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Abstract 

Developed by Card, Moran & Newell (1983), GOMS stands for Goals, Operators, Methods, and 

Selection Rules.  GOMS modeling is a widely used simplified cognitive architecture that has 

provided accurate predictions, such as response times, for routine performance in a wide range of 

procedural tasks (e.g., Card et al., 1983; see Olson & Olson, 1990 for a review).  Jastrzembski & 

Charness (2007) proposed a set of “Older” GOMS model parameters to account for age-related 

cognitive and perceptual changes by using a novel form of meta-analysis of the available 

cognitive aging literature.  Souders, Best, & Charness (submitted) continued this work by 

experimentally estimating the short-term auditory memory store, which was found to be between 

~2-4 seconds in older adults, using a paradigm similar to the auditory analogue of the Sperling 

Partial Report procedure in Darwin, Turvey, and Crowder (1972).  The current study seeks to 

extend the work of Jastrzembski & Charness (2007) by validating this auditory short-term 

memory store parameter by making use of an adaptive staircase procedure in an auditory 

phoneme string recognition task in a non-native language (Taiwanese Hokkein, Zhangzhou 

dialect).  By use of this technique, we found a 2.6 second duration for the short-term auditory 

memory store in older adults.  This value has the potential to help design more appropriate 

interfaces and instructional programs to fit the needs of an aging population.  
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Introduction 

Applying the findings of cognitive aging research to the design process is becoming 

increasingly vital because of rapid expansion in the older adult population world-wide.  The 

sustainability of an aging society depends on fields such as gerontechnology to help bridge the 

gap between technology use and the increasing longevity of the average human.  Fisk, Rogers, 

Charness, Czaja, and Sharit (2006) have argued that older adults may be more likely to adopt 

new and existing technologies if interfaces and devices were better designed, so that discomfort 

and anxiety interacting with the system would be reduced.  Research in human factors and 

human-computer interaction has a legacy of designing products around the needs of the younger 

user, in part because many designers are young themselves (Jastrzembski & Charness, 2007).  

The Older GOMS modeling allows designers and engineers to simulate mean older adult 

performance and make predictions across varying design specifications and tasks.  In this way, 

designs may be optimized for typical older adults during the very early stages of design. Some 

steps have been made to acculturate older adults to existing systems such as enlarging font size, 

enhancement of contrast, and size enhancements in many technologies.  Better design of 

technology for older adults may be supported by bringing the knowledge of age-related 

performance to human engineering design, meaning that products and devices could be modeled 

and modified to suit the older user in the very earliest stages of design (Jastrzembski & Charness, 

2007).   

The GOMS model was developed to decompose a user’s computer interaction into its 

basic physical, cognitive, and perceptual components.  GOMS uses these components as 

framework to study skilled interface use (Card, Moran & Newell, 1980).  This model uses 

estimates of the capabilities of a Model Human Processor (MHP), which includes parameters for 
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memory, perceptual, and motor sub-systems.  However, these parameters were derived from 

research using younger adult samples.  Jastrzembski & Charness (2007) derived nine older-adult-

based parameter estimates for GOMS, based on meta-analyses of the aging literature (see Table 

1).  These parameters were validated by fitting data for routine performance on two mobile 

phone tasks (dialing and texting).  This “Older” GOMS model provided excellent fits to the 

human data they collected.  

Table 1 

Summary of Parameter Estimates for Younger and Older Adults with Ratio of Differences Across 

Age (taken from Jastrzembski & Charness, 2009) 

 

  This effort refined previous work by Card, Moran and Newell (1983), to create a model 

that may account for life span cognitive changes, which later was named the Older GOMS 

Model.  These Older GOMS parameters were validated by comparing the fit of estimates 

provided by the model to routine performance data on two tasks using a mobile phone (dialing 

and texting).  The estimates provided a better fit than default ACT-R parameters (Jastrzembski & 

Charness, 2007).  The findings from the successful simulation of mobile phone performance 

using these parameters provides a strong rationale for engineers to utilize GOMS modeling when 

designing technologies to suit the older user (Jastrzembski & Charness, 2007). 

 Souders, Best, & Charness (submitted) continued this work by estimating the short-term 

auditory memory store, which was found to be between ~2-4 seconds in older adults using a 

paradigm similar to the auditory analogue of the Sperling Partial Report procedure in Darwin, 
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Turvey, and Crowder (1972).  By modifying a version of the Sperling Partial Report procedure, 

the experiment found estimates in both younger and older adults in both ambient and headphone 

listening conditions.  This experiment presented simultaneous streams of information consisting 

of 3 numbers and letters in two separate spatial locations (left ear, right ear).  Trials were divided 

into either full or partial report.  In full report trials, the participant was asked to report all of the 

items they could remember from both streams in their correct location immediately following the 

stimulus presentation.  In partial report trials, the participant received a visual cue zero, 1, 2, 3, or 

4 seconds following the stimulus presentation indicating which information stream to report.  

This task was similar to the task used by Darwin et al., (1972) to estimate the size of the auditory 

short-term memory store, but where they used 3 concurrent streams of information, the current 

study simplified the design to 2 streams of information based on a pilot study that showed that 

older adults were unable to perform at above chance levels with the three-stream procedure 

(Souders et al.: submitted) 

The current study aims to validate the parameter estimate of the short-term auditory 

memory store that was experimentally estimated by Souders, Best & Charness (submitted), by 

use of a non-native language (Taiwanese Hokkien, Zhangzhou dialect) in an auditory phoneme 

string recognition task.  The non-native complex tonal language of Taiwanese Hokkien was 

chosen to stimulate a language-learning auditory task.  This auditory buffer process holds 

relatively unprocessed and raw auditory information, therefore, when the material becomes 

familiar, the English speaker can recode it into phonemes that are understandable. Participants 

will need to rely solely on their short-term auditory memory store to identify strings of 

Taiwanese phonemes for recall. The difficulty of the multi-tonal Taiwanese language can 

provide a convergent test of the desired parameter. 
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Methods 

Participants 

 A sample of cognitively healthy, older adults aged 65 and older (using pre-screen tests to 

eliminate those with pathology), having normal hearing for their age cohort (using an ear scan 

audiometer to screen for serious hearing impairment), were recruited using the CREATE (Center 

for Research and Education on Aging and Technology Enhancement) lab participant database at 

Florida State University.  Older adults were screened using a language experience questionnaire, 

to ensure that Taiwanese and other Eastern Asian languages is indeed novel to them.  A power 

analysis using G*Power prior to experimentation showed that to detect a medium effect size of .5 

using a one-sample t-test, 54 participants would be needed.  A total of 56 older adults 

participated in the study (aged 65+, M=73, SD±6.7). 

Stimuli   

 Stimuli consisted of similar-sounding, ~1 second long, Taiwanese phrase pairs spoken by 

a native Taiwanese-speaking female.  At least 50 unique phrase pairs were presented using an 

adaptive staircase procedure developed for the E-Prime programming environment (Hairston & 

Maldjian, 2009).  Stimuli were recorded in a sound-attenuated room using Audacity 2.04 

(http://audacity.sourceforge.net/download/).   

Procedure 

Before beginning experimentation, a language experience questionnaire was given to 

assess participants’ experience with other languages.  The Taiwanese language must be 

unfamiliar to the participant.  Stimuli were presented using E-Prime, a programming suite 

specifically targeted for designing behavioral experiments.  Participants were presented with a 

short Taiwanese phrase (~1 s. long), given a variable time delay (0-5 s.; �.5 s.), and presented 
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with a second similar Taiwanese phrase (~1 s. long).  The participant had to judge whether the 

two phrases were the same (MATCH; F-key), or different (MISMATCH; J-key).  During the 

variable time delay, an auditory masking technique was used to simulate a natural learning 

environment and also to keep the participant from phonologically rehearsing the stimuli.  

Providing a natural learning environment was important because our world presents us with a 

multitude of sounds simultaneously.  The masking technique included slightly muted Taiwanese 

numbers, colors and foods layered together simultaneously.  We avoided words that were used as 

stimuli for the masking technique in order to elude any confounding overlap between 

presentations.  The recognition of whether the second Taiwanese phrase was a match or 

mismatch was the auditory phoneme string recognition task.   

We used an adaptive staircase procedure, an algorithm that actively adjusts the stimuli 

on-line in response to the subject’s performance, using E-Prime experiment programming.  The 

procedure adjusts according to the pre-set rules and terminates when the stimuli approximates 

the subject’s threshold.  The amount of distraction between stimuli presentations (in 

milliseconds) is the target variable modified according to a 2:1, up-step: down-step ratio, where 

the value increases every two correct responses, and decreases every incorrect response.  The 

participant begins at 2000 ms. and the step size is 1500 ms. for reversals 1-3, 1000 ms. for 

reversals 3-6, and 500 ms. for reversals 6-10.  There are three independent staircases running 

concurrently that E-Prime tracks progress through.  Once each staircase reaches 10 reversals, the 

results are logged in a spreadsheet, the program terminates and the participant reaches the end of 

the experiment.    
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Results 

 For the group (N=56), the mean threshold derived by the staircase procedure was 2.6 

seconds (SD=±7.5).  The mean plus or minus 1.97 SE units provides a 95% confidence interval 

of 2.4 to 2.8 s.  This confidence interval is consistent with the lower values in the prior range 

which suggested a value between 2 and 4 seconds.  Data found the mean accuracy was 66% 

(SD=±8.8), with the highest accuracy at 85% and lowest accuracy at 49%.  On average, the 

complete procedure required 69.5 total trials for all three staircases to terminate and exit the 

procedure (due to reaching the maximum number of allowable response reversals for each).  The 

shortest case was only 49 trials, and the longest required 112 trials for all three staircases to 

terminate.  Data also showed the average reaction time was 1.2 seconds for each match/mismatch 

task.   

Discussion 

From Souders, Best, & Charness (submitted) we had an estimate that older adults’ 

auditory short-term memory store was between ~2-4 seconds in duration, by use of a paradigm 

similar to the auditory analogue of the Sperling Partial Report.  The current study performed an 

adaptive staircase procedure in an auditory phoneme string recognition task (unfamiliar 

Taiwanese phonemes) and found a value of 2.6 seconds for the duration of the auditory 

information store.  This value can guide instructional programs for older adults that rely on their 

ability to remember unfamiliar auditory information and contribute to helping design interfaces 

in which older adults must use short-term auditory memory in order to remember difficult-to-

encode auditory information.  For example, the estimate can contribute to a better interface for 

programs that teach foreign languages.  This value can be used to design more appropriate 

interfaces while predicting and comparing usability within task performance, learnability and 
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error rates.  Through improving designs, interfaces and instructional programs for older adults, 

by use of the 2.6 second threshold value for auditory short-term memory store, we can design in 

a way that supports older adult processing of auditory information.  Better design may bridge the 

gap in technology use between older and younger adults.   
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