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Background 

The aims of this work are (1) to test whether genetic evidence supports a 

distinction between declarative memory and computational procedures within cognition 

(per‘dual-system’ models, specifically the ‘declarative-procedural’ model) and (2) to 

identify which genes are associated with these processes.   

The declarative-procedural distinction was tested using an established, well-

understood psycholinguistic paradigm: the elicited production of regular and irregular 

past tense forms.  Evidence from a variety of sources suggests that regular past-tense 

forms are affixed in a rule-governed manner (stem + -ed, e.g, walked) and thus can be 

composed by procedure using the mental grammar.  Irregular past-tense forms, on the 

other hand, are at least partly idiosyncratic (e.g,. dig-dug), and thus must depend on 

representations stored in lexical memory, which in turn appears to depend on the 

declarative memory system (Ullman, 2001, 2004).  

One of the main lines of evidence for this distinction comes from the examination 

of past-tense frequency effects.  Frequency effects are shown when forms with a higher 

frequency of occurrence in the language are processed more quickly and accurately than 

lower frequency forms.  Irregular past tenses typically show the frequency effect (e.g., 

higher frequency irregular past tenses are processed faster than lower frequency irregular 

past tenses), indicating they are stored as full forms.  In contrast, regular past tenses do 

not show such a full-form frequency effect, indicating that they are not accessed as full 

forms in memory, but are rather likely to be composed each time they are produced (i.e., 

walk + -ed).  Thus, frequency effects for inflected forms (i.e., past tense forms such as 

walked and dug) are taken as a diagnostic for storage, as opposed to composition, if one 

holds potentially confounding factors constant.  Importantly, although regulars can and 

often are composed, they can also be stored, which can be detected by frequency effects. 

The storage (versus composition) of regulars has been shown to be affected by various 

subject- and item-level factors, including subject-level factors leading to superior 

declarative memory abilities (Ullman, 2004, 2007, In Press 2008; Ullman, Miranda, & 

Travers, 2008). 

  

A Promising New Hypothesis 

The proposal for this work called for an association study with dopamine-related 

genes, a hypothesis that stemmed from previous work in neuroscience and 

neuropsychology (Ullman, 2004; DeFrias et al., 2004; DiMaio, Grizenko & Joober, 2003; 

Nieoullon, 2002; Schultz, 2001; Meador-Woodruff, 1998; Gerfen, 1995; Yebenes & 

Gomez, 1993; Goldman-Rakic et al., 1992).  Although the original hypothesis remains 

intact and will be tested in the upcoming months, we began our analysis with another 

gene whose promise in contributing to our understanding of the dual-system model came 

to light only in the last few years: brain-derived neurotropin factor, or BDNF.   



The gene for BDNF has a SNP (single nucleotide polymorphism) at codon 66 that 

changes the resulting amino acid from valine (val) to methionine (met).  The val allele 

has been associated with superior declarative memory functionality (Dempster et al., 

2005; Egan et al., 2003; Goldberg et al., 2007; Hariri et al., 2003; Ho et al., 2006), 

greater  relative hippocampal volumes (Pezawas et al., 2004; Szeszko et al., 2005), and 

greater hippocampal activation in fMRI studies of declarative memory (Goldberg et al., 

2007; Hariri et al., 2003; Hashimoto et al., in press; Pezawas et al., 2004), particularly in 

val/val homozygous individuals as compared to met homozygotes or heterozygotes 

(met/met or val/met).  

This work led to a new hypothesis, one not included in our proposal: We 

predicted that BDNF would be associated with declarative memory in past tense 

production.  Specifically, the val allele should be associated with stronger past-tense 

frequency effects for regulars, reflecting their greater likelihood of storage, as compared 

to the met allele, due to the val allele’s association with better declarative memory. In 

contrast, such a val-met difference in frequency effects would not be expected for 

irregulars, since these must always be stored. Finally, we explored whether these BDNF 

alleles might interact with sex.  The sex difference rests on evidence suggesting that 

females (Kramer, Delis, Kaplan, O'Donnell, & Prifitera, 1997; Maitland, Herlitz, Nyberg, 

Backman, & Nilsson, 2004; McGivern et al., 1997) show advantages in declarative 

memory compared to males (Alexander, Packard, & Peterson, 2002; Herlitz, Nilsson, & 

Backman, 1997; Kimura, 1999; Kramer, Delis, & Daniel, 1988; McGivern et al., 1997; 

Trahan & Quintana, 1990; Ullman et al., 2008).  

 

Procedure  

Over the period of the grant, behavioral, demographic, and genetic data were 

collected from more than 150 participants though Dr. Steve Manuck’s Adult Health and 

Behavior (AHAB) project at the University of Pittsburgh.  (More participants were 

included in the original plan, but the AHAB funds were depleted earlier than Dr. Manuck 

expected.  See Future Directions below for more on this.)  Dr. Ullman’s lab has 

completed transcribing and coding the past tense production data from these subjects, and 

with the generous cooperation of Dr. Manuck’s lab, genetic data have been made 

available on all of the dopamine alleles and BDNF alleles for these participants as well as 

many other genes that AHAB investigators were interested in. 

Following the methodology of previous studies of past tense production carried 

out in Dr. Ullman’s lab (e.g., Gelfand, Walenski, Moffa, Lee, & Ullman, Under Revision; 

Prado & Ullman, Under Review; Ullman et al., Under Revision; Walenski, Mostofsky, & 

Ullman, 2007), frequency effects were examined on response time data for correct first-

responses to 58 English verbs (29 consistent regular, 29 irregular). Experimenter-noted 

timer errors and extreme outliers for each subject (RT’s more than 3.5 standard 

deviations from the subject’s mean) were excluded from analysis. Significance of all 

effects was assessed using p = 0.05. All p-values reported are two-tailed. In all analyses, 

degrees of freedom were computed using the Satterthwaite approximation. The response 

time data were analyzed using hierarchical linear modeling (HLM) with random effects 

of subject. This statistical method allows each individual response time from each subject 

and item to be entered into one model, without averaging response times, which results in 



a substantial loss of information. HLM accounts for subject variability by including the 

baseline performance (model intercept) of each subject as a random variable.   

An HLM model was constructed with natural logarithm-transformed response 

time as the dependent variable; past-tense frequency and verb-type (regular versus 

irregular) as item-level (level-1) variables; and BDNF (val/val versus val/met and 

met/met combined) and sex (male versus female) as subject-level (level-2) variables. 

Interactions were specified between BDNF, sex, verb-type, and frequency, generating 

separate frequency coefficients for each level of the BDNF by sex by verb-type 

interaction. Following previous studies, four potentially confounding variables were 

included as variables in the model: whether the verb begins with a fricative, whether the 

verb begins with a plosive, natural-log-transformed item order, and a measure of 

phonological neighborhood. 

Included in this analysis are 157 subjects (86 males, 71 females; 146 white and 11 

black; 28 30-to-39-year-olds, 77 40-to-49-year-olds, and 52 50-to-54-year-olds, with an 

overall mean age of 45.7 (SD=5.9). 

 

Results 

We focus on the contrasts which treat val/met individuals and met/met individuals 

as one group because this grouping has produced the most robust results in previous 

studies (Dempster et al., 2005; Egan et al., 2003; Goldberg et al., 2007; Hariri et al., 

2003; Hashimoto et al., In press; Ho et al., 2006; Pezawas et al., 2004; Szeszko et al., 

2005). That is, we contrasted met-carriers with val/val homozygotes.  

Main effect of BDNF alleles on frequency.  As predicted, BDNF alleles were 

differentially associated with frequency effects, though the direction of the effect was 

unexpected.  Despite previous evidence showing an association of val/val homozygotes 

with superior declarative memory, the val/val versus met-carrier comparison in this study 

linked  the met allele to more pronounced frequency effects, over both verb-types and 

sexes (β =  .008, t = 1.863, p = .063).   

Interactions with sex and verb type.  In typical male subjects, irregular verbs 

demonstrate a frequency effect (negative beta significantly different from zero) while 

regular verbs do not (beta not significantly different from zero); females in contrast may 

show frequency effects on regular items as well as irregular items, likely due to increased 

reliance on storage (as opposed to composition) of complex forms. Here, we are 

principally interested in any interactions with BDNF that suggest a departure from the 

typical pattern, as well as the lower-level effects that might help explain that interaction.  

There was no two-way interaction between BDNF and verb-type with respect to 

frequency effects. Additionally, there was no three-way (BDNF by sex by verb-type) 

interaction with respect to frequency effects. However, the model yielded a significant 

interaction of BDNF by sex summing across the two verb-types (β = -.020, t = -2.182, p = 

.029). This effect appears to be driven by a particularly strong frequency effect on 

irregulars for met-carrier as compared to val/val females. 

 

Conclusions and Future Directions 
 The BDNF analysis proved extremely fruitful in achieving the goal of this study: 

using genetic evidence to reinforce the dual-system model.  As expected, the BDNF 

alleles were differentially associated with frequency effects, and such a result is only 



compatible with a theory that distinguishes between the two verb types . However, the 

pattern was not the one predicted, and further work is needed to understand why the 

direction of this effect is the reverse of that found in previous research (i.e., why met is 

associated with frequency effects in this study, while in previous research val has been 

associated with superior declarative memory).  

In addition to continuing to explore the BDNF results, similar analyses are 

underway to test the dopamine genes specified in the original proposal. If the results 

continue to be promising, we will pursue further funding to continue the work.  Dr. 

Manuck has recently secured more funding for the AHAB project and has already 

restarted it, suggesting a straightforward and efficient way for us to collect more data if 

we can secure more funds. 
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