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ABSTRACT

The influence of lexico-semantic language representations stored in long-term memory (LTM) on short-term memory (STM) performance has been extensively studied in adults. However, there are relatively few data on lexico-semantic LTM effects on STM in children. On the other hand, the influence of phonological LTM effects on STM has been more extensively studied in children than in adults. In this study, we explored whether these different LTM effects on verbal STM could be replicated in both adults and children by administering immediate serial recall tasks (ISR) for high and low frequency words, for high and low imageability words, for words and nonwords, and for high and low phonotactic frequency nonwords to 6-, 8-, and 10-year-old children, to adolescents and to adults. Significant word frequency, lexicality and phonotactic frequency effects were observed in all age groups as well as a word imageability effect which was, however, weaker than the other three effects. Our data suggest that LTM effects on STM are equivalent in both children and adults.  

INTRODUCTION

Relatively extensive research in adults has shown that performance in verbal short-term memory (STM) tasks is supported by lexico-semantic language knowledge stored in long-term memory (LTM). However, only a few studies have investigated the influence of lexico-semantic LTM representations on verbal STM performance in children. On the other hand, phonological LTM effects on STM have been more extensively studied in children than in adults. The aim of this study is to explore whether these different LTM effects on STM can be replicated  in both adults and  6- to 16-year old children. 

In adults, a number of studies have shown that performance in STM tasks is better for words than for nonwords (e.g., Hulme, Maughan, & Brown, 1991), for high versus low frequency words (e.g., Watkins, 1977), and for concrete versus abstract words (e.g., Walker & Hulme, 1999), suggesting that lexical and semantic language representations support short-term storage of verbal information. These lexicality, word frequency and word imageability effects in STM have been interpreted as reflecting a ‘redintegration’ process in which decaying traces in STM are reconstructed from their corresponding lexical and semantic language representations stored in LTM (Hulme, Roodenrys, Schweickert, Brown, Martin, & Stuart, 1997; Roodenrys, Hulme, Alban, & Ellis, 1994). 

However, among these effects, only the lexicality effect has been studied more extensively in children. A lexicality effect in STM tasks has been observed in 6-, 7- and 8-year-olds (Gathercole, Pickering, Hall, & Peaker, 2001; Roodenrys, Hulme, & Brown, 1993), but less consistently in 5-year-olds; Turner, Henry, and Smith (2000), using probed serial recall, observed no lexicality effect in 5-year-olds while Henry and Millar (1991) observed a higher word span for familiar versus less familiar words (familiarity being defined here by differences in the time required to identify the different words). The different procedures used to assess STM  (full serial recall versus probed serial recall) could possibly explain the different results obtained by these two studies in 5-year-olds. 

On the other hand, the influence of phonological LTM representations on STM performance has been more extensively studied in children. Gathercole (1995) has shown that 4-year-old children repeat more accurately nonwords of high versus low wordlikeness. Gathercole, Frankish, Pickering and Peaker (1999) also showed that the phonotactic frequency effect, i.e., an advantage in recall for nonwords containing highly versus less probable phoneme associations, is present in 7-year-olds. These phonological effects have, however,  been much less investigated in adults. 


In this study, we explored whether the lexicality, word imageability and word frequency effects observed in adults can be replicated in children, by comparing immediate serial recall (ISR) for words and nonwords, for high and low frequency words as well as for high and low imageability words, in 6- to 16-year-old children  and adults. Furthermore, we explored whether the phonotactic frequency effect observed in children could also be observed in adults, by comparing ISR for nonwords containing high or low frequency diphones.

METHOD

Participants

There were 200 participants from 5 age groups  : 6 years (M=78 months, SD=3; n=40), 8 years (M=101 months, SD=3; n=40), 10 years (M=126 months, SD=3; n=40), 13-16 years (M=182 months, SD=14; n=40) and 20-22 years (M=250 months, SD=8;  n=40). The children and adolescents were tested in several primary and secondary schools of the City of Liège. Parental consent was obtained for all children. Adult participants were tested at home. All participants were French speaking and raised in a monolingual environment.

Material

Four different sets of lists assessing the influence of word frequency, word imageability,  lexicality and phonotactic frequency were constructed. These lists were presented for immediate serial recall (ISR). For each list condition, the stimuli were presented in sequences of increasing length, from 2 to 7 items; there were 4 trials for each sequence length and for each list condition. Items for each list condition came from open stimulus sets and occurred only once for each list condition. 

Word frequency effect. Two lists of 108 words were constructed. The items in the two lists were matched for item length and were all bisyllabic. The frequency count was <200 and >10000, for the low- and high-frequency lists, respectively (Content, Mousty & Radeau, 1990). Only words that were likely to be known by at least 6-year old children were included, as determined by the unanimous judgements of 7 psychology undergraduates
. There were slightly more concrete words in the low-frequency lists as most low-frequency words known by 6-year-old children are concrete words.

Word imageability effect. Two lists of 108 words were constructed. The high and low imageability words had a rating of  >4  and <3, respectively, relative to a rating scale ranging from 1 to 6 (Hogenraad & Orianne, 1981).  Both lists were matched for word length and contained 1-, 2- and 3-syllable words; mean word length was 1.8 syllables in each list. Both lists were also matched for word frequency [t(214)=1.749, n.s.; Content et al., 1990]. The probability that children would know the words was again assessed by the judgements of 7 psychology undergraduates. 

Lexicality effect. A first list of 108 CVC words and a second list of 108 CVC nonwords were created. The phonotactic frequency of the nonwords was matched to that of the words; phonotactic frequency was established by determining the frequency of the CV and VC diphones that composed the stimuli, on the basis of a French phonetic database (Tubach & Boë, 1990). There was no difference in phonotactic frequency between words and nonwords for the CV and VC diphones [t(222)=-.44 and -.93, n.s.]. Furthermore, the words and the nonwords were constructed by sampling from a same pool of consonants and vowels. The words were of moderate to high frequency (Content et al., 1990). 

Phonotactic frequency effect. A low phonotactic frequency (LF) nonword list with 108 CVC stimuli was constructed. The diphones of the nonwords in this list were also sampled from the same pool of consonants and vowels as the previous nonword list, but the diphone frequency count was significantly lower than in the previous, high phonotactic frequency (HF) nonword list [t(222)=-7.3, P<.0001 for CV diphones and t(222)=-10.6, P<.0001 for VC diphones]. 

Rate of articulation. Rate of articulation for words, HF and LF nonwords was measured, in order to ensure that differences in STM performance for words and nonwords could not be attributed to differences in articulatory duration. Eight words, 8 HF nonwords and 8 LF nonwords were randomly sampled from the word, HF and LF nonword lists used to assess lexicality and phonotactic frequency effects in the STM tasks. Each subject was presented 4 word pairs, 4 HF nonword pairs and 4 LF nonword pairs. The time, in msec, to repeat one word or nonword pair 5 times as rapidly and accurately as possible, was measured.   

Procedure

All the lists were presented for ISR, and read by the experimenter at a rate of 1 stimulus every second. Half of the subjects within each age group received the word frequency and word imageability lists and half the lexicality and phonotactic frequency lists; the order of presentation of the different list conditions was randomized. The different list conditions were presented in a block design. The responses of the subjects were tape-recorded for later transcription and scoring. Two measures were taken: (1) the total number of correctly recalled items in correct serial position, pooling over all sequence lengths of a given list condition; (2) the total number of correctly recalled items, independently of correct serial position, pooling over all sequence lengths of a given list condition. These two measures differentiating recall of item and serial position information were taken because STM-LTM interactions seem to be different for item and serial position measures (Poirier & Saint-Aubin, 1996). 

RESULTS

Word frequency effect. Mixed ANOVAs were computed with age as a between-subject factor and word frequency as a within-subject factor on the total number of words recalled in correct serial position. A main effect of age [F(4,95)=46.42, MSE=300.48, P<.0001] and of word frequency [F(1,95)=213.13, MSE=27.26, P<.0001] were observed, but no significant interaction. The size of the effect for the word frequency effect was estimated by 2=.06. Planned comparisons showed a significant frequency effect in 6-year-olds [F(1,95)=38.91, P<.0001], 8-year-olds [F(1,95)=37.42, P<.0001], 10-year-olds [F(1,95)=43.58, P<.0001], adolescents [F(1,95)=39.67, P<.0001], and adults [F(1,95)=54.60, P<.0001] (see figure 1). Similar results were obtained for words correctly recalled, but independently of serial position: a main effect of age [F(4,95)=34.97, MSE=290.61, P<.0001] and of word frequency [F(1,95)=172.28, MSE=25.86, P<.0001; 2=.06] were observed. The frequency effect was also significant in 6-year-olds [F(1,95)=26.00, P<.0001], 8-year-olds [F(1,95)=33.80, P<.0001], 10-year-olds [F(1,95)=34.90, P<.0001], adolescents [F(1,95)=34.53, P<.0001], and adults [F(1,95)=44.27, P<.0001] (see figure 2).

< Insert Figures 1 and 2 about here>

Word imageability effect. A mixed ANOVA was conducted with age as a between-subject factor and word imageability as a within-subject factor on the total number of words recalled in correct serial position. A main effect of age [F(4,95)=56.80, MSE=258.63, P<.0001] and of word imageability [F(1,95)=58.58, MSE=23.35, P<.0001] were observed, and a marginally significant interaction [F(4,95)=2.21, MSE=23.35, P=.07]. The size of the effect for the word imageability effect was  relatively small (2=.02). The relative imageability effect (difference in recall between high and low imageability words divided by recall of low imageability words), a more valid estimation of the size of the imageability effect, also interacted with age [F(4,95)=3.39, MSE=0.02, P<.05]. Planned comparisons showed that the imageability effect was significant in 6-year-olds [F(1,95)=13.43, P<.001], in 8-year-olds [F(1,95)=9.26, P<.01], in 10-year-olds [F(1,95)=26.39, P<.0001] and in adults [F(1,95)=17.00, P<.0001], but not in adolescents. Similar results were obtained for words correctly recalled, but independently of serial position: a main effect of age [F(4,95)=37.77, MSE=290.72, P<.0001] and of word imageability [F(1,95)=134.60, MSE=11.61, P<.0001] were observed, and a significant interaction for both absolute [F(4,95)=3.95, MSE=11.61, P<.01] and relative imageability effects [F(4,95)=7.00, MSE=0.01, P<.0001]. The effect size for the absolute word imageability effect was also relatively small (2=.02). The imageability effect was significant in 6-year-olds [F(1,95)=41.61, P<.0001], in 8-year-olds [F(1,95)=50.41, P<.0001], in 10-year-olds [F(1,96)= 39.25, P<.0001] and, although still significant, was less important in adolescents [F(1,95)=7.00, P<.01] and adults [F(1,96)=12.00, P<.001].

Lexicality effect. A mixed ANOVA was computed with age as a between-subject factor and lexicality as a within-subject factor on the total number of items recalled in correct serial position. A main effect of age [F(4,95)=31.66, MSE=213.34, P<.0001] and of lexicality were observed [F(1,95)=196.16, MSE=59.05, P<.0001; 2=.18], but no interaction. Planned comparisons showed a significant lexicality effect in 6-year-olds [F(1,95)=23.18, P<.0001], 8-year-olds [F(1,95)=30.64, P<.0001], 10-year-olds [F(1,95)=51.87, P<.0001], adolescents [F(1,95)=40.95, P<.0001], and adults [F(1,95)=54.26, P<.0001]. Similar results were obtained for items correctly recalled, but independently of serial position: a main effect of age [F(4,95)=20.05, MSE=329.72, P<.0001] and of lexicality was observed [F(1,95)=283.68, MSE=47.64, P<.0001], and a significant interaction [F(1,95)=6.71, MSE=47.64, P<.0001; 2=.18] but only for absolute differences between words and nonwords. The lexicality effect was also significant in 6-year-olds [F(1,95)=22.43, P<.0001], 8-year-olds [F(1,95)=12.97, P<.001], 10-year-olds [F(1,95)=13.54, P<.0001], adolescents [F(1,95)=18.88, P<.0001], adults [F(1,95)=51.88, P<.0001]. Regarding articulatory duration, words were pronounced faster than HF nonwords: [M1=3.91 sec, M2=4.30 sec; F(1,95)=31.03, MSE=0.25, P<.0001]. In order to rule out that the lexicality effect in ISR resulted from differences in articulatory duration for words and nonwords, articulatory duration was introduced as a covariate in a second analysis. The lexicality effect and the age effect remained significant for measures taking into account correct recall of serial position [age, F(4,94)=24.18, MSE=215.46, P<.0001; lexicality, F(1,94)=139.11, MSE=59.40] and for serial position independent measures [age, F(4,94)=12.39, MSE=323.94, P<.0001; lexicality, F(1,94)=204.23, MSE=47.98, P<.0001; interaction, F(4,94)=6.67, MSE=47.98, P<.0001]. In these ANCOVAs, the lexicality effect was also significant in each age group.

Phonotactic frequency effect. A mixed ANOVA was computed with age as a between-subject factor and phonotactic frequency (HF and LF nonwords) as a within-subject factor on the total number of nonwords recalled in correct serial position. A main effect of age [F(4,95)=22.85, MSE=209.48, P<.0001] and of phonotactic frequency [F(1,95)=95.84, MSE=11.47, P<.0001; 2=.03] and a significant interaction [F(4,95)=4.44, MSE=11.47, P<.0001] were observed, but only for absolute differences between HF and LF nonwords. Planned comparisons showed a significant phonotactic frequency effect in 6-year-olds [F(1,95)=9.78, P<.01], 8-year-olds [F(1,95)=9.78, P<.01], 10-year-olds [F(1,95)=6.35, P<.05], adolescents [F(1,95)=31.89, P<.0001], and adults [F(1,95)=55.77, P<.0001]. Similar results were obtained for items correctly recalled, independently of serial position: a main effect of age [F(4,95)=10.09, MSE=374.42, P<.0001] and of phonotactic frequency were observed [F(1,95)=111.06, MSE=16.32, P<.0001; 2=.03] but no significant interaction. The phonotactic frequency effect was also significant in 6-year-olds [F(1,95)=22.43, P<.0001], 8-year-olds [F(1,95)=12.97, P<.001], 10-year-olds [F(1,95)=13.54, P<.0001], adolescents [F(1,95)=18.88, P<.0001], and adults [F(1,95)=51.88, P<.0001]. There was a small difference in articulatory duration for HF and LF nonwords [M1=4.30 sec, M2=4.46 sec; F(1,95)=4.20, MSE=0.30, P=.04]. In order to rule out that these differences in articulatory duration for HF and LF nonwords accounted for the phonotactic frequency effect, a second set of analyses was conducted with articulatory duration as a covariate. The phonotactic effect and the age effect remained significant for measures taking into account correct recall of serial position [age, F(4,94)=16.10, MSE=211.54, P<.0001; phonotactic frequency, F(1,94)=93.35, MSE=11.56; interaction, F(4,94)=4.38, MSE=11.56, P<.01] and for serial position independent measures [age, F(4,94)=5.71, MSE=370.02, P<.001; phonotactic frequency, F(1,94)=112.36, MSE=16.22, P<.0001]. In these ANCOVAs, the phonotactic frequency effect also remained significant in each age group.

DISCUSSION

The aim of this study was to explore whether lexico-semantic LTM effects on verbal STM performance observed in adults could be replicated in children, by exploring lexicality, word frequency and word imageability effects on ISR performance in 6- to 16-year old children and adults. We also explored whether nonword diphone frequency effects on STM performance previously described in children could also be replicated in adults.

We observed significant lexicality, word frequency, and diphone frequency effects on ISR performance in 6-, 8-, and 10-year-old children, as well as in adolescents and adults. Only imageability effects interacted significantly with age. However, this interaction did not seem to reflect a real developmental effect as word imageability significantly influenced ISR performance in all age groups except in the adolescent group. Furthermore, it must be noted that, all age groups confounded, the size of the imageability effect, although significant, was very small (2=.02). This result was found despite the fact that we had used an ISR procedure in which retention of item information was maximized, by presenting new items for every trial in each condition and by avoiding to present repeatedly the same items but in different orders as had been done in other studies (e.g., Roodenrys et al., 1994). Other studies have indeed shown that LTM effects on STM performance are more pronounced for item recall than for serial position recall (e.g., Poirier & Saint-Aubin, 1996).

Overall, our data seem to indicate that the influence of lexico-semantic and phonological language knowledge on STM performance, as measured by lexicality, word frequency, word imageability and nonword diphone frequency effects on ISR performance can be replicated in both children and adults and, furthermore, seems to be equivalent for adults and children, at least for the age groups tested in this study.

In adults, the ‘redintegration’ process by which decaying traces in STM are reconstructed by selecting in LTM the language representation which best matches the decaying STM trace, has been proposed to explain these LTM effects on STM (Hulme et al., 1991; Schweickert, 1993). The fact that no clear developmental interactions could be observed between these LTM effects on STM performance and the different age groups tested in this study suggests that these ‘redindegration’ processes could also be functional in children and support STM performance in children and adults to a similar extent.
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Legends

Figure 1.  Number of items correctly recalled and in correct serial position, as a function of age group and list type.

Figure 2.  Number of items correctly recalled independently of serial position, as a function of age group and list type.

Figure 1

[image: image1.wmf]0

10

20

30

40

50

60

70

80

90

100

110

6 years

8 years

10 years

13-16 years

adults

Items correctly recalled

High imageability

Low imageability

High frequency

Low frequency

Words - Lexicality effect

HP nonwords

LP nonwords



Figure 2


[image: image2.emf]0


10


20


30


40


50


60


70


80


90


100


6 years


8 years


10 years


13-16 years


adults


High imageability


Low imageability


High frequency


Low frequency


Words - lexicality effect


HP nonwords


LP nonwords




0

10

20

30

40

50

60

70

80

90

100

6 years 8 years 10 years 13-16 years adults

High imageability Low imageability High frequency Low frequency

Words - lexicality effect HP nonwords LP nonwords


� This procedure was adopted because French databases listing age-of-acquisition are very small,  making the construction of frequency-, imageability-, and word length-matched ISR lists impossible, on the basis of the limited set of words for which French age-of-acquisition measures exist.
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