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Abstract

The influence of aging on memory has been extensively studied, but the importance of short-term memory and recall sequence 
has not. The objective of the current study was to examine the recall order of words presented on lists and to determine if age 
affects recall sequence. Physically and psychologically healthy male subjects were divided into two groups according to age, 
i.e., 23 young subjects (20 to 30 years) and 50 elderly subjects (60 to 70 years) submitted to the Wechsler Adult Intelligence 
Scale-Revised and the free word recall test. The order of word presentation significantly affected the 3rd and 4th words recalled 
(P < 0.01; F = 14.6). In addition, there was interaction between the presentation order and the type of list presented (P < 0.05; 
F = 9.7). Also, both groups recalled the last words presented from each list (words 13-15) significantly more times 3rd and 4th 
than words presented in all remaining positions (P < 0.01). The order of word presentation also significantly affected the 5th 
and 6th words recalled (P = 0.05; F = 7.5) and there was a significant interaction between the order of presentation and the type 
of list presented (P < 0.01; F = 20.8). The more developed the cognitive functions, resulting mainly from formal education, the 
greater the cognitive reserve, helping to minimize the effects of aging on the long-term memory (episodic declarative).
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The influence of age on cognitive performance has been 
described (1,2). Although there is general agreement that 
cognitive deficits are commonly found in the aged (3), the 
rate of cognitive decline is not uniform for different cognitive 
abilities (2,3). Some functions appear to be more resistant 
to the aging process, while others decline more quickly (3). 
Memory dysfunction predominates among the more com-
mon complaints of cognitive decline in the aged (1,4).

The influence of aging on memory has been extensively 
studied and the role of short-term memory in stimulus recall 
sequence has been thoroughly examined, although its 
importance has not been emphasized (2,4).

Some studies have indicated the occurrence of episodic 
memory deficit in the aged and some have speculated as 
to the possible cause (5-8). For example, some studies 
have sought to relate episodic memory deficit to defective 
semantic processing, and others have examined whether 
altered working memory may be a factor that disrupts epi-

sodic memory (9,10). One factor that may be responsible 
for working memory deficit is reduced speed of information 
processing (11). 

In the present study, we sought to identify the recall 
order of words presented on lists, and to determine if age 
affects sequence recall. 

Subjects and Methods

Subjects
Male subjects were divided into two groups according 

to age. The young group consisted of 23 subjects aged 20 
to 30 years and the elderly group consisted of 50 subjects 
aged 60 to 70 years. Within groups, subjects were clas-
sified according to years of education. All subjects were 
physically and psychologically healthy, as determined by 
physical examination and a minimum score of 24 on the Mini 
Mental State Exam (MMSE; Table 1) (12). The study was 
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approved by the Medical Ethics Committee of São Paulo 
Hospital, Federal University of São Paulo, and all subjects 
gave written informed consent to participate.

Neuropsychological tests
The Wechsler Adult Intelligence Scale - Revised (WAIS-

R; Psychological Corporation, San Antonio, TX, USA), which 
eliminates the age influence factor, was used to measure 
the IQ of each subject (Table 1) (13,14).

Free Word Recall Test
This test evaluates episodic declarative memory and 

provides evidence of short- and long-term memory function 
independent of the central executive processes related to 
the capacity to integrate information. In this test, 12 lists 
numbered 1 to 12 containing 15 words each were presented. 
For the even-numbered lists, positions 7, 8, and 9 contained 
semantically related words (e.g., fire, firemen). After the 
examiner slowly presented the list, the individuals wrote 
as many words as they could remember from it. 

The presentation order of stimulus words influences 
recall, causing an increase or decrease in the probability 
of recall according to the position of the word on the list. 
Therefore, a U-shaped curve according to serial position is 
expected in which the two extremes of the curve represent 
the primacy effect and recency effect related to short-term 
memory, respectively. The middle portion of the curve re-
flects long-term memory. The use of semantically related 
words in the middle positions of the even-numbered lists 
alters the shape of the serial position curve, increasing the 
probability of recalling centrally positioned words (15; test 
adapted to Portuguese language by O.F.A. Bueno at the 
Psychology Department, UNIFESP/EPM). 

Statistical analysis
The Student t-test was used to determine significant 

differences between the young and elderly groups in re-
call probability on the word recall test. Repeated measure 
ANOVA was used to analyze difference in order of word 

recall relative to the order of word presentation (using groups 
of three words), followed by the Tukey HSD post hoc test 
when necessary. One-way MANOVA followed by the Dun-
can test when necessary was used to study the effect of 
presentation order on recall order. The level of significance 
was corrected with a Bonferroni’s correction according to 
the number of comparisons. The Pearson correlation test 
was used to calculate the correlation between presentation 
order and recall order in each group separately.

Results

Figure 1 shows the Serial Position Curve for young and 
elderly subjects in the free word recall test. The young group 
recalled significantly more words than the elderly group from 
various positions on both types of lists (P < 0.05), except for 
the 1st and 2nd words of the semantically related lists (P > 
0.05). Analysis of performance of the two groups regarding 
the types of lists showed that significantly more words were 
recalled from lists containing semantically related words 
(P < 0.01). Significantly fewer words from these lists were 
recalled from the initial position downward (3.52 fewer for 
the young group and 2.24 fewer for the elderly group; P 
< 0.01). For the semantically related lists, elderly subjects 
recalled significantly fewer initially presented words than 
young subjects (P < 0.01). 

Because there was no significant difference between 
the 1st and 2nd words recalled or between the 3rd, 4th, 
5th, and 6th words recalled, the results of recall order were 
pooled. For the 1st and 2nd words recalled there was  
a significant difference in the order of word presentation  
(P < 0.01; F = 23.4). There was also a significant interaction 
between order of presentation and type of list (P < 0.01;  
F = 11.1). In addition, the final three words presented (words 
13, 14, and 15) were recalled more often than all other 
words on the list by both groups, reflecting the recency 
effect (P < 0.01).

The order of word presentation significantly affected the 
3rd and 4th words recalled (P < 0.01; F = 14.6). In addition, 

there was interaction between order of presen-
tation and type of list presented (P < 0.05; F = 
9.7). Also, the last words presented from each 
list (words 13-15) were recalled significantly more 
times 3rd and 4th than words presented in all 
remaining positions by both groups (P < 0.01). 
The order of word presentation also significantly 
affected the 5th and 6th words recalled (P = 0.05; 
F = 7.5), and there was a significant interaction 
between the presentation order and the type of 
list presented (P < 0.01; F = 20.8). 

On lists containing semantically related 
words, elderly subjects recalled the semantically 
related words significantly more than all other 
words (P < 0.05; F = 6.0). In contrast, the 5th 
and 6th words recalled by young subjects were 

Table 1. Subject description.

Young (N = 23) Elderly (N = 50)

Age (years) 25.6 ± 3.3 65.3 ± 3.2
Years of education 14.1 ± 1.7 13.5 ± 2.1
MMSE score 28.7 ± 1.6 27.2 ± 2.5*
Verbal IQ (WAIS-R)a 98.3 ± 12.5 102.1 ± 9.5
Executive IQ (WAIS-R)a 92.6 ± 13.6 97.6 ± 16.3
Global IQ (WAIS-R)a 91.3 ± 12.8 98.9 ± 11.4

Data are reported as means ± SD. aScores corrected for age. MMSE = Mini 
Mental State Exam; IQ = Intelligence Quotient; WAIS-R = Wechsler Adult In-
telligence Scale - Revised. *P < 0.01, elderly group compared to young group 
(Student t-test for independent samples).
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those in the final positions (words 13-15), again reflecting 
the recency effect. 

There was a significant interaction between order of 
presentation, group and type of list for those words recalled 
7th and 8th (P < 0.05; F = 3.2), but recall in this order was 
only found in a small number of volunteers (10 subjects); 
therefore, these results are not shown graphically. There was 
no significant relationship between the 9th and 10th words 
recalled and group, types of lists or order of presentation 
(P = 0.07; F = 3.8). 

We found no significant difference in errors or false 
recalls (intrusions, repetitions and perseverations) related 
to presentation order or recall order (P = 0.1; F = 3.9). 

When we determined whether a possible correlation 
existed between the order of words presented on the 
lists and recall order, we did find significant correlations. 

Specifically, words presented last on the lists (words 13-
15) were between the 1st and 4th words recalled by both 
groups (r = 0.54). 

Finally, we found that semantically related words in the 
middle of the word lists caused those words to be recalled 
significantly more frequently than words in the middle of 
lists that were not semantically related. Furthermore, elderly 
subjects recalled the semantically related words more often 
than younger subjects. Specifically, the 5th and 6th words 
recalled by the elderly subjects were the semantically related 
words (r = 0.54), whereas among the younger subjects the 
5th and 6th words were those from the end of the lists (r 
= 0.72). In other words, young subjects continued to rely 
on short-term memory while elderly subjects engaged 
executive functions to recall words that were semantically 
related (Table 2). 

Figure 1. Difference in serial position curve. Data are reported as means ± SEM. *P < 0.05 compared to elderly group (Student t-test 
for independent samples).

Table 2. Significant correlations between recall order and presentation order.

Presentation 
order

Recall order

Lists without semantic relation Lists with semantic relation

1st and 
2nd

3rd and 
4th

5th and 
6th

7th and 
8th

9th and 
10th

11th and 
12th

1st and 
2nd

3rd and 
4th

5th and 
6th

7th and 
8th

9th and 
10th

11th and 
12th

Young 0.72 0.54 0.56 0.41 0.32 -0.08 0.75 0.77 0.72 -0.09 0 0
Elderly 0.67 0.67 0.12 -0.07 0.0 0.0 0.65 0.58 0.54 0.19 0.40 0.30
Total 0.68 0.60 0.29 0.21 0.22 -0.05 0.69 0.68 0.51 -0.17 0.23 0.20
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Discussion

The question addressed in the present study was 
whether the order of word presentation affects recall. For 
both young and elderly groups, the 1st two words recalled 
corresponded to the words presented in the same position 
on the list, suggesting a similar search strategy based on 
short-term memory. Hanson (16) reported similar findings in 
a study assessing the role of the phonetic code in retaining 
information in short-term memory. 

This search pattern remained the same for the 3rd 
and 4th words recalled, although on lists with semantically 
related words in the middle positions recall of semantically 
related words caused an increase in recall of middle-posi-
tioned words. This suggests that when short-term memory 
reaches a limit, subjects use information about the words 
in their search strategy, although this was only observed 
among the elderly subjects (17,18). 

In the present study, we observed satisfactory perfor-
mances in word list recall by subjects in the two age groups 
and identified differential search strategies between the 
two age groups during recall. Specifically, we found that, 
although the two age groups used a similar short-term 
memory search strategy for the 3rd and 4th words recalled, 

differential search strategies were employed for the 5th word 
to be recalled. For the 5th word recalled, young subjects 
continued to rely on short-term memory in recall while 
elderly subject turned to a strategy based on semantically 
related words, suggesting that elderly subjects utilized cen-
tral executive functions to integrate information based on 
word content and not on location on the list (17). 

This difference in the order of search of words between 
young and elderly subjects is based on the strategy used by 
two groups whose cognitive development occurred during 
different historical periods. Another possibility is the use of 
a strategy typically modified by non-pathological aging, in 
which the executive memory develops strategies to mini-
mize the impact of natural wear on the ability of formation 
of new memories. This supports the view of Vygotsky (18) 
that the change in the functional structure of consciousness 
is what constitutes the central and fundamental content of 
the entire development process (18-22).

Therefore, memory strategies are modified by aging, 
i.e., the elderly need to make the content more meaning-
ful. The more developed the cognitive functions, resulting 
mainly from formal education, the greater the cognitive 
reserve, helping to minimize the effects of aging on long-
term memory.

References

  1.	 Enoch JM, Werner JS, Haegerstrom-Portnoy G, Lakshmina-
rayanan V, Rynders M. Forever young: visual functions not 
affected or minimally affected by aging: a review. J Gerontol 
A Biol Sci Med Sci 1999; 54: B336-B351.

  2.	 Henderson VW. Cognition and cognitive aging. Climacteric 
2007; 10 (Suppl 2): 88-91. Review.

  3.	 Mendez MF. The accurate diagnosis of early-onset demen-
tia. Int J Psychiatry Med 2006; 36: 401-412.

  4.	 Salthouse TA, Pink JE. Why is working memory related to 
fluid intelligence? Psychon Bull Rev 2008; 15: 364-371.

  5.	 McKinnon MC, Moscovitch M. Domain-general contributions 
to social reasoning: theory of mind and deontic reasoning 
re-explored. Cognition 2007; 102: 179-218.

  6.	 Palmer K, Backman L, Winblad B, Fratiglioni L. Mild cogni-
tive impairment in the general population: occurrence and 
progression to Alzheimer disease. Am J Geriatr Psychiatry 
2008; 16: 603-611.

  7.	 Pike KE, Rowe CC, Moss SA, Savage G. Memory profiling 
with paired associate learning in Alzheimer’s disease, mild 
cognitive impairment, and healthy aging. Neuropsychology 
2008; 22: 718-728.

  8.	 Rodriguez RN, Juncos-Rabadan O, Facal MD. [Cognitive 
markers to discriminate between mild cognitive impairment 
and normal ageing]. Rev Esp Geriatr Gerontol 2008; 43: 
291-298.

  9.	 Calero-Garcia MD, Navarro-Gonzalez E, Gomez-Ceballos 
L, Lopez Perez-Diaz A, Torres-Carbonell I, Calero-Garcia 
MJ. ���������������������������������������������������[Memory lapses and memory: relationship between ob-
jective and subjective memory in old age]. Rev Esp Geriatr 
Gerontol 2008; 43: 299-307.

10.	 Joubert S, Felician O, Barbeau EJ, Didic M, Poncet M, Cec-
caldi M. Patterns of semantic memory impairment in Mild 
Cognitive Impairment. Behav Neurol 2008; 19: 35-40.

11.	 de Groot RH, Hornstra G, Roozendaal N, Jolles J. Memory 
performance, but not information processing speed, may be 
reduced during early pregnancy. J Clin Exp Neuropsychol 
2003; 25: 482-488.

12.	 Brucki SM, Nitrini R, Caramelli P, Bertolucci PH, Okamoto 
IH. [Suggestions for utilization of the mini-mental state ex-
amination in Brazil]. Arq Neuropsiquiatr 2003; 61: 777-781.

13.	 Lezak MD. Neuropsychological assessment. 3rd edn. New 
York: Oxford University; 1995.

14.	 Heck VS, Yates DB, Poggere LC, Tosi SD, Bandeira DR, 
Trentini CM. Validação dos subtestes verbais da versão de 
adaptação da WASI. Aval Psicol 2009; 8: 33-42.

15.	 Rundus D. Analysis of rehersal processes in free recall. J 
Exp Psychol 1971; 89: 63-77.

16.	 Hanson VL. Recall of order information by deaf signers: 
phonetic coding in temporal order recall. Mem Cognit 1990; 
18: 604-610.

17.	 Shing YL, Werkle-Bergner M, Li SC, Lindenberger U. As-
sociative and strategic components of episodic memory: a 
life-span dissociation. J Exp Psychol Gen 2008; 137: 495-
513.

18.	 Vygotsky LS. O desenvolvimento psicológico na infância. 
Rio de Janeiro: Editora Martins Fontes; 2003.

19.	 Berry P. The importance of social-historical context. Int J 
Palliat Nurs 2002; 8: 564.

20.	 Thofehrn MB, Leopardi MT. [Vygotsky’s social-historic 
constructivism and nursing]. Rev Bras Enferm 2006; 59: 



992 R.F. Santos-Galduróz et al.

www.bjournal.com.brBraz J Med Biol Res 42(10) 2009

694-698.
21	 Moll H, Tomasello M. Cooperation and human cognition: the 

Vygotskian intelligence hypothesis. Philos Trans R Soc Lond 
B Biol Sci 2007; 362: 639-648.

22.	 Guillaume C, Clochon P, Denise P, Rauchs G, Guillery-
Girard B, Eustache F, et al. Early age-related changes in 
episodic memory retrieval as revealed by event-related 
potentials. Neuroreport 2009; 20: 191-196.


