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Abstract 

The aim of this study was to examine whether lexical inhibition underlying 

orthographic neighborhood effects in visual word recognition is changed with aging. To do 

so, orthographic neighborhood frequency was manipulated for French words that had either 

no higher frequency neighbor (e.g., taupe), or at least one higher frequency neighbor (e.g., 

the word loupe has two higher frequency neighbors, coupe and soupe). Young adults (mean 

age = 20.9 years) and older adults (mean age = 67.8 years) performed a standard lexical 

decision task. An interaction was found between age group and orthographic neighborhood 

frequency on word latencies. More precisely, an inhibitory effect of neighborhood 

frequency was observed for the young adults, but not for the older ones. These data are 

consistent with the assumption of an age-related decline in lexical inhibition and activation. 

The findings are discussed in the framework of visual word recognition and aging. 
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Introduction 

Prior research in visual word recognition has demonstrated that words that are 

orthographically similar to a more frequent word (e.g., grain/train) take longer to identify 

than those with no such higher frequency orthographic neighbor (e.g., fugue). This result 

was referred to as the neighborhood frequency effect (NFE) by Grainger, O’Regan, Jacobs 

and Segui (1989; see Andrews, 1997; Mathey, 2001 for reviews). In the interactive-

activation model (McClelland & Rumelhart, 1981), the NFE is attributed to lexical 

inhibition at the word level (Grainger et al., 1989; Mathey & Zagar, 2006). Upon the visual 

presentation of a word, orthographically similar words become partially activated and 

compete with each other. Thus, the stimulus word inhibits and receives inhibition from its 

orthographic neighbors. The inhibitory capacity of a given competitor is a function of its 

frequency (corresponding to its resting activation level). Stimulus words with higher 

frequency neighbors therefore receive more inhibition than those with no such neighbors. 

This interpretation was further supported by simulations run with the interactive-activation 

model on natural and artificial lexica (e.g., Mathey & Zagar, 2000; Zagar & Mathey, 2000). 

In this theoretical framework, lexical inhibition operating at the word level is a critical 

mechanism in visual word recognition. Based on these concerns, the present study 

addressed the issue of an age-related change in lexical inhibition efficiency by examining 

the magnitude of the NFE in a lexical decision task performed by young and older adults. 

A dominant view in the aging literature is that age-related cognitive changes are 

caused by a failure of inhibitory mechanisms on the part of older adults (Hasher & Zacks, 

1988). Much empirical evidence for an inhibitory deficit has been provided in the selective 

attention field, whereas it is sparser in other cognitive domains, such as single word 
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processing (Burke, 1997). Examining whether lexical inhibition changes with aging has 

nevertheless strong implications since lexical inhibition has been shown to be a critical 

mechanism underlying visual word recognition (McClelland & Rumelhart, 1981; see also 

Mathey & Zagar, 2006). It also raises the question of whether Hasher and Zacks’ inhibitory 

deficit theory developed initially to account for a decline in attentional mechanisms can be 

extended to lexical processes. Up to now, little information has been available on possible 

age differences in lexical inhibition efficiency. With regard to the visual word recognition 

literature, only one lexical decision experiment has been conducted in English to 

investigate age effects in the NFE (Stadtlander, 1995). Neither a main NFE nor any 

interaction with age was observed. However, it is difficult to draw any firm conclusion 

from this study concerning a possible change of lexical inhibition with aging. In fact, an 

inhibitory NFE is difficult to observe in English (for reviews, see Andrews, 1997; Mathey, 

2001). Less consistent spelling-sound relationships in English may be a possible 

explanation (Andrews, 1997) but this is not sufficient to account for the whole pattern of 

findings (Mathey, 2001). Several confounds which are known to influence lexical latencies, 

such as subjective frequency or neighbor spread across letter positions (see Mathey & 

Zagar, 2000; Zagar & Mathey, 2000), might also explain the lack of NFE in previous 

studies. Thus, the issue of an age-related decline in lexical inhibition remains to be 

investigated. 

 The aim of the present study was to examine whether and to what extent the NFE in 

the lexical decision task changes with aging. In the interactive-activation framework, the 

NFE can be considered as an estimate of lexical inhibition efficiency in visual word 

recognition. If we assume that lexical inhibition efficiency decreases with aging, then the 
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inhibitory strength of the higher frequency neighbors should be weaker for the older adults 

than for the younger ones. In other words, the differential processing of words with and 

without neighbors should be less salient with aging. Following this rationale, it is expected 

that older adults will exhibit a smaller NFE than young adults. 

Experiment 

Method 

Participants. A total of 54 adults participated in the experiment. All were native 

French speakers and reported having normal or corrected-to-normal vision. Twenty-seven 

young adults (age, M = 20.9 years, SD = 2.1, range = 18-25) were students from the 

University of Bordeaux and averaged 13.2 years of education (SD = 1.5, range = 12-17). 

Twenty-seven older adults (age, M = 67.8 years, SD = 4.9, range = 61-79) were recruited 

from the adult education courses at the University of Bordeaux and averaged 13.2 years of 

education (SD = 2.8, range = 9-17). 

Young and older participants did not differ significantly on education years (t < 1). 

The Mini Mental State Exam (Folstein, Folstein, & McHugh, 1975) was administered to 

both groups and indicated no reliable age difference (M = 29.2, p > .10). All participants 

completed the French version of the Mill Hill vocabulary test (Deltour, 1998). Younger 

adults scored lower on this test (M = 35.6 out of 44, SD = 1.7, range = 32-39) than the older 

adults (M = 38.4 out of 44, SD = 3.7, range = 28-43), t(52) = 3.6, p < .001.  

Stimuli. Sixty-four five-letter words were selected in the French lexical database 

Brulex (Content, Mousty, & Radeau, 1990). Neighborhood frequency was manipulated. 

Half of the words had no higher frequency orthographic neighbor (e.g., sucre). The other 

half had at least one higher frequency orthographic neighbor concentrated on a single letter 
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position (M = 1.8; e.g., vigne/ligne-signe-digne) so that neighborhood distribution was 

controlled (Mathey & Zagar, 2000). Objective frequency (in log units) was matched across 

the word conditions, (M = 2.81, t < 1), as was subjective frequency estimated on a seven-

point scale by 15 young adults (M = 3.15, t < 1) and 15 older adults (M = 3.12, t < 1) who 

did not participate in the experiment but were recruited in the same population as the other 

participants. For task purposes, 43 five-letter pseudowords were generated by changing one 

or two letters in real words. All were pronounceable and orthographically legal. 

Procedure. A standard lexical decision task was used. All stimuli (Courier New, 42 

points) were centered on a black background using a 17-inch monitor. For each trial, a 500-

ms fixation cross was followed by a lowercase stimulus which remained on the screen until 

the participant responded or until 2,500 ms had elapsed. Participants were instructed to 

decide as quickly and as accurately as possible whether the stimulus was a word or not by 

pressing one of two buttons on a response box. “Yes” responses (for words) were given 

with the dominant hand and “no” responses (for pseudowords) with the other hand. Tone 

feedback was provided when participants failed to respond. The presentation of the stimuli 

was randomized for each participant. Sixteen practice trials were conducted before the 

experiment started. Reaction times were measured from word onset until the participant 

responded.  

Results 

Reaction times below 300 ms or above 1,500 ms were excluded from the analyses 

(0.4% of the data). Two words were eliminated because of their high error rates (more than 

40%). Two words that were matched in frequency were also eliminated in order to keep the 

matching of the materials across the conditions. Correct response latencies and error rates 
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were submitted to separate analyses of variance on the participant means (F1) and item 

means (F2), with Age Group and Orthographic Neighborhood Frequency as main factors. 

The mean correct response latencies and error rates on words, averaged over participants, 

are presented in Table 1. 

-------------------- 

Insert Table 1 

-------------------- 

Analysis of the reaction times showed that the interaction between age and 

orthographic neighborhood frequency was significant, F1 (1, 52) = 11.8, η2 = .19, p < .01, 

and F2 (1, 58) = 8.1, η2 = .12, p < .01. An inhibitory orthographic neighborhood frequency 

effect was found for the young adults (33 ms), but not for the older ones (3 ms). The main 

age-group effect was marginally significant in the participant analysis, F1 (1, 52) = 3.7, 

η2 = .07, p = .06, and significant in the item analysis F2 (1, 58) = 61.2, η2 = .51, p < .001. 

Young adults were 45 ms faster on average than older adults. The orthographic 

neighborhood frequency effect was only significant in the participant analysis, F1 (1, 52) = 

18.3, p < .001, η2 = .26, but F2 (1, 58) = 2.0, η2 = .03, p = .16. Analysis of the errors 

showed a significant effect of orthographic neighborhood frequency, F1 (1, 52) = 16.3, η2 = 

.24, p < .001, and F2 (1, 58) = 4.7, η2 = .08, p < .05. Words with higher frequency 

neighbors generated an average of 2.0 % more errors than those with no higher frequency 

neighbor. No other effects were significant. 

To check whether the results might be ascribed to vocabulary scores across age 

groups, an analysis of covariance was conducted on the NFE (in ms) computed for each 

participant. A significant age-group effect was observed on the NFE even when controlling 
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for vocabulary scores, F1 (1, 51) = 15.6, p < .001, η2 = .23. This suggests that the variation 

of NFE during aging is not attributed to age-linked difference in verbal ability. 

Discussion 

The inhibitory NFE observed for the young adults replicates previous findings (e.g., 

Grainger et al., 1989; Mathey & Zagar, 2006) showing that words with higher frequency 

neighbors are harder to recognize than those with no such neighbors. This confirms that 

lexical inhibition is a critical mechanism in visual word recognition (McClelland & 

Rumelhart, 1981). The most important finding is the interaction between age and 

neighborhood frequency. Contrary to the young adults, older ones did not exhibit any NFE, 

processing words as rapidly whether they had or did not have orthographic neighbors. It 

should be noted that the interaction failed to reach significance in the error data probably 

owing to an overall low error rate for both age groups (less than 5%). In the interactive-

activation framework (McClelland & Rumelhart, 1981), this interaction can be interpreted 

in terms of a decrease in inhibitory efficiency leading to orthographic competitors exerting 

too little inhibition toward the stimulus to interfere in its recognition. These findings also 

have strong implications for Hasher and Zacks’s (1988) inhibitory deficit theory since it 

extends the age-linked inhibitory decline to single word processing.  

An explanation that has been suggested to account for age differences in visual word 

recognition performance for words with no higher frequency neighbors is that aging could 

weaken excitatory processes (Mathey & Postal, 2003). In the case of words with neighbors, 

a deficit in excitatory processes might result in neighbors being not sufficiently activated to 

influence word recognition. Thus, a decrease in inhibition efficiency or activation 

efficiency, or both, might explain the present data. To address this issue, simulations were 
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run with an artificial lexicon that was constructed to represent the word conditions used in 

the experiment (for the same procedure, see Mathey & Zagar, 2000; Zagar & Mathey, 

2000). This lexicon was reduced to the representations of two low-frequency stimulus 

words (i.e., aaaa and bbbb with a resting activation level of -0.9). The stimulus aaaa had 

no higher frequency neighbor, whereas the stimulus bbbb had one higher frequency 

neighbor (i.e., ebbb with a resting activation level of -0.1). As shown by Zagar and Mathey 

(2000), it is possible to disentangle the respective role of activation and inhibition processes 

by changing the weight of parameters in the interactive-activation model. Simulations were 

then run with the original interactive-activation model and with three variants of this model 

in which either the intra-word inhibition parameter, or the feature-to-letter excitatory 

parameter, or both parameters were decreased. The number of processing cycles for the two 

stimuli to reach the decision criterion (.68) was recorded. The results are presented in Table 

1. As expected, the interactive-activation model with its original parameters captured the 

inhibitory NFE (3 cycles), supporting the data found for the young adults and replicating 

previous empirical and simulated findings (e.g., Grainger et al., 1989; Zagar & Mathey, 

2000). 

In the inhibition-decreased model, the hypothetical age-related decrease in lexical 

inhibition was simulated by reducing the word-to-word inhibitory parameter by one third 

(from .21 to .07). Although the change in the NFE was in the same direction as expected, it 

incorrectly predicted a slight NFE (1 cycle) and a faster lexical access which was not 

observed in the elderly. Note that the slowed performance found in the elderly might be 

explained by the general cognitive slowing theory (Salthouse, 1996). However, by positing 

that all processing stages are slowed by a rate which is proportional to overall latency, this 
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model incorrectly predicts a larger NFE with aging. Another possibility would be that the 

slowed performance is due to a slowing in response execution in the elderly. However, this 

does not account for the interaction between age and neighborhood frequency. In the 

excitation-decreased model, a decrease in excitatory processes was simulated by reducing 

the feature-to-letter excitatory parameter from .005 to .002. The slowed performance was 

captured, but a preserved NFE (3 cycles) was incorrectly predicted. This reaffirms the 

importance of inhibition to explain the NFE. Finally, a model in which both excitatory and 

inhibitory processes were decreased provided the best fit to the data found in the elderly 

with a lack of NFE and slowed latencies. Thus, the present findings provide evidence for a 

deficit of inhibitory processes with aging and are consistent with the proposition of an age-

related decline in activation processes (Mathey & Postal, 2003). Further, the assumption of 

a decrease in lexical inhibition efficiency is necessary to explain a decrease in the NFE with 

aging. Future research should help to disentangle the respective modification of lexical 

activation and inhibition processes during aging. 

 

Word count: 2267 
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Table 1 

Mean empirical data for Orthographic Neighborhood Frequency and Age Group, and 

Mean Simulated Data for Four Variants of the Interactive-Activation Model 

 Higher frequency neighbors  

 None Several NFE 

Empirical data  

Young adults    

 Latencies (in ms) 650 683 33 

 Error rates 2.3 4.7 2.4 

Older adults    

 Latencies (in ms) 710  713 3 

 Error rates 2.1 3.7 1.6 

Simulated data a 

Original model 18 21 3 

Inhibition-decreased model 18 19 1 

Excitation-decreased model 24 27 3 

Inhibition- and excitation-decreased model 24 24 0 

Notes. NFE: Neighborhood frequency effect.  

aTime is expressed in cycles. 

 


