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CHAPTER 1 

Introduction 
 
The cognitive and psychological aspects of aging have received quite extensive 

research interest in the past few decades. The scientific research has shown that there 
are both gains and losses in cognitive functioning with increasing age. Gains primarily 
occur in aspects related to acquired knowledge (Rabbitt, 1993), whereas losses have 
been documented in a wide variety of cognitive functions (Birren & Schaie, 2006). In 
the past few decades, much emphasis has been placed on the reductions in speed and 
efficiency of information processing and the capacity to learn and remember new in-
formation. The majority of research papers on age-related changes in cognitive func-
tioning compare relatively young adults (usually in their 20s) to older people (usually 
older than 60 years). Although the age range between 30 and 60 is often disregarded, 
this range may be of particular interest given that the first manifestations of age-related 
change can be observed as early as age 40 (Houx & Jolles, 1993; Houx, Vreeling, & 
Jolles, 1991; Houx, Jolles, & Vreeling, 1993; Salthouse, 2004). Moreover, age differ-
ences in cognitive abilities under the age of 65 can have important implications for 
daily life functioning, including job performance. Cognitive challenges in midlife, nota-
bly in the fourth and fifth decade of life, are generally substantial. These challenges 
include activities in work and family environments that require organizing, planning, 
problem solving, and multitasking skills, often under conditions of time pressure 
(Schooler, 1999). Thus, middle-aged individuals need to utilize their cognitive capaci-
ties to a large extent. In this context, more insight is needed with respect to the cogni-
tive processes that are affected by normal, i.e., non-pathological, aging under the age of 
65. Another important question in this respect is: To what extent is age-related cogni-
tive change influenced by individual characteristics, such as educational level? These 
issues are the focus of this dissertation.  

This introductory chapter continues with a brief overview of background infor-
mation on cognitive aging and a description of the methodological/theoretical ap-
proaches that are pursued in the present dissertation. Subsequently, potential determi-
nants of cognitive aging are considered, whereby education is considered one of the 
most important. Lastly, the objectives and outline of this dissertation are presented. 

AGING AND COGNITION 

Cognitive aging research endeavours to identify and measure age related changes 
in basic cognitive processes. In mainstream cognitive aging research, laboratory tasks 
and controlled experimental procedures that represent novel experiences for persons 
of all ages are used. There is ample evidence that advancing age is associated with dec-



Chapter 1 

 8 

rements in a wide range of cognitive functions, such as recalling information, maintain-
ing focused attention, and planning and executing complex behaviors. Additionally, 
basic perception, execution of motor functions and complex language functions are 
compromised (Birren & Schaie, 2006; Jolles, 1986). These functions are generally con-
sidered a prerequisite for efficient and goal-directed behavior. There are several influ-
ential theoretical approaches with respect to the underlying mechanisms and causes of 
age-related cognitive decrements. The following approaches are the bases of the re-
search questions addressed in the present dissertation.  

First and foremost, the ‘processing speed’ theory states that age-related cognitive 
change can be attributed to a decrease in the speed at which elementary cognitive op-
erations are executed (Salthouse, 1996b). This decline in information processing speed 
places fundamental limitations on most aspects of cognition. Indeed, mental speed has 
been found to explain a substantial part of age-related variance in cognitive perform-
ance (Earles & Salthouse, 1995; Salthouse, 1996a; Salthouse & Meinz, 1995). Hence, 
older individuals are generally slower with respect to information processing, which, in 
turn, leads to performance deficits in a wide range of cognitive domains.  

A second important theory attributes age-related differences in cognition to a 
decline of inhibitory control in working memory (Hasher & Zacks, 1988; McDowd, 
Oseas-Kreger, & Filion, 1995). A major function of inhibitory processes is to prevent 
irrelevant material from accessing working memory and to deactivate any such material 
that has already accessed working memory. Irrelevant material may be external, such as 
noise, or it may consist of internal thoughts that interfere with the ongoing task. In 
either case, the failure of older adults to inhibit these stimuli means that working 
memory is loaded, to some degree, with irrelevant information. This places limitations 
on the processing of task-relevant information. 

A third influential viewpoint that is pursued in this dissertation contends that 
cognitive performance, in particular memory performance, results from an interaction 
between internal and external factors (Zacks, Hasher, & Li, 2000). Internal factors 
include the processing resources the individual has available. The presumed age-related 
decline in processing resources, such as attention or working memory capacity 
(Babcock & Salthouse, 1990; Jenkins, Myerson, Hale, & Fry, 1999), implies that older 
adults are less able to carry out resource-demanding operations than younger adults. 
External factors include the amount of environmental support that is provided during 
the performance of the task. Environmental support is a broad notion that includes 
the amount of guidance in encoding information, the availability of relevant prior 
knowledge that might facilitate rich encoding of information, and the presence of ex-
ternal cues during retrieval. Impaired performance in older adults is most likely to 
occur when a task is cognitively challenging and when the environment provides no or 
few retrieval cues. An example of this is a free-recall task. On the other hand, strong 
environmental support in the form of familiar tasks and cues for retrieval can compen-
sate for the age-related reduction in processing resources (Zacks et al., 2000).  
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DETERMINANTS OF COGNITIVE AGING 

A major challenge in cognitive gerontology today is the identification of biologi-
cal and psychosocial factors that are related to cognitive change across adulthood 
(Jolles, Houx, Van Boxtel, & Ponds, 1995). Factors ranging from physical health vari-
ables, such as hypertension and sensory functioning, to psychosocial variables, such as 
emotional support, have been associated with cognitive functioning and have been 
shown to change in older people (e.g., Seeman, Lusignolo, Albert, & Berkman, 2001; 
Valentijn et al., 2005; Van Boxtel et al., 1997). In a review of 34 longitudinal studies 
that discuss factors associated with cognitive change, it was concluded that education, 
hypertension, objective health status, cardiovascular disease, and certain apolipoprotein 
E alleles are the factors most consistently relate to cognitive change across adulthood 
(Anstey & Christensen, 2000). Recently, the possibility of interactions between deter-
minants of cognitive aging has gained attention (Seeman et al., 2005). The ability to 
develop more effective strategies to prevent or slow age-related cognitive decline is 
dependent on an understanding of the multiple and likely interactive factors that have 
an impact on patterns of cognitive aging. Most research on cognitive aging has been 
done in older individuals. Relatively limited attention has been paid to persons younger 
than 65 years. 

The Maastricht Aging Study (MAAS), a population-based longitudinal study on 
the determinants of cognitive aging, enables the investigation of determinants over the 
full adult age range. Because of its multidisciplinary character, many biological, social, 
and psychological factors associated with cognition and age-related cognitive decline 
have been identified and studied, including sensory functioning (e.g.,Valentijn et al., 
2005), vascular health (Van Boxtel et al., 1997), lifestyle (Bosma et al., 2002), and psy-
chological functioning (Mol, van Boxtel, Willems, & Jolles, 2006). In the following 
section, one of the most powerful determinants of cognitive functioning and age-
related cognitive change, namely level of educational attainment, will be discussed in 
more detail. 

Education 

Education has proven to be the most consistent non-biological correlate of both 
cognitive functioning (e.g., Van der Elst, Van Boxtel, Van Breukelen, & Jolles, 2005, 
2006a, 2006b) and age-related change in cognitive abilities (Anstey & Christensen, 
2000). Moreover, educational attainment has been associated with cognitive change not 
only in old age, but also throughout adulthood (Farmer, Kittner, Rae, Bartko, & 
Regier, 1995; Lyketsos, Chen, & Anthony, 1999). There are several arguments to sup-
port the notion that a high level of education serves as a protective factor for age-
related cognitive change. Firstly, continuous mental stimulation associated with a high 
level of education may have a positive effect on neuronal growth and the complexity 
of neural networks (Coffey, Saxton, Ratcliff, Bryan, & Lucke, 1999). Secondly, highly 
educated persons are more likely to have an active and healthy lifestyle (e.g., in terms 
of nutrition and hygiene) that is associated with a lower risk of cognitive dysfunction 
(Gold et al., 1995). Thirdly, educational experience may provide reserve capacity in the 
form of a more elaborate set of basic skills or cognitive strategies (Stern, 2002).  
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Previous studies examining the effects of education on longitudinal cognitive 
change have focused mainly on global measures of cognitive functioning in persons 
older than 65 years. There were only two studies that assessed a sample with a mini-
mum age of 18 years (Farmer et al., 1995; Lyketsos et al., 1999). These studies used 
only the Mini-Mental State Examination (Folstein, Folstein, & McHugh, 1975). As a 
result, little information about specific cognitive processes throughout adulthood could 
be derived. There have been a few cross-sectional studies that explore the effects of 
education on age-related differences in a broad age range (Ardila, Ostrosky-Solis, 
Rosselli, & Gomez, 2000; Capitani, Barbarotto, & Laiacona, 1996; Heaton, Grant, & 
Matthews, 1986). The general picture that emerges from these studies is that a high 
educational level does indeed have an attenuating effect, although not on all cognitive 
measures. The specific cognitive domains that are particularly sensitive to the protec-
tive effects of a high level of education are, at this point in time, still inconclusive. 
Lyketsos and colleagues (1999) found that having more than eight years of formal 
education was associated with less decline on the Mini-Mental State Examination 
(MMSE). However, beyond nine years, additional education was not associated with a 
further reduction in decline (Lyketsos et al., 1999). This suggests that education of a 
relatively short duration in a critical period of life is already protective and that only a 
very low level of education may be a risk factor for cognitive decline. However, non-
linear effects of education have rarely been examined in previous research. In conclu-
sion, despite the evidence that education may very well moderate age-related change, it 
is not yet clear which cognitive processes are particularly sensitive to the protective 
effects of a high level of education or the disruptive effects of a low level of education 
in younger adulthood.  

OBJECTIVES OF THIS DISSERTATION 

The studies described in this dissertation have two main objectives. The first is 
to gain additional insight on the cognitive processes that are most affected by aging, 
notably in pre-senescence. Mechanisms and causes of age-related cognitive differences 
are investigated. A question that evolves from this general issue is: At what do age 
changes in cognitive performance emerge? The second aim is to investigate the extent 
to which individual characteristics influence age-related differences and longitudinal 
change. In particular, the present dissertation attempts to identify the cognitive proc-
esses that are influenced by education. 

OUTLINE OF THIS DISSERTATION 

Since age and most other individual characteristics, such as education, cannot be 
experimentally manipulated, only quasi-experiments are presented in this dissertation. 
In four studies, individuals from different age groups and educational levels were sub-
mitted to various task conditions within the domain of word processing and word 
learning (Chapters 3, 4, 5, and 6). In addition to task manipulations, standard neuro-
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psychological tests were used to investigate age-related cognitive differences in relation 
to education and sex (Chapter 2). Likewise, longitudinal cognitive change was investi-
gated in relation to the interaction between education and health status (Chapter 7). 
The studies described in Chapters 2, 3, 4, and 7 were conducted within the framework 
of MAAS using data that were obtained in the period 1991-2000. The studies described 
in Chapters 5 and 6 were based on newly acquired data obtained in a large cross-
sectional study that was executed as part of the present dissertation research project.  

Chapter 2 evaluates the influence of education and sex on age differences in per-
formance using three information-processing tasks (Letter Digit Substitution Task, 
Stroop Color-Word Test, and Memory Scanning Task). This was examined in a large 
population-based sample that was divided into three educational levels (low, intermedi-
ate or high) and three age groups, namely young (24 to 37 years), young middle-aged 
(39 to 51 years), and old middle-aged (54 to 66 years). 

Chapter 3 discusses the extent to which word-learning performance is affected by 
interstimulus interval. A longer interstimulus interval (i.e., study time) provides more 
opportunities for organization and strategy use. Higher educated and younger indi-
viduals may make better use of this opportunity than lower educated and older people. 
Individuals from four age groups, that is, young (24 to 37 years), young middle-aged 
(39 to 51 years), old middle-aged (54 to 66 years), and old (69 to 77 years), with low or 
high educational attainment were randomly assigned to one of three interstimulus 
interval conditions (1, 2, or 3 s). 

Older individuals may be less able than younger individuals to inhibit irrelevant 
speech when learning new visual information. A higher level of education might at-
tenuate this potentially greater negative effect of irrelevant speech. Chapter 4 describes 
two experiments in which the effects of irrelevant speech on word-learning perform-
ance were evaluated in a sample of persons with a high or low level of education from 
four age groups, namely young (24 to 37 years), young middle-aged (39 to 51 years), 
old middle-aged (54 to 66 years), and old (69 to 77 years). In the first experiment, indi-
viduals were randomly assigned to a condition in which irrelevant words were audito-
rily presented during a visually presented word-learning task or to a quiet condition. In 
the second experiment, the presence of irrelevant speech was combined with a short 
interstimulus interval in order to increase the difficulty of the word-learning task.  

The study described in Chapter 5 examined the influence of the level of process-
ing on reaction times. Three decision tasks were used to induce shallow perceptual, 
more elaborated phonological, and deep semantic processing of words. Because deeper 
processing involves more cognitive operations, it was hypothesized that differences in 
reaction time between younger (25 to 35 years) and middle-aged (50 to 60 years) indi-
viduals would increase with deeper processing. It was also hypothesized that this in-
crease would be less pronounced in individuals with a higher education. In addition, 
the effects of age and education on the use of search strategies per level of processing 
were investigated.  

 Because deeper processing results in better maintenance of words in memory, 
deeper processed words were expected to require less retrieval effort than shallow 
processed words. Chapter 6 addresses whether deeper processing of words during en-
coding leads to a smaller increase in word-learning performance and a smaller decrease 
in retrieval effort in middle-aged adults (50 to 60 years) than in young adults (25 to 35 



Chapter 1 

 12 

years). Whether a higher level of education attenuates age-related differences in per-
formance was also assessed.  

The study described in Chapter 7 aimed to test the possibility of an interaction 
between education and health status with respect to cognitive functioning and change 
in performance over six years, as measured with tests across multiple domains of cog-
nitive function. This was examined in both younger (24 to 47 years) and older indi-
viduals (49 to 76 years). We also investigated whether different dimensions of health 
status (i.e., physical, social, and psychological functioning) show similar joint effects 
with education and whether effects change with age. 

Chapter 8 provides some concluding remarks in which the findings of this disser-
tation will be discussed on a more general level, particularly with respect to methodol-
ogy and both the theoretical and practical implications of the presented studies. In 
addition, recommendations for future research are provided. 

REFERENCES 

Anstey, K., & Christensen, H. (2000). Education, activity, health, blood pressure and apolipoprotein E as 
predictors of cognitive change in old age: a review. Gerontology, 46(3), 163-177. 

Ardila, A., Ostrosky-Solis, F., Rosselli, M., & Gomez, C. (2000). Age-related cognitive decline during nor-
mal aging: the complex effect of education. Archives of Clinical Neuropsychology, 15(6), 495-513. 

Babcock, R. L., & Salthouse, T. A. (1990). Effects of increased processing demands on age differences in 
working memory. Psychology and Aging, 5, 421-428. 

Birren, J. E., & Schaie, K. W. (Eds.). (2006). Handbook of the psychology of aging (6th ed.): Elsevier Academic 
Press. 

Bosma, H., Van Boxtel, M. P., Ponds, R. W., Jelicic, M., Houx, P., Metsemakers, J., & Jolles, J. (2002). 
Engaged lifestyle and cognitive function in middle and old-aged, non-demented persons: a recipro-
cal association? Zeitschrift für Gerontologie und Geriatrie, 35, 575-581. 

Capitani, E., Barbarotto, R., & Laiacona, M. (1996). Does education influence the age-related cognitive 
decline? A further inquiry. Developmental Neuropsychology, 12, 231-240. 

Coffey, C. E., Saxton, J. A., Ratcliff, G., Bryan, R. N., & Lucke, J. F. (1999). Relation of education to brain 
size in normal aging: implications for the reserve hypothesis. Neurology, 53(1), 189-196. 

Earles, J. L., & Salthouse, T. A. (1995). Interrelations of age, health, and speed. Journals of Gerontology B: 
Psychological Sciences and Social Sciences, 50, P33-P41. 

Farmer, M. E., Kittner, S. J., Rae, D. S., Bartko, J. J., & Regier, D. A. (1995). Education and change in 
cognitive function. The Epidemiologic Catchment Area Study. Annals of Epidemiology, 5(1), 1-7. 

Folstein, M. F., Folstein, S. E., & McHugh, P. R. (1975). Mini-mental state: A practical method for grading 
the cognitive state of patients for the clinician. Journal of Psychiatric Research, 12, 189-198. 

Gold, D. P., Andres, D., Etezadi, J., Arbuckle, T., Schwartzman, A., & Chaikelson, J. (1995). Structural 
equation model of intellectual change and continuity and predictors of intelligence in older men. 
Psychology and Aging, 10, 294-303. 

Hasher, L., & Zacks, R. (1988). Working memory, comprehension, and aging: a review and a new view. The 
Psychology of Learning and Motivation, 22, 193-225. 

Heaton, R. K., Grant, I., & Matthews, C. G. (1986). Differences in neuropsychological test performance 
associated with age, education, and sex. In I. Grant & K. M. Adams (Eds.), Neuropsychological assess-
ment of neuropsychiatric disorders (pp. 100-120). New York: Oxford University Press. 

Houx, P. J., & Jolles, J. (1993). Age-related decline of psychomotor speed: effects of age, brain health, sex, 
and education. Perceptual and Motor Skills, 76(1), 195-211. 



 

 13 

Houx, P. J., Jolles, J., & Vreeling, F. W. (1993). Stroop interference: aging effects assessed with the Stroop 
Color-Word Test. Expermental Aging Research, 19(3), 209-224. 

Houx, P. J., Vreeling, F. W., & Jolles, J. (1991). Rigorous health screening reduces age effect on memory 
scanning task. Brain and Cognition, 15(2), 246-260. 

Jenkins, L., Myerson, J., Hale, S., & Fry, A. F. (1999). Individual and developmental differences in working 
memory across the life span. Psychonomic Bulletin and Review, 6, 28-40. 

Jolles, J. (1986). Cognitive, emotional and behavioral dysfunctions in aging and dementia. Progress in Brain 
Research, 70, 15-39. 

Jolles, J., Houx, P., Van Boxtel, M. P., & Ponds, R. W. (Eds.). (1995). Maastricht Aging Study: Determinants of 
cognitive aging. Maastricht: Neuropsych Publishers. 

Lyketsos, C. G., Chen, L. S., & Anthony, J. C. (1999). Cognitive decline in adulthood: an 11.5-year follow-
up of the Baltimore Epidemiologic Catchment Area study. American Journal of Psychiatry, 156, 58-65. 

McDowd, J. M., Oseas-Kreger, D. M., & Filion, D. L. (1995). Inhibitory processes in cognition and aging. 
In F. N. Dempster & C. J. Brainerd (Eds.), Interference and inhibition in cognition (pp. 363-400). San Di-
ego, CA: Academic Press. 

Mol, M. E., van Boxtel, M. P., Willems, D., & Jolles, J. (2006). Do subjective memory complaints predict 
cognitive dysfunction over time? A six-year follow-up of the Maastricht Aging Study. International 
Journal of Geriatric Psychiatry, 21, 432-441. 

Rabbitt, P. (1993). Does it all go together when it goes? The Nineteenth Bartlett Memorial Lecture. Quar-
terly Journal of Experimental Psychology A, 46, 385-434. 

Salthouse, T. A. (1996a). General and specific speed mediation of adult age differences in memory. J Geron-
tol B Psychol Sci Soc Sci, 51(1), P30-42. 

Salthouse, T. A. (1996b). The processing-speed theory of adult age differences in cognition. Psychological 
Review, 103, 403-428. 

Salthouse, T. A. (2004). What and when of cognitive aging. Current Directions in Psychological Science, 13, 140 -
144. 

Salthouse, T. A., & Meinz, E. J. (1995). Aging, inhibition, working memory, and speed. Journals of Gerontology 
B: Psychological Sciences and Social Sciences, 50(6), P297-306. 

Schooler, C. (1999). The workplace environment: Measurement, psychological effects, and basic issues. In 
S. L. Friedman & T. D. Wachs (Eds.), Measuring environment across the lifespan (pp. 229-246). Washing-
ton, DC: American Psychological Society. 

Seeman, T. E., Huang, M. H., Bretsky, P., Crimmins, E., Launer, L., & Guralnik, J. M. (2005). Education 
and APOE-e4 in longitudinal cognitive decline: MacArthur Studies of Successful Aging. Journal of 
Gerontology B: Psychological Sciences and Social Sciences, 60, P74-83. 

Seeman, T. E., Lusignolo, T. M., Albert, M., & Berkman, L. (2001). Social relationships, social support, and 
patterns of cognitive aging in healthy, high-functioning older adults: MacArthur studies of success-
ful aging. Health Psychology, 20, 243-255. 

Stern, Y. (2002). What is cognitive reserve? Theory and research application of the reserve concept. Journal 
of the International Neuropsychological Society, 8, 448-460. 

Valentijn, S. A., van Boxtel, M. P., van Hooren, S. A., Bosma, H., Beckers, H. J., Ponds, R. W., & Jolles, J. 
(2005). Change in sensory functioning predicts change in cognitive functioning: results from a 6-
year follow-up in the maastricht aging study. Journal of the American Geriatric Society, 53, 374-380. 

Van Boxtel, M. P., Gaillard, C., Houx, P. J., Buntinx, F., de Leeuw, P. W., & Jolles, J. (1997). Can the blood 
pressure predict cognitive task performance in a healthy population sample? Journal of Hypertension, 
15, 1069-1076. 

Van der Elst, W., Van Boxtel, M. P., Van Breukelen, G. J., & Jolles, J. (2005). Rey's verbal learning test: 
normative data for 1855 healthy participants aged 24-81 years and the influence of age, sex, educa-
tion, and mode of presentation. Journal of the International Neuropsychological Society, 11, 290-302. 

Van der Elst, W., Van Boxtel, M. P., Van Breukelen, G. J., & Jolles, J. (2006a). Normative data for the 
Animal, Profession and Letter M Naming verbal fluency tests for Dutch speaking participants and 
the effects of age, education, and sex. Journal of the International Neuropsychological Society, 12, 80-89. 



Chapter 1 

 14 

Van der Elst, W., Van Boxtel, M. P., Van Breukelen, G. J., & Jolles, J. (2006b). The stroop color-word test: 
influence of age, sex, and education; and normative data for a large sample across the adult age 
range. Assessment, 13, 62-79. 

Zacks, R., Hasher, L., & Li, K. Z. (2000). Human Memory. In F. I. Craik & T. A. Salthouse (Eds.), The 
handbook of aging and cognition (2nd ed., pp. 293-417). Mahwah, NJ: Lawrence Erlbaum Associates. 

 



 

 
 15 

CHAPTER 2 

Education and sex influence age differences 
in information processing 

 
Willemien A. Meijer, Martin P. J. van Boxtel & Jelle Jolles  

 
Submitted for publication 

ABSTRACT 

The aim of this study was to investigate whether the age-extrinsic factors 
‘education’ and ‘sex’ modify the well-documented effects of age on infor-
mation processing speed. The interacting effects of age (three age groups), 
educational attainment (low, intermediate or high), and sex were tested on 
the information processing speed of 1469 healthy individuals ranging in 
age from 24 to 67 years. Performance on the Letter Digit Substitution 
Task (LDST), Stroop Color-Word Test (SCWT) and Memory Scanning 
Task (MST) was negatively affected by higher age, lower educational level 
and male sex. A high educational level reduced age differences on the 
LDST. Furthermore, women demonstrate larger age differences than men 
on the LDST and the MST. However, there were no interactions on 
SCWT performance. The overall findings suggest that the effects of edu-
cation and sex on age-related differences in information processing are 
substantial in the pre-senescence. 
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It has been amply documented that the speed and efficiency of information 
processing declines with advancing age. Age-associated impairments have consistently 
been found in tasks that probe speed of information processing (Earles & Salthouse, 
1995; Houx, Jolles, & Vreeling, 1993; Houx, Vreeling, & Jolles, 1991a; Salthouse, 1994, 
1996). In addition, there is evidence that different aspects of complex information 
processing are particularly vulnerable to aging (Babcock & Salthouse, 1990). More 
specifically, poorer performance on tests of executive control (Moscovitch & Winocur, 
1995) and inhibition of irrelevant information have been associated with increasing age 
(Hasher, Stoltzfus, Zacks, & Rypma, 1991; McDowd, 1997).  

In most studies on age-related cognitive differences, comparisons have been 
made between relatively ‘young’ adults (usually in their 20s), and ‘older’ people (typi-
cally older than 60 years). Only a limited number of studies have investigated age-
related cognitive changes in the pre-senescence, more specifically middle age, i.e. the 
age range between 30 and 65 years. Although this age range is often disregarded, it may 
be of particular interest because the first manifestations of age-related changes in ex-
ecutive functioning and general speed can be observed from as early as age 30 (Houx 
& Jolles, 1993; Houx et al., 1993; Houx et al., 1991a; Rabbitt, 1993). These early 
changes may reflect age-related structural changes in the prefrontal cortex, which have 
been first detected around the age of 35 years (Haug, 1985; Tisserand et al., 2002). 
Another reason why middle age might be of particular relevance for cognitive aging 
research is related to the variability in performance that appears to exist in this period 
(Willis & Schaie, 2005). There has been support for the hypothesis that so-called ‘age-
extrinsic factors’, such as education and sex, play a role in causing this variability (e.g., 
Van der Elst, Van Boxtel, Van Breukelen, & Jolles, 2005, 2006a, 2006b; Van der Elst, 
van Boxtel, Van Breukelen, & Jolles, in press; Van der Elst, Van Boxtel, Van Breuke-
len, & Jolles, in press). Accordingly, the factors ‘education’ and ‘sex’ should be re-
garded in any study that evaluates cognitive performance in middle-aged adults. Up till 
now, only limited research effort has been given to this issue. It is the aim of the pre-
sent study to evaluate cognitive performance and the effects of education and sex over 
the period of young adulthood to old middle age.   

With respect to earlier research into cognitive functioning and the modifying ef-
fects of education, there are strong indications that a high educational level attenuates 
age-related cognitive decline in older persons (Bosma, Van Boxtel, Ponds, Houx, & 
Jolles, 2003; Farmer, Kittner, Rae, Bartko, & Regier, 1995). Three large-scale studies 
examining the effects of education on age-related cognitive differences in a broad age 
range are worth mentioning in this context. Capitani, Barbarotto, &Laiacona (1996) 
studied 307 adults aged between 40 and 85 years. They found that age-related differ-
ences on tasks of visual attention and verbal memory were attenuated in higher edu-
cated individuals, but not on tasks of verbal fluency, spatial memory and non-verbal 
intelligence. Similar results were found in an earlier study by Heaton, Grant & Mat-
thews (1986) on 553 individuals aged 15 through 81 years: the performance decrement 
with age was smaller for higher educated people for two WAIS subtests (Picture Ar-
rangement and Block design) but no effects were found for the other subtests. Also 
the third study on 806 healthy people aged 16 through 85 (Ardila, Ostrosky-Solis, 
Rosselli, & Gomez, 2000) was consistent with the notion that higher educated subjects 
are characterized by less pronounced cognitive deterioration with age. A short neuro-
psychological battery was used in this study and effects were found on word recall (but 
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not on word recognition), motor performance, verbal fluency and digit span back-
wards. The general picture that emerges from these three studies is that the effect of 
education on age-related decrements in cognitive performance is indeed present, albeit 
not on all cognitive measures. These equivocal results may be due to the assessment of 
multiple cognitive domains. Conducting a more extensive assessment of a particular 
cognitive domain may yield more reliable results with respect to the attenuating effects 
of education.  

With respect to other age-extrinsic factors that might modify the effects of age, 
especially the factor ‘sex’ is noteworthy. Differential effects of sex on cognitive per-
formance have been well documented (Spreen & Strauss, 1998). Men tend to perform 
better on tests that involve manipulation of spatial relationships and on tests of simple 
motor speed, whereas women show advantages on tests of verbal abilities (Grant & 
Adams, 1996). However, few studies have examined the effect of sex on age-related 
differences in cognitive performance. Available studies primarily investigated age by 
sex interactions relating to verbal memory performance or spatial ability tasks. For 
example, Kramer, Yaffe, & Delis (2003) found that verbal memory declined with age 
in younger men but not in younger women (16-47 years), whereas both older men and 
older women (55-89 years) showed age-related decline. Herlitz, Nilsson, & Backman 
(1997) found no age by sex interactions on episodic and semantic memory tests. Fi-
nally, a meta-analysis by Meinz and Salthouse (1998) based on aggregated raw data 
from 25 studies demonstrated that the only significant interactions between sex and 
age were on measures of speed and reasoning and in the direction of smaller age-
related differences for men than for women. These results indicate that a more thor-
ough investigation of the interrelations among age, sex and information processing 
speed is warranted.  

An increase in our insight into the sources of variability in cognitive perform-
ance in middle age could be of importance for both theoretical and practical reasons. 
When education appears able to moderate the effects of age on performance, support 
would be obtained for the ‘cognitive reserve hypothesis’. Educational experience may 
provide reserve capacity in the form of a more elaborate set of basic skills or cognitive 
strategies (Stern, 2002). Cognitive reserve is thought to be due to more efficient infor-
mation processing in the brain, potentially through an increase in the efficiency of 
neurotransmission and the complexity of neuronal networks (e.g. Coffey, Saxton, Rat-
cliff, Bryan, & Lucke, 1999; Meguro et al., 2001). Apart from the theoretical issues 
related to education as a possible protective factor to increase cognitive reserve, practi-
cal relevance lies in the possibility to increase cognitive performance by educational 
interventions. These are of profound importance in relation to the ‘Lifelong Learning’ 
concept that is advocated through recent years (e.g., Collins, 2004; OECD, 2002). With 
respect to sex, finding a modifying effect on age-related differences would strengthen 
the notion that this factor is essential to take into consideration when evaluating effects 
of age on cognitive performance.  

In conclusion, strong evidence exists that the age-extrinsic factors ‘education’ 
and ‘sex’ have a substantial influence on cognitive performance in several domains 
(Van der Elst et al., 2005, 2006a, 2006b), but clear information is lacking with regard to 
age-related differences in the pre-senescence. Besides, more knowledge is needed with 
respect to the effects of education and sex on age differences within a cognitive do-
main. This is why the present study investigated whether age differences in informa-
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tion processing speed are dependent on educational level or sex. We restricted the 
study to individuals younger than 67 years of age. The age range between 24 and 67 
years was subdivided into three age groups to examine in which age interval interac-
tions with sex and education are manifested and when age differences become more 
pronounced. We focused on various aspects of general speed information processing 
because these functions appear to be crucial to cognitive efficiency (Roberts, Robbins, 
& Weiskrantz, 1998) and demonstrate the earliest age effects (West, 1996). The present 
study extends prior research in two important ways. First, we conduct a more extensive 
assessment of one particular cognitive domain, and second, we examine adults in the 
pre-senescence. 

METHODS 

Participants  

Data were derived from the Maastricht Aging Study (MAAS), a large-scale pro-
spective study of biological, psychological and socio-demographic determinants of 
cognitive aging (Jolles, Houx, Van Boxtel, & Ponds, 1995; Jolles, van Boxtel, Ponds, 
Metsemakers, & Houx, 1998). Participants in this study were drawn from a register of 
general practices (Metsemakers, Hoppener, Knottnerus, Kocken, & Limonard, 1992). 
MAAS involved 1823 participants aged between 24 and 81 years, who were stratified 
for age (12 classes, ranging from 25 ± 1, 30 ± 1, 35 ± 1,…., 80 ± 1 years), sex, and two 
levels of occupational achievement. Participants were without documented medical 
conditions known to interfere with normal cognitive functioning (e.g. dementia, mental 
retardation and cerebrovascular pathology). For the present study, cross-sectional data 
obtained at baseline from nine age groups involving 1469 healthy individuals between 
24 and 67 years of age were used.  

Independent variables 

Age was used as a categorical variable. In the present study, the nine discrete age 
classes were reduced to three age groups: young (24-37), young middle-aged (39-52), 
and old middle-aged (54-67). 

The level of education was assessed by classifying formal schooling according to 
a Dutch system (de Bie, 1987) which is comparable to the International Standard Clas-
sification of Education (UNESCO, 1976). Educational level was originally scored in 
eight ordinal categories, ranging from unfinished primary school to university educa-
tion. For the present study, education was recoded into three levels: low, primary edu-
cation and lower vocational education; intermediate, intermediate vocational education 
and general secondary education; and high, higher vocational education, higher general 
secondary education and university (Bosma et al., 2003).  The low level of education in 
the present study was equivalent to a maximum of 10 years of formal education. The 
intermediate level was equivalent to a minimum of 11 years and a maximum of 16 
years. The high level of education was equivalent to a minimum of 14 years of educa-
tion.  

In addition, sex was included as an independent variable. 
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Dependent variables 

Tests were chosen that have proven to be reliable and that have shown robust 
age effects (Houx, Vreeling, & Jolles, 1991b; Van der Elst et al., 2006b; Van der Elst et 
al., 2006c). 

The Stroop Color-Word Test (SCWT) (Stroop, 1935) is a test of selective atten-
tion (Van der Elst et al., 2006). The first card contains color names printed in black 
ink, which have to be read aloud. The second card contains rectangular patches, which 
have to be named by color. The last card displays color names printed in incongruously 
colored ink. Participants are instructed to name the ink colour of the printed words. A 
measure of general information processing speed was calculated as the mean time 
needed to complete card 1 and 2 (Stroop 1/2). A measure for interference was calcu-
lated as the time taken to complete the third card minus the mean of the time taken to 
complete the first two cards (Stroop interference). The amount of extra time needed to 
complete the third card reflects the ability to inhibit irrelevant but salient verbal infor-
mation. 

The Letter-Digit Substitution Test (LDST) is a modified version of the Symbol-
Digits-Modalities Test (Smith, 1968). This test measures the efficiency of processing in 
working memory (Van der Elst, 2006c). Individuals were instructed to copy numbers 
in cells that were indexed by a letter. The letter refers to nine letter / number combina-
tions at the top of the form. In the present study, the dependent variable (LDST) was 
the number of correctly copied numbers within 60 seconds. 

The Memory Scanning Test (MST) measures the speed of memory scanning 
processes (Brand & Jolles, 1987; Houx et al., 1991b). Two subtasks were used in the 
present study. The participants were instructed to memorize 1 letter in the first subtask 
and 2 letters in the second subtask. The letters had to be marked with a pencil as 
quickly as possible and without making errors on a sheet of A4 paper containing a 
matrix of 12 x 12 letters in a random pattern. Each subtask was presented on a sepa-
rate sheet. Two dependent variables were used in the present study. One was a meas-
ure of the speed of perceptual and motor responses represented by the time taken to 
complete the first subtask (MST intercept). The other was calculated as the completion 
time of the second subtask minus the completion time of the first subtask (MST slope) 
as a measure of the memory scanning process (Sternberg, 1975).  

Data analysis  

Differences in educational level and sex between three age groups were analyzed 
using Chi-square tests. A 3x3x2 analysis of variance was carried out on each cognitive 
variable in order to assess main effects of age (three groups), education (three levels) 
and sex and all possible interactions between these factors. Main effects of age and 
education were analyzed by post-hoc comparisons with Bonferroni correction, in 
which the alpha level was adjusted by dividing the standard value .05 by the number of 
comparisons. Three post-hoc comparisons were conducted between age groups (young 
vs young middle-aged, young vs old middle-aged, and young middle-aged vs old mid-
dle-aged) and three comparisons were conducted between levels of education (low 
versus intermediate, low versus high, intermediate versus high).  
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RESULTS 

The demographic characteristics of the study population are shown in Table 1. 
As expected because of the stratification procedure, the age groups were comparable 
with respect to sex. With respect to education it was found that the older persons had 
less education than the younger persons, χ2 (4) = 151.7, p < .01. 

With respect to the MST, data of individuals with more than two errors in the 
first subtask or more than four errors in the second subtask were excluded from the 
analysis. This criterion has been proposed to minimize a possible correlation between 
performance time and number of errors (Brand & Jolles, 1987). Data of 20 individuals 
(4.2%) in the youngest age group, 54 individuals (11.2%) in the intermediate age group, 
and 89 individuals (18.5%) in the oldest age group were not used.  

 
 

Table 1. Demographic characteristics of the study population. 
 

  Men  Women  

Age group Level of education N Mean age (SD) N Mean age (SD) 

24-37  low 40  32.4 (4.3)   37  30.3 (4.3) 

 intermediate 109  29.9 (4.0) 133  30.9 (4.3) 

 high 95  30.6 (4.4) 70  29.8 (4.2) 

39-52  low 65  45.1 (3.9) 82  46.6 (3.9) 

 intermediate 101  46.4 (4.0) 120  44.5 (4.1) 

 high 76  44.7 (4.0) 50  45.9 (4.0) 

54-67  low 104  60.7 (4.2) 148  60.6 (4.4.) 

 intermediate 97  60.8 (4.2) 74  60.4 (4.1) 

 high 48  59.9 (4.4) 19  60.0 (3.9) 
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Figure 1. Mean performance on Stroop 1/2 and Stroop interference as a function of 
age and sex (A and C) and age and educational level (B and D). Error bars represent 
standard errors of the mean. 
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Figure 2. Mean performance on LDST as a function of age and sex (A) and age and 
educational level (B). Error bars represent standard errors of the mean. 

 
In Figures 1, 2 and 3, the mean performances on respectively the SCWT, LDST 

and MST are presented per age group, educational level and sex. Table 2 presents main 
effects and interaction effects of age, education, and sex. Main effects of age were 
found on all variables, indicating that the younger persons outperformed the older 
persons. Post-hoc comparisons (Table 3) showed that all pairwise differences between 
the three age groups were statistically significant, except for MST slope: the two 
youngest age groups (24-37 and 39-52 years) did not differ significantly in respect to 
this measure. Regarding the other cognitive variables, absolute mean differences were 
also larger between the two oldest age groups (39-52 and 54-67) than between the two 
youngest age groups, suggesting that effects of age were stronger at older ages. 

Main effects of education were also found on all variables, indicating that higher 
educated persons performed better than persons with a low educational level. Post-hoc 
comparisons (Table 3) showed significant differences between the intermediate and 
high levels of education on Stroop 1/2, LDST and MST intercept. No differences 
were found between these levels on Stroop interference and MST slope. For all cogni-
tive variables, absolute mean differences were larger between the low and intermediate 
educational level than between the intermediate and high level of education. A statisti-
cally significant interaction between education and age was found for LDST. There 
was no difference between individuals with an intermediate or high level of education 
in the youngest age group, but in the two other age groups the highly educated indi-
viduals outperformed those with an intermediate level of education. 

Sex appeared to have a significant main effect on Stroop 1/2, Stroop interfer-
ence, MST slope and LDST. This indicates that women outperformed men on all vari-
ables except on MST intercept. Statistically significant interactions between age and sex 
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were found for LDST and MST intercept. For LDST, women outperformed men in 
the youngest age group, but in the middle-age group this advantage was reduced and 
even reversed into a disadvantage in the oldest age group. As for MST intercept, the 
advantage of women in the youngest group was not present in the middle-aged groups. 
No education by sex or age by education by sex interactions were found.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Mean performance on MST slope and MST intercept as a function of age 
and sex (A and C) and age and educational level (B and D). Error bars represent stan-
dard errors of the mean. 
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Table 2. F-values (df) and partial η2 of main effects and interactions with age.  
 

  A η2 E η2 S η2 A × E η2 A × S η2 

Stroop 1/2 25.8** 
(2, 1415) 

0.03 57.9** 
(2, 1415) 

0.07 10.4** 
(1, 1415) 

0.006 0.57 
(4, 1415) 

 0.40 
(2, 1415) 

 

Stroop 
Interference 

52.3** 
(2, 1415) 

0.06 50.7** 
(2, 1415) 

0.06 17.96** 
(1, 1415) 

0.01 
 

1.13 
(4, 1415) 

 2.04 
(2, 1415) 

 

LDST 144.3** 
(2, 1430) 

0.12 106.6** 
(2, 1430) 

0.09 9.11** 
(1, 1430) 

0.004 3.54** 
(4, 1430) 

0.006 7.15** 
(2, 1430) 

0.006 

MST slope 4.12* 
(2, 1253) 

0.006 4.67** 
(2, 1253) 

0.007 4.83* 
(1, 1253) 

0.004 2.14 
(4, 1253) 

 0.062 
(2, 1253) 

 

MST  
intercept 

56.22** 
(2, 1253) 

0.07 33.53** 
(2, 1253) 

0.04 0.59 
(1, 1253) 

 0.56 
(4, 1253) 

 4.93** 
(2, 1253) 

0.006 

Notes: * = p < .05; ** = p < .01. 
A = Age, S = sex, and E = education. 
 
 
 
Table 3. Post-hoc contrasts in mean differences (SE) between age groups and educa-
tional levels.  

 

  1-21 1-31 2-31 

Stroop 1/2 Age -1.7** (0.5) -5.8** (0.5) -4.2** (0.5) 

 Education 4.9** (0.4) 6.8** (0.5) 1.9** (0.5) 

Stroop interference Age -4.8** (0.9) -15.1** (0.9) -10.4** (0.9) 

 Education 11.1** (0.9) 13.4**(1.0) 2.3 (1.0) 

LDST Age 3.7** (0.4) 9.4** (0.4) 5.7** (0.4) 

 Education -6.5** (0.4) -8.4** (0.4) -1.9** (0.4) 

MST slope Age -0.4 (0.3) -1.6** (0.4) -1.1** (0.4) 

 Education 1.0 (0.3) 1.4** (0.4) 0.4 (0.4) 

MST intercept Age -0.9**(0.3) -4.4** (0.3) -3.5** (0.3) 

 Education 3.3** (0.3) 4.1** (0.3) 0.8 (0.3) 

Notes: ** = p < .01 
1 : for age group: 1 = 24-37, 2 = 39-52, 3 = 54-67, and for level of education: 1 = low, 2 = intermediate, 3 
= high  
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DISCUSSION 

The study reported here evaluated the influence of age, education, and sex and 
their interactions on the performance of information processing tasks in a large popu-
lation of 1469 healthy subjects aged from 24 to 67. Performance was negatively af-
fected by older age, a lower educational level and male sex. A high educational level 
reduces age differences on Letter Digit Substitution. Furthermore, women perform 
better than men on Letter Digit Substitution and the Memory Scanning Task at a 
younger age, but this sex difference was absent in persons older than 54 years.  

The age-related differences found in this study are consistent with previous re-
ports of age effects on the speed of information processing (Joy, Fein, Kaplan, & 
Freedman, 2000; Kail & Salthouse, 1994), but extend earlier findings in that we found 
differences already between a young and young middle-aged group. The mean differ-
ences in performance between the middle-aged and old groups were substantially 
larger than those between the young and middle-aged groups suggesting that age-
related differences become more pronounced with age. Age had a differential effect on 
the measures of information processing speed. With respect to SCWT, the variance 
explained by age was larger for the Stroop interference task than for the Stroop 1/2 
task. This suggests that resistance to interference may be more sensitive to age effects 
than general information processing speed, which is consistent with earlier studies that 
showed that inhibitory functions in particular are compromised by aging (Connelly, 
Hasher, & Zacks, 1991; Hasher & Zacks, 1988; Van Hooren et al., 2005). With respect 
to differential effects of age on the two measures of the MST, it was found that the 
variance in MST slope explained by age was relatively small compared with that in 
MST intercept. Strayer, Wickens, & Braune (1987) also found a substantial slowing in 
non-scanning stages, i.e., perceptual encoding, response criterion adjustment and re-
sponse execution with age (20 to 65 ) and a less pronounced slowing in memory scan-
ning speed. Thus basic speed seems to be more vulnerable to negative effects of age 
than memory scanning speed.  

 Education had a profound influence on all cognitive scores. It is noteworthy 
that the mean differences in performance between the groups with a low or an inter-
mediate level of education were substantially larger than those between the groups with 
an intermediate or a high level of education. Assuming equal distances between the 
education categories used, this suggests that particularly being member of the ‘low 
education' category might be a risk factor or vulnerability factor. This substantiates the 
notion put forward by Ardila (1998) that education does not have a linear effect on 
neuropsychological test performance, i.e. differences between educational levels are 
larger among the lower educational levels than among the higher education levels. Van 
Hooren et al. (2005) found that participants in the Maastricht Aging Study older than 
65 and with a low level of education performed worse on several cognitive tests than 
persons with a middle or high level of education, whereas there was no difference 
between middle and high educational levels. This again suggests that a low educational 
level may be also a risk factor for poor cognitive performance, in this case in later 
adulthood.  

Concerning the age by education interaction on LDST, no difference was found 
between the young and young middle-aged groups in the most highly educated group, 
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whereas a difference was found in the least educated groups. This indicates that age 
differences that occur early in the course of aging are smaller among those with the 
highest level of education. This pattern was not found for the other cognitive variables, 
which indicates that the protective effect of education depends on the cognitive func-
tion tested. A possible explanation for this differential effect of education may be that 
education could provide the participant with a repertoire of cognitive strategies that 
can be used to compensate for the negative effects of age on cognitive processes 
(Stern, 2002). Because the responses generated in the LDST are supposed to draw 
upon multiple cognitive processes, including visual scanning, working memory, mental 
flexibility, sustained attention, and psychomotor speed (Lezak, 1995; Van Hoof, 
Jogems-Kosterman, Sabbe, Zitman, & Hulstijn, 1998), compensatory cognitive strate-
gies may be more readily recruited in the execution of the LDST than when perform-
ing on the SCWT and MST, which draw on a more narrow range of cognitive proc-
esses.  

With respect to the effects of sex, it was found that women had an overall better 
performance than men regarding the cognitive measures used in the current study. The 
existing literature on sex differences in Stroop performance is equivocal, with some 
studies observing sex differences in favor of women (Golden, 1974; Martin & Franzen, 
1989) and others finding no difference (Houx et al., 1993; Trennery et al, 1989; Stroop, 
1935; Swerdlow et al., 1995). With respect to previous studies concerning sex differ-
ences on the Symbol Digit Modalities Task, of which the LDST is an adaptation, it has 
been reported before that women outperform men (Polubinski & Melamed, 1986; 
Yeudall, Fromm, Reddon & Stefanyk, 1986). Concerning the MST, this is the first 
study we know of that addresses sex differences with regard to this particular task. The 
present study clearly demonstrated that women tend to outperform men in a large 
population-based sample younger than 67 years. 

 With respect to age x sex interactions, it was found that the initial advantage of 
women in the youngest age group disappeared in the middle and oldest age groups on 
the MST intercept and LDST. This is in accordance with the study by Van Hooren (in 
press) in which no effects of sex on information processing tasks were found in par-
ticipants in the Maastricht Aging Study older than 65. These interactions may be asso-
ciated with sex-linked hormonal changes. Experimental studies and prospective obser-
vational studies indicate that estrogen supports cognitive functioning in women 
(Carlson & Sherwin, 1998, Portin et al., 1999; Sherwin, 1998, 1999). Estrogen levels 
drop dramatically in women after the menopause (Jack et al., 1998). This would explain 
why the initial advantage of women in the youngest age group disappeared at older 
ages on MST intercept and LDST. The absence of this interaction effect on the SCWT 
could be explained by the notion that LDST and MST intercept are supposed to draw 
more on working memory than the SCWT (Lezak, 1995) while estrogen particularly 
may enhance performance on working memory tasks (Keenan, Ezzat, Ginsburg, & 
Moore, 2001). 

In conclusion, the findings provide evidence that age-related differences in in-
formation processing occur already in young middle age, and become larger from mid-
dle age onward. Education and sex have a profound influence on measures of informa-
tion processing speed and affect age-related cognitive differences. A high educational 
level has been identified as a protective factor in reducing age-related differences on 
LDST (efficiency of processing in working memory) until approximately 50 years of 
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age. Furthermore, women perform better than men on LDST and MST intercept 
(speed of perceptual and motor responses) at a younger age, but this sex difference is 
absent in older age groups. In other words, age differences in performance on these 
measures are larger in women than in men. The overall findings suggest that the effects 
of education and sex on age-related cognitive deterioration in the pre-senescence are 
quite substantial.  
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CHAPTER 3 

Are age differences in verbal learning related 
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ABSTRACT 

In light of Baddeley’s (2003) working memory model in which verbal in-
formation is held in a phonological store for 1 to 2 seconds, the present 
study investigated the effects of a narrow range of interstimulus intervals 
(ISI, 1, 2, or 3 s) on word-learning performance in relation to age and edu-
cation. Individuals (N = 338) from four age groups (24-76 years) with low 
or high educational attainment were randomly assigned to one of three ISI 
conditions. Performance was adversely affected by higher age, lower edu-
cation, and shorter ISI, but age differences in performance were not af-
fected by ISI. Furthermore, lower educated individuals needed more time 
to achieve the same performance level as higher educated individuals. 
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Age-related memory deficits are consistently found when adults are presented 
with a list of words to learn and recall (see for review, Kausler, 1994). Several explana-
tions for these age-related performance decrements have been proposed, including the 
views that poorer memory performance in old age arises from inefficient use of encod-
ing and retrieval strategies, from failures in metamemory, from defective semantic 
encoding, and/or from failures in deliberate recollection (Light, 1991). An influential 
explanation for these age-related deficits is that performance on word-learning tasks is 
strongly dependent on processing resources that decline with age, such as working 
memory efficiency (Babcock & Salthouse, 1990; Jenkins, Myerson, Hale, & Fry, 1999), 
processing speed (Salthouse, 1996), and inhibitory mechanisms (Hasher & Zacks, 
1988).  

A method used in earlier studies to enhance word-learning performance in older 
adults involved increasing the available learning time (Craik & Rabinowitz, 1985; Rabi-
nowitz, 1989; Verhaeghen et al., 1998; Wahlin et al., 1995). This was realized by in-
creasing the presentation time of the words, but also by increasing the interstimulus 
interval (ISI), which is the interval between the disappearance and arrival of two con-
secutive words. In the aforementioned studies, recall of different age groups in condi-
tions in which the presentation time was prolonged, was compared with recall in con-
ditions with shorter presentation times. Craik and Rabinowitz (1985) for instance 
conducted an experiment with a young group (mean age = 20 years) and an old group 
(mean age = 68 years) in which presentation time was increased from 1.5 to 6 s. Rabi-
nowitz (1989) compared a young group (mean age = 20 years) and an old group (mean 
age = 66 years) using two presentation times (5 s and unlimited). Increased presenta-
tion times were expected to compensate for the slower processing rate of older indi-
viduals. However, no evidence was found that the age-related recall deficit was allevi-
ated with an increased presentation time. In fact, there was some indication for the 
opposite: age differences actually increased when the presentation time was longer. 
That is, older adults appeared to profit less from an increased presentation time (Craik 
& Rabinowitz, 1985; Rabinowitz, 1989). These findings have been attributed to age-
related deficits in the spontaneous use of encoding strategies and organizational proc-
esses that facilitate the encoding of the to-be-learned words (Davis et al., 2003; 
Verhaeghen & Marcoen, 1994; Witte, Freund, & Brown-Whistler, 1993; Witte, Freund, 
& Sebby, 1990). Because organization and strategy use are generally considered effort-
ful and time-consuming by requiring deeper levels of processing (Craik & Rabinowitz, 
1985), they might be suppressed by short presentation times and ISIs (Hertzog, Dun-
losky, & Robinson, 2004), both in younger and older individuals. This would mean that 
the deficits in encoding strategies and organizational processes seen in older adults 
would only become apparent with a longer study time (Craik & Rabinowitz, 1985).  

The aforementioned studies (Craik & Rabinowitz, 1985; Rabinowitz, 1989; Ver-
haeghen et al., 1998; Wahlin et al., 1995) compared small samples of extreme age 
groups on rather broad ranges of presentation times (1.5, 3, and 6 s; 5 s and unlimited 
study time; 0.6 up to 10 s; 2 and 5 s). In light of Baddeley’s working memory model , in 
which verbal information is held in a phonological store for 1 to 2 seconds before it 
fades, it may be more relevant to use presentation times and ISIs that vary by a few 
seconds. Thus, increasing ISI within a range of a few seconds might support the 
phonological store of working memory by providing the opportunity for more re-
hearsal. Since older adults rehearse a smaller number of different words than younger 
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adults, and their rehearsals are less widely distributed throughout a word-learning list 
(Ward & Maylor, 2005), this form of support might be especially beneficial for older 
adults. Therefore, one purpose of the present study was to investigate the effects of a 
narrow range of ISIs (1 to 3 s) on age differences in word-learning performance. A 
second purpose of this study was to assess consecutive age groups, including middle-
aged groups, in order to detect possible age by ISI interactions early in the course of 
aging. The above-mentioned studies did not include people between 20 and 60 years of 
age, even though this range is especially interesting: The first manifestations of age-
related cognitive changes (Houx, Jolles, & Vreeling, 1993) and brain changes (Haug, 
1985; Tisserand et al., 2002) are detectable from 30 years onward. In contrast to previ-
ous studies, we used a large population-based sample in order to increase statistical 
power and to be able to generalize findings. 

The final purpose of the present study was to examine how education affects 
performance when different ISIs are used. Previous research has noted that word-
learning performance is affected by formal education in that higher educated individu-
als perform better than those with less education (e.g., Van der Elst, Van Boxtel, Van 
Breukelen, & Jolles, 2005). Moreover, since high education has been shown to reduce 
age-related cognitive decline (e.g., Bosma, Van Boxtel, Ponds, Houx, & Jolles, 2003), 
age-related changes in verbal learning may be smaller in higher educated individuals. 
There are several arguments to support the notion that there is such a protective effect 
of education. First, continuous mental stimulation associated with a high level of edu-
cation may have a positive effect on neuronal growth and the complexity of neural 
networks (Coffey, Saxton, Ratcliff, Bryan, & Lucke, 1999). Second, the highly educated 
are more likely to have an active and healthy lifestyle associated with a smaller risk of 
cognitive dysfunction (Gold et al., 1995). Finally, educational experience may provide 
cognitive reserve in the form of a more elaborate set of basic skills or cognitive strate-
gies (Stern, 2002). For instance, education may stimulate the use of semantic and other 
encoding strategies, which are involved in verbal learning. In light of this hypothesized 
protective effect of education on verbal learning, an interesting issue is whether educa-
tion influences the ability to use longer ISIs to improve recall performance. As men-
tioned above, a longer study time provides more opportunities for organization and 
strategy use, and higher educated individuals may make better use of this opportunity 
than those with less education. A better use of longer study times by higher educated 
individuals has been corroborated in very old adults of over 75 years of age (Hill, 
Wahlin, Winblad, & Backman, 1995), but has not been investigated in younger age 
cohorts. Moreover, ISIs within a range of 1 to 3 seconds have not been used in 
younger, adjacent age groups. 

METHODS 

Participants 

Participants in this study were recruited from the Registration Network of Fam-
ily Practices (Metsemakers, Hoppener, Knottnerus, Kocken, & Limonard, 1992) and 
took part in the Maastricht Aging Study (MAAS). This prospective study of the bio-
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logical and socio-demographic determinants of cognitive aging involves 1823 healthy 
subjects aged 24-81 years. Participants were stratified by age (12 classes; ranging from 
25 ± 1, 30 ± 1, 35 ± 1,….,80 ± 1 years), sex, and level of occupational achievement 
and were without documented medical conditions known to interfere with normal 
cognitive functioning (e.g. dementia, mental retardation, and cerebrovascular pathol-
ogy) at intake. The aim, population characteristics, and design of MAAS have been 
reported elsewhere (Jolles, Houx, Van Boxtel, & Ponds, 1995; Van Boxtel et al., 1998). 
In the current experiment, cross-sectional data obtained at baseline between 1993 and 
1996 were used of 338 healthy individuals aged 24-77 years.  

Design 

A cross-sectional design was chosen with four consecutive age groups and two 
educational levels. The Visual Verbal Learning Test (VVLT) was used to measure 
memory performance. The participants were randomly assigned to one of three ISI 
conditions (1, 2, or 3 s). ISI, defined as the duration in seconds between the disappear-
ance of one word and the arrival of the next word, was used as a between-subject vari-
able in order to avoid carry-over effects due to repeated testing, such as practice effects 
and interference between multiple word lists.  

Measures 

Demographi c var iable s  
Age was used as a categorical variable. In the present study, eleven discrete age 

classes were collapsed into four age groups: young (24-37 years), young middle-aged 
(39-51 years), old middle-aged (54-66 years), and old (69-77 years).  

Level of education was assessed by classifying formal schooling in a system of-
ten used in the Netherlands (de Bie, 1987), which is comparable with the International 
Standard Classification of Education (UNESCO, 1976). Educational level was origi-
nally scored in eight ordinal categories, ranging from unfinished primary school to 
university education. For the present study, education was recoded into two levels 
according to the median level in the Dutch population (Mares, 2004). The first level 
was defined as “low,” and included primary education, technical and vocational train-
ing for 12 to 16 year-olds, and intermediate secondary education.  The second level 
was defined as “high,” and included technical and vocational training for those 16 to 
18 year-olds, secondary education, technical and vocational training for those 18 years 
and older, higher secondary education, and university training. In this study, a low level 
of education was equivalent to a maximum of 12 years formal education, and a high 
level was equivalent to a minimum of 13 years.  

Verbal intelligence was measured with the 20-item multiple-choice subtask ‘Vo-
cabulary’ of the commonly used Groningen Intelligence Test (Luteijn & Van der 
Ploeg, 1983) in which the participant was asked to indicate which of five alternative 
words was exactly synonymous with a given word. The Groningen Intelligence Test 
that was developed in 1963, is the most prevalent test of formal IQ in the Netherlands, 
and is highly correlated with other IQ tests. 
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Task  and  d epend en t var iable s  
The Visual Verbal Learning Test (VVLT) measures intentional learning and ver-

bal memory (Brand & Jolles, 1985). This test is a revised version of a test originally 
devised by Rey (1964). A list of fifteen words was constructed using a pool of 410 
monosyllabic words in the Dutch language. Only common words were selected which 
are acquired early in life (before age 6) and refer to concrete objects such as crown, 
bear, and tree. The words were presented one after another at the center of a computer 
screen. Participants were instructed to memorize them. The words were in lowercase 
letters of a Times New Roman font and 20 mm in height. They were presented at a 
rate of 1 word per second, and depending on which ISI condition participants were 
allocated to, the next word was presented 1, 2, or 3 s after the disappearance of the 
previous word. After presentation, the participant was asked to recall as many words as 
possible in any order. This procedure of memorizing and recalling was conducted five 
times with the same words presented in the same order. When the fifth trial was com-
pleted, a fixed battery of other cognitive tests was administered for about 20 minutes. 
These tests (including the signal detection and line bisection test) did not involve the 
learning of verbal material in order to avoid interference with the previously learned 
VVLT words. After the delay – and unexpectedly for the participants – delayed recall 
was measured. The following dependent variables were used in the present study: The 
number of words recalled after the first presentation of the fifteen words was desig-
nated as trial 1 and was used as a measure of short term memory (Vakil & Blachstein, 
1993).  Van der Elst and colleagues (2005) have shown that the increase in the number 
of words recalled over the first three learning trials of the VVLT is especially pro-
nounced and appears to be a more reliable indicator of immediate recall than are the 
data collected over five trials. The total number of words recalled over the first three 
trials, therefore, were used as a measure of immediate recall (Van der Elst et al., 2005). 
The number of words recalled after 20 min were used as a measure of delayed recall. 

RESULTS 

The characteristics of the study population are provided in Table 1. Because of 
the stratification procedure, the various age groups were comparable with respect to 
sex. Although the proportion of individuals in the low educational group increased 
with age, χ2(3) = 24.3, p < .001, the four age groups did not have significantly different 
vocabulary scores. The vocabulary scores were significantly different for the two levels 
of education: F(1, 328) = 72.0, p < .01 (means were 12.2 and 14.9 for low and high 
education, respectively).  
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Table 1. Characteristics of the participants by age group  
 

 Young Young  
middle-aged 

Old  
middle-aged 

Old 

N 90 93 89 66 

Age: mean (SD)  30.5 (4.3) 45.5 (4.1) 60.3 (4.2) 72.8 (2.6) 

Male/Female ratio: N 44/46 46/47 47/42 36/30 

Low/high education: N 33/57 44/49 62/27 42/23 

Educational level: mean (SD) 4.2 (1.8) 3.9 (1.9) 2.9 (1.6) 3.0 (1.8) 

Vocabulary (SEM) 13.1 (.3) 13.7 (.3) 13.8 (.3) 13.7 (.4) 

 
Three full factorial analyses of covariance were carried out on performance in 

the first trial, immediate recall, and delayed recall of the VVLT, in order to assess ef-
fects of age, ISI and education. In addition, a repeated measures analysis of variance 
was used to assess group differences across the first three trials of the VVLT. Sex was 
included as a covariate.  

The assumptions of ANOVA (homoscedasticity and normal distribution of the 
residuals) were tested for each dependent variable. Homoscedasticity was evaluated by 
visual inspection of the scatter plots of the residuals against the predicted values. 
Normal distribution of the residuals was checked by visual inspection of the histo-
grams and the normal probability plots.  

Effects of age and ISI on word-learning performance 

In Figure 1, the mean number of words recalled on trial 1, immediate recall, and 
delayed recall is presented per age group and ISI. Main effects of age were found on all 
dependent measures, indicating that the younger individuals outperformed the older 
individuals: trial 1, F(3, 309) = 15.2, p < .01 (means were 6.7, 6.0, 5.4, and 4.6 for each 
consecutive age group, respectively); immediate recall, F(3, 309) = 23.5, p < .01 (means 
were 28.4, 26.2, 24.8, and 20.8); and delayed recall, F(3, 309)= 20.5, p < .01 (means 
were 11.9, 10.5, 10.3, and 8.1). Main effects of ISI were also found on all dependent 
measures, indicating that people had a better performance with a longer ISI than with a 
shorter ISI: trial 1, F(2, 309) = 12.1, p < .01 (means were 5.0, 5.7, and 6.3, for 1 s, 2 s, 
and 3 s, respectively); immediate recall, F(2, 309) = 26.2, p <.01 (means were 22.3, 
25.2,and 27.7); and delayed recall, F(2,309) = 21.4, p < .01 (means were 8.8, 10.3, and 
11.5). No age by ISI interactions were found, indicating that the age-related differences 
in performance did not change as the ISI increased. In addition, no age by trial or ISI 
by trial interactions were found. 
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Figure 1. Mean performance on trial 1 (A), immediate recall (B), and delayed recall (C) 
as a function of ISI and age. Error bars represent standard errors of the mean. 

Effects of education on word-learning performance 

In Figure 2, the mean number of words recalled on trial 1, immediate recall, and 
delayed recall is presented per age group and educational level. Main effects of educa-
tion were found on all dependent measures, indicating that higher educated people 
performed better than lower educated people: trial 1, F(1,309) = 11.1, p < .01 (means 
were 5.3 and 6.0 for low and high education, respectively); immediate recall, F(1,309) = 
15.2, p < .01 (means were 23.8 and 26.3); and delayed recall, F(1,309) = 11.1, p < .01 
(means were 9.6 and 10.8). A statistically significant interaction was found between 
education and age on delayed recall, F(3, 309) = 3.0, p = .03. Comparison of the per-
formance of the two educational levels per age group showed that the higher educated 
individuals outperformed the lower educated individuals only in the old middle-aged 
group, F(1, 81) = 19.5, p < .01.  

Figure 3 shows the mean number of words recalled on trial 1, immediate recall, 
and delayed recall presented per ISI condition and educational level. There was a trend 
toward a significant interaction effect of education and ISI on delayed recall, F(2, 309) 
= 2.8, p = .06. Repeated contrasts per educational level showed that the higher edu-
cated individuals performed significantly better with an ISI of 2 s than with an ISI of 1 
s, difference = -2.3, p < .01, whereas the lower educated individuals did not. The re-
verse was seen with an ISI of 2 s or 3 s: the lower educated individuals performed 
significantly better with an ISI of 3 s than with an ISI of 2s, whereas the higher edu-
cated individuals did not, difference = -1.96, p  < .01. No age x ISI x education and 
education by trial interactions were found. 
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Figure 2. Mean performance on trial 1 (A), immediate recall (B), and delayed recall (C) 
as a function of education and age. Error bars represent standard errors of the mean. 

 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
 
 
Figure 3. Mean performance on trial 1 (A), immediate recall (B), and delayed recall (C) 
as a function of ISI and education. Error bars represent standard errors of the mean. 
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DISCUSSION 

The first purpose of this study was to investigate whether differences in recall 
between consecutive age groups change as ISI increases. The second purpose was to 
examine the modifying effects of education. We found that older adults performed 
worse than younger individuals on a word-learning task and that even a small change in 
ISI from 1 to 3 s resulted in better performance in all age groups. This finding indi-
cates that the method used here to provide cognitive support was effective. This may 
suggest that increasing ISI within a range of a few seconds supports the working-
memory store, possibly by providing the opportunity for more rehearsal. Another 
explanation may be that the 3 sec group had more total time to learn the words than 
the 1 sec group. However, there was no age by ISI interaction. We thus found no evi-
dence that an increased ISI compensates for the slower processing rate of older indi-
viduals. A close examination of the literature reveals that earlier research involving 
tasks that required the learning of single words also failed to find evidence for a reduc-
tion in the recall deficit with increasing study time (Craik & Rabinowitz, 1985; Rabi-
nowitz, 1989; Verhaeghen et al., 1998; Wahlin et al., 1995). We therefore suggest that 
while increasing the time available to process the words leads to better performance in 
all age groups, it does not affect the age-related differences in performance.  

A possible explanation for this conclusion may be sought in the simultaneity 
mechanism, proposed by Salthouse (1996) to be responsible for the relation between 
processing speed and age-related changes in memory. This mechanism operates when 
slow processing in older adults reduces the amount of simultaneously available infor-
mation needed for higher processing, such as encoding, elaboration, integration, and 
abstraction. A key assumption of the simultaneity mechanism is that the availability of 
information decreases over time as a function of either decay or displacement. 
Salthouse assumed this mechanism to occur regardless of the amount of time allowed 
for processing, because the critical limitations are based on processing speed rather 
than on the relation between processing speed and external (i.e., ISI) factors. In other 
words, increasing the ISI does not compensate for the effects of the simultaneity 
mechanism. 

The results presented here indicate that age differences in performance do not 
change when ISI increases. This is in contrast with the findings of two previous studies 
with relatively small sample sizes, which revealed that age differences in performance 
actually increased with longer presentation times (Craik & Rabinowitz, 1985; Rabinow-
itz, 1989). They also found that both age groups recalled more words under optimal 
study conditions, but that the improvement was greater for the young adults. There are 
several possible explanations for the differences between the current findings and the 
findings of these earlier studies. For example, the earlier studies used extreme age 
groups and rather broad ranges of presentation times. Under these conditions, age by 
study time interactions are more likely to be found than when consecutive age groups 
and a relatively narrow range of intervals are investigated. A related explanation has to 
do with differences in the length of the study times. In the previous studies, the larger 
age differences in performance seen with longer presentation times were attributed to 
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deficits in older adults with respect to organizational processes and the use of encoding 
strategies. With increasing ISI, young adults are supposed to organize and elaborate on 
the material more effectively than older adults. We used a maximum ISI of 3 s, which 
may not be long enough to enable younger people to use elaborated learning strategies. 
The currently used ISI range may provide a different form of support in providing the 
opportunity for more articulatory rehearsal which might be equally efficient in younger 
and older adults in contrast to more elaborated learning strategies which might be 
more efficient in younger adults than in older adults. Age differences in performance 
may become more pronounced only under conditions in which the ISI is relatively 
long (more than 3 s) when younger people have enough opportunity to use learning 
strategies such as organizational processing.  

The second purpose of the present study was to examine whether higher edu-
cated individuals benefit more from longer ISIs than lower educated individuals. We 
found that participants with a high level of education recalled more words than partici-
pants with a low level of education in all age groups. Moreover, the higher educated 
participants showed an additional advantage on delayed recall relative to the lower 
educated people in the old-middle aged group (mean age of 60 years). However, this 
additional advantage may reflect the slightly deviating demographic characteristics of 
this age group. This age group had the lowest level of education yet the highest vo-
cabulary score. Furthermore, it was the most imbalanced in sample size between low 
versus high levels of education. 

  The higher educated people recalled significantly more words when the ISI was 
increased from 1 s to 2 s, whereas the lower educated persons did not. The reverse was 
observed when the ISI was increased from 2 s to 3 s. This may indicate that higher 
educated persons use rehearsal effectively already at 2 s, while lower educated persons 
need more study time (i.e., at least 3 s) to use this kind of activity effectively. Notewor-
thy, this effect was only observed in delayed recall, which was measured 20 minutes 
after the last learning trial. Thus, the benefit of rehearsal in higher educated persons 
may be only expressed when information has been consolidated into long-term mem-
ory. A possible explanation might be that mainly elaborative rehearsal, a process that 
leads to an increase in the depth at which a word is encoded, and as such long-term 
learning (Woodward, Bjork, & Jongeward, 1973), is better in higher than in lower edu-
cated persons. In contrast, maintenance rehearsal, which holds information without 
transforming it into a deeper code, and as such does not lead to long-term learning 
(Woodward et al., 1973), may not differ between low and high- educated persons. 
After all, formal schooling involves and therefore may enhance mainly long-term learn-
ing, which is dependent on elaborative rehearsal, rather than that it enhances the main-
tenance of information in short-term memory only, which is dependent on rote re-
hearsal. To our knowledge, only one study addressed the relationship between 
education and study time before (Hill et al., 1995). In this study of individuals older 
than 75 years, it was found that education predicted performance better in a long pres-
entation time condition than in a short presentation time condition. In other words, 
educational level determines the ability to use study time. We found this to be true for 
an ISI range within 3 s, whereas the previous study investigated an ISI range within 5 s. 
Despite this difference, our findings confirm in younger persons the phenomenon that 
was found in very old adults. 
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In conclusion, older adults do not improve more than younger adults when the 
ISI is increased. Thus, increasing the ISI to provide older adults a way to compensate 
for a slower processing rate is not effective in the sense that it does not reduce the 
performance gap between the age groups. Furthermore, education has a profound 
influence on word-learning performance. Interestingly, education also influences the 
ability to use longer ISIs to enhance performance in such a way that lower educated 
people need more study time to achieve the same level of performance as higher edu-
cated individuals. This suggests that lower educated people need more time to memo-
rize verbal information in daily life.  

REFERENCES 

Babcock, R. L., & Salthouse, T. A. (1990). Effects of increased processing demands on age differences in 
working memory. Psychology and Aging, 5, 421-428. 

Baddeley, A. (2003). Working memory: looking back and looking forward. Nature Reviews Neuroscience, 4, 
829-839. 

Bosma, H., Van Boxtel, M. P., Ponds, R. W. H. M., Houx, P., & Jolles, J. (2003). Education and age-related 
cognitive decline: the contribution of mental workload. Educational Gerontology, 29, 1-9. 

Brand, N., & Jolles, J. (1985). Learning and retrieval rate of words presented auditorily and visually. The 
Journal of General Psychology, 112, 201-210. 

Coffey, C. E., Saxton, J. A., Ratcliff, G., Bryan, R. N., & Lucke, J. F. (1999). Relation of education to brain 
size in normal aging: implications for the reserve hypothesis. Neurology, 53(1), 189-196. 

Craik, F. I. M., & Rabinowitz, J. C. (1985). The effects of presentation rate and encoding task on age-
related memory deficits. Journal of Gerontology, 40, 447-454. 

Davis, H. P., Small, S. A., Stern, Y., Mayeux, R., Feldstein, S. N., & Keller, F. R. (2003). Acquisition, recall, 
and forgetting of verbal information in long-term memory by young, middle-aged, and elderly indi-
viduals. Cortex, 39, 1063-1091. 

de Bie, S. E. (1987). Standaardvragen 1987: Voorstellen voor uniformering van vraagstellingen naar acher-
grondkernmerken en interviews [Standard questions 1987: Proposal for uniformisation of questions 
regarding background variables and interviews]. (2nd ed.). Leiden, The Netherlands: Leiden Univer-
sity Press. 

Gold, D. P., Andres, D., Etezadi, J., Arbuckle, T., Schwartzman, A., & Chaikelson, J. (1995). Structural 
equation model of intellectual change and continuity and predictors of intelligence in older men. 
Psychology and Aging, 10, 294-303. 

Hasher, L., & Zacks, R. (1988). Working memory, comprehension, and aging: a review and a new view. The 
Psychology of Learning and Motivation, 22, 193-225. 

Haug, H. (1985). Are neurons of the human cerebral cortex really lost during aging? A morphometric 
examination. In W. Gispen, H. (Ed.), Senile dementia of the Alzheimer type (pp. 150-163). New York: 
Springer-Verlag. 

Hertzog, C., Dunlosky, J., & Robinson, A. E. (2004). Rapid pacing suppresses strategy use in associative learning. 
Paper presented at the Cognitive Aging Conference, Atlanta. 

Hill, R. D., Wahlin, A., Winblad, B., & Backman, L. (1995). The role of demographic and life style variables 
in utilizing cognitive support for episodic remembering among very old adults. Journals of Gerontology 
B: Psychological Sciences and Social Sciences, 50, P219-227. 

Houx, P. J., Jolles, J., & Vreeling, F. W. (1993). Stroop interference: aging effects assessed with the Stroop 
Color-Word Test. Experimental Aging Research, 19, 209-224. 

Jenkins, L., Myerson, J., Hale, S., & Fry, A. F. (1999). Individual and developmental differences in working 
memory across the life span. Psychonomic Bulletin and Review, 6, 28-40. 



Chapter 3 

 42 

Jolles, J., Houx, P., Van Boxtel, M. P., & Ponds, R. W. (Eds.). (1995). Maastricht Aging Study: Determinants of 
cognitive aging. Maastricht: Neuropsych Publishers. 

Kausler, D. H. (1994). Learning and memory in normal aging. San diego, CA: Academic Press. 
Light, L. L. (1991). Memory and aging: four hypotheses in search of data. Annual Review of Psychology, 42, 

333-376. 
Luteijn, F., & Van der Ploeg, F. A. E. (1983). Handleiding Groninger Intelligentietest (GIT) [Manual Groningen 

Intelligence Test]. Lisse, The Netherlands: Swets and Zeitlinger. 
Mares, A. M. H. M. (Ed.). (2004). Jaarboek onderwijs in cijfers [Yearbook education in numbers]: Centraal Bureau 

voor de Statistiek. 
Metsemakers, J. F., Hoppener, P., Knottnerus, J. A., Kocken, R. J., & Limonard, C. B. (1992). Computer-

ized health information in The Netherlands: a registration network of family practices. British Journal 
of General Practice, 42, 102-106. 

Rabinowitz, J. C. (1989). Age deficits in recall under optimal study conditions. Psychology and Aging, 4, 378-
380. 

Rey, A. (1964). L'examen psychologique dans les cas d'encéphalopathie traumatique [Psychological assess-
ment in cases of traumatic brain injury]. Paris: Presses Universitaires de France. 

Salthouse, T. A. (1996). The processing-speed theory of adult age differences in cognition. Psychological 
Review, 103, 403-428. 

Stern, Y. (2002). What is cognitive reserve? Theory and research application of the reserve concept. Journal 
of the International Neuropsychological Society, 8, 448-460. 

Tisserand, D., J., Pruessner, J. C., Sanz Arigita, E. J., Van Boxtel, M. P., Evans, A. C., Jolles, J., & Uylings, 
H. B. M. (2002). Regional frontal cortical volumes decrease differentially in aging: an MRI study to 
compare volumetric approaches and voxel-based morphometry. NeuroImage, 17, 657-669. 

UNESCO. (1976). International Standard Classification of Education (ISCED). Paris: UNESCO. 
Vakil, E., & Blachstein, H. (1993). Rey Auditory-Verbal Learning Test: structure analysis. Journal of Clinical 

Psychology, 49, 883-890. 
Van Boxtel, M. P., Buntinx, F., Houx, P. J., Metsemakers, J. F., Knottnerus, A., & Jolles, J. (1998). The 

relation between morbidity and cognitive performance in a normal aging population. Journals of Ger-
ontology series A: Biological Sciences and Medical Sciences, 53, M147-154. 

Van der Elst, W., Van Boxtel, M. P., Van Breukelen, G. J., & Jolles, J. (2005). Rey's verbal learning test: 
normative data for 1855 healthy participants aged 24-81 years and the influence of age, sex, educa-
tion, and mode of presentation. Journal of the International Neuropsychological Society, 11, 290-302. 

Verhaeghen, P. (2003). Aging and vocabulary scores: a meta-analysis. Psychology and Aging, 18, 332-339. 
Verhaeghen, P., & Marcoen, A. (1994). Production deficiency hypothesis revisited: Adult age differences as 

a function of processing resources. Aging and Cognition, 1, 323-338. 
Verhaeghen, P., Vandenbroucke, A., & Dierckx, V. (1998). Growing slower and less accurate: adult age 

differences in time-accuracy functions for recall and recognition from episodic memory. Experimen-
tal Aging Research, 24, 3-19. 

Wahlin, A., Backman, L., & Winblad, B. (1995). Free recall and recognition of slowly and rapidly presented 
words in very old age: a community-based study. Experimental Aging Research, 21, 251-271. 

Ward, G., & Maylor, E. A. (2005). Age-related deficits in free recall: the role of rehearsal. Quarterly Journal of 
Experimental Psycholology A, 58, 98-119. 

Witte, K. L., Freund, J. S., & Brown-Whistler, S. (1993). Adult age differences in free recall and category 
clustering. Experimental Aging Research, 19, 15-28. 

Witte, K. L., Freund, J. S., & Sebby, R. A. (1990). Age differences in free recall and subjective organization. 
Psychology and Aging, 5, 307-309. 

Woodward, A. E., Bjork, R. A., & Jongeward, R. H. (1973). Recall and recognition as a function of primary 
rehearsal. Journal of Verbal Learning and Verbal Behavior, 12, 608-617. 
 
 



 

 
 43 

CHAPTER 4 

Verbal learning and aging: combined effects 
of irrelevant speech, interstimulus interval, 

and education 
 

Willemien A. Meijer, Renate H. M. de Groot, Martin P. J. van Boxtel, 
Pascal W. M. van Gerven & Jelle Jolles 

 
Published in Journal of Gerontology: Psychological Sciences (2006), 61B, 285-294 

ABSTRACT 

Older or lower educated individuals may be less able than younger or 
higher educated individuals to inhibit irrelevant speech when learning new 
visual information. In Experiment 1, we investigated the effects of age 
(four groups), educational attainment (low or high), and verbal noise (spo-
ken words or silence) on word-learning performance in 230 individuals 
aged 24 to 76 years. Performance was negatively affected by higher age, 
lower education, and irrelevant speech, but there were no interactions be-
tween age group and noise condition. In Experiment 2, we increased the 
difficulty of the word-learning task by using both irrelevant speech and a 
short interstimulus interval (2 or 0.5 s). Age differences became more pro-
nounced as the result of the simultaneous occurrence of irrelevant speech 
and a short interstimulus interval. This suggests that older individuals may 
need more time than younger individuals to learn new information in 
noisy environments.  
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Older people frequently complain about being distracted by environmental 
noise, such as other people talking or radio sound, when they are occupied with read-
ing or memorizing information. In particular, irrelevant speech is one of the most 
common sources of complaint by people in a broad age range (Kjellberg, Landstrom, 
Tesarz, Soderberg, & Akerlund, 1996). From a theoretical perspective, it can be ex-
pected that the performance of older adults on verbal learning tasks is more sensitive 
than that of younger people to interference caused by irrelevant speech. The ability to 
suppress noise might involve inhibitory mechanisms (Dempster & Brainerd, 1995), 
which may be less efficient in aging individuals (Hasher & Zacks, 1988). A major func-
tion attributed to these inhibitory processes is to prevent irrelevant material from ac-
cessing working memory and to deactivate any such material that enters the informa-
tion stream. It has been proposed that various age-related differences in cognitive 
performance might be due to defective inhibitory processes (Mc Dowd, Oseas-Kreger, 
& Filion, 1995). 

Researchers have frequently assessed the relationship between working memory 
and inhibition by examining the effect of irrelevant speech on the learning of visually 
presented information by young adults (LeCompte, 1994; LeCompte, Neely, & Wilson, 
1997). To our knowledge, only three earlier studies have compared the effect of irrele-
vant speech on this type of learning between older and younger age groups (Beaman, 
2005; Enmarker, 2004; Rouleau & Belleville, 1996). These studies, which involved 
rather small samples of one young group and one old group, did not show a dispro-
portionate performance decrement in older adults as a result of irrelevant speech dur-
ing the serial learning of digits (Beaman, 2005; Rouleau & Belleville) or during the 
learning of a text, sentences, faces, and names (Enmarker, 2004). Also during a com-
plex counting task (Van Gerven, Meijer, Vermeeren, Vuurman, & Jolles, in press) no 
disproportionate performance decrement in older adults as a result of irrelevant speech 
was found. This absence of an age by noise interaction is in line with the results of a 
study by Beaman (2004), which demonstrated that the performance of students with a 
low working-memory span is not more disrupted by irrelevant speech than is the per-
formance of students with a high working-memory span in serial or free recall. When 
this is extended to older adults, who generally have less working-memory capacity than 
younger persons, no disproportionate performance decrement as a result of irrelevant 
speech would be expected. 

The absence of an age by noise interaction could also be due to the type of 
memory task that is used. In the aforementioned serial recall studies (Beaman, 2005; 
Rouleau & Belleville, 1996), participants were required to memorize the order of a 
short series of digits, which were essentially meaningless (Neely & LeCompte, 1999). 
Because earlier research suggests that older adults have less access to semantic memory 
(Petros, Zehr, & Chabot, 1983) and less recall of words as a result of semantic process-
ing (Eysenck, 1974), irrelevant speech might affect their learning of meaningful mate-
rial. In addition, single words, which are commonly used as irrelevant speech (e.g. 
LeCompte, 1994; LeCompte et al., 1997), are more controllable in terms of prosody, 
timing, and similarity to target words (e.g., number of letters and syllables) than are 
other sources of noise such as babble or orally presented text that have been used in 
previous studies (Enmarker, 2004; Rouleau & Belleville; Van Gerven et al., in press). In 
contrast to the earlier studies using serial recall of digits and less controllable sources of 
noise, our aim in the first experiment in the present study was to examine the effect of 
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spoken irrelevant words during the learning phase of a visual word-learning task on 
recall in different age groups. In this way, we can sort out whether the previously 
found absence of age by noise interaction was due to the type of memory task or noise 
source, or whether older adults are truly as able as younger adults to inhibit irrelevant 
speech. 

Besides environmental conditions, such as the presence of irrelevant speech, 
task-related factors might also influence age-related differences in word-learning per-
formance. As was pointed out by Kane, Hasher, Stoltzfus, Zacks, and Connelly (1994), 
it is possible that exposure durations of relevant and irrelevant stimuli in typical nega-
tive priming experiments generally are too short for older adults to encode whatever 
critical information is needed to engage inhibitory mechanisms. Similarly, a short study 
time may impede the inhibition of irrelevant speech, which may result in reduced 
word-learning performance, especially in older adults, who generally process informa-
tion more slowly than do younger adults (Salthouse, 1996). It would therefore be of 
interest to know whether irrelevant speech is harder to suppress by older adults when 
words to be learned are presented more quickly. In the current study, we examined this 
in a second experiment in which we shortened the interstimulus interval (ISI) under 
conditions of irrelevant speech.  

In addition to environmental and task-related conditions, certain individual char-
acteristics, such as education, can modify cognitive functioning in later adulthood. 
People with low educational attainment experience more age-related cognitive decline 
than do people with high educational attainment (Bosma, Van Boxtel, Ponds, Houx, & 
Jolles, 2003). There are several arguments to support this protective effect of educa-
tion. First, continuous mental stimulation associated with a high level of education may 
have a positive effect on neuronal growth and the complexity of neural networks 
(Coffey, Saxton, Ratcliff, Bryan, & Lucke, 1999). Second, higher educated persons 
might have an active lifestyle that is associated with a smaller risk of cognitive dysfunc-
tion (Gold et al., 1995) Third, educational experience may provide reserve capacity in 
the form of a more elaborate set of basic skills or cognitive strategies (Stern, 2002). 
Education, which leads to proficient language use, could particularly influence age 
differences in verbal learning. In contrast to serial recall of digits, word learning in-
volves the use of semantic and other encoding strategies, which may be used more in 
highly educated persons than in lower educated persons. Moreover, because research-
ers have found age differences in inhibitory function, as derived from Stroop test per-
formance, to be smaller in higher educated persons (Van der Elst, Van Boxtel, Van 
Breukelen, & Jolles, 2006), the potentially greater effect of irrelevant speech on older 
adults’ word-learning performance might be attenuated by higher education. Our third 
purpose in this study was therefore to examine how education affects performance 
under conditions with or without irrelevant speech (Experiment 1) and with a short or 
long ISI combined with irrelevant speech (Experiment 2).  
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EXPERIMENT 1 

METHODS 

Participants 

We recruited participants from the Registration Network of Family Practices 
(Metsemakers, Hoppener, Knottnerus, Kocken, & Limonard, 1992) who took part in 
the Maastricht Aging Study (Jolles, Houx, Van Boxtel, & Ponds, 1995; Van Boxtel et 
al., 1998). This prospective study on the biological and sociodemographic determinants 
of cognitive aging involves 1,823 healthy individuals who are between the ages of 24 
and 81 years. Participants were stratified for sex, two levels of occupational achieve-
ment, and age (12 groups; ranging from 25 ± 1, 30 ± 1, 35 ± 1, etc., to 80 ± 1 years). 
None of the participants had documented medical conditions known to interfere with 
normal cognitive functioning (e.g., dementia, mental retardation, and cerebrovascular 
pathology) at intake. We used the baseline data of 221 healthy individuals aged 24 to 77 
years for the present study.  

Design 

We chose a 4 x 2 x 2 cross-sectional design with four consecutive age groups, 
two noise conditions, and two educational levels. The Visual Verbal Learning Test 
(VVLT) was used to measure memory performance. We randomly assigned the par-
ticipants to either a silent condition (n = 109) or a noise condition (n = 112). Noise 
was used as a between-subject variable in order to avoid carryover effects caused by 
repeated testing.  

Measures 

Charac ter is t i cs  o f  th e par t i c ipant s  
Age was used as a categorical variable. We collapsed 11 discrete age groups into 

4 age groups, that is, young (24–37 years), young middle-aged (39–51 years), old mid-
dle-aged (54–66 years), and old (69–77 years).  

Level of education was assessed by classifying formal schooling according to a 
system often used in the Netherlands (de Bie, 1987), which is comparable with the 
International Standard Classification of Education (UNESCO, 1976). Educational level 
was scored in eight ordinal categories, ranging from unfinished primary school to uni-
versity education. For the present study, we recoded education into two levels: low, 
primary education, lower vocational education, and intermediate secondary education; 
and high, intermediate vocational education, secondary education, higher vocational 
education, higher secondary education, and university. The low level of education was 
equivalent to a maximum of 12 years of education. The high level was equivalent to a 
minimum of 13 years.  

We measured verbal intelligence with the 20-item multiple-choice Vocabulary 
subtask of the Groningen Intelligence Test (Luteijn & Van der Ploeg, 1983). 
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Hearing acuity was assessed to control for interindividual differences in perceiv-
ing the auditorily presented information. Because age differences in speech perception 
are only minimal after correction for age-related differences in pure-tone sensitivity 
(Helfer, 1992; Lutman, Gatehouse, & Worthington, 1991; Sommers, 1997), we consid-
ered the assessment of pure-tone sensitivity to be an adequate approximation of 
speech perception in aging individuals. We carried out an audiometric test under stan-
dard laboratory conditions by measuring pure-tone air-conduction thresholds (in deci-
bels) for each ear at 0.5, 1, 2, and 4 kHz, using a screening audiometer (Interacoustics 
AS7, Denmark). We expressed hearing acuity as the average hearing threshold at 1, 2 
and 4 kHz for the best ear (Davis, 1995). 
 
Task  and  d epend en t var iable s   

The VVLT, an adaptation of a test originally devised by Rey (1964), measures in-
tentional learning and verbal memory (Brand & Jolles, 1985). Fifteen monosyllabic 
words that refer to objects were presented one after another at the center of a com-
puter screen in lowercase letters of a Times-like font. The height of the letters on the 
screen was approximately 20 mm. Participants were seated in front of a 17-in. (43-cm) 
monitor at a normal viewing distance of approximately 25 in. (60 cm). Before testing, 
participants were screened for visual difficulties by asking whether they could, if neces-
sary with glasses, read a newspaper. We excluded persons with obviously reduced eye-
sight. The words were presented for 1 s, with 2 s between the disappearance of one 
word and the arrival of the consecutive word. In the noise condition, we used a male 
voice to present 15 other monosyllabic words that refer to objects for a maximum of 1 
s. The words were presented by means of loudspeakers connected to a computer. Each 
auditory word started 500 ms after the appearance of a visually presented word. After 
presentation, the participants were asked to recall as many visually presented words as 
possible in any order. This procedure was repeated four times. When the fifth trial was 
completed, we administered a fixed battery of cognitive tests, not involving the learn-
ing of verbal material, for approximately 20 min. After this delay—and unexpectedly 
for the participants—delayed recall was measured. The following dependent variables 
were used in the present study: we used trial 1 as a measure of short-term memory 
(Vakil & Blachstein, 1993); because ceiling effects are often observed in the VVLT, we 
used the total number of words recalled over the first three trials as a measure of imme-
diate recall (Van der Elst, Van Boxtel, Van Breukelen, & Jolles, 2005); and we used the 
number of words recalled after 20 min as a measure of delayed recall. 

 Data analysis 

 We analyzed differences in educational level and sex between age groups by us-
ing chi-square tests. We used two 4 x 2 analyses of variance to analyze differences 
between four age groups and two educational levels in verbal intelligence and in hear-
ing acuity. To assess main effects of age (young, young middle-aged, old middle-aged, 
and old), noise (quiet and speech), education (low and high), and all possible interac-
tions between these factors, we carried out a 4 x 2 x 2 analysis of covariance on per-
formance on the first trial, immediate recall, and delayed recall. We included sex and 
hearing acuity as covariates. We also conducted the analyses without hearing acuity as a 
covariate (sex remained covariate) in order to rule out the possibility that the effects of 
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hearing acuity reduced the variance explained by age. We analyzed statistically signifi-
cant main effects of age by means of repeated contrasts with Bonferroni correction in 
which the alpha level, p = 0.05, was divided by the number of comparisons. We inves-
tigated significant interactions by means of simple contrasts with Bonferroni correc-
tion. Post hoc power analyses on the available number of participants, using a medium 
critical effect size of 0.15 and an alpha level of p = .05, resulted in a power of 0.99 
(Buchner, Faul, & Erdfelder, 1992). 

RESULTS 

The characteristics of the sample are shown in Table 1. We used the data of 219 
individuals in the analyses, because 2 participants did not have a hearing acuity meas-
ure. As expected because of the stratification procedure, the age groups were compa-
rable with respect to sex. The older individuals were significantly less educated than the 
younger individuals: χ2(3, N = 219) = 26.3, p < .01. The four consecutive age groups 
did not differ significantly on vocabulary, F(3, 211) = 2.5, p = .06, and the vocabulary 
scores of the higher educated individuals (M = 15.3) were significantly higher than 
those of the lower educated individuals (M = 11.8), F(1, 211) = 68.0, p < .01. Hearing 
acuity differed significantly between age groups, F(3, 211) = 29.2, p < .01, but not 
between educational levels. 

 
Table 1. Participant characteristics per age group (in years) for Experiment 1 

 

Characteristic Young  
(24–37) 

Young middle-aged 
(39–51) 

Old middle-aged  
(54–66) 

Old 
(69–77) 

N 58 59 64 38 

Age: M (SD) 30.4 (4.4) 45.3 (4.1) 60.4 (3.9) 72.8 (2.6) 

Male-to-female ratio (n/n) 39/39 30/29 33/31 18/20 

Low or high education: (n/n) 16/42 28/31 46/18 24/14 

Educational level: M (SD) 4.3 (1.8) 3.9 (1.8) 2.9 (1.4) 2.8 (1.7) 

Vocabulary  (SEM) 12.6 (0.4) 13.7 (0.4) 14.1 (0.4) 13.9 (0.5) 

Hearing acuity (SD) 6.9 (3.4) 9.5 (5.9) 16.0 (11.8) 24.5 (11.9) 

 

Effects of age and irrelevant speech on word-learning performance 

We present the mean performance (number of words recalled) on trial 1, imme-
diate recall, and delayed recall per age group and noise condition in Figure 1. We found 
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main effects of age on all dependent measures, indicating that the younger participants 
outperformed the older participants: trial 1, F(3, 201) = 3.4, p =. 019, partial η2 = .049 
(Ms = 5.4, 5.0, 4.6, and 4.1 for each consecutive age group, respectively); immediate 
recall, F(3, 201) = 6.1, p < .01, partial η2 = .084 (Ms = 24.1, 23.6, 21.4, and 19.1); and 
delayed recall, F(3, 201) = 3.8, p = .011, partial η2 = .056 (Ms = 10.2, 9.7, 8.7, and 7.8). 
None of the contrasts between the consecutive age groups were significant. We also 
found main effects of noise on all dependent measures, indicating that performance 
was better in the quiet condition than in the noise condition: trial 1, F(1, 201) = 56.7, p 
< .01, partial η2 = .22  (Ms = 5.7 and 3.9 for performance in quiet and noise condi-
tions, respectively); immediate recall, F(1, 201) = 72.7, p < .01, partial η2 = .264  (Ms = 
25.2 and 18.9); and delayed recall, F(1, 201) = 29.4, p < .01, partial η2 = .126  (Ms = 
10.3 and 7.9). We found no age x noise interactions on trial 1, F(3, 201) = .86, p = .46; 
immediate recall, F(3, 201) = .49, p = .69; and delayed recall, F(3, 201) = 2.0, p = .11. 
This finding indicated that the recall of the older adults was not more affected by ir-
relevant speech than was the recall of the younger adults. Hearing acuity did not sig-
nificantly affect memory performance, with results being essentially the same regard-
less of whether hearing acuity was included in or excluded from the model. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Mean performance on trial 1 (A), immediate recall (B), and delayed recall (C) 
as a function of noise and age. Error bars represent standard errors of the mean. 
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Effects of education in relation to age and irrelevant speech on word-
learning performance 

Figure 2 shows the mean performance (number of words recalled) on trial 1, 
immediate recall, and delayed recall presented per noise condition and educational 
level. We found main effects of education on all dependent measures, indicating that 
higher educated participants performed better than lower educated participants: trial 1, 
F(1, 201) = 3.9, p = .05, partial η2 = .019 (Ms = 4.5 and 5.0 for low and high educa-
tion, respectively); immediate recall, F(1, 201) = 12.6, p < .01, partial η2 = .061 (Ms = 
20.7 and 23.4); and delayed recall, F(1, 201) = 20.2, p < .01, partial η2 = .094 (Ms = 8.1 
and 10.1). We also found one statistically significant interaction, namely, between ir-
relevant speech and education on trial 1, F(1, 201) = 6.1, p = .014, partial η2 = .03. We 
analyzed this interaction per condition to detect differences between educational levels. 
The higher educated participants outperformed the lower educated participants when 
there was no speech interference, F(1, 201) = 11.9, p < .01, but not when there was 
speech interference. We found no age x education (values of F < 1.5, p > .25) and age 
x noise x education (values of F < 2, p > .13) interactions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Mean performance on trial 1 (A), immediate recall (B), and delayed recall (C) 
as a function of education and noise. Error bars represent standard errors of the mean. 
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DISCUSSION 

The present study is one of the few studies that assessed the effect of irrelevant 
speech on word learning. In previous research, this effect was mainly studied on serial 
recall. The present experiment clearly demonstrates that irrelevant speech consisting of 
single words interferes with word learning. The results showed no age by speech inter-
actions, indicating that the effects of noise on verbal learning performance are equal 
for older and younger adults. Higher educated individuals outperformed lower edu-
cated individuals on trial 1 only in the quiet condition, which does not support the 
hypothesis that a high level of education attenuates the effect of irrelevant speech. 
Apparently, short-term memory, as measured in trial 1, is especially vulnerable to the 
negative effects of irrelevant speech: Individuals with better cognitive abilities (i.e., 
higher educated persons) perform at the same level as individuals with poor cognitive 
abilities when there is background noise.  

In the light of the results of this first experiment, which demonstrated no in-
creased vulnerability to interference from irrelevant speech in older adults, we found it 
important to study verbal learning under an even more restrictive learning condition. 
In daily life, there are numerous situations in which information has to be processed 
very quickly, attention has to be divided between multiple sources of information, and 
irrelevant stimuli have to be ignored. Controlled experimental procedures to examine 
age differences in cognitive performance are generally easier than these demanding 
situations in daily life. In relatively simple test situations, there is more opportunity for 
older adults to use compensatory strategies, which may obscure the potential cognitive 
vulnerabilities in older adults. We addressed this issue in Experiment 2. 

 
 

EXPERIMENT 2 

In this second experiment, we aim to increase the difficulty of the VVLT in an 
experimentally controlled way in order to mimic the complexity of an everyday situa-
tion to test whether an age-related decrease in performance could be demonstrated. 
We accomplished this by varying the ISI, which was either long (i.e., 2 s) or short (i.e., 
0.5 s). Our main question was whether age differences in recall would be greater with a 
short ISI than with a long ISI after a learning phase with irrelevant speech. 

METHODS 

Participants 

For the second experiment, we reused the data of the 112 participants that took 
part in the noise condition of Experiment 1 for the ISI condition with 2 s. We re-
cruited 105 other healthy participants aged 24 to 77 years from the Maastricht Aging 
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Study for the ISI condition with 0.5 s. See Table 2 and the Participants section of Ex-
periment 1 for further details. 

Design 

Again, we chose a 4 x 2 x 2 cross-sectional design, this time with four consecu-
tive age groups, two ISI conditions, and two educational levels. We used the same 
VVLT as in Experiment 1. We assigned the participants to either a condition with an 
ISI of 2 s or a condition with an ISI of 0.5 s. We combined both ISI conditions with 
irrelevant speech; we included no quiet condition. We used the ISI, defined as the 
duration in seconds between the disappearance of one word and the arrival of the 
consecutive word, as a between-subject variable in order to avoid carryover effects 
caused by repeated testing. 

Measures 

Charac ter is t i cs  o f  th e par t i c ipant s  
We assessed age, education, hearing acuity, and vocabulary in the same way as 

in Experiment 1. 
 

Task  and  d epend en t var iable s  
We used the same VVLT and dependent variables as in the noise condition of 

Experiment 1. We presented the visual words for 1 s with a 2-s or 0.5-s ISI. As in 
Experiment 1, we presented the auditory words for a maximum of 1 s, starting 500 ms 
after the onset of the visually presented words in both ISI conditions. 

Data analysis 

We carried out a 4 x 2 x 2 analysis of covariance over the first trial, immediate 
recall, and delayed recall to assess main effects of age (young, young middle-aged, old 
middle-aged, and old), ISI (2 and 0.5 s), education (low, high), and all possible interac-
tion effects between these factors. Post hoc power analyses on the available number of 
participants using a medium critical effect size of 0.15 and an alpha level of p = 0.05 
resulted in a power of 0.99. Otherwise, our data analysis was the same as in Experi-
ment 1.  

RESULTS 

The characteristics of the sample are shown in Table 2. We used the data of 214 
individuals in the analyses, because 3 participants did not have a hearing acuity meas-
ure. The age groups were comparable with respect to sex. The older participants were 
significantly less educated than the younger participants, χ2 (3, N = 214) = 38.8, p < 
.01. The four consecutive age groups did not differ on vocabulary, F(3, 206) = 2.20, p 
= .08. The vocabulary scores of the higher educated persons were higher than those 
for the lower educated persons, F(1, 206) = 67.4, p < .01 (Ms = 11.9 and 15.3). Hear-
ing acuity differed significantly between age groups, F(3, 206) = 40.2, p < .01, and 
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educational levels differed on hearing acuity too, F(1, 206) = 10.9, p < .01 (Ms = 16.1 
and 12.3 for low and high education, respectively). 

 
 

Table 2. Participant characteristics per age group (in years) for Experiment 2 
 

Characteristic Young  
(24–37) 

Young middle-aged  
(39–51) 

Old middle-aged  
(54–66) 

Old 
(69–77) 

N 55 60 62 37 

Age: M (SD)  30.2 (4.4) 45.3 (4.1) 60.5 (4.3) 72.6 (2.6) 

Male-to-female ratio (n/n) 28/27 30/30 32/30 17/20 

Low or high education: (n/n) 13/42 32/28 49/13 25/12 

Educational level: M (SD) 4.8 (1.8) 3.7 (1.9) 2.6 (1.6) 2.9 (1.9) 

Vocabulary (SEM) 12.7 (0.4) 13.8 (0.3) 13.6 (0.4) 14.3 (0.4) 

Hearing acuity (SD) 6.90 (4.7) 9.8 (5.6) 14.6 (7.2) 26.1 (12.2) 

 

Effects of age and ISI on word-learning  
performance with irrelevant speech 

In Figure 3, the mean performance (number of words recalled) is presented per 
age group and ISI. We found main effects of age on immediate recall, F(3, 196) = 5.4, 
p < .01, partial η2 = .076 (Ms = 21.3, 19.0, 17.9, and 15.5 for each consecutive age 
group, respectively) and delayed recall, F(3, 196) = 2.9, p = .033, partial η2 = .044 (Ms 
= 9.1, 7.9, 7.4, and 6.4), indicating that the performance of the older adults was worse 
than that of the younger adults. None of the contrasts between the consecutive age 
groups were significant. We found a main effect of ISI only on trial 1: Performance 
was better with the longer ISI than with the shorter ISI, F(1, 196) = 8.2,  p < .01, par-
tial η2 = .040 (Ms = 3.9 and 3.2). There was a significant interaction between age and 
ISI on delayed recall, F(3, 196) = 3.5, p = .017, partial η2 = .050. We analyzed this 
interaction per age group. Performance in the condition with the short ISI was worse 
than that in the condition with the long ISI only in the oldest age group, F(1, 31) = 
11.6, p < .01. In other age groups, we found no effect of ISI (values of F < 1.4, p > 
.25). We found a trend to a significant interaction between ISI and age on immediate 
recall, F(3, 196) = 2.3, p = .079, partial η2 = .034. This indicates a similar pattern, 
namely that the performance of older adults was worse than that of younger adults in 
the short ISI condition with irrelevant speech. Hearing acuity did not significantly 
affect memory performance. When we performed analyses without hearing acuity in 
the model, results remained the same. 
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Figure 3. Mean performance on trial 1 (A), immediate recall (B), and delayed recall (C) 
as a function of age and ISI. Error bars represent standard errors of the mean. 

 

Effects of education in relation to age and ISI on word-learning per-
formance with irrelevant speech 

The higher educated participants outperformed the lower educated participants 
only on delayed recall, F(1, 196) = 4.9, p = .028, partial η2 = .024 (Ms = 8.3, and 7.1). 
We found a three-way age x ISI x education interaction on trial 1, F(3, 196) = 2.8, p = 
.042, partial η2 = .041. We analyzed this interaction per educational level to detect age 
x ISI interactions. We found a significant age x ISI interaction in the higher educated 
group, F(3, 85) = 4.1, p < .01, whereas we found no such interaction in the lower edu-
cated group. Figure 4 shows that in the higher educated group, the youngest partici-
pants performed better with the short ISI than with the long ISI, whereas this pattern 
was reversed in older participants. We found no age x education (values of F < 1, p > 
.35) and ISI x education (values of F < 1.5, p > .2) interactions. 
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Figure 4. Mean performance on trial 1 as a funtion of age and ISI in low education 
(A) and high education (B). Error bars represent standard errors of the mean. 
 

Effects of age, ISI, and education on intrusions of irrelevant  
spoken words  

We also recorded and used the total number of words from the auditory distrac-
ter list recalled over the five learning trials (immediate recall intrusions) and the num-
ber of words from the auditory distracter list recalled during delayed recall (delayed 
recall intrusions) as dependent variables. We used two univariate analyses of variance 
with the covariates of hearing acuity and sex to analyze differences between age 
groups, ISIs, and educational levels. In Figure 5, the total number of words from the 
auditory distracter list recalled over the five learning trials is presented per age group 
and ISI. There was a main effect of age on immediate recall intrusions, F(3, 195) = 9.5, 
p < .01, partial η2 = .13, and on delayed recall intrusions, F(3, 195) = 2.8, p = .04, par-
tial η2 = .04 (Ms = 0.09, 0.3, 0.5, and 0.3). This indicates that the number of intrusion 
errors increased with age. We found a main effect of ISI in immediate recall intrusions, 
F(3, 195) = 11.6, p < .01, partial η2 = .06, indicating that the number of intrusions was 
larger in the condition with short ISI. In addition, a significant age x ISI interaction on 
immediate recall intrusions, F(3, 195) = 2.9, p = .035, partial η2 = .04, indicated that 
the difference in intrusions between the ISI conditions became larger with age. We also 
found an age x ISI x education interaction on immediate recall intrusions, F(3, 195) = 
4.6, p < .01, partial η2 = .07. In the higher educated group, the difference in intrusions 
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between the ISI conditions became larger with age from young age on, but this differ-
ence was gone in the oldest participants, whereas in the lower educated group, the 
difference in intrusions between the ISI conditions became larger with age mainly from 
middle age on and remained in the oldest group. There were no main effects of educa-
tion, or age x education and ISI x education interactions (values of F < 1.5, p > .2).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 5. Total number of words recalled over the five learning trials from the audi-
tory distracter list as a function of age and ISI. Error bars represent standard errors of 
the mean. 

DISCUSSION 

Age differences in the performance on delayed recall were larger in a short rela-
tive to a long ISI condition with irrelevant speech. One interpretation is that the effi-
ciency of information processing is compromised in older adults, especially when time 
is a constraint. Another interpretation might be that irrelevant stimuli that are pre-
sented more quickly are harder to suppress and thus should have an increasing effect 
on performance as inhibitory abilities decline. The finding that age differences in intru-
sion errors were also larger in the short relative to the long ISI condition substantiates 
this interpretation. 

 The age by ISI by education interaction on trial 1 suggests that there were age 
differences in the low education group regardless of the ISI that was used. In contrast, 
age differences were only observed in the high education group when the short ISI was 
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used. This suggests that education protects against age-related cognitive change, but 
that its protective power reaches a limit when the tasks demands are increased. 

 
 

GENERAL DISCUSSION 

A main outcome of Experiment 1 is that irrelevant speech interferes with word 
learning across all age groups. The results of the few previous studies that investigated 
effects of irrelevant speech on free recall of 16 words are equivocal. Whereas Neely 
and LeCompte (1999) did find an effect of irrelevant single words, researchers found 
no effects of irrelevant non-words (LeCompte, 1994; Salamé & Baddeley, 1990) and 
background conversation (Knez & Hygge, 2002). The failure to find an effect of irrele-
vant speech in three of these four studies might be due to the selection of relatively 
young university students. By definition, students have a high level of education, 
whereas the present study included people with high and low levels of education. Al-
though the current findings did not show that people with high education experienced 
less interference from irrelevant speech than did people with low education, the results 
clearly demonstrate that higher educated individuals had a better memory perform-
ance. Memory performance may be more vulnerable to irrelevant speech interference 
at low memory ability levels (Enmarker, 2004).  

The results of Experiment 1 showed no age by noise interaction. Thus, the ef-
fects of irrelevant speech on verbal learning performance are equal for older and 
younger adults. These results contradict those of other studies reporting inhibition 
deficits in aging. This discrepancy may be due to differences in research paradigms. In 
contrast to the present study, in which relevant information was presented through the 
visual modality and irrelevant information was presented through the auditory modal-
ity, most studies showing inhibitory deficits in older people involved the presentation 
of relevant and irrelevant stimuli within the same modality. 

An advantage of the present paradigm above paradigms in which targets and dis-
tracters are both presented auditorily is that any age-related differences in performance 
can be attributed mainly to cognitive deficits rather than to perceptual deficits. Al-
though there is extensive evidence that noise affects speech perception (Murphy, 
McDowd, & Wilcox, 1999; Pichora-Fuller, Schneider, & Daneman, 1995) and short-
term memory performance (Murphy, Craik, Li, & Schneider, 2000) more in older than 
in younger persons, these age-related deficits may be a function of hearing loss instead 
of decreased ability to inhibit irrelevant stimuli (Humes & Christopherson, 1991; 
Schneider, Daneman, Murphy, & Kwong See, 2000; Schneider, Daneman, & Pichora-
Fuller, 2002). Older adults may have more difficulty with noise because they do not 
hear the target stimulus as well as younger adults do.  

The discrepancy between the results obtained with the present paradigm and 
paradigms in which targets and distracters are both presented visually may be due to 
the assessment of different specialized inhibitory subsystems, of which only some are 
affected by aging. Age-related differences in visual selective attention have been ex-
plained in terms of greater vulnerability to distraction during reading (Connelly, 
Hasher, & Zacks, 1991), a weaker suppression effect in negative priming experiments 
(Connelly & Hasher, 1993; Hasher, Stoltzfus, Zacks, & Rypma, 1991; Kane et al., 1994; 
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Stoltzfus, Hasher, Zacks, Ulivi, & Goldstein, 1993), and more sustained activation of 
considered but rejected sentence completions (Hartman & Hasher, 1991) and passage 
interpretations (Hamm & Hasher, 1992) in older adults. The results of these studies 
indicate that older adults are less able to inhibit the identity or meaning of irrelevant 
verbal material (lexicosemantic inhibition). In contrast, the general explanation for the 
irrelevant speech effect is that the interference caused by irrelevant speech is exclu-
sively due to perceptual or phonological characteristics of speech. The phonological 
store hypothesis (Salamé & Baddeley, 1982) proposes the existence of a store that 
holds information coded at a phonological level; irrelevant speech has direct access to 
this store and may interfere with retention of the visual information that is recoded 
into a phonological representation (Baddeley, 2003; Larsen & Baddeley, 2003). There-
fore, the results reported here suggest that phonological inhibition, in contrast to lexi-
cosemantic inhibition, is preserved in older people, at least under unconstrained condi-
tions. Thus, inhibitory capacity is not a single function that is generally affected by the 
aging process (Kramer, Humphrey, Larish, Logan, & Strayer, 1994). Interestingly, the 
present results demonstrate that older participants report more irrelevant spoken 
words than younger participants. This is in line with a study by Beaman (2004) in 
which it was demonstrated that students with a low working-memory span are also 
more likely to report the contents of irrelevant speech. This suggests that persons with 
efficient working-memory capacity, that is, younger persons, are less aware of the ir-
relevant or unattended stream, because they have more effectively inhibited the irrele-
vant information. In this way, the inhibition account of age-related differences does 
extend to an impaired ability to suppress irrelevant speech in older people.  

The findings of Experiment 2 confirm that age-related differences in perform-
ance become more pronounced in the presence of irrelevant speech if the ISI is rela-
tively short. To our knowledge, this is the first study in which irrelevant speech and a 
short ISI were combined in order to increase task complexity. Previous research has 
shown that the performance of older individuals is not disproportionately compro-
mised by a short ISI (Craik & Rabinowitz, 1985) and irrelevant speech alone (Experi-
ment 1 of the present study), but when these factors are combined, the performance of 
older adults is compromised more than is the performance of younger adults. In addi-
tion to larger age differences in intrusion errors in the short relative to the long ISI 
condition, this suggests that inhibitory processes in older adults are less efficient under 
time pressure. When extended to daily life, this suggests that older people need more 
time to memorize verbal information when they are in a noisy environment. 
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ABSTRACT 

The first aim was to examine whether differences in reaction time (RT) 
between younger (25 to 35 years) and middle-aged (50 to 60 years) indi-
viduals increase with deeper processing. The second aim was to examine 
whether this increase is less pronounced in higher educated individuals. 
Perceptual, phonological, and semantic processing of words was induced 
by a case decision, an ‘e’ detection, and a living/nonliving task respec-
tively. RTs increased with age and level of processing. There were no in-
teractions between age, task and education, suggesting that different proc-
essing levels are equally sensitive to slowing in midlife and that education 
was not a moderating factor. Although no overall age by level of process-
ing interaction was found, the age by stimulus type interactions in the 
deeper processing tasks suggest that a cognitive vulnerability already exists 
in middle age. It was found that age-related differences in RT on words 
containing the letter ‘e’ were smaller than on words without the letter ‘e’, 
suggesting that middle-aged adults were slower than younger adults in per-
forming a terminating search strategy. Furthermore, it was found that age-
related differences in RT on words referring to living items were smaller 
than on words referring to non-living items. This suggests that middle-
aged adults compared to younger adults have reduced access to specific 
semantic categories.  
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In most studies on age-related cognitive differences, comparisons have been 
made between relatively young adults (usually in their 20s) and older adults (usually 
older than 65). The age range between 30 and 60 is often disregarded. Yet, this range 
may be of particular interest because the first manifestations of age-related cognitive 
change (Houx & Jolles, 1993; Houx, Jolles & Vreeling, 1993; Houx, Vreeling & Jolles, 
1991; Rabbitt, 1993) (Ponds, Commissaris & Jolles, 1997) can already be seen from age 
35. Middle-aged adults may need to invest more cognitive effort in daily life to achieve 
the same performance as young adults especially in cognitively demanding situations in 
which much information has to be processed simultaneously and under time pressure. 

To test the hypothesis that middle-aged adults are less cognitively efficient than 
young adults especially in resource-demanding situations, an experimental paradigm is 
needed that involves conditions varying in processing demands and a measure of cog-
nitive efficiency. Such a paradigm can be based on the notion that various processing 
levels are involved in visual word recognition (Borowsky & Besner, 1993; Ellis & 
Young, 1996; Seidenberg & McClelland, 1989). Recent studies indicated that tasks 
involving different types of decisions about words could be used to invoke different 
levels of visual word processing. Relevant levels are the orthographic level at which 
visual features are integrated to form orthographic patterns, a lexical level at which the 
phonological (and possibly the whole-word orthographic) representation of the printed 
word is activated, and a semantic level at which the meaning of the word is accessed 
(Bentin, Mouchetant-Rostaing, Giard, Echallier & Pernier, 1999).  

Previous studies have compared processing of printed words at different levels 
between young and old adults in order to investigate which levels of word processing 
are most vulnerable to age-related slowing. An early study (Petros, Zehr & Chabot, 
1983) suggested that deeper processing stages involving the activation of semantic 
information are more vulnerable to age-related slowing than more shallow processing 
stages in which the word is only visually processed. That is, when different types of 
judgments regarding word pairs were made (i.e. whether two words were physically 
identical, similar in name, or belonged to the same semantic category), there was a 
disproportionate increase in older adults’ reaction time in the semantic category judg-
ments compared to the more shallow processing conditions. However, as pointed out 
by Madden (1985), comparison and decision processes are important factors when two 
words have to be compared. A particular interaction between response selection load 
and processing level may have led to the disproportional slowing in the semantic acti-
vation that was found by Petros et al. (1983). 

In contrast to the relatively intact shallow processing in older adults, as was 
found in the study by Petros et al. (1983), more recent studies of age-related effects on 
lexical decision performance (i.e. speed of word/non-word discrimination) suggest that 
the shallow processing stages of visual encoding are more vulnerable to age-related 
slowing than the deeper stages of semantic processing. The effects of word frequency 
and semantic priming on reaction time, for example, have been found to be equal for 
young and older adults (Allen, Madden, Weber & Groth, 1993; Madden, Pierce & 
Allen, 1993). Other variables, such as stimulus quality (e.g. spacing between letters or 
case type), can lead to disproportionate slowing of older adults’ responses (Allen et al., 
1993; Madden, 1992; Madden et al., 1993). However, shallow and deeper levels of 
processing were not directly induced in these studies, but were inferred from the ef-
fects of stimulus quality (shallow processing) and word frequency or semantic priming 
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(deep processing) on lexical decision performance. In addition, because these effects 
were assessed in different experiments, an actual differential effect of age on levels of 
processing may not have been established. 

Because previous studies yielded equivocal results, differences in reaction time 
(RT) on tasks requiring a decision about a single word and inducing various levels of 
processing were compared in the present study. A comparison was drawn between a 
young and middle-aged group in order to examine whether middle-aged adults process 
information less efficiently than young adults in more resource-demanding conditions. 
Deeper, semantic processing is assumed to incorporate shallower perceptual and 
phonological processing stages. Therefore, the number of processing steps may in-
crease with depth of processing, which would be reflected in longer RTs on tasks that 
induce deeper levels of processing. According to the information loss model of Myer-
son, Hale, Wagstaff, Poon, and Smith (1990), every processing step takes more time in 
older than in younger adults to compensate for loss of information. Because compen-
sation for information loss is insufficient in older adults, processing time increases 
disproportionately with the number of processing steps (Myerson et al., 1990). A simi-
lar pattern is predicted by Salthouse’s (1996) processing-speed theory. If complex 
processing operations are dependent on the products of simpler operations, and fewer 
of those products are available because of a slower processing speed, we may expect 
that the effects of age-related slow processing would be most pronounced on complex, 
i.e. deep operations. A first purpose of the present study is to examine if the implica-
tions of these cognitive aging theories apply to middle age. A disproportionate increase 
of RTs with depth of processing in middle-aged adults compared to younger adults 
would then be predicted. 

Within the field of cognitive aging, relatively limited attention has been given to 
factors influencing the level of cognitive abilities in midlife (Willis & Schaie, 2005). A 
high educational level may attenuate the age-related decrease in cognitive efficiency, 
because educational experience may provide reserve capacity in the form of a more 
elaborate set of basic skills or cognitive strategies (Stern, 2002). Indeed, a high educa-
tional level has been shown to attenuate age-related cognitive decline (e.g. Bosma, Van 
Boxtel, Ponds, Houx & Jolles, 2003; Van der Elst, Van Boxtel, Van Breukelen & Jolles, 
2006b). In light of the potential protective effect of education, an interesting issue is 
whether age differences in visual word processing are smaller in higher educated per-
sons. In addition, making a semantic judgment involves access to semantic memory, 
which may be more efficient in higher educated persons than in lower educated per-
sons (Van der Elst et al., 2006a). A possible disproportionate increase of RT with 
depth of processing in middle-aged adults compared to younger adults may therefore 
be smaller in higher educated persons. Hence, another purpose of the present study 
was to examine whether level of education moderates age-related differences in RT on 
the decision tasks.  

We compared differences in RTs between younger and middle-aged individuals 
with low and high educational attainment on three decision tasks, each designed to 
induce processing at a particular level: Deciding whether words were written in lower 
or uppercase letters was assumed to induce shallow perceptual/orthographic processing 
(Bentin et al., 1999; Daselaar, Veltman, Rombouts, Raaijmakers & Jonker, 2003). De-
ciding whether words contained the letter ‘e’ was assumed to induce more elaborate 
orthographic/phonological processing (Proverbio et al., 2004). Finally, deciding whether 
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words referred to a living or a non-living item was assumed to invoke deep semantic 
processing (Daselaar et al., 2003; Tisserand, McIntosh, van der Veen, Backes & Jolles, 
2005).  

In addition to the differences in level of processing, these tasks may also vary in 
the amount and type of search processes that are involved. In contrast to the case 
decision task, which hardly involves any search process, the ‘e’ detection and semantic 
decision tasks involve visual search and search of semantic memory respectively. Dif-
ferences in RT between the responses on the two possible stimulus types within each 
decision task may provide insight into the use of search strategies. For instance, if the 
RT for the words containing the letter ‘e’ is shorter than for the words not containing 
an ‘e’, this would suggest that a terminating search strategy is used, rather than an ex-
haustive search (Schneider & Shiffrin, 1977). Furthermore, it has been suggested that 
living things are processed in specialized semantic subsystems (Caramazza & Shelton, 
1998). Mahon and Caramazza (2003) argue that evolutionary pressures have resulted in 
specialized systems only for those categories for which rapid and efficient identifica-
tion could have had survival and reproductive advantages, i.e. living things. Thus living 
things should be processed faster than non-living things (Shapiro & Olson, 2005). In 
this context, a shorter RT may be expected for the words referring to living things than 
to words referring to non-living things. To compare the use of search strategies per 
level of processing between young and middle-aged adults and between persons with 
low and high educational levels, we examined effects of age and education on response 
times of words in lowercase versus words in uppercase; words containing the letter ‘e’ 
vs. words without the letter ‘e’; and words referring to living items vs. words referring 
to non-living items.  

METHOD 

Participants 

Eighty adults divided over two age groups and stratified for sex and educational 
level (low and high) participated in the study. The younger group consisted of 20 peo-
ple with a low educational level and 20 higher educated people aged between 25 and 35 
years (mean age = 29.0 years, SD = 2.8). The middle-aged group consisted of 20 peo-
ple with a low educational level and 20 people with a high educational level aged be-
tween 50 and 60 (mean age = 56.1 years, SD = 3.4). Participants were recruited by 
advertisements in local newspapers and advertising at Maastricht University, compa-
nies and clubs (e.g. sports, music). There was a selection by telephone in order to ex-
clude persons with health-related conditions known to interfere with normal cognitive 
functioning. Exclusion criteria were cerebrovascular pathology, psychiatric distur-
bances, neurological disorders, dyslexia, serious medical conditions with known impact 
on brain function such as renal dialysis, excessive use of alcohol (> 21 consump-
tions/week), use of psychoactive medication or drugs, clinically overt visual or auditory 
deficits (van Boxtel et al 1998), and previous participation in cognitive experiments. 
The Ethics Committee of the Department of Psychology, Maastricht University, ap-
proved the study and participants gave their written informed consent. 
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Level of education was assessed by classifying formal schooling according to a 
system commonly used in the Netherlands (de Bie, 1987), which is comparable to the 
International Standard Classification of Education (UNESCO, 1976). Educational level 
was scored in eight ordinal categories: 1) primary education, 2) lower vocational educa-
tion, 3) intermediate secondary education, 4) intermediate vocational education, 5) 
higher secondary education, 6) higher vocational education, 7) higher professional 
education, and 8) university. In many western countries, persons between 50 and 60 
are –generally- lower educated than persons between 25 and 35. Thus, the median 
educational level in the population differs for the age ranges used in the present study 
(Mares, 2004). We attempted to deal with this cohort effect by adjusting the classifica-
tion into a low and a high educational level according to the median level in each age 
group. A low level of education was defined in the young group as a maximum of 
intermediate vocational education (equivalent to a maximum of 13 years of education). 
A low level of education was defined in the middle-aged group as a maximum of in-
termediate secondary education (equivalent to a maximum of 10 years of education).  

The characteristics of the sample are shown in Table 1. This table shows that the 
lower educated persons were a little older than the highly-educated persons in both the 
young, F(1, 38) = 4.4, p < .05, and the middle-aged group, F(1, 38) = 6.0, p < .05. 
Because the difference was at most 2.5 years, this was not considered to be a problem. 
The young and middle-aged participants did not perform differently on a 20-item mul-
tiple-choice Dutch vocabulary test, which is used as a measure of Verbal Intelligence 
(Luteijn & Van der Ploeg, 1983), F(1, 76) = 3.1, p = .09. The vocabulary scores of the 
highly-educated participants were higher than those for the poorly-educated partici-
pants, F(1, 76) = 33.1, p < .01.  

 
Table 1. Participant characteristics 

 

 Young (25-35) Middle-aged (50-60) 

 Low 
educational 
level 

High 
educational 
level 

Low 
educational 
level 

High 
educational 
level 

N 20 20 20 20 

Age: mean (SD)  29.9 (.64) 28.1 (.57) 57.4 (.61) 54.9 (.82) 

Male/female ratio (n/n) 10/10 10/10 10/10 10/10 

Vocabulary  (SEM) 11.7 (.49) 14.9 (.49) 12.9 (.49) 15.3 (.49) 

Left-/right-handedness (n/n) 17/3 16/4 20/0 19/1 
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Design 

A cross-sectional design was used with two age groups (younger and middle-
aged) and two educational levels (low and high). All participants received three condi-
tions, which yielded a 3 x 2 x 2 full-factorial design with decision type (case decision, ‘e’ 
detection and semantic decision) as the within-groups variable. Age group and educa-
tional level were used as the between-groups factors. 

Materials and procedure 

There were three task conditions with 16 words presented in each condition. In 
the first condition, in which eight words were presented in uppercase and eight words 
in lowercase, the participants were asked to make a decision about the case of the let-
ters. In the second condition, participants had to indicate whether or not the words 
contained the letter ‘e’. In the last condition, participants were asked whether the 
words referred to a living or a non-living item. The order in which the conditions were 
presented was randomized within each age group per educational level. The words 
used in the experiment were mono- or disyllabic, varying in length between five and 
seven letters, and with a value of six or higher on a Dutch 7-point norm scale for im-
agery (Van Loon-Vervoorn, 1985). Words were centrally presented one at a time in 
white against black background on a computer screen (font: Arial, 50 pt.), using E-
prime software (Schneider, Eschman & Zuccolotto, 2002). The three conditions in-
volved three word lists that were matched for word frequency, word length, and that 
all contained eight living items and eight words containing the letter ‘e’.  

Participants were seated in front of a 17” monitor at a normal viewing distance 
of approximately 60 cm (25 inch), and responded with either their left or right index 
finger using two response buttons. A right button press indicated ‘uppercase’, ‘contain-
ing e’, and ‘living’ for the three conditions respectively. The words were presented on 
the screen until a response was given, with a maximum of 1500 ms, and a fixed interval 
of 2000 ms between the appearance of one word and the appearance of the next word. 
Participants were told to respond as quickly and accurately as possible. Although also 
accuracy measures were recorded, reaction time was the main dependent variable.  

Data analysis  

The number of correct responses (range 0 to 16) and reaction times correspond-
ing to correct responses were checked for normality (Kolmogorov-Smirnov test) and 
homogeneity of variance. Based on this information, data transformation was not con-
sidered necessary. Repeated-measures ANOVAs were used to analyze between and 
within-group differences with sex as covariate. Statistically significant main effects of 
decision type were further analyzed following Fishers LSD procedure. In order to 
analyze differential age and education effects on reaction times of different stimulus 
types, a repeated-measures ANOVA was conducted per decision type with stimulus 
type as within-groups factor. Age group and educational level were used as between-
groups factors. Significant interactions were investigated by simple contrasts following 
Fishers LSD procedure. Post hoc power analyses on the number of participants 
(Buchner, Faul & Erdfelder, 1992) using a medium critical effect size of 0.25 and an 
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alpha level of .05 resulted in a power of 0.99 for the within-groups effects and 0.75 for 
the between-groups effects. 

RESULTS 

Accuracy 

The average accuracy was high for both age groups, i.e. more than 88%, al-
though the older participants were somewhat less accurate than the young participants, 
F(1, 75) = 7.3, p < .05 (means  are 14.8 and 14.2 for the young and middle-aged groups 
respectively). The accuracy scores of the highly-educated persons were higher than 
those for the poorly-educated persons, F(1, 75) = 5.8, p < .05 (means  are 14.8 and 
14.3 for the highly and poorly-educated groups respectively). Accuracy was not signifi-
cantly affected by decision type, F(2, 150) = .06, p > .9. Furthermore, age group did 
not interact with decision type, F(2, 150) = 2.3, p > .1. No age x decision type x educa-
tion, education x age, and education x decision type interactions were found (F-values 
< 1.5, p-values > .2). 

 

RT in different decision tasks 

In Figure 1 the mean reaction times corresponding to correct responses are pre-
sented per age group and decision task. A main effect of age was found, indicating that 
younger individuals outperformed older individuals, F(1, 75) = 14.8, p  < .01, partial η2 
= .17  (mean RTs over all conditions  are 690 and 769 ms for the young and middle-
aged groups respectively). A main effect of decision type and significant contrasts 
between the three types indicated that people had longer reaction times in the semantic 
decision task than in the ‘e’ detection task, and longer RTs in the ‘e’ detection task than 
in the case decision task, F(2, 150) = 24.5, p  < .01, partial η2 = .25 (means are 828, 
724, and 635 ms for the semantic decision, ‘e’ detection, and case decision tasks re-
spectively). No age by decision type interaction was found, indicating that the age-
related differences in RT performance did not differ across decision tasks, F(2, 150) = 
1.8, p > .1.  

A main effect of education was found, indicating that people with a high educa-
tional level had shorter reaction times than people with a low educational level, F(1,75) 
= 11.5, p < .01, partial η2 = .13  (means are 764 and 695 ms for low and high educa-
tional levels respectively). No age x decision type x education, education x age, and 
education x decision type interactions were found (F-values < 1, p-values > .6). Results 
were essentially the same when left-handed participants were excluded from the analy-
ses. 
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Figure 1. Mean reaction time as a function of age and condition. Error bars represent 
standard errors of the mean. 

 

RT split by stimulus type per decision task 

In Figure 2 the mean reaction times are presented per age group and stimulus 
type for each decision task. With respect to case decision, no difference in RT was 
found between response on uppercase and lowercase words, F(1, 75) = .08, p > .8. 
Main effects of age, F(1,75) = 12.4, p < .01, and education, F(1,75) = 8.4, p < .01 
(means are 673  and 593 ms for low and high educational levels respectively), but no 
interactions with stimulus type (F-values < 2, p-values > .19) were found. Within the 
‘e’ detection task, a main effect of stimulus type was found, F(1,75) = 7.4, p < .05, 
partial η2 = .09, indicating that the RT for the words containing the letter ‘e’ is shorter 
than for the words without ‘e’. Besides a main effect of age, F(1,75) = 5.0, p < .05, and 
education, F(1,75) = 7.8, p < .01(means are 756 and 691 ms for low and high educa-
tion, respectively), an interaction between age and stimulus type was found, F(1,75) = 
6.7, p < .05, partial η2 = .08. This indicates that the difference in RT between words 
with and without ‘e’ was larger in the old group. Regarding the semantic decision task, 
no main effect of stimulus type was found, F(1,75) = .02, p > .8, indicating that there 
was no difference in RT between words referring to living and non-living items. How-
ever, in addition to a main effect of age, F(1,75) = 10.4, p < .01, and education, F(1,75) 
= 6.0, p < .05 (means are 858 and 798 ms for low and high educational levels respec-
tively), an interaction between age and stimulus type was found, F(1,75) = 8.4, p < .01, 
partial η2 = .1, indicating that the age difference in RT is larger for words referring to 
non-living than for words referring to living items. No age x stimulus type x education, 
education x age, and education x stimulus type interactions were found (F-values < 2, 
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p-values > .15). The results were essentially the same when left-handed participants 
were excluded from the analyses. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Mean reaction time as a function of age and case (A), age and presence of 
the letter ‘e’ (B), and age and semantic dimension (C). Error bars represent standard 
errors of the mean. 

DISCUSSION 

The first purpose of this study was to investigate whether middle-aged adults 
process information less efficiently than young adults in more resource-demanding 
conditions. We assessed age differences in RT on decision tasks that induce various 
levels of processing. The results indicate that middle-aged and young adults of both 
educational levels had longer RTs in the semantic decision than in the ‘e’ detection 
task, and longer RTs in the ‘e’ detection than in the case decision task. This main effect 
of decision type suggests that the task conditions varied in their relative demands on 
the different components of visual word processing. Because the semantic decision 
task (deep processing) is assumed to incorporate shallow processing stages, this condi-
tion can be considered more complex than the shallower conditions. The effect of 
decision type on RT is in accordance with recent ERP studies using decision tasks to 
induce processing at a particular level. For instance, the findings in a study by Bentin et 
al. (1999) indicate that a size decision task induces visual/orthographic processing in 
which visual features are integrated to represent orthographic patterns. A rhyme deci-
sion task reflects the activation of a phonological representation of the printed word. 
Finally, a semantic decision task reflects accessing the meaning of a word.  
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Most importantly, the results of the present study showed no age by decision 
type interaction, that is, RT differences between age groups did not vary across deci-
sion tasks. This finding suggests that different levels of word processing are equally 
vulnerable to slowing in middle age. Thus the implications of the theories proposed by 
Myerson et al., (1990) and Salthouse (1996), which predict a disproportionate increase 
of RT in older adults as a function of the number of processing steps, do not apply to 
middle age. A straightforward explanation for this result is that the aging process in 
adults of middle age is in such an early stage that a disproportional effect is not yet 
demonstrable. It is possible that elderly (over 65 years of age) compared to young 
adults might show a disproportionate increase as depth of processing increases. It 
should be noted that the participants in the present study consisted of persons in the 
age range between college age and retirement age. They were carefully screened for 
health problems to exclude potential age-extrinsic confounds. Furthermore, we did not 
rely on college students as the source of young participants, which is common practice 
in contemporary cognitive age research. To the extent that college students are not 
representative of their cohort in terms of intellectual ability, lifestyle, socioeconomic 
status or personality characteristics (such as openness to experience), the age-related 
changes observed in studies involving college students may not be completely attribut-
able to intrinsic (i.e. ‘pure age’) processes. No age by condition interaction was found 
in the present sample in which age-extrinsic confounds are minimized. This might 
suggest that age-related cognitive change in extreme age-group designs is not necessar-
ily attributable to intrinsic age effects. This should be investigated in future research by 
carefully screening and classifying participants in order to reduce age-extrinsic con-
founds. 

Another possible explanation for the equal vulnerability to slowing in middle age 
for different levels of word processing may be sought in the slowing function repre-
senting age effects in sequential complexity conditions. Sequential complexity refers to 
any task manipulation that leads to a variation in the number of independent process-
ing steps but that does not increase the amount of information exchange between 
single steps (Mayr & Kliegl, 1993). In particular, no simultaneous storage and process-
ing demands should be involved in these tasks, which makes working memory load 
comparatively low. This is in contrast to task manipulations on the coordinative com-
plexity dimension in which working memory load is varied. Age-related slowing is 
found to be larger if coordinative complexity is increased than if sequential complexity 
is increased (Mayr & Kliegl, 1993). The stability of age differences in RT over decision 
types in the current study suggests that the present task manipulation represents se-
quential rather than coordinative complexity. It should be investigated in future re-
search whether there is disproportionate slowing in middle age with respect to tasks 
that increase in coordinative complexity. 

 We additionally investigated age-related differences in RT between stimulus 
types within decision tasks in order to provide insight into the use of search strategies. 
With respect to case decision, no difference in RT was found between responses on 
uppercase and lowercase words and there was no interaction with age. This was ex-
pected, because no search processes are involved. In the ‘e’ detection task, an effect of 
response type was found, indicating that the RT for the words containing the letter ‘e’ 
is shorter than for the words not containing an ‘e’. Interestingly, this difference was 
larger in the middle-aged group. This pattern of results indicates that participants ter-
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minated the search of the letter string when the ‘e’ was identified, and that middle-aged 
participants were slower in performing this search strategy than the younger ones. The 
suggestion that a terminating search strategy (Schneider & Shiffrin, 1977) was adopted 
in which each letter was assessed, implies that the ‘e’ detection task does not draw on 
orthographic or phonological processing of the whole word. Regarding the semantic 
decision task, an interaction between age and stimulus type was found: the age differ-
ence in RT was larger for words referring to non-living than for words referring to 
living items. This suggests that middle-aged adults are more constrained by the reduced 
semantic accessibility of words referring to non-living items than younger adults. Thus, 
although no overall age by level of processing interaction was found, the age by stimu-
lus type interactions in the deeper processing tasks suggest that a cognitive vulnerabil-
ity already exists in middle age. 

Concerning the role of education in visual word processing, higher educated 
persons had consistently shorter RTs than lower educated persons. Education did not 
interact with any of the other independent variables, however. This suggests that edu-
cation is not a moderating factor of age-related changes in visual word processing, at 
least not over the age span investigated in the present study. It should be noted that 
people often finished schooling before 1960 for reasons other than their intellectual 
capacity (Jolles et al., 1995). As a consequence, there is a risk of underestimating the 
cognitive differences associated with age in lower educated people. By including a 
young and a middle-aged group, which yields fewer cohort differences than a compari-
son between a young and old group, and by defining the low and high level of educa-
tional achievement differently for young and middle-aged persons, this risk was mini-
mized in the current study. It is noteworthy that the precise mechanisms for the 
hypothesized protective effect of education remain unclear. One of the proposed 
mechanisms is that education serves as a marker for other socioeconomic conditions, 
including health status, which is also known to influence age-related cognitive decline 
(van Hooren et al., 2005). Thus, a protective effect of education might not have been 
demonstrated in the present study because all our participants were screened for health 
problems to exclude potential age-extrinsic confounds.  

Because the issue of the interaction between age and education has been seldom 
addressed by experimental studies, it is not yet clear on which cognitive domains edu-
cation may have such a protective effect. The few previous studies mainly found 
smaller age differences in highly-educated persons in verbal memory (Ardila, Ostrosky-
Solis, Rosselli & Gomez, 2000; Capitani, Barbarotto & Laiacona, 1996), visual atten-
tion (Capitani et al., 1996) and some subtests of the Wechsler Adult Intelligence Scale 
(Heaton, Grant & Matthews, 1986). Since the present study addresses visual word 
processing, which draws less on working memory and executive functioning, its results 
add to the accumulating evidence that education mainly affects age changes in higher 
order cognitive functions. Especially in tasks that tap these kinds of functions, age-
related change in performance may be attenuated by the use of cognitive skills or 
strategies, which is enhanced by educational experience.  

In conclusion, different levels of word processing are equally vulnerable to slow-
ing in middle age. This may suggest that particular mechanisms of cognitive aging, in 
which disproportionate age-related slowing as a function of the number of processing 
steps is predicted, do not apply to middle age. Another possibility is that the decision 
tasks inducing levels of word processing represent variations in sequential complexity, 
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which does not interact with age. Because no age by condition interaction was found in 
the present sample in which age-extrinsic confounds such as health are minimized, the 
importance of these confounds in extreme age group designs is stressed. Although no 
overall age by level of processing interaction was found, the age by stimulus type inter-
actions in the deeper processing tasks suggest that a cognitive vulnerability already 
exists in midlife. We also conclude that a high educational level has no protective effect 
on age-related changes in visual word processing.  
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ABSTRACT 

The aim of the present study was to examine whether deeper processing 
of words leads in middle-aged adults to a smaller increase in word-learning 
performance and a smaller decrease in retrieval effort, as measured by re-
action times (RTs) of recognition, than in young adults. It was also as-
sessed whether high education attenuates age-related differences in per-
formance. Accuracy of recall and recognition and RTs of recognition after 
performing incidental and intentional learning tasks were compared be-
tween 40 young (25-35) and 40 middle-aged (50-60) adults with low and 
high educational levels. Results showed that age differences in recall in-
creased with depth of processing, whereas age differences in accuracy and 
RTs of recognition did not differ across levels. High education did not 
moderate the age-related differences in performance. These findings sug-
gest a reduced benefit of deep processing in middle age when no retrieval 
cues are available.  
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In the abundance of studies on age-related cognitive differences, comparisons 
have been made between relatively young adults (usually in their 20s), and older adults 
(usually older than 65). Although the age range between 30 and 60 has often been 
disregarded, this range may be of particular interest because the first manifestations of 
age-related cognitive change (Houx & Jolles, 1993; Houx, Jolles, & Vreeling, 1993; 
Houx, Vreeling, & Jolles, 1991; Rabbitt, 1993) and cognitive complaints (Ponds, 
Commissaris, & Jolles, 1997) can already be seen from age 40. Previous studies have 
not been able to establish a relation between subjective cognitive complaints and poor 
cognitive performance in middle age (Jonker, Geerlings, & Schmand, 2000; Ponds, van 
Boxtel, & Jolles, 2000). A possible explanation for this discrepancy might involve the 
psychological construct ‘effort’. Middle-aged adults may need to invest more cognitive 
effort to achieve the same performance as young adults especially in resource-
demanding situations, such as in professional life. Indeed, cognitive challenges at mid-
life are generally high and consist of work and family environments requiring particular 
skills, such as organizing, planning, problem solving and multitasking (Schooler, 1999). 
To test the hypothesis that middle-aged adults invest more effort than young adults 
especially in resource-demanding situations, an experimental paradigm is needed that 
involves conditions varying in processing demands and that also includes a measure of 
cognitive effort. Such a paradigm can be derived from the levels-of-processing frame-
work proposed by Craik and Lockhart (1972). According to their view, incoming in-
formation can be processed in different ways, which are viewed as varying from shal-
low to deep processing (Burke & Light, 1981). A deeper analysis produces a richer and 
more elaborated memory trace (Craik & Tulving, 1975), which is more resistant to 
forgetting.  

Although this levels-of-processing framework has undergone several revisions 
since its initial formulation (e.g., Craik, 2002), it is the earliest version that has been 
most influential in the area of cognitive aging. Following the levels-of-processing hy-
pothesis it has been suggested that older adults have a deficiency in deep, semantic 
processing, which may result in memory impairments (Burke & Light, 1981). This 
hypothesis was tested by early studies in which recall and recognition by young and 
older adults were compared after performing incidental processing tasks (i.e. percep-
tual, phonological, or semantic analysis of words) and an intentional learning task (i.e. 
memorization of words) (White, cited in Craik, 1977; Erber, Herman, & Botwinick, 
1980; Eysenck, 1974; Mason, 1979; Rankin & Hyland, 1983; Zelinski, Walsh, & 
Thompson, 1978). The predominant pattern of results with respect to recall was that 
age differences were small and unreliable after shallow processing tasks and larger after 
deeper processing tasks (White, cited in Craik, 1977; Erber et al., 1980; Eysenck, 1974; 
Rankin & Hyland, 1983). It was suggested that deep processing is cognitively effortful 
and places a strain on the diminished resources of older adults (Kausler, 1994). In 
contrast, when memory for the words was tested by recognition, age differences after 
deep incidental instructions (White, cited in Craik, 1977; Erber et al, 1980; Rankin & 
Hyland, 1983) and intentional learning (Erber et al., 1980; Mason, 1979; Rankin & 
Hyland, 1983) were much less pronounced. This suggests that mainly the self-initiated 
search component of retrieval, which is presumably bypassed by recognition (Kausler, 
1994), is sensitive to an age-related deficiency in deep processing. 

However, the aforementioned studies only examined the number of correctly re-
called and recognized words. Because an age-related deficiency in deep processing is 
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presumably manifested in retrieval processes, it could be relevant to examine reaction 
times of recognition, i.e. to measure how fast a person can decide whether a word was 
presented before. Although the exact nature of the retrieval processes involved in 
recognition is still a matter of debate, the assumption that old-new responses are initi-
ated when sufficient evidence has accumulated to justify one response or the other is 
accepted and incorporated into most theories (Diller, Nobel, & Shiffrin, 2001; Ratcliff 
& Smith, 2004). The main construct to be extracted from RTs is therefore retrieval 
effort, the mobilization of processing resources in order to retrieve items from mem-
ory (Rugg, Allan, & Birch, 2000). Longer RTs would then represent less efficient mobi-
lization of processing resources and more retrieval effort. Because deeper processing 
results in better maintenance of words in memory, deeper processed words are ex-
pected to require less retrieval effort than shallow processed words. In this regard, we 
could test whether deeper processing leads in middle-aged adults to a smaller decrease 
in retrieval effort than in young adults. The first purpose of the present study was 
therefore to examine whether deeper processing of words during encoding leads in 
middle-aged adults to a smaller increase in word-learning performance and a smaller 
decrease of RTs than in young adults.  

Within the study of cognitive aging, relatively limited attention has been given to 
factors affecting cognitive abilities in midlife (Willis & Schaie, 2005). Protective factors 
in cognitive maintenance and plasticity are important as possible mechanisms to be 
targeted in preventive interventions. High educational level may attenuate an age-
related increase in effort investment and change in verbal learning performance, be-
cause educational experience may provide reserve capacity in the form of a more 
elaborate set of basic skills or cognitive strategies (Stern, 2002). Indeed, high educa-
tional level has been shown to attenuate age-related cognitive decline in older adults 
(e.g., Anstey & Christensen, 2000; Bosma, Van Boxtel, Ponds, Houx, & Jolles, 2003). 
In light of this protective effect of education, an interesting issue is whether a higher 
educational level, which stimulates language proficiency and the use of encoding and 
retrieval cues, compensates for a reduced benefit of deep processing in middle-aged 
individuals. The second purpose of the present study was therefore to examine 
whether age-related memory differences after performing shallow and deeper learning 
tasks, are moderated by level of education. 

Four incidental learning tasks were used in the present study, each designed to 
induce processing at a particular level. The first task was to decide whether words were 
written in lowercase or uppercase letters, which was assumed to induce shallow per-
ceptual processing (Bentin, Mouchetant-Rostaing, Giard, Echallier, & Pernier, 1999; 
Daselaar, Veltman, Rombouts, Raaijmakers, & Jonker, 2003). The second task was to 
decide whether words contained the letter ‘e’, which was assumed to induce more 
elaborate orthographic/phonological processing (Proverbio et al., 2004). In the third 
task, participants had to say words aloud without making a decision, which was as-
sumed to invoke at least perceptual, orthographic and phonological processing. Access 
of information concerning the meaning of a word is not necessarily involved in this 
task (Seidenberg & McClelland, 1989). The fourth task was to decide whether words 
referred to a living or a non-living item, which was assumed to invoke deep semantic 
processing (Daselaar et al., 2003; Tisserand, McIntosh, van der Veen, Backes, & Jolles, 
2005). Also four intentional memorizing tasks were administered.  
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In contrast to the previous studies on age differences within the levels-of-
processing framework that used a between-subject design, a more powerful mixed 
design in which each participant received all conditions was used in the present study. 
Moreover, a younger (25-35 years) group was compared with an older middle-aged (50-
60 years) group. These groups consisted of persons from the working population and 
were therefore less subject to differences in lifestyle associated with schooling or re-
tirement. In addition, they were without age-related health problems with potential 
impact on brain function in order to reduce any source of bias due to age-extrinsic 
factors. 

METHOD 

Participants 

Eighty adults from two age groups participated in the study. The younger group 
consisted of 20 people with a low education level and 20 people with a high level aged 
between 25 and 35 (mean age = 29.0 years, SD = 2.8). The older middle-aged group 
consisted of 20 people with a low education level and 20 people with a high level aged 
between 50 and 60 (mean age = 56.1 years, SD = 3.4). Participants were stratified for 
age (two age groups), education (two levels) and sex. Participants were recruited by 
advertisements in local newspapers and advertising at Maastricht University, local 
companies and clubs (e.g. sports, music). There was a selection by telephone in order 
to exclude persons with health-related conditions known to interfere with normal cog-
nitive functioning. Exclusion criteria were cerebrovascular pathology, psychiatric dis-
turbances, neurological disorders, dyslexia, serious medical conditions with known 
impact on brain function, excessive use of alcohol (> 21 consumptions/week), use of 
psychoactive medication or drugs, clinically overt visual or auditory deficits, and previ-
ous participation in cognitive experiments. The Ethics Committee of the Department 
of Psychology, Maastricht University, approved the study and participants gave their 
written informed consent. 

Level of education was assessed by classifying formal schooling according to a 
system commonly used in the Netherlands (de Bie, 1987), which is comparable to the 
International Standard Classification of Education (UNESCO, 1976). Educational level 
was scored in eight ordinal categories: 1) primary education, 2) lower vocational educa-
tion, 3) intermediate secondary education, 4) intermediate vocational education, 5) 
higher secondary education, 6) higher vocational education, 7) higher professional 
education, and 8) university. In many western countries, persons between 50 and 60 
are –generally- lower educated than persons between 25 and 35. Thus, the median 
educational level in the population differs for the age ranges used in the present study 
(Mares, 2004). We attempted to deal with this cohort effect by adjusting the classifica-
tion into a low and a high educational level according to the median level in each age 
group. A low level of education was defined in the young group as a maximum of 
intermediate vocational education (equivalent to a maximum of 13 years of education). 
A low level of education was defined in the older group as a maximum of intermediate 
secondary education (equivalent to a maximum of 10 years of education).  
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The characteristics of the sample are shown in Table 1. This table shows that 
persons with a low educational level were a little older than persons with a high educa-
tional level in both the young, F(1, 38) = 4.4, p < .05, and the old age group, F(1, 38) = 
6.0, p < .05. Because the difference was at most 2.5 years, this was not considered to 
be a problem. The young and middle-aged participants did not perform differently on 
a 20-item multiple-choice Dutch vocabulary test (Luteijn & Van der Ploeg, 1983) 
measuring verbal IQ, F(1, 76) = 3.1, p = .09. The vocabulary scores of the highly-
educated participants were higher than those of the poorly-educated participants, F(1, 
76) = 33.1, p < .01.  

 
Table 1. Participant characteristics 

 

 Young (25-35) Middle-aged (50-60) 

 Low 
educational 
level 

High 
educational 
level 

Low 
educational 
level 

High 
educational 
level 

N 20 20 20 20 

Age: mean (SD)  29.9 (.64) 28.1 (.57) 57.4 (.61) 54.9 (.82) 

Male/female ratio (n/n) 10/10 10/10 10/10 10/10 

Vocabulary  (SEM) 11.7 (.49) 14.9 (.49) 12.9 (.49) 15.3 (.49) 

Left-/right-handedness (n/n) 17/3 16/4 20/0 19/1 

 

Materials and Procedure 

In ciden ta l  ta sk s  
There were four computerized tasks with 16 words presented one after another 

in each task. In the first task, in which eight words were presented in uppercase and 
eight in lowercase, the participants were asked to make a decision about the case of the 
letters. In the second task, participants had to indicate whether or not the words con-
tained the letter ‘e’. In the third task, participants had to read aloud the words without 
making a decision. In the last task, participants were asked whether the words referred 
to a living or a non-living item. The order in which the tasks were presented was ran-
domized within each age group per educational level. The words used were mono- or 
disyllabic, varying in length between five and seven letters, and with a value of six or 
higher on a Dutch 7-point norm scale for imagery (Van Loon-Vervoorn, 1985). Words 
were presented in the center of a computer screen (font: Arial, 50 pt.). The color of the 
words was white against black background. The presentation software was pro-
grammed in E-prime (Schneider, Eschman, & Zuccolotto, 2002). The four tasks in-
volved four fixed word lists that were matched for word frequency and word length. 
All lists contained eight living items and eight words containing the letter ‘e’. They 
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were carefully matched with respect to the categories from which the words were 
drawn (i.e. animals, flowers, tools etc.) and with respect to phonological characteristics.  

Participants were seated in front of a 17” monitor at a normal viewing distance 
of approximately 25 inch (60 cm), and responded with either their left or right index 
finger using two response buttons. In the three decision tasks, a right button press 
indicated ‘uppercase’, ‘containing e’ and ‘living’ respectively. In these tasks, the words 
were presented on the screen with a maximum of 1500 ms until a response was given. 
A fixed interval of 2000 ms between the appearance of a word and the appearance of a 
next word was used. Participants were told to respond as quickly and accurately as 
possible. In the reading task, the words were presented for 1000 ms on the screen with 
an interval of 2000 ms between the appearance of a word and the appearance of a next 
word.  

 
Reca l l  and r e co gn it io n o f  in ciden ta l ly  pr e sent ed  words   

A 5-minute delay was imposed during which the participants copied the Rey 
Complex Figure (Rey, 1941) that involves no verbal stimuli. After this delay, they un-
expectedly had to orally recall as many of the words they had encountered in the four 
tasks as possible. Subsequently, the participants performed an old/new recognition 
task. This task consisted of 32 old words (8 from each incidental task) and 32 new 
words, presented in a random order. The new words were selected using the same 
criteria as the words that were presented in the incidental tasks (mono/disyllabic, 5-7 
letters, matched for word frequency, word length, and number of living items). Partici-
pants responded with either their left or right index finger using two response buttons 
to indicate whether the word was seen before in the incidental tasks. A right button 
press indicated ‘yes’, a left button press indicated ‘no’. The words were presented on 
the screen with a maximum of 2500 ms until a response was given. There was a fixed 
interval of 3000 ms between the appearance of a word and the appearance of a next 
word. Participants were told to respond as quickly and accurately as possible. Reaction 
times and accuracy measures were recorded. 

 
In ten t ional  ta sk s  

When recognition of the incidental tasks was completed, two sustained attention 
tests, which did not involve the learning of verbal material, were administered for 
about 20 minutes, with a break of 5 minutes in between. After this delay of 25 minutes, 
the participants were asked to memorize a list of 16 words for subsequent recall. After 
presentation of the words, the participants were asked to recall as many of the pre-
sented words as possible in any order. This procedure was conducted four times with 
different word lists. The order in which the lists were presented was randomized 
within each age group per educational level. In these four tasks, the words were pre-
sented for 1000 ms on the screen with an interval of 2000 ms between the appearance 
of a word and the appearance of a next word. The characteristics and computerized 
presentation of the words were the same as in the incidental tasks. 

 
Reca l l  and r e co gn it io n o f  in ten t ional ly  pr esent ed  words   

A 5-min delay was imposed during which the participants copied the Taylor fig-
ure (Taylor, 1989) that involves no verbal stimuli. After this delay, they had to orally 
reproduce as many of the words they had encountered in the four intentionally pre-
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sented lists as possible. Subsequently, the participants performed an old/new recogni-
tion task. This task consisted of 32 old words (8 from each intentional task) and 32 
new words, presented in a random order. The characteristics and computerized presen-
tation of the words were the same as in the recognition of the incidental tasks. 

Design 

A cross-sectional design was used with two age groups (young and middle-aged) 
and two educational levels (low and high). All participants received four incidental 
conditions, and because the procedure of recall and recognition had to be similar for 
intentional and incidental learning, they received also four parallel intentional tasks. 
The mean performance of the four parallel intentional tasks was used as a measure of 
intentional learning. This yielded a 5 x 2 x 2 design with type of task (case decision, ‘e’ 
detection, reading, semantic decision and intentional learning) as the within-groups 
variable and age group and educational level as the between-groups variables. The 
number of correctly recalled words, recognized words and mean reaction times for 
correctly and incorrectly recognized words were the dependent variables. 

Data analysis  

The assumptions of ANOVA (homogeneity of variance and normality of the re-
siduals) were tested for each dependent variable. Homogeneity of variance was evalu-
ated by visual inspection of the scatter plots of the residuals against the predicted val-
ues. Normal distribution of the residuals was checked by visual inspection of the 
histograms and the normal probability plots. Based on this information, data transfor-
mation was not considered necessary. Full-factorial repeated-measures ANOVAs were 
used per dependent variable. A Greenhouse-Geisser correction was applied to the 
degrees of freedom and the significance levels if the sphericity assumption was vio-
lated. Statistically significant main effects of task type and interactions with task type 
were further analyzed following Fishers LSD procedure. Repeated contrast analyses 
were conducted in order to analyze differences between consecutive levels of process-
ing. Simple contrast analyses were conducted in order to analyze differences between 
intentional learning on the one hand and each incidental task on the other. Post hoc 
power analyses (Buchner, Faul, & Erdfelder, 1992) per dependent variable on the 
available number of participants using a medium critical effect size of 0.25 and an 
alpha level of .05 resulted in a power of .99 for all three dependent variables with re-
spect to the within-groups effects. The analyses resulted in a power of .97, .89 and .81 
with respect to the between-groups effects for recall, accuracy, and reaction times of 
recognition respectively. 



Chapter 6 

 84 

RESULTS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Figure 1. Mean accuracy on recall (A), recognition (B), and reaction times of recogni-
tion (C) as a function of age and condition. Error bars represent standard errors of the 
mean. 

Recall 

In Figure 1a the mean numbers of correctly recalled words from each incidental 
task and four intentional tasks are presented per age group. A main effect of age was 
found, indicating that younger individuals outperformed older individuals, F(1, 76) = 
22.5, p  < .01, partial η2 = .23  (means over all conditions are 2.0 and 1.3 for the young 
and old age groups, respectively). There was a main effect of task, F(3, 229.1) = 68.1, p 
< .01, partial η2 = .47, indicating that more words were recalled as depth of processing 
increased (means are .36, .6, 1.8, 2.9, and 2.7 words for the case decision, ‘e’ detection, 
reading, semantic decision, and intentional learning tasks, respectively). Repeated con-
trasts were significant except the one between semantic decision and intentional learn-
ing. Also the simple contrasts were significant except the one between semantic deci-
sion and intentional learning. An age by task interaction was found, indicating that the 
age-related differences in recall increased with depth of processing, F(3, 229.1) = 2.7, p 
< .05, partial η2 = .035. Only the repeated contrast case decision vs. ‘e’ detection and 
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the simple contrast case decision vs. intentional learning were significant. However, 
floor effects complicate this interaction in the shallow conditions.  

A significant main effect of education was found, indicating that highly-educated 
people recalled more words than poorly-educated people: F(1,76) = 4.9, p  < .05, par-
tial η2 = .061  (means are 1.5 and 1.8 words for low and high educational level, respec-
tively). No age x task x education, education x age and education x task interactions 
were found (F-values < 2.6, p-values > .1).  

Accuracy of recognition  

In Figure 1b the mean numbers of correctly recognized words from each inci-
dental task and four intentional tasks are presented per age group. A main effect of age 
was found, indicating that younger individuals outperformed older individuals, F(1, 75) 
= 8.1, p  < .01, partial η2 = .1  (means over all conditions  are 5.6 and 4.9 words for the 
young and old age groups, respectively). There was a main effect of task, F(3.5, 263.5) 
= 81.5, p < .01, partial η2 = .52 (means are 3.6, 3.9, 6.1, 6.7, and 6.0 words for the case 
decision, ‘e’ detection, reading, semantic decision and intentional learning tasks respec-
tively). Repeated contrasts were significant except the one between case decision and 
‘e’ detection. Also, the simple contrasts were significant except the one between read-
ing and intentional learning. No age by task interaction was found, indicating that the 
age-related differences in recognition accuracy were equal across tasks, F(3.5, 263.5) = 
.74, p > .5.  

A main effect of education was found, indicating that highly-educated people 
recognized more words than poorly-educated people: F(1,75) = 5.2, p < .05, partial η2 
= .065 (means are 4.9 and 5.5 words for low and high educational level respectively). 
No age x task x education, education x age, and education x task interactions were 
found (F-values < 2.2, p-values > .06).  

Because recognition was tested for the incidental conditions together, the num-
ber of true negatives, i.e. correctly identified new words, could not be separated for 
each incidental condition. The same applies to the intentional conditions. The number 
of true negatives did not differ between age groups with respect to the incidental tasks, 
F(1, 75) = .76, p > .3 (means are 24.3 and 25.4 for the young and middle-aged group 
respectively), and educational levels, F(1, 75) = .83, p > .3 (means are 25.5 and 24.3 for 
the low and high level respectively). An education x age interaction was not found, F(1, 
75) = .3, p > .5. The same pattern of results was found for the intentional tasks: the 
number of true negatives did not differ between age groups, F(1, 75) = 1.3, p > .2 
(means are 25.3 and 26.4 for the young and middle-aged group respectively), and edu-
cational levels, F(1, 75) = .43, p > .5 (means are 26.2 and 25.6 for the low and high 
level respectively). An education x age interaction was not found either, F(1, 75) = .6, p 
> .4. On the basis of these results we concluded that groups did not differ in their 
response bias, which would reduce the effectiveness of the recognition score as a 
measure of retention (Harris, Ivnik, & Smith, 2002).  

RTs of recognition  

RTs of correctly recognized words were shorter than RTs of incorrectly recog-
nized words (means collapsed over conditions are 1000 ms and 1179 ms respectively). 
However, no differences between age groups and educational levels were found. We 
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decided therefore to collapse the mean RTs over correctly and incorrectly recognized 
words in order to get a more robust measure of retrieval effort. In Figure 1c, these 
mean RTs from each incidental task and four intentional tasks are presented per age 
group. There was a marginally significant main effect of age, F(1, 75) = 3.4, p  = .07, 
partial η2 = .043, indicating that the two age groups did not differ much in RT (mean 
RTs over all conditions  are 946 and 1006 ms for the young and old age groups respec-
tively). There was a main effect of task, F(4, 300) = 15.8, p < .01, partial η2 = .17 
(means are 1065, 999, 982, 944 and 891 ms for the case decision, ‘e’ detection, reading, 
semantic decision tasks and intentional learning respectively). Repeated contrasts were 
significant between case decision and ‘e’ detection and between semantic decision and 
intentional learning. All simple contrasts were significant. No age by task interaction 
was found, indicating that the age-related differences in RT performance did not differ 
across tasks, F(4, 300) = .72, p > .5. 

 A main effect of education was found, indicating that highly-educated people 
had shorter RTs than poorly-educated people: F(1,75) = 4.3, p < .05, partial η2 = .055  
(means are 1011 and 942 ms for low and high educational level  respectively). No age x 
task x education, education x age, and education x task interactions were found (F-
values < 1, p-values > .2).  

DISCUSSION 

The first purpose of the present study was to examine whether deeper process-
ing of words during encoding leads in middle-aged adults to a smaller increase in word-
learning performance and a smaller decrease in retrieval effort than in young adults. A 
main effect of task on accuracy of recall and recognition indicated that word-learning 
performance indeed increased after deeper processing. A major outcome of this study 
is that the performance increase was smaller in middle-aged adults than in young adults 
with respect to recall. Age differences did not differ across levels of processing in rec-
ognition. These findings are generally in accordance with previous studies in which 
mainly extreme age groups were compared (White, cited in Craik, 1977; Erber et al., 
1980; Eysenck, 1974; Mason, 1979; Rankin & Hyland, 1983; Zelinski et al., 1978). Al-
though we observed floor effects in the shallow conditions, our results are in line with 
previous studies that were not complicated by floor effects (Erber et al., Eysenck, 
1974). Thus, the present study demonstrates already a reduced benefit of deep process-
ing in middle-aged individuals. Moreover, these effects seem to be purely attributable 
to aging, since the participants in the present study were carefully screened for health 
problems to exclude potential age-extrinsic confounds.  

To our knowledge, the present study is the first that also examined RTs of rec-
ognition, which enabled us to examine retrieval mechanisms. A main effect of task on 
RTs of recognition indicated that retrieval effort decreased with depth of processing. 
The absence of an age by task interaction demonstrates that this decrease in retrieval 
effort was not reduced in middle-aged adults. While we offered a definition of retrieval 
effort in the introduction (the mobilization of processing resources in order to retrieve 
stored information), the term has little explanatory power without a specification of 
the cognitive operations served by such resources. Most current theorists propose 
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slower recall-like processes, often termed recollection, as one component and faster 
parallel retrieval, often termed familiarity, as the other component in a dual-route re-
trieval framework of recognition (see for review, Yonelinas, 2002). It has been shown 
that aging affects recollection more than familiarity (Yonelinas, 2002). The present 
main effect of age on RTs most probably reflects age-related slowing in recollection 
processes and of non-decision components of processing such as encoding and re-
sponse execution. The absence of an age by task interaction suggests that this age-
related slowing is not dependent on the level of processing.  

The general pattern of results thus suggests that a reduced benefit of deep proc-
essing in middle age is confined to the self-initiated search component of retrieval, 
which is required in recall and not in recognition. A major difference between recall 
and recognition is the amount of environmental support offered (Kausler, 1994), that 
is, the words themselves are reinstated on a recognition test, which diminishes the 
need for a constraining self-initiated search of the memory store. The present findings 
are therefore in line with many studies demonstrating smaller age differences when 
contextual or cognitive support is provided (see for review, Backman, 1989). When 
extended to daily life, this suggests that in more resource-demanding situations in 
which information has to be processed both quickly and thoroughly and when no 
retrieval cues are available, adults already show a cognitive vulnerability in middle age. 
When middle-aged adults are exposed frequently or longer to such cognitively chal-
lenging and stressful situations, for example in a professional context, their decreased 
processing capacities could lead to exhaustion of resources, which may result in cogni-
tive complaints. Persistent strain on diminished cognitive resources may even lead to 
more pathological conditions such as mood problems, mental fatigue, neuroenergetic 
problems, dysthymia or ‘burnout’, which are common in the middle-aged working 
population (Lindblom, Linton, Fedeli, & Bryngelsson, 2006; Schwarz, Krauss, & Hinz, 
2003; Sluiter, de Croon, Meijman, & Frings-Dresen, 2003). Further longitudinal re-
search may unravel the mechanisms proposed in this line of reasoning.  

The second purpose of the present study was to examine whether a high educa-
tional level compensates for a reduced benefit of deep processing. More highly edu-
cated persons had consistently shorter RTs and higher accuracy levels than persons 
with a lower educational level. However, education did not interact with age or task on 
either of the dependent variables. This suggests that education is not a moderating 
factor of age-related changes in verbal learning manipulated by levels of processing, at 
least not over the present age-trajectory. This may be explained by one of the proposed 
mechanisms for the hypothesized protective effect of education. This mechanism 
assumes that education serves as a marker for other conditions related to socioeco-
nomic status, such as health status (Lasheras, Patterson, Casado, & Fernandez, 2001), 
which is also known to influence age-related cognitive change (van Hooren et al., 
2005). A protective effect of education might therefore not have been demonstrated in 
the present study, because all our participants were screened for health problems to 
exclude potential age-extrinsic confounds. It should be noted that before the 1960s 
many people did not finish or continue their schooling, mostly for reasons other than 
their intellectual capacity (Jolles, Houx, Van Boxtel, & Ponds, 1995). As a conse-
quence, there is a risk of underestimating the cognitive differences associated with age 
in poorly educated people. By including a young and a middle-aged group, which 
yielded fewer cohort differences than a comparison between a young and an old group, 
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and by defining the low and high levels of educational achievement differently for 
young and middle-aged persons, this risk was minimized in the current study.  

Because the issue of the interaction between age and education has seldom been 
addressed by experimental studies, it is not yet clear on which cognitive domains edu-
cation may have a protective effect and what are the determinants of such an effect. 
The few previous studies mainly found smaller age differences in highly-educated per-
sons in verbal memory (Ardila, Ostrosky-Solis, Rosselli, & Gomez, 2000; Capitani, 
Barbarotto, & Laiacona, 1996), visual attention (Capitani et al., 1996), and some sub-
tests of the Wechsler Adult Intelligence Scale (Heaton, Grant, & Matthews, 1986). In a 
recent study, we found that education attenuates age-related differences in verbal learn-
ing, but that its protective power reached a limit when the tasks’ demands were in-
creased by the combination of the presence of irrelevant speech and a shorter inter-
stimulus interval (Meijer, De Groot, Van Gerven, van Boxtel, & Jolles, 2006). Since 
task demands are very high in the present paradigm in that words are only presented 
once and under rapid conditions (in contrast to frequently-used multi-trial verbal learn-
ing tasks), the absence of interactions between education, age and level-of-processing 
could again point at a limit of the protective power of education. Future research 
should delineate more precisely those tasks, task conditions and individual characteris-
tics (such as health status) that allow older persons with a high educational level to 
compensate for negative age effects. 
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ABSTRACT 

The aim of this study was to test for interactions between education and 
health status (i.e., physical, social, and psychological functioning) with re-
spect to baseline cognitive performance and change over 6 years. Longitu-
dinal data from the Maastricht Aging Study of 1344 men and women aged 
24 to 47 and 49 to 77 were used. Interactions were only found in the 
younger group. Regarding baseline performance, an interaction effect was 
found on working memory efficiency. Regarding change, interaction ef-
fects were found on measures of speed and executive functioning. These 
interactions indicated that high education attenuates age-related decline 
and lower baseline performance incurred by low health status in persons 
younger than 50. The components of health status that most consistently 
interacted with education were physical functioning on baseline perform-
ance and physical and psychological functioning on longitudinal change.  
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The substantial heterogeneity in cognitive functioning across the lifespan and the 
rapidly growing proportion of older persons in the population underscore the impor-
tance to understand factors that influence age-related cognitive decline. Recently, the 
possibility of interactions between factors that influence cognitive decline has gained 
interest (Dik et al., 2001; Seeman et al., 2005). One potentially important interaction is 
that between health status and educational attainment. Consistent evidence supports a 
link between greater educational attainment, better cognitive functioning, and lower 
age-related cognitive decline (Anstey & Christensen, 2000; Bosma, Van Boxtel, Ponds, 
Houx, & Jolles, 2003; Cagney & Lauderdale, 2002). Precise mechanisms for this effect 
of education still remain unclear. One of the proposed mechanisms is that education 
serves as a marker for other conditions related to socioeconomic status, such as health 
status (Lasheras, Patterson, Casado, & Fernandez, 2001), which is also known to influ-
ence age-related cognitive decline (van Hooren et al., 2005). Educational level, how-
ever, has been shown to remain a significant predictor of cognitive aging, independent 
of factors such as health status and health behaviors (Albert et al., 1995). Other hy-
pothesized mechanisms have included more direct effects of education on the brain. 
These notions focus on the possibility that education promotes brain development, 
resulting for example in greater dendritic outgrowth and in greater levels of network 
connectivity, which may in turn result in greater “brain reserve” (Stern, 2002). Educa-
tional experience may also provide “cognitive reserve” in the form of a more elaborate 
set of basic skills or cognitive strategies (Stern, 2002). With aging, such reserve capaci-
ties allow the individual to maintain higher levels of cognitive functioning in the face of 
declines in brain structure or function (Katzman, 1993; Stern, 2002). A third hypothe-
sis posits that the protective effects of education are the result of factors related to 
high education that entail ongoing mental stimulation throughout the life course, such 
as certain leisure activities and a high occupational level (Bosma et al., 2002; Bosma et 
al., 2003).  

Health status represents another established determinating factor of cognitive 
aging. According to a long-standing statement of the World Health Organization 
(1948), physical, psychological, and social functioning determine the health status of an 
individual. Previous studies have identified associations between one of the three com-
ponents of health status and cognitive decline. For instance, psychological functioning, 
in terms of depressive complaints, has been associated with cognitive decline in older 
adults (Comijs, Jonker, Beekman, & Deeg, 2001; Wilson et al., 2002; Wilson, Mendes 
De Leon, Bennett, Bienias, & Evans, 2004). A possible explanation for this finding is 
that people who are anxious or depressed may be less motivated and have more wor-
ries that compete for resources in working memory, resulting in a reduced perform-
ance on cognitive tasks (Eysenck, 1992). Another explanation is that depression or 
anxiety initiates or accelerates neurodegenerative processes (Yaffe et al., 1999) or is a 
reaction to a perceived deterioration in cognitive function (Stewart, 2004). Psychoso-
cial factors, such as social resources, also appeared to have an influence on age-related 
cognitive decline in persons (Barnes, Mendes de Leon, Wilson, Bienias, & Evans, 2004; 
Seeman, Lusignolo, Albert, & Berkman, 2001). For example, it was demonstrated in 
6102 adults over 65 years of age that a higher number of social networks and a high 
level of social engagement were positively associated with initial level of cognitive 
function and with a reduced rate of cognitive decline over 5.3 years (Barnes et al., 
2004).  
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It was suggested that participation in social activities might be cognitively challenging, 
which accounts for its protective effects against cognitive decline. Finally, poor physi-
cal function, as indexed by self-rated health, was related to cognitive decline in an older 
population (Carmelli, Swan, LaRue, & Eslinger, 1997; Tranel, Benton, & Olson, 1997). 
It has been suggested that self-perceived health can be seen as an individual’s global 
assessment of disability in that it often reflects early stages of pathology, residual im-
pairments of illness, and functional limitations (Johnson & Wolinsky, 1993; Liang, 
1986). A limitation of these studies is that they highlight only one aspect of health 
status. To our knowledge, only one prior study (van Hooren et al., 2005) investigated 
the relative importance of health status components. Using data from the Maastricht 
Aging Study of 669 individuals aged 60 to 81, van Hooren et al. demonstrated that 
physical functioning (in terms of perceived health and instrumental activities of daily 
living) and psychological functioning (determined by psychopathological complaints) 
were related to several measures of cognitive functioning at baseline, but only psycho-
logical functioning was related to memory functioning six years later. 

Despite the fact that educational attainment and health status have each been 
linked to cognitive decline, there has been no research, to our knowledge, on the pos-
sibility of an interaction between these two modifying factors. If educational attain-
ment, as has been hypothesized, is associated with more complex brain development 
and a more elaborate set of basic skills or cognitive strategies, educational experience 
might well serve as a counterweight to cognitive deterioration induced by poor health 
status. In a parallel vein, one might hypothesize that lower educated individuals are 
more at risk of cognitive decline incurred by low health status. An alternative hypothe-
sis might emanate from interactions between APOE-e4 status, education, and time 
(seven years follow-up) that were found on cognitive functioning in persons aged 70 to 
79 (Seeman et al., 2005). The presence of an e4 allele, a risk factor for cognitive de-
cline, was associated with more pronounced cognitive decline in individuals with more 
than eight years of formal education than in individuals with less than eight years of 
education. This suggests that higher educated individuals have more to lose in terms of 
cognitive capacity when faced with a risk factor for cognitive decline than lower edu-
cated individuals. One might thus alternatively hypothesize that higher educated indi-
viduals are more at risk of cognitive decline incurred by low health status.  

In the present study, we seek to test whether there are interactions between 
health status and education on cognitive decline and if so, whether higher or lower 
educated individuals are more at risk of cognitive decline incurred by low health status. 
Using longitudinal data from the Maastricht Aging Study, we examine the possible 
interaction effects between education and health status (a combination of physical, 
psychological, and social functioning) on cognitive functioning and cognitive change 
over a six-year period in both younger (24 to 47 years) and older (49 to 76 years) indi-
viduals. We also studied whether the three components of health status show similar 
joint effects with education and whether the effects change with age. 
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METHODS 

Participants 

The data used in the present study were derived from the Maastricht Aging 
Study (MAAS), a longitudinal study examining determinants of normal cognitive aging 
(Van Boxtel et al., 1998). Participants were drawn from a register of general practices 
(Metsemakers, Hoppener, Knottnerus, Kocken, & Limonard, 1992). MAAS involved 
1823 participants aged between 24 and 81 years, who were stratified according to age 
(12 classes, ranging from 25 ± 1, 30 ± 1, 35 ± 1, …, to 80 ± 1 years), sex, and occupa-
tional achievement (low, high). Participants had no documented medical conditions 
known to interfere with normal cognitive functioning (e.g., dementia, mental retarda-
tion, and cerebrovascular pathology) and had a score of 24 or higher on the Mini-
Mental State Examination (Folstein, Folstein, & McHugh, 1975) at the moment of 
inclusion. In the baseline period between 1993 and 1995, participants underwent a 
cognitive and physical examination (Jolles et al., 1995). Six years after the baseline 
measurements, all participants were invited for reassessment. Due to refusal (n = 275), 
death (n = 116), loss to follow-up (n = 37), or other reasons (n = 19), 1376 participants 
were actually tested (74 %). Data for 1350 participants aged 24 to 76 were used in the 
present study. Individuals with clinically verified major depression or dementia at six-
year follow-up were excluded from further analyses, which resulted in a sample of 
1344 participants in the present study (696 men, 648 women). Because participants 
aged 49 years and older received an additional neuropsychological assessment three 
years after baseline, we analyzed younger (24 to 47 years) and older individuals (49 to 
77 years) separately. 

Health status 

Health status was based on three components: Physical functioning, social func-
tioning, and psychological functioning (World Health Organization, 1948). Physical 
functioning was measured as perceived health: Participants were asked how they would 
rate their health on a scale ranging from extremely good (1) to extremely poor (5). 
Individual scores were standardized into z-scores. Social functioning was defined by the 
number of hours per week a person was engaged in club life. In order to combine this 
measure with physical and psychological functioning, number of hours was first in-
verted and subsequently standardized. Psychological functioning was determined by the 
subscales depression and anxiety of the Symptom-Check-List 90 (SCL-90). The SCL-
90 is a widely used multidimensional checklist for psychopathological complaints 
(Arrindell & Ettema, 1986). Scores range from 0 (no complaints) to 80 (many com-
plaints) for depression, and from 0 (no complaints) to 50 (many complaints) for anxi-
ety. The individual scores from the two scales were first standardized and subsequently 
averaged. 

The three standardized health components, physical, social, and psychological 
functioning, were summed in order to obtain a single score for health status. 
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Education 

Level of education was assessed by classifying formal schooling according to a 
system commonly used in the Netherlands (de Bie, 1987), which is comparable to the 
International Standard Classification of Education (UNESCO, 1976). Educational level 
was scored in eight ordinal categories: 1) primary education, 2) lower vocational educa-
tion, 3) intermediate general secondary education, 4) intermediate vocational education, 
5) higher general secondary education, 6) higher vocational education, 7) higher pro-
fessional education, and 8) university. Education was used as a continuous variable in 
the analyses and inverted in order to better interpret the effects of the interaction term 
of education and health status.  

Assessment of cognitive functioning 

A broad range of cognitive tests was administered to assess speed of information 
processing, cognitive flexibility, interference, memory, and verbal fluency. These tests 
have been shown to be sensitive to age-related changes, level of education, and subtle 
differences in health (Van der Elst, Van Boxtel, Van Breukelen, & Jolles, 2005, 2006a, 
2006b; Van der Elst, van Boxtel, Van Breukelen, & Jolles, 2006c; Van der Elst, Van 
Boxtel, Van Breukelen, & Jolles, in press). 

The Stroop Color-Word Test (SCWT) (Stroop, 1935) is a test of selective attention 
(Van der Elst et al., 2006b). The test involves three subtasks with different cards dis-
playing a hundred stimuli each. The first card contains color names printed in black 
ink, which have to be read out aloud. The second card contains rectangle patches in 
red, blue, green, and yellow, which have to be named by their color. The last card dis-
plays color names printed in incongruously colored ink. Participants were instructed to 
name the ink colour of the printed words. As measure of general information process-
ing speed the mean time needed to complete cards 1 and 2 was calculated. Stroop 
interference was calculated as the time taken to complete the third card minus the 
mean of the time taken to complete the first two cards. Resistance to interference from 
a habitual response (word reading) can be considered as an executive function. 

The Concept Shifting Task (CST) is a modified version of the Trail Making Test 
(Vink & Jolles, 1985) and is used as an instrument to measure simple cognitive speed 
and cognitive flexibility (Van der Elst et al., in press). This test consists of three sheets 
of paper with sixteen small circles grouped to form a larger circle. The smaller circles 
contain numbers on the first sheet, letters on the second, and both numbers and letters 
on the third sheet. Letters and numbers are printed in a random order, which is the 
same for all participants. Participants were requested to cross out the items in a nu-
merical or alphabetical order as fast as possible. On the third sheet, participants had to 
alternately cross out numbers and letters (i.e, 1-A-2-B-3-C …, etc.). General informa-
tion processing speed was calculated as the mean time needed to complete sheets 1 
and 2. Concept shifting (i.e., shifting between numbers and letters), which can be con-
sidered as an executive function, was calculated as the time taken to complete the third 
sheet minus the mean of the time taken to complete the first two sheets.  

The Letter-Digit Substitution Test (LDST) is a modified version of the Symbol-
Digits-Modalities Test (Smith, 1968). This test measures the efficiency of processing in 
working memory (Van der Elst et al., 2006c). Individuals were instructed to copy 
numbers in cells that were indexed by a letter as fast as possible. The letter refers to 
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nine fixed letter-number combinations at the top of the form. The dependent variable 
(LDST) was the number of correctly copied numbers within 60 seconds. 

The Visual Verbal Learning Test (VVLT) measures intentional learning and verbal 
memory (Van der Elst et al., 2005). Fifteen monosyllabic words were presented one 
after another on a computer screen. After presentation, the participant was asked to 
recall as many words as possible in any order. This procedure was conducted five times 
with the same word list. After twenty minutes, delayed recall was tested. The sum of 
the scores in the first three learning trials (immediate recall) and the delayed recall 
score were used as measures of verbal memory in this study. 

In the Verbal Fluency Test (Lezak, 2004), participants were asked to produce as 
many words as possible from a given semantic category (i.e., animals) within 60 sec-
onds. The variable of interest is the number of correct animal names. The score can be 
seen as a measure for strategy-driven retrieval of information from semantic memory 
(Van der Elst et al., 2006a). 

Cognitive compound scores 

In order to reduce the number of test variables while improving the robustness 
of the underlying cognitive constructs (Lezak, 2004), we calculated compound scores 
for different cognitive domains. Raw scores of baseline assessment and follow-up were 
first transformed into z-scores for the young and old group separately. A memory 
compound score was calculated by averaging the immediate and delayed recall scores 
of the VVLT. A speed compound score consisted of the averaged general speed meas-
ures of the SCWT and CST. An executive function compound score was calculated by 
averaging the interference score of the SCWT and the concept shifting score of the 
CST. LDST, and fluency were not included in the compound scores, but treated as 
separate dependent variables.  

Data analysis 

Hierarchical linear regression analyses were used to study the interaction effects 
of health status, education, and age (measured at baseline) on cognitive functioning at 
baseline and follow-up. For all dependent variables, the same steps in the regression 
analyses were used. With respect to the cross-sectional models, sex was entered in the 
first step to adjust for it in all the next steps. Age, education, and health status were 
entered in the second step. The two-way interaction term between health status and 
education was entered in the third step. The two-way interaction terms age by educa-
tion and age by health status were entered in the fourth step. Finally, the three-way 
interaction term age by education by health status was entered in the fifth step. The 
longitudinal model formation followed the same procedure, but baseline performance 
was additionally entered in the first step of the analysis. Age, education, and health 
status were standardized before multiplication. This was done to avoid multicollinearity 
and for appropriate computation of standardized regression coefficients (Aiken & 
West, 1991).  

The relative importance of each health status component was examined by in-
troducing the three components (i.e., physical, social, and psychological functioning) 
simultaneously in the cross-sectional and longitudinal regression models. Age and 
education were entered in the second step, the health components in the third step, the 
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two-way interaction terms with education in the fourth step, the two-way interaction 
terms with age in the fifth step, and the three-way interaction terms with age and edu-
cation in the sixth step.  

The assumptions of regression analysis (homogeneity of variance, normal distri-
bution of the residuals, absence of multicollinearity and “influential cases”) were 
checked for each model. Analyses were performed using the SPSS program series for 
Apple Macintosh, version 10.  

RESULTS 

The mean age of the study population was 36 years (SD = 7.1) in the young 
group and 61.7 years (SD = 8.3) in the older group. The mean educational level was 
4.3 (SD = 1.7) in the young group and 3.2 (SD = 1.8) in the old group. The main rat-
ings of physical functioning were 4 (SD = .6) and 3.7 (SD = .6) in the young and old 
group respectively. Younger persons engaged in club life on average 2.33 (SD = 3.7) 
hours per week and older persons 2.89 (SD = 4.3) hours. The mean score on the de-
pression subscale of the SCL-90 was 20.2 (SD = 6) in the young group and 20.8 (SD = 
6.1) in the older group. The mean score on the anxiety subscale was 12.2 (SD = 3.6) in 
the younger group and 12.6 (SD = 3.9) in the older group. 

Complete data sets with respect to the predictors were available for 626 younger 
participants (327 men, 299 women) and 697 older participants (364 men, 333 women). 
Collapsed over the young and old group and the two measurements, there were miss-
ing data for 52 persons on executive functioning, for 25 persons on speed, for 8 per-
sons on memory, for 5 persons on LDST and for 2 persons on fluency. 

Health status, education, age, and cognitive functioning 

Significant correlations between age and education in the young group (r = .17, p 
< .05) and the old group (r = .16, p < .05) demonstrated that level of education de-
creased with age. Significant correlations between education and health status in the 
young (r = .22, p < .05) and old group (r = .15, p <. .05) demonstrated that health 
status decreased with higher levels of education. Health status decreased with age in 
the young group (r = .1, p < .05), but not in the old group, indicating that the older 
group consists of relatively healthy older persons. 

Tables 1 and 2 show the standardized regression coefficients from the steps in 
which the predictors were entered in the model. Cross-sectional regression analyses 
showed that for both age groups, the second step in the models, entering health status, 
education, and age, explained significant proportions of variance in all the cognitive 
measures (ranging between 6.8% and 15.5% in the younger group and between 11.9% 
and 25.8% in the older group). Table 1 shows that age was associated with lower per-
formance on all variables in both age groups, except on fluency in the young group. 
Lower educational attainment was related to lower performance on all cognitive vari-
ables in both age groups. Poor health status was associated with lower performance on 
speed and LDST in the young group and with lower performance on all cognitive 
variables in the old group. In addition to these main effects, interactions between age 
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and education were found in the young group (with an explained variance of 1.3%), 
indicating that the effect of age was larger in lower than in higher educated persons on 
LDST and executive functioning. Furthermore, there was an interaction between edu-
cation and health status on LDST in the young group, suggesting that poor health 
status was more related to low cognitive performance in lower educated persons than 
in higher educated persons (explained variance 0.5%).  

Longitudinal regression analyses revealed that for both age groups, the first step 
in the model, entering sex and baseline performance, explained proportions of variance 
ranging between 35.8% and 68.9% in the younger group and between 35.6% and 
71.8% in the older group. The second step in the model, entering main effects of 
health status, education, and age, explained additional proportions of variance in all the 
cognitive measures (ranging between 1% and 5.1% in the younger group and between 
4% and 6% in the older group). Table 2 shows that age was associated with cognitive 
decline on all variables in both age groups, except on fluency in the young group. 
Lower educational attainment was related to decline on all cognitive variables in the 
young group and on memory and LDST in the old group. An age by education interac-
tion in the young group indicated that the effect of education on speed increased with 
age (0.8% explained variance). Poor health status was related to decline of memory and 
executive functioning in the young group and of all variables, except speed, in the old 
group. An age by health status interaction in the old group indicated that the effect of 
health status on memory (0.7% explained variance) and LDST (0.3% explained vari-
ance) increased with age.  

The analyses also yielded evidence for the hypothesized interaction between 
health status and education. More specifically, poor health status was related to more 
cognitive decline in lower educated persons than in higher educated persons on speed 
(0.4% explained variance) and executive functioning (0.9% explained variance) in the 
young group. Figure 1 provides graphical representations of these interactions, show-
ing predicted values for speed (Figure 1a) and executive functioning (Figure 1b) at 
follow-up. The mean values are shown separately for those with poor and good health 
status in a low and high education group. Groups were based on a median-split. An 
interaction effect between age, education, and health status on speed in the young 
group indicated that the joint effect of low education and poor health status increased 
with age (0.3% explained variance). 
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Table 1. Hierarchical regression analyses predicting cognitive performance at baseline 
from age, education, health status, and their interactions.  

 

 Memory Speed LDST Executive 
functioning 

Fluency 

Young (24-47 yrs)      

Age -.18** .10** -.23** .12** -.01 

Educ -.24** .24** -.21** .22** -.24** 

Health -.01 .07** -.08** .03 -.03 

Educ x Health -.01 .02 -.04* .01 -.01 

Age x Health  -.01 .03 -.01 .02 -.01 

Age x Educ .01 -.007 -.11** .07* -.06 

Age x Educ x Health -.02 .01 -.01 .01 -.04 

Old (49-76 yrs)      

Age -.22** .3** -.34** .21** -.11** 

Educ -.18** .24** -.35** .21** -.3** 

Health -.05** .06** -.05** .03* -.05** 

Educ x Health -.003 .002 -.02 .01 -.02 

Age x Health  .02 .003 .02 .02 -.01 

Age x Educ .05 .01 .02 .01 .04 

Age x Educ x Health -.02 .003 -.001 .007 .001 

Notes: * = p < .05; ** p< .01 
Standardized regression coefficients are shown from the steps in which the predictors were entered in the 
models. Analyses were adjusted for sex.  
Educ = education. 
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Table 2. Hierarchical regression analyses predicting cognitive performance at 6 years 
follow-up from age, education, health status, and their interactions.  

 

 Memory Speed LDST Executive 
functioning 

Fluency 

Young (24-47 yrs)      

Age -.06* .09** -.05* .13** -.006 

Educ -.1** .08** -.05* .11** -.08* 

Health -.03* .01 -.01 .03* -.03 

Educ x Health .009 .03* .003 .04** -.02 

Age x Health  -.02 -.003 -.004 .02 -.01 

Age x Educ -.002 .08** .01 -.003 -.007 

Age x Educ x Health .002 .02* .01 .001 .002 

Old (49-76 yrs)      

Age -.14** .18** -.2** .19** -.18** 

Educ -.11** .01 -.06** .04 -.05 

Health -.03* .004 -.03** .03* -.04** 

Educ x Health -.02 .001 -.01 .007 -.002 

Age x Health  -.04** .006 -.03** .004 .02 

Age x Educ .03 -.01 .01 -.0005 .01 

Age x Educ x Health .008 -.0004 -.001 .005 -.006 

Notes: * = p < .05; ** p< .01 
Standardized regression coefficients are shown from the steps in which the predictors were entered in the 
models. Analyses were adjusted for sex and baseline performance.  
Educ = education. 
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Figure 1. Predicted values for speed (A) and executive functioning (B) at follow up for 
persons aged 24-47 years. Higher z-scores indicate longer performance time. Error 
bars represent standard errors of the mean. 

 

Relative importance of psychological, social,  
and physical functioning  

There was a significant correlation between physical functioning and psychologi-
cal functioning in the young (r = .27, p < .05) and old group (r = .3, p < .05). The cor-
relations between social and physical functioning and between social and psychological 
functioning were not significant in either age group. Education was correlated with 
physical functioning in the young (r = .19, p < .05) and old (r = .16, p < .05) group, 
and with psychological functioning in the young (r = .14, p < .05) and old (r = .08, p < 
.05) group, but not with social functioning. Physical functioning decreased with age in 
the young group (r = .19, p < .05) and psychological functioning increased with age in 
the old group (r = -.12, p < .05). Social functioning was not correlated with age in 
either of the age groups. 

 Tables 3 and 4 show the standardized regression coefficients from the steps in 
which the predictors were entered in the model. Main effects of age, education, and 
two-, and three-way interactions with age are not tabulated. Cross-sectional regression 
analyses (Table 3) showed that poor physical and social functioning were related to 
poor performance in both the young and old group. Psychological functioning did not 
predict cognitive functioning. Interaction effects between age and health components 
indicated that the relation between physical functioning and performance on speed (β 
= .09, p < .01), LDST (β = -.1, p < .01), and executive functioning (β = .07, p < .05) 
increased with age in the young group. Interactions between education and physical 
functioning in the young group indicated that poor physical functioning was related to 
lower cognitive performance in lower educated persons than in higher educated per-
sons. A three-way interaction in the young group indicated that a joint effect of social 
functioning and education on fluency (β = -.09, p < .05) increased with age.  

Longitudinal regression analyses (Table 4) revealed a different pattern. Only 
physical functioning predicted cognitive functioning six years later in both age groups. 
However, age by psychological functioning interaction effects on memory (β = -.07, p 
< .05) and LDST (β = -.08, p < .01) indicated that the effect of psychological func-
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tioning increased with age in the old group. With respect to the interactions between 
each health component and education in the young group, it was shown that poor 
physical functioning was related to more decline of speed in lower than in higher edu-
cated persons and that poor psychological functioning was related to more decline of 
executive functioning in lower than in higher educated persons. 
 
 
Table 3. Hierarchical regression analyses predicting cognitive performance at baseline 
from different health status components, and their interactions with educational level.  

 

 Memory Speed LDST Executive  
functioning 

Fluency 

Young (24-47 yrs)      

Phys -.01 .1** -.09* .04 -.02 

Soc -.04 .06* -.09* .01 -.03 

Psych .003 .03 -.05 .02 -.04 

Ed x Phys .001 .08** -.11** .07* -.01 

Ed x Soc -.0006 .004 -.01 .01 -.01 

Ed x Psych -.05 -.01 -.003 -.05 -.007 

Old (49-76 yrs)      

Phys -.04 .06* -.03 .04 -.05 

Soc -.05 .08** -.08* .06* -.06 

Psych -.04 .03 -.05 -.002 -.03 

Ed x Phys .0002 .02 -.04 -.0003 -.06 

Ed x Soc -.02 -.001 -.01 .02 -.04 

Ed x Psych .008 -.007 -.01 .01 -.02 

Notes: * = p < .05; ** p< .01 
Standardized regression coefficients are shown from the steps in which the predictors were entered in the 
models. Analyses were adjusted for sex.  
Ed = education; Phys = physical functioning; Soc = social functioning; Psych = psychological functioning.  
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Table 4. Hierarchical regression analyses predicting cognitive performance at 6 years 
follow-up from different health status components, and their interactions with educa-
tional level.  
 

 Memory Speed LDST Executive 
functioning 

Fluency 

Young (24-47 yrs)      

Phys -.06* .03 -.03 .02 -.07* 

Soc -.03 -.03 .02 .03 -.007 

Psych .0001 .004 -.01 .03 -.004 

Ed x Phys .008 .06** -.006 .05 -.006 

Ed x Soc .01 .03 -.001 -.002 -.03 

Ed x Psych -.005 .02 .03 .09** -.03 

Old (49-76 yrs)      

Phys -.04 .02 -.06** .03 -.09** 

Soc .002 -.008 -.01 .02 -.03 

Psych -.05 -.01 -.01 .03 .008 

Ed x Phys -.01 -.01 -.01 .01 -.005 

Ed x Soc -.02 .003 -.01 .01 .01 

Ed x Psych -.02 .01 -.001 -.006 -.01 

Notes: * = p < .05; ** p< .01 
Standardized regression coefficients are shown from the steps in which the predictors were entered in the 
models. Analyses were adjusted for sex and baseline performance.  
Ed = education; Phys = physical functioning; Soc = social functioning; Psych = psychological functioning. 

DISCUSSION 

The main aim of this study was to test the possibility of an interaction between 
education and health status with respect to cognitive functioning and change over a 
period of six years as measured by performance across multiple domains of cognitive 
functioning. Longitudinal data were used from 1344 men and women aged between 24 
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and 47 years and between 49 and 77 years, who participated in the Maastricht Aging 
Study. We found a significant interaction between education and health status with 
respect to baseline performance on working memory efficiency (LDST), and interac-
tions with respect to age-related change in speed and executive functioning (CST and 
SCWT) in the younger group. The general pattern of these interactions indicated that 
lower educated individuals show more cognitive decline and a lower baseline perform-
ance incurred by low health status than higher educated persons.  

A straightforward explanation for the finding that these interactions between 
health status and education were only demonstrated in the younger group is that the 
younger persons finished their schooling more recently than older persons. The effects 
of education on cognitive change might diminish when people grow older, as is sug-
gested by a smaller number of significant effects of education on change in the older 
group. Thus the mental stimulation due to education may not continue throughout life. 
Educational experience may therefore only serve as a counterweight to health-related 
cognitive deterioration in younger persons, who still benefit from direct effects of 
education on brain structure and function.  

Another plausible explanation is that the appropriateness of education as an es-
timate of brain- or cognitive reserve differs across age groups. Educational level is 
probably more influenced by social and economic factors in older than in the younger 
cohorts. Indeed, before the 1960s, many people did not finish or continue their 
schooling, mostly for reasons other than their intellectual capacity. Educational experi-
ence might serve as a counterweight to cognitive deterioration incurred by low health 
status, especially in younger persons, for whom educational experience might be a 
more appropriate proxy of reserve capacity.  

A final explanation for the selective presence of interactions between health 
status and education in the younger group is that self-report measures of health status 
and objective indicators of the presence of disease are not entirely corresponding 
(Elias, Elias, & Elias, 1990). Additional analyses indicated that objective health prob-
lems, such as diabetes, occur more frequently in the older group, whereas subjective 
health status does not differ between the old and young group. Thus, the presence of 
disease might undo the protective effect of education in older individuals. 

The component of health status that most consistently interacted with education 
on cognitive functioning at baseline was physical functioning. This suggests that high 
education attenuates the effects of poor physical functioning on cognition. With re-
spect to cognitive performance at six-year follow-up, physical functioning interacted 
with education on speed, and psychological functioning interacted with education on 
executive functioning. This pattern might be explained by the differential effect of 
physical and psychological functioning on cognition. It was suggested that physical 
functioning, as measured by self-rated health, particularly influences basic speed 
(Earles & Salthouse, 1995; Hultsch, Hammer, & Small, 1993). Therefore, educational 
experience might attenuate the effect of reduced physical functioning on decline in 
basic information processing speed in particular. With regard to psychological func-
tioning, it was suggested that people who are anxious or depressed have more worries 
and other intrusive thoughts that compete for attentional resources in working mem-
ory (Klein & Boals, 2001). Educational experience might therefore especially serve as a 
counterweight for poor psychological functioning in relation to the decline of execu-
tive functions that draw on working memory capacity.  
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 The findings in this study demonstrate that the predicting value of health status 
and education is age-dependent. First, main effects of education and health status dif-
fer between the younger and older group. Second, there are synergistic effects of low 
education and low health status on cognitive functioning and change in persons aged 
24 to 47, but not in persons aged 49 to 76. Third, interaction effects between health 
status and age on cognitive change in persons aged 49 to 76 indicate that the effects of 
health status on decline become larger with age in older persons. Fourth, there are only 
interaction effects between age and education on cognitive functioning and change in 
the group aged between 24 and 47 years. This indicates that age-related differences and 
decline are attenuated by high education only in the younger persons.  

Our ability to develop more effective strategies to prevent or slow down age-
related cognitive decline, depends on a more complete understanding of the multiple 
and likely interactive factors that determine patterns of cognitive aging. The current 
findings stress the importance of further research on interaction effects between vari-
ous predictors of cognitive decline throughout the lifespan. Education, lifestyle, psy-
chosocial, and health measures, but also occupational attainment and verbal intelli-
gence, which may be more appropriate estimates of reserve capacity in older persons 
(Schmand, Smit, Geerlings, & Lindeboom, 1997), are factors that may have joint ef-
fects on cognitive decline. The present study suggests that these joint effects may be 
dependent on the selected age range.  
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CHAPTER 8 

Concluding remarks 
 
The aim of the present dissertation was twofold. First, additional insight was 

sought with respect to the cognitive processes that are most affected by aging and the 
underlying mechanisms of these age effects. Special attention was paid to age-related 
differences in cognitive performance in pre-senescence, that is, between young and 
old-middle aged adults, an age range that is often disregarded in cognitive aging re-
search. The second aim was to investigate the extent to which individual characteristics 
influence age-related differences and longitudinal change. In particular, cognitive proc-
esses were identified for which a higher level of education may serve as a protective 
factor. The general pattern that emerged from the empirical findings was that young 
middle-aged persons around 40 years of age already show decreased performance on 
several cognitive measures within the domain of memory and information processing 
when compared to young adults. Furthermore, the results show that age differences 
become more pronounced as cognitive challenges increase. With regard to the second 
aim, a high level of education was found to attenuate age-related differences mainly in 
cohorts younger than 50 years. Accordingly, education moderates the effects of health 
status on cognitive functioning and change only in persons younger than 50. Further-
more, the attenuating effect of a higher educational level was found for only some 
aspects of cognitive functioning. Together, these findings underscore the role of edu-
cation in cognitive aging.  

This final chapter continues with some methodological considerations before 
the results of the studies reported in the previous chapters are discussed on a general 
level. More specifically, age differences across adulthood and effects of task demands 
are discussed. Subsequently, the role of education in cognitive aging is addressed. The 
chapter closes with some recommendations for further research.  

METHODOLOGICAL CONSIDERATIONS 

In research on age-related cognitive change, two typical approaches to data col-
lection can be found. Either a cross-sectional design is used with calendar age as the 
between-person variable of interest, or a longitudinal design is used in which perform-
ances at different time points within individuals are evaluated. Most research has been 
cross-sectional because these kinds of designs are considerably less time-consuming 
and less expensive than longitudinal designs. In the present dissertation, cross-sectional 
designs were used in Chapters 2 to 7 in order to compare age differences between task 
conditions and cognitive variables. Tests of interactions in an analysis of variance with 
age as a categorical variable were preferred because the absolute age effect, which can 
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be examined more accurately with age as a continuous variable, was not the primary 
focus. The main questions were rather: a) Which age group differences in performance 
are maximal? and b) At what age do interactions between age and task condition 
emerge? In this context, education, sex, and health status were examined as proximal 
determinants of age-related differences, that is, as correlates of the age differences 
observed at the time of measurement. Health status and education were also investi-
gated as more distal determinants in a longitudinal design using regression analysis 
(Chapter 7). These predictors were measured at baseline to examine their contribution 
to cognitive change over six years.  

The results of cross-sectional comparisons may not directly reflect the effects of 
aging because people of different ages may also differ in other characteristics. Conse-
quently, age effects may be confounded by cohort effects, such as social and economi-
cal circumstances (Salthouse, 2000). For example, a low level of education in older 
persons is often related to the low socioeconomic status of their parents instead of the 
true intellectual ability of such individuals. As a consequence, cognitive differences 
between younger and older persons with a low educational level might be underesti-
mated. The true cognitive level of the older persons who have a low educational status 
may be higher. We dealt with this cohort effect in the present dissertation by including 
adjacent age groups (Chapters 2, 3, and 4), instead of groups with extremely different 
mean ages, which is the rule in the majority of cognitive aging studies. In addition, low 
and high educational achievement was defined differently for young and middle-aged 
persons (Chapters 5 and 6).  

In order to evaluate the extent of age-related cognitive decline, repeated observa-
tions in the same individuals is preferred. However, in a longitudinal design, one has to 
deal with other sources of bias, such as retest effects and selective attrition, which are 
often difficult to disentangle from the age effects under study (Salthouse, 2000). 
Moreover, this approach requires retest intervals of several decades in order to make it 
comparable with the age range used in a typical cross-sectional design (Salthouse, 
2000). To combine the strengths of the different approaches, both cross-sectional and 
longitudinal designs were used in the studies described in this dissertation.  

COGNITIVE PERFORMANCE ACROSS ADULTHOOD 

Although most of the work on cognitive aging has compared older adults (above 
65 years) to young adults, some longitudinal and cross-sectional studies have examined 
cognitive functioning throughout adulthood (Dixon, de Frias, & Maitland, 2001; Houx 
& Jolles, 1993; Houx, Jolles, & Vreeling, 1993; Schaie, 1996). Results have shown that 
some aspects of cognitive functioning are maintained or even improved in midlife 
(Schaie, 1996). These include the pragmatic aspects of functioning such as knowledge 
that depends on experience (Baltes, Staudinger, & Lindenberger, 1999; Sternberg, 
Grigorenko, & Oh, 2001). In contrast, aspects of the mechanics of cognition, including 
speed of processing and working memory, begin to show declines in midlife (Baltes et 
al., 1999). The present dissertation adds to this evidence by demonstrating that the first 
manifestations of age-related change can be seen as early as 40 years of age. Persons 
aged 39 to 51 already perform poorer than persons aged 24 to 37 on information proc-
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essing in speeded tasks (Chapter 2) and on word-learning performance (Chapters 3 and 
4). Accordingly, the study described in Chapter 7 demonstrated that age influences 
baseline performance and change over six years on word-learning performance, general 
information processing speed, and executive functioning in persons aged 24 to 47. 
Performance and change on the verbal fluency task were only influenced by age in 
individuals between 49 to 76 years (Chapter 7). These results are in line with the gen-
eral notion that age differences in verbal fluency, reflecting the accumulation of seman-
tic knowledge, develop later in adulthood than differences in episodic memory and 
speed of information processing (Schaie, 1994). 

In contrast to the more established literature with respect to functioning on 
standard neuropsychological tasks across adulthood, very few experimental studies 
have included middle-aged persons. The present dissertation presented four studies 
that investigated the effects of task demands on cognitive differences between 
younger, middle-aged, and older groups. These studies demonstrated that the word-
learning performance of older individuals is not disproportionately compromised by a 
short interstimulus interval (Chapter 3) and irrelevant speech (Chapter 4, Experiment 
1) alone. However, when these factors are combined in order to increase task de-
mands, age differences become more pronounced already from middle age on (Chap-
ter 4, Experiment 2). In addition, larger age differences in intrusion errors were found 
in the short, relative to the long, interstimulus interval condition (Chapter 4, Experi-
ment 2). Together, these findings suggest that inhibitory processes in older adults are 
less efficient under time pressure. The other task manipulation that was used in the 
present dissertation was an increase in the level of word processing (Chapters 5 and 6). 
This was accomplished by inducing perceptual, phonological and semantic processing 
in a case decision, an ‘e’ detection, and a living/nonliving task, respectively. Reading 
and intentional learning additionally induced deep processing in Chapter 6. Deeper 
processing resulted in a larger increase in free recall performance in the group aged 25 
to 35 than in the group aged 50 to 60, whereas age differences in recognition perform-
ance did not differ across levels (Chapter 6). Additionally, age differences in reaction 
time did not differ across levels during the processing phase (Chapter 5). This suggests 
that when deeper processed information has to be retrieved from memory without 
cues, middle-aged adults are especially compromised compared to young adults.  

In conclusion, the results from chapters 3, 4, 5, and 6 suggest that middle-aged 
adults already show a cognitive vulnerability, particularly in more resource-demanding 
conditions. In these conditions with increased cognitive demands, individuals have to 
perform more processing steps in less time. The load in working memory is higher and 
information has to be retrieved from memory with fewer cues. Indeed, numerous 
situations and environments are conceivable in which information has to be processed 
quickly, attention has to be divided between multiple sources of information, and ir-
relevant stimuli have to be ignored. Professional environments, such as noisy office 
spaces, but also family environments with young children, or busy traffic situations, 
may demand many cognitive resources that are already limited in middle age.  
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COGNITIVE AGING: THE ROLE OF EDUCATION 

Education was studied in this dissertation as a potential source of cognitive re-
serve capacity. Cognitive reserve can be conceived as more efficient information proc-
essing in the brain, for example, through an increase in the efficiency of neurotrans-
mission and the complexity of neuronal networks (Coffey, Saxton, Ratcliff, Bryan, & 
Lucke, 1999; Meguro et al., 2001). The cognitive reserve hypothesis suggests that the 
cognitive performance of people with more reserve capacity is assumed to be less vul-
nerable to age-related changes of the brain as compared to people with less reserve 
capacity (Stern, 2002). In this context, the present dissertation investigated the extent 
to which education influences age-related differences and longitudinal change in cogni-
tive performance. The findings show that a high level of education attenuated age 
differences in working memory efficiency (Chapter 2 and 7) and executive functioning 
(Chapter 7) until the approximate age of 50 years. Accordingly, age-related longitudinal 
decline in verbal memory, general processing speed, efficiency of working memory, 
executive functioning, and verbal fluency was attenuated by education in persons 
younger than 50 years, whereas only decline in the efficiency of working memory and 
verbal memory was attenuated in persons older than 50 years (Chapter 7). These find-
ings suggest that education acts as a protective factor mainly at a younger age. This 
notion is substantiated by the finding that a level of higher education serves as a coun-
teracting force to reduce the cognitive decline in speed and executive functioning in-
curred by low health status only in persons younger than 50 years (Chapter 7). 

There are several plausible explanations for this pattern of results. One straight-
forward explanation is that younger people finished their schooling more recently than 
older people did. Educational experience may only serve as a protective factor in 
younger persons, who still benefit from direct effects of education on brain structure 
and function. Thus, the mental stimulation due to a high educational level that is 
achieved relatively early in life may not continue into later adulthood. This is of pro-
found importance in relation to the ‘lifelong learning’ concept that has been advocated 
in recent years (e.g., Collins, 2004; OECD, 2002). Educational interventions or adult 
education in later life may extend the effects of formal training in younger adulthood 
and thus prevent cognitive decline in persons older than 50. 

Another explanation for the finding that education acts as a protective factor 
mainly at a younger age is that educational level is more closely related to the actual 
abilities of younger persons than to those of older persons. The reason for this is two-
fold. First, the presence of disease and other factors such as toxic, nutritional, and 
environmental factors that have influenced cognition throughout life, might undo the 
protective effect of education in older individuals. Another reason is that educational 
attainment is probably less influenced by social and economic factors in the younger 
cohorts than in the older cohorts. Therefore, education might be a better estimate of 
cognitive reserve capacity in younger persons than in older persons. In the latter group, 
other measurements might be more appropriate estimates of cognitive reserve, such as 
verbal intelligence. This estimate is probably less influenced by social and economic 
factors than is educational level. A comparison of four estimates of cognitive reserve in 
the Maastricht Aging Study indeed substantiated that verbal intelligence is the optimal 
estimate in persons older than 50 years (Meijer, van Boxtel, & Jolles, 2004). Vocabu-
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lary, as a measure for verbal intelligence, was more consistently related to cognitive 
change over six years than education, mental stimulation due to professional activities 
or an active lifestyle. In contrast, these other estimates of cognitive reserve, including 
education, were more related to cognitive change in persons younger than 50 years. 
This suggests that mental ability is the most appropriate estimate of cognitive reserve 
in older persons, whereas measures that reflect the complexity of the individual’s envi-
ronment are the most appropriate estimates of cognitive reserve in younger persons. 

Although the empirical findings of the present dissertation indicate that educa-
tion mainly serves as a protective factor until 50 years of age, previous studies have 
suggested that a high educational level is associated with less cognitive decline and a 
lower risk of dementia and Alzheimer’s disease also in older persons (Anstey & Chris-
tensen, 2000; Gilleard, 1997). This discrepancy might be due to the type of cognitive 
test included in the study. In a review of 14 studies reporting on the effect of education 
on cognitive change (Anstey & Christensen, 2000), only three studies included persons 
younger than 55 years and two of these studies used the Mini-Mental State Examina-
tion (Farmer, Kittner, Rae, Bartko, & Regier, 1995; Lyketsos, Chen, & Anthony, 1999). 
All seven studies using mental status measures found a protective effect of education. 
It is already known that the range of scores of mental status scales such as the MMSE 
is attenuated at the upper end of the scoring distribution (Tombaugh & McIntyre, 
1992). The scales are therefore insensitive to cognitive decline in highly educated peo-
ple (Christensen et al., 1997). In this regard, finding a reduced decline on the MMSE in 
higher, compared to lower, educated persons might overestimate the protective effect 
of education.  

In persons older than 65 years, four of the seven studies that included measures 
of memory showed protective effects (Colsher & Wallace, 1991; Evans et al., 1993; 
Schmand, Smit, Geerlings, & Lindeboom, 1997; Shichita, Hatano, Ohashi, Shibata, & 
Matuzaki, 1986). In comparison, none of the studies using measures of reasoning and 
information processing speed found protective effects of education. This is in accor-
dance with the present dissertation in which, in persons older than 50, education was 
found to attenuate a decline in verbal memory but not in speeded performance (Chap-
ter 7). This discrepancy between cognitive domains may provide insight with respect to 
the mechanism underlying the protective effect of education. One of the major impli-
cations of Chapter 3 was that higher educated individuals probably make better use of 
elaborate rehearsal processes that facilitate the encoding of the to-be-learnt words. 
Thus, in the second half of life, higher educated persons may experience less decline in 
verbal memory than persons with a lower educational level not because they process 
stimuli faster but because they use more elaborate encoding strategies.  

The observations that are described above suggest a differential effect of educa-
tion on age-related change in cognitive abilities. In future research, caution should be 
applied when using general mental status measures and composite measures that are 
based on a combination of tests from different cognitive domains. Furthermore, the 
knowledge that the protective effect of education is age-dependent should be taken 
into account. 
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IMPLICATIONS FOR FUTURE RESEARCH 

The results described in this dissertation indicate that cognitive limitations with 
respect to memory and speed of information processing already exist in middle age, 
especially in conditions that demand many cognitive resources. People in their fourth, 
fifth, and sixth decade of life generally encounter considerable cognitive challenges in 
our hectic society. For instance, stressful situations such as deadlines at work together 
with having children that demand attention may require significant cognitive effort. 
Focusing on a task while ignoring distractions demands more effort and leads to more 
fatigue than focusing on a task in a setting with few distractions. For middle-aged and 
older adults who have less cognitive resources than younger adults, it is likely that 
disproportionally more effort has to be invested to finish a job. Persistent strain on 
diminished cognitive resources may even lead to more pathological conditions such as 
mood problems, mental fatigue syndrome, neuroenergetic problems, dysthymia, or 
burnout. Indeed, these conditions are common in the middle-aged working population 
(Lindblom, Linton, Fedeli, & Bryngelsson, 2006; Schwarz, Krauss, & Hinz, 2003; Slui-
ter, de Croon, Meijman, & Frings-Dresen, 2003). Future longitudinal studies should 
explore whether age-related cognitive problems are a causal factor in the development 
of energetic or stress-related complaints. It would be worthwhile to identify those 
professions or characteristics of professions in which individuals may be at risk.  

Energetic or stress-related complaints may, in turn, further decrease the cogni-
tive resources of middle-aged and older individuals. That the experience of stress im-
pairs working memory performance, presumably by reducing available attention re-
sources, has already been demonstrated in young adults (Klein & Boals, 2001). One 
could predict amplified stress and fatigue effects on cognition in middle-aged and older 
adults who already have less cognitive resources. In conclusion, it is conceivable that a 
vicious cycle develops that results in pathological conditions in some circumstances 
(den Hartog, 2002). The causal relationship between mental health problems and age-
related reduction of cognitive abilities should therefore be investigated in future longi-
tudinal and experimental studies.  

This dissertation has demonstrated that varying the demands of cognitive tasks 
is a successful approach to delineating the cognitive limitations of different age groups. 
The use of different combinations of constraining factors, such as various distractive 
stimuli in the visual or auditory modality, reduced interstimulus intervals, dual task 
demands, and degraded stimuli in the visual or auditory modality, could impose even 
more constraints on cognitive performance in future research. These constraining 
conditions may mimic the complexity of everyday life. For example, difficult traffic 
situations, noisy environments, or time pressure could cause errors. In this context, it 
would be advantageous to examine which conditions and thus which kind of daily life 
situations are most problematic across the entire adult age-range.  

Another important area of research worthy of further pursuit is whether persons 
with more cognitive reserve are less vulnerable to the compromising effects of in-
creased task demands in older individuals. For example, the age by interstimulus inter-
val by education interaction described in Chapter 4 suggests the existence of age dif-
ferences in short-term memory in the lower educated group regardless of the interval 
used. In contrast, age differences were only observed in the higher educated group 
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when the short interval was used. This suggests that education protects against age-
related cognitive change, but also that its protective power levels off when the task 
demands are increased. Education, lifestyle, psychosocial, and health measures, occu-
pational attainment, and verbal intelligence could be related to performance under 
various conditions. It would be beneficial to sort out the extent to which factors that 
determine inter-individual differences in cognitive reserve interact with task demands. 
In doing so, one should keep in mind that the appropriateness of the various cognitive 
reserve measures may depend on the age-range under investigation. 

In conclusion, the present dissertation has increased our insight with respect to 
the multiple and interactive factors that determine age-related cognitive differences and 
change. The relative influence of educational level and various task demands on age-
related differences across adulthood has been firmly established. Young middle-aged 
persons around 40 years of age already perform poorer on several cognitive measures 
when compared to young adults, especially in cognitively challenging conditions. Fur-
thermore, high education attainment mainly attenuates age differences until approxi-
mately 50 years. These findings warrant more attention to middle age in cognitive ag-
ing research. 
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Summary 
 
The studies described in this dissertation had two main objectives. The first was 

to gain additional insight on the cognitive processes that are most affected by aging, 
notably in pre-senescence, that is, between young and old-middle aged adults. This is 
an age range that is often disregarded in cognitive aging research. Mechanisms and 
causes of age-related cognitive differences were investigated. The second aim was to 
investigate the extent to which individual characteristics influence age-related differ-
ences and longitudinal change. In particular, the cognitive processes whereby educa-
tion is a modifying factor were identified. In Chapter 1, a brief overview is given of the 
methodological/theoretical approaches that are the basis of the research questions 
addressed in this dissertation. Furthermore, background information about determi-
nants of cognitive aging is presented. Education was studied in this dissertation as a 
potential source of cognitive reserve capacity. The central notion was that a high level 
of education might attenuate age-related cognitive change and support the individual in 
coping with increased cognitive challenges. 

The aim of the study presented in Chapter 2 was to investigate whether education 
and sex modify the well-documented effects of age on information processing speed. 
The interacting effects of age (three age groups), educational attainment (low, interme-
diate or high), and sex on information processing performance were tested in 1469 
individuals ranging in age from 24 to 67 years. Performance on the Letter Digit Substi-
tution Task (LDST), Stroop Color-Word Test (SCWT) and Memory Scanning Task 
(MST) was negatively affected by older age, lower educational level and male sex. A 
high educational level reduced age differences on the LDST. Furthermore, women 
demonstrated larger age differences than men on the LDST and the MST. The overall 
findings suggest that the effects of education and sex on age-related differences in 
information processing are substantial in pre-senescence. 

The experimental studies outlined in Chapters 3 and 4 investigated the interre-
lated effects of age, education, interstimulus interval, and irrelevant speech on verbal 
learning. Word-learning performance was assessed in samples of low and high-
educated persons from four age groups, namely young (24 to 37 years), young middle-
aged (39 to 51 years), old middle-aged (54 to 66 years), and old (69 to 77 years).  

In the study described in Chapter 3, the effects of a narrow range of interstimulus 
intervals (ISI, 1, 2, or 3 s) were investigated in relation to age and education in 338 
individuals. Word-learning performance was adversely affected by older age, lower 
education, and shorter ISI. However, age differences in performance were not affected 
by ISI. This suggests that increasing the ISI to provide older adults with a way to com-
pensate for their slower processing rate is not effective in the sense that it does not 
reduce the performance gap between the age groups. With respect to the effect of 
education, the results show that individuals with a lower education level needed more 
time to achieve the same performance as individuals with a higher level of education. 

Chapter 4 describes two experiments in which the effects of irrelevant speech on 
word-learning performance were evaluated. Older or lower educated individuals may 
be less able than younger or higher educated individuals to inhibit irrelevant speech 
when learning new visual information. In Experiment 1, we investigated the effects of 
age, education, and verbal noise (spoken words or silence) in 230 individuals. Perform-
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ance was negatively affected by age, a lower level of education and irrelevant speech. 
However, age-related differences in performance were not affected by irrelevant 
speech. In Experiment 2, we increased the difficulty of the word-learning task by using 
both irrelevant speech and a short interstimulus-interval (ISI, 2 or 0.5 seconds). This 
was done with 105 individuals that were not included in Experiment 1. Age differences 
became more pronounced due to the simultaneous occurrence of irrelevant speech and 
a short ISI. In addition, larger age differences in intrusion errors were found in the 
short ISI condition when compared to the long ISI condition. Together, these findings 
suggest that inhibitory processes in older adults are less efficient under time pressure. 
An implication may be that older individuals need more time to learn new information 
in noisy environments than younger individuals. 

Chapters 5 and 6 describe experimental studies in which the level of word proc-
essing was increased in 40 young (aged 25 to 35) and 40 middle-aged (aged 50 to 60) 
individuals with low and high level of education. A task manipulation was used in 
which different levels of processing were induced.  

The study described in Chapter 5 examined the influence of the level of process-
ing on reaction times (RTs). A case decision, an ‘e’ detection, and a living/nonliving 
task were used to induce shallow perceptual, more elaborated phonological, and deep 
semantic processing of words. Because deeper processing involves more cognitive 
operations, it was hypothesized that differences in reaction time between younger and 
middle-aged individuals would increase with deeper processing. It was also hypothe-
sized that this increase is less pronounced in individuals with a higher education. RTs 
were found to increase with age and level of processing. There were no interactions 
between age, task and education, suggesting that different processing levels are equally 
sensitive to slowing in midlife and that high education is not a moderating factor. Al-
though no overall age by level of processing interaction was found, the age by stimulus 
type interactions in the deeper processing tasks suggest that a cognitive vulnerability 
already exists in middle age. The results show that age-related differences in RT on 
words containing the letter ‘e’ were smaller than on words without the letter ‘e’. This 
suggests that middle-aged adults are slower than younger adults with respect to per-
forming a terminating search strategy. Furthermore, it was found that age-related dif-
ferences in RT on words referring to living items were smaller than on words referring 
to non-living items. This suggests that middle-aged adults are more constrained by the 
reduced semantic accessibility of non-living words than younger adults.  

Because deeper processing results in better maintenance of words in memory, 
deeper processed words were expected to require less retrieval effort than shallow 
processed words. The aim of Chapter 6 was therefore to examine whether deeper proc-
essing of words during encoding leads to a smaller increase in word-learning perform-
ance and a smaller decrease in retrieval effort in middle-aged adults than in young 
adults. Whether a high level of education attenuates age-related differences in perform-
ance was also assessed. In addition to the three decision tasks that were used in the 
previous chapter, reading and intentional learning were used to induce deeper levels of 
processing. RTs of recognition were used to measure retrieval effort. Results showed 
that age differences in free recall increased with depth of processing, whereas age dif-
ferences in accuracy and RTs of recognition did not differ across levels. A high level of 
education did not moderate the age-related differences in performance. These findings 
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suggest a reduced benefit of deep processing in middle age but only when no retrieval 
cues are available.  

 The study described in Chapter 7 aimed to test for interactions between educa-
tion and health status (i.e., physical, social, and psychological functioning) with respect 
to baseline cognitive performance and change over six years. Longitudinal data of 1344 
individuals aged 24 to 47 and 49 to 77 were used. A broad range of cognitive tests was 
administered to assess speed of information processing, cognitive flexibility, inhibition, 
memory, and verbal fluency.  Interactions were only found in the younger group. Re-
garding baseline performance, an interaction effect was found on working memory 
efficiency. With respect to longitudinal change, interaction effects were found on 
measures of speed and executive functioning. These interactions indicated that high 
level of education attenuates age-related decline and lower baseline performance in-
curred by low health status in persons younger than 50. The components of health 
status that most consistently interacted with education were the effect of physical func-
tioning on cognitive performance at baseline and physical and psychological function-
ing on longitudinal change. 

Lastly, Chapter 8 presents some methodological considerations and subsequently 
discusses the results of the studies in this dissertation on a more general level. The 
pattern that emerged from the empirical findings was that young middle-aged persons 
around 40 years of age already show decreased performance on several cognitive 
measures within the domain of memory and information processing when compared 
to young adults. Furthermore, the results show that age differences become more pro-
nounced from 40 years onwards when cognitive demands increase. This may have 
implications for daily life, because middle-aged individuals generally encounter consid-
erable cognitive challenges, such as activities at work and in family environments that 
require organizing, planning, problem solving, and multitasking skills. Often, these 
skills must be applied in situations where the individual is subjected to time pressure. 

With regard to the role of education in cognitive aging, the findings suggest that 
a high educational level attenuates age-related differences mainly in cohorts younger 
than 50 years. Accordingly, education moderated effects of health status on cognitive 
functioning and change only in persons younger than 50. This attenuating effect of 
higher education was found for specific cognitive functions. Together, these findings 
underscore the complex role of education in cognitive aging. Moreover, they empha-
size that middle age is worth investigating in cognitive aging research.  
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Samenvatting 
 

Het onderzoek dat beschreven is in dit proefschrift diende twee doelen.  
 

• Ten eerste ging het erom het inzicht te vergroten in cognitieve processen die 
sterk beïnvloed worden door veroudering. Dit werd onderzocht door de presta-
tie op cognitieve taken van jong volwassenen te vergelijken met die van mensen 
van middelbare en oudere leeftijd. De mechanismen en oorzaken van prestatie-
verschillen tussen leeftijdsgroepen stonden centraal.  

• Het tweede doel was te onderzoeken in hoeverre persoonskenmerken van in-
vloed zijn op de cognitieve veranderingen die gepaard gaan met het ouder wor-
den. In het bijzonder werden de cognitieve processen geïdentificeerd die door 
opleiding worden beïnvloed.  
 

In hoofdstuk 1 wordt een kort overzicht gegeven van de methodologische en theoreti-
sche benaderingen die de basis vormden voor de onderzoeksvragen in dit proefschrift. 
Verder is achtergrondinformatie gepresenteerd over determinanten van cognitieve 
veroudering. In dit proefschrift werd opleiding beschouwd als een potentiële bron van 
cognitieve reserve. Het centrale idee was dat hoge opleiding de leeftijdsgerelateerde 
cognitieve achteruitgang zou kunnen vertragen en een positieve uitwerking zou kunnen 
hebben op vaardigheden die het individu helpen om te gaan met taken die een groot 
beroep doen op zijn cognitieve vermogens. 

 
Het doel van de studie beschreven in hoofdstuk 2 was te onderzoeken of opleiding en 
sekse de leeftijdsgerelateerde verschillen in snelheid van informatieverwerking kunnen 
veranderen. De op elkaar inwerkende effecten van leeftijd (jong, jong middelbaar, oud 
middelbaar), opleidingsniveau (laag, middel, hoog) en sekse werden onderzocht bij 
1469 personen die varieerden in leeftijd van 24 tot 67 jaar. Deze effecten werden nage-
gaan voor drie cognitieve taken. De Letter Digit Substitution Taak (LDST) meet de 
algemene snelheid van informatieverwerking, waaronder de efficiëntie van processen 
die operationeel zijn in het werkgeheugen. De Stroop Color-Word Task meet algemene 
snelheid van informatieverwerking en selectieve aandacht. De Memory Scanning Task 
(MST) wordt gebruikt om de snelheid van zoeken in het geheugen te meten. 
De resultaten van deze studie lieten zien dat prestatie op alle drie de taken negatief 
werd beïnvloed door hogere leeftijd en een lager opleidingsniveau. Tevens presteerden 
mannen slechter dan vrouwen. Bij mensen met een hoog opleidingsniveau waren de 
leeftijdsverschillen kleiner op de LDST. Verder werd gevonden dat leeftijdsgerelateer-
de verschillen groter waren bij vrouwen dan bij mannen op de LDST en de MST.  
Deze bevindingen wijzen erop dat effecten van opleiding en sekse op leeftijdsgerela-
teerde verschillen in informatieverwerking substantieel zijn. 

 
De experimentele studies die zijn beschreven in hoofdstuk 3 en 4 beoogden de on-
derling samenhangende effecten van leeftijd, opleiding, interstimulus interval en irrele-
vante spraak op verbaal leren te onderzoeken. Het memoriseren van woorden uit een 
aangeboden reeks werd gemeten bij laag en hoog opgeleide personen in vier leeftijds-
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groepen: jong (24 tot 37 jaar), jong middelbaar (39 tot 51 jaar), oud middelbaar (54 tot 
66 jaar) en oud (69 tot 77 jaar). 

In de studie beschreven in hoofdstuk 3 is bij 338 individuen nagegaan in hoever-
re het leren van woorden wordt beïnvloed door het interstimulus interval (ISI, 1, 2, of 
3 s). Een langer ISI, oftewel een langer tijdsinterval tussen de aangeboden woorden, 
levert meer mogelijkheden op voor organisatie en strategiegebruik. De resultaten lieten 
zien dat het leren van woorden negatief werd beïnvloed door hogere leeftijd, lagere 
opleiding en een korter ISI. De leeftijdsgerelateerde verschillen in prestatie werden 
echter niet beïnvloed door ISI. Dit wijst erop dat het verlengen van de ISI ouderen 
niet in staat stelde tot effectieve compensatie van hun tragere informatieverwerking. 
Het verschil in prestatie tussen jongeren en ouderen werd immers niet kleiner bij een 
langere ISI. Wat betreft het effect van opleiding werd gevonden dat lager opgeleiden 
meer tijd nodig hadden om eenzelfde prestatieniveau als hoger opgeleiden te bereiken. 

Hoofdstuk 4 beschrijft twee experimenten die de effecten van omgevingsgeluid 
op het leren van woorden evalueerden. Dit omgevingsgeluid werd geoperationaliseerd 
door de proefpersoon tijdens het uitvoeren van de taak te confronteren met irrelevante 
spraak. Dit gebeurde door via de computer gesproken woorden te laten klinken op 
hetzelfde moment dat de proefpersonen visueel aangeboden woorden moesten leren. 
De verwachting was dat oudere en lager opgeleide personen minder goed in staat zou-
den zijn dan jongere en hoger opgeleide personen om irrelevante spraak tijdens het 
leren van nieuwe informatie te inhiberen, d.w.z. te onderdrukken.  
In experiment 1 zijn de effecten van leeftijd, opleiding en irrelevante spraak bestudeerd 
in een groep van 230 personen. Uit de resultaten bleek dat prestatie negatief werd 
beïnvloed door hogere leeftijd, lagere opleiding en de toevoeging van irrelevante 
spraak. De leeftijdsverschillen in prestatie werden echter niet beïnvloed door irrelevan-
te spraak.  
In experiment 2 is de moeilijkheid van de leertaak vergroot door zowel irrelevante 
spraak als een kort interstimulus interval (ISI, 2 of 0.5 seconden) te gebruiken bij 105 
andere personen. Leeftijdsgerelateerde verschillen bleken groter te worden door het 
gelijktijdig toepassen van irrelevante spraak en een korte ISI. Verder werd gevonden 
dat ouderen meer woorden bleken te onthouden uit de lijst met irrelevante woorden. 
Bovendien onthielden zij disproportioneel meer van deze woorden in de korte ISI-
conditie dan in de langere. 
Tezamen wijzen deze bevindingen erop dat onder tijdsdruk inhibitieprocessen bij ou-
deren minder efficiënt verlopen. Een implicatie zou kunnen zijn dat ouderen meer tijd 
nodig hebben dan jongeren om in een lawaaiige omgeving nieuwe informatie te leren. 

 
De hoofdstukken 5 en 6 beschrijven experimentele studies waarin het niveau van 
woordverwerking werd gemanipuleerd bij 40 jonge (25 tot 35 jaar) en 40 middelbare 
(50 tot 60 jaar) personen met lage en hoge opleiding.  
Hoofdstuk 5 had als doel de invloed van het verwerkingsniveau op reactietijden (RT’s) 
te bepalen. Er werden diverse beslistaken gebruikt om drie verschillende verwerkings-
niveaus, toenemend in diepte, te induceren.  
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• In de meest oppervlakkige taak diende beslist te worden of een woord met 

hoofd- of kleine letters was geschreven. Hierbij werd een beroep gedaan op per-
ceptuele processen.  

• In de tweede taak werd gevraagd te beslissen of de letter ‘e’ in het woord aan-
wezig was. Bij het uitvoeren van deze opdracht werd een beroep gedaan op fo-
nologische verwerkingsprocessen.  

• Bij de derde taak moest de persoon beslissen of een woord aan levende of niet-
levende objecten refereerde waarbij semantische verwerkingsprocessen betrok-
ken waren.  

Diepere verwerking vereist meer cognitieve stappen dan  oppervlakkige verwerking. 
Daarom werd verwacht dat het verschil in RT tussen jongeren en mensen van middel-
bare leeftijd toe zou nemen bij een diepere verwerking. Op basis van de cognitieve-re-
serve-hypothese werd tevens verwacht dat deze toename minder groot zou zijn bij 
hoger opgeleide personen.  
De resultaten lieten echter geen interacties zien tussen leeftijd, taak en opleiding. Dit 
wijst erop dat de verschillende verwerkingsniveaus even gevoelig zijn voor vertraging 
op middelbare leeftijd en dat opleiding hierbij geen rol speelt. Hoewel er dus geen 
interacties tussen leeftijd en verwerkingsniveau waren gevonden, wijzen interacties 
tussen leeftijd en stimulus-type binnen een taak erop dat er al een kwetsbaarheid is op 
middelbare leeftijd met betrekking tot specifieke cognitieve processen. We vonden dat 
RT’s na de presentatie van woorden mét een ‘e’ korter waren dan na de presentatie van 
woorden zónder een ‘e’. Dit verschil was groter in de middelbare leeftijdsgroep. Dit 
suggereert dat men een zoekstrategie gebruikt, waarbij gestopt wordt met zoeken zodra 
de ‘e’ gevonden is en dat mensen van middelbare leeftijd langzamer zijn in het uitvoe-
ren van deze strategie dan jongeren. Verder werd gevonden dat leeftijdsgerelateerde 
verschillen in RT op woorden die refereren aan iets levends kleiner waren dan de ver-
schillen in RT op woorden die verwijzen naar niet-levende zaken. Dit suggereert dat 
mensen van middelbare leeftijd bepaalde semantische categorieën van woorden minder 
snel verwerken. 

Aangezien diepere verwerking resulteert in het beter vasthouden van woorden in 
het geheugen, werd verwacht dat het minder moeite zou kosten om dieper verwerkte 
woorden uit het geheugen op te halen dan oppervlakkiger verwerkte woorden. Het 
doel van hoofdstuk 6 was daarom te onderzoeken of mensen van middelbare leeftijd 
minder profijt hebben van het dieper verwerken van woorden dan jongeren wanneer 
gekeken wordt naar geheugenprestatie en moeite met het ophalen van woorden uit het 
geheugen. Ook werd onderzocht of leeftijdsgerelateerde verschillen in prestatie minder 
groot zijn in een hoog opgeleide groep. Behalve de drie beslistaken die gebruikt wer-
den in het vorige hoofdstuk, zijn ook het hardop voorlezen en doelbewust leren van 
woorden gebruikt om diepere niveaus van verwerking te bewerkstelligen. RT’s van een 
herkenningstaak werden gebruikt om moeite met ophalen uit het geheugen te meten. 
De resultaten lieten zien dat het leeftijdsgerelateerde verschil ten aanzien van de actieve 
reproductie van woorden toenam met de diepte van verwerking. Leeftijdsgerelateerde 
verschillen in accuratesse en in RT’s op een herkenningstaak veranderden echter niet 
met de diepte van verwerking. Deze bevindingen wijzen erop dat mensen van middel-
bare leeftijd in ieder geval minder profijt hebben van diepe verwerking bij het actief 
reproduceren van woorden.  
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De studie die is beschreven in hoofdstuk 7 was gericht op het toetsen van de interac-
ties tussen opleiding en gezondheidsstatus (oftewel fysiek, sociaal en psychologisch 
functioneren) met betrekking tot cognitieve prestatie en de verandering hiervan na een 
periode van zes jaar. Hiervoor zijn longitudinale gegevens van 1344 personen in de 
leeftijden 24 tot 47 jaar en 49 tot 77 jaar gebruikt. Er werden diverse cognitieve taken 
opgelegd om informatieverwerkingssnelheid, cognitieve flexibiliteit, inhibitie, geheugen 
en “verbale vloeiendheid” te meten.  
De resultaten lieten slechts interactie-effecten tussen gezondheidsstatus en opleiding 
zien in de jongere groep. Wat betreft prestatie op het eerste meetmoment werd er een 
interactie-effect gevonden op een variabele voor algemene snelheid van informatie-
verwerking. Wat betreft longitudinale verandering werden er interacties gevonden op 
variabelen voor snelheid en executief functioneren. Deze interacties suggereren dat bij 
mensen jonger dan 50 jaar hoge opleiding een compensatie kan bieden voor leeftijds-
gerelateerde cognitieve achteruitgang als gevolg van minder welbevinden. 

 
In het laatste hoofdstuk zijn enkele methodologische punten besproken en vervolgens 
zijn de bevindingen van dit proefschrift op een algemener niveau bediscussieerd. 
Het patroon van resultaten wijst erop dat mensen van rond de 40 jaar reeds minder 
goed presteren dan personen omstreeks 25 jaar met betrekking tot verscheidene cogni-
tieve maten in het domein van geheugen en informatieverwerking. Voorts werd ge-
vonden dat deze leeftijdsverschillen groter werden als de cognitieve eisen toenamen. 
Dit zou implicaties voor het dagelijks leven kunnen hebben, omdat mensen van mid-
delbare leeftijd in het algemeen meer dan mensen uit andere leeftijdsgroepen situaties 
tegenkomen waarbij een groot beroep wordt gedaan op hun cognitieve vermogens. In 
deze levensfase worden veelvuldig vaardigheden vereist als organiseren, plannen en 
problemen oplossen, vaak onder omstandigheden van tijdsdruk.  

Met betrekking tot de rol van opleiding in cognitieve veroudering werd bij men-
sen jonger dan 50 jaar meer bewijs gevonden dat een hoge opleiding bescherming biedt 
tegen cognitieve veroudering dan bij mensen ouder dan 50 jaar. Dit beschermend ef-
fect van hoge opleiding werd niet op alle cognitieve functies gevonden.  
Tezamen benadrukken deze bevindingen de complexe rol van opleiding in cognitieve 
veroudering. Bovendien is aangetoond dat de middelbare leeftijd een periode is waarin 
belangrijke veranderingen optreden in het cognitief functioneren en dat het daarom 
zinvol is deze periode te bestuderen. 
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dankt voor het commentaar op mijn eerste, één na laatste en laatste hoofdstuk. Paar-
dennymfen Martine en Karin: jullie zijn geweldige vriendinnen en waren fijne kamer-
genoten. Zonder jullie waren de afgelopen vier jaar een stuk minder plezierig geweest! 
Tenslotte wil ik mijn familie bedanken en met name papa en mama voor het meeden-
ken in de laatste fase en het van A tot Z lezen van dit proefschrift. 
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