding of
interest in the study, the word-learning retention in both

Table 2. Sleep measures for the DS and TD groups

DS group TD group

n M SD n M SD

Sleep Efficiency 22 82.82 10.16 22 87.51 3.85
Sleep Time 22 422.96 95.41 22 482.04 41.58
Wake After Sleep Onset 22 67.08 35.62 22 60.26 17.26
Wake Percentage 22 13.93 6.86 22 10.98 2.73
Sleep Fragmentation 22 28.14 9.03 22 25.04 5.57

Average sleep efficiency (percent of time spent asleep from sleep onset to offset), average sleep time (time spent asleep minus any
periods of wake), average wake after sleep onset (time spent awake), average wake percentage (percent of time spent awake from
sleep onset to offset), and average sleep fragmentation (an index of restlessness based on the sum of mobile time and immobile
time that last less than a minute during the night). Averages were taken across all nights of sleep collected.

Fig. 6. Proportion looking time to the target word across FM and EE conditions and groups at immediate test.
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groups. Specifically, we measured long-term memory reten-
tion of small sets of novel words in both groups after just
two exposures. Surprisingly, we found that the DS group
maintained what they had learned over a long-term delay,
whereas typically developing controls showed a small increase
in performance from the 5-min delay to 1-week. Eye tracking
data showed that preferential viewing for both groups emerged
at 1-week, when these effects were not present at the
immediate or 5-min delay. This memory related eye move-
ment seems to suggest a consolidation process across one
week, and one that operates similarly in typical children and
DS across both encoding conditions. These study results are
consistent with findings regarding long-term retention for 1
novel item in children with DS in Chapman et al. (1990).
However, Bird, Chapman, and Schwartz (2004) and

Ashworth, Hill, Karmiloff-Smith, and Dimitriou (2015)
found that individuals with DS had more difficulty with
learning 8 to 10 novel words after a delay. A larger set-size
appears to be more difficult for individuals with DS both at
short and long-term retention intervals. This finding was also
supported by our pilot study; DS participants performed at
below chance level during an immediate recognition test
when remembering 8 novel items. Although decreasing the
set-size in the current study improved initial encoding per-
formance, the task of remembering four items may have been
too simple to engage the hippocampal memory system for the
EE condition. Additionally, Yonelinas (2013) argued that
simple associations, potentially similar to the current study’s

task demands, are less affected by hippocampal damage.
More work is needed to determine if this pattern of results is
due to working memory difficulties at encoding and possibly
the effects of sleep on different set-sizes (as we discuss in
depth below).
The FM literature with young TD children also shows

mixed results as to whether young children can retain FM
words over a long-term delay. Some studies have shown
rapid forgetting for fast mapped words (Horst & Samuelson,
2008; Vlach & Sandhofer, 2012), while others have sup-
ported long-term retention (Brady & Goodman, 2014; Carey
& Bartlett, 1978; Markson & Bloom 1997; Waxman &
Booth, 2000). One argument raised by Vlach and Sandhofer
(2012) is that previous studies have varied in how they have
incorporated memory supports (i.e., saliency, repetition, and
generation). These supports include: presenting the label of
objects in a way that make them more salient, labeling the
object repeatedly, or requiring learners to verbally generate
the label. Vlach and Sandhofer (2012) examined word-
learning and retention in children without providing any
memory support over a 1-week and 1-month delay and failed
to find retention. Alternatively, Waxman and Booth (2000)
showed 1-week retention for fast mapped words, with a sal-
iency memory support.
In the current study, we found that both groups showed

retention over a week delay. A potential reason for this
retention could be attributed to testing effects (Roediger &
Karpicke, 2006); testing can enhance later retention even

Fig. 7. Proportion looking time to the target word across FM and EE conditions and groups at the 5-min delay.

Fig. 8. Proportion looking time to the target word across FM and EE conditions and groups at the 1-week delay.
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when feedback is not provided. In the current study, partici-
pants were tested after a 5-min delay, which could have
contributed to retention at 1-week. Other studies have also
failed to show consolidation deficits in DS when participants
retrieved with multiple repetitions before a delay (Roberts &
Richmond, 2015). More work is needed to examine how
individuals with DS may retain information based on the
number of repetitions and retrievals. In total, this study sug-
gests two educational strategies that may be beneficial for
supporting retention in DS, including (1) training on small
item sets, and (2) repeated testing.
This study also investigated whether FM would benefit

individuals with DS, a population with hippocampal dys-
function. Based on previous work, we expected that indivi-
duals with DS would learn novel arbitrary associations better
through FM than EE. Inconsistent with findings from Sharon
et al. (2011) and contrary to our hypothesis, our results
showed no significant benefit in the FM condition for the DS
group. This result is consistent with other recent work failing
to measure a FM benefit in healthy older adults, memory-
impaired patients (damage to the hippocampus), patients with
amnesia (damage to the hippocampus), and patients with left
temporal lobectomies (Greve et al., 2014; Smith et al., 2014;
Warren & Duff, 2014; Warren et al., 2016).
Therefore, given these recent findings, there is mixed evi-

dence regarding the benefit of FM for the retention of arbi-
trary labels in individuals that do not have amnesia. One
explanation could be that patients with more severe amnesia
may have developed alternative methods (i.e., fast mapping)
for forming associations as a way to compensate for poor
hippocampal function. Alternatively, individuals without
amnesia may have some residual hippocampal function they
can rely on, and the FMmechanism might not be operating in
the same way (i.e., as may be the case in DS given these
findings).
We further investigated whether sleep contributed to

recognition performance given that sleep is known to play a
role in memory consolidation (Diekelmann & Born, 2010).
We expected that differences in sleep efficiency between the
DS and TD groups would correlate with patterns of long-term
retention. The DS and TD group showed a significant dif-
ference in average sleep time; however, a range of sleep
outcomes were not related to long-term retention across
groups. Since some subfields of the hippocampus show an
extended profile of development, the hippocampus may not
yet be developed enough to support sleep-consolidation
benefits for the TD group in the EE condition (Gómez &
Edgin, 2015).
Another potential reason for the absence of sleep effects

may be the small set-size used on our task. Feld, Weis, and
Born (2016) showed no effect of sleep in a small set-size of
paired associates (40 word-pairs) when compared to the
measured benefit of sleep for a larger set-size (160 word-
pairs) in adults. Therefore, sleep benefits, or the relation
between sleep variability and outcome, may vary based on
task set-size. Furthermore, other studies have also demon-
strated long-term memory consolidation effects in children

that were not related to sleep (Wang, Weber, Zinke, Inos-
troza, & Born, 2017). It is important to recognize that mem-
ory consolidation effects may be most related to time since
test, with some parallel processes occurring during wake as
well as sleep. Not all learning tasks (i.e., depending on the
demands) require hippocampal, or sleep-dependent,
mechanisms to be retained. Our findings in DS, with its well-
established profile of hippocampal dysfunction and sleep
deficits, emphasize this point.
However, we must note that more work is required to

understand the conditions in which children do and do not
benefit from sleep. In a theoretical review by Gómez &
Edgin (2016), we emphasize that the developmental trajec-
tory of the hippocampus predicts shifts in sleep-dependent
memory consolidation across early childhood. Therefore, it
is important that more developmental studies examining
memory consolidation are conducted and reported so that we
can fully understand the conditions (e.g., age, task content,
item difficulty) under which children do show benefits
from sleep.
Finally, we must note that one limitation of our study is

the use of actigraphy. While actigraphy has been used
extensively in recent work in young children, demonstrating
relations with word-learning in other studies (Edgin et al.,
2015), it does not capture all aspects of sleep disturbance in
DS [i.e., sleep apnea or differences in sleep neurophysiology
such as rapid eye movement sleep (REM)]. Therefore,
future investigations are needed using gold standard sleep
assessment (polysomnography) in relation to memory
performance.
In conclusion, individuals with DS and TD children

demonstrated retention and some enhanced memory related
eye movement effects for a small set of novel words after
only two encoding exposures and a week’s delay. Future
research should aim to understand the encoding presentation
parameters that relate to better long-term retention in groups
with developmental disorders and DS. Given the difficulty
executing studies including long-term memory delays in
these populations, these studies are rarely conducted, and the
large majority of studies of memory formation in develop-
mental disorders focus on delays within short-term testing
sessions. However, the examination of the factors influencing
long-term retention may reveal educationally relevant, and
potentially surprising, results.
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