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ABSTRACT 

 

 

 

 Working memory (WM) is a foundational component of cognition.  As such, 

benefits achieved through training in WM have the potential to transfer and improve 

other areas of cognition, such as long-term memory (LTM).  WM functioning decreases 

slowly and steadily after the age of 20 years and impedes complex tasks and daily 

functioning as one ages.  The present study added to previous research on WM training 

by training healthy older adults on 3 WM span measures: alphabet span, operation span, 

and reading span.  Training occurred in a group setting over five 1.5-hour sessions, 

during which the difficulty level of each WM span task was progressively increased.  

Improvement from pre- to post-test was measured not only in the trained domain on the 3 

WM tasks, but also in an untrained domain on a grocery shopping transfer task.  The 

grocery shopping task occurred in a grocery store and entailed a short study period for a 

list of 15 items followed by participant retrieval of those items from the store shelves.  

This task can be seen as tapping both LTM and WM skills.  Overall, participants did not 

improve from pre- to post-test on either the trained WM tasks or transfer grocery 
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shopping task.  Reasons for a lack of training and transfer effects include various 

methodological issues with the training program, such as lack of adaptivity and rigor, and 

a group setting.  However, there were a few examples of success in both the training and 

transfer tasks that are cited.  Future research should consider the weaknesses of the 

present study as well as include real-life transfer tasks. 

 

 

 

 

______________________________________ 

Dr. Heidi Harley 

Division of Social Sciences 



1 

Working Memory and Age-Related Decline 

 Working memory (WM) is one of the “cognitive primitives,” along with 

inhibition and processing speed, thought to influence all other areas of cognition (Borella, 

Carretti, & De Beni, 2008).  There exists only a limited amount of cognitive resources 

available to WM, which are used to store information while simultaneously processing 

incoming or recently accessed information in service of other high-order cognitive tasks 

(Baddeley & Hitch, 1974 as cited in Borella et al., 2008).  This information is limited in 

capacity and duration in WM, with a small amount of information being available mostly 

for just a short period of time (Olesen, Westerberg, & Klingberg, 2004).  To investigate 

this multi-tasking area of cognition, typical WM measures (e.g., complex span tasks) 

require participants to store some piece of information while completing a concurrent 

attention-demanding task.  For example, participants may be required to mentally solve a 

series of simple mathematical equations while remembering a word that is paired with 

each one (Turner & Engle, 1989).  In this way, participants must divide their WM 

resources between processing the math equations and storing the paired words. 

 WM does not function at a consistent level throughout one’s life but rather travels 

a fairly clear trajectory of decline.  To examine its changes across the lifespan, it is useful 

to categorize WM into one of the two components of intelligent thought, “one 

representing accumulated knowledge of the world and the other representing the ability to 

use that knowledge flexibly and adaptively” (Park et al., 2002, p.132).  WM is a 

component of this latter area of cognition, the flexible, adaptive use of knowledge 

through cognitive control.  Put differently, this dichotomy entails the former stated 

representational knowledge, or “crystallized cognition,” and the latter stated cognitive 
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control, or “fluid cognition.”  Crystallized cognition increases during childhood, slows 

but still increases throughout adulthood, and remains stable in old age (Craik & 

Bialystok, 2006).  Fluid cognition, on the other hand, increases in “power, speed, and 

complexity” from infancy to young adulthood, but declines through old age (Craik & 

Bialystok, 2006, p. 132).  The findings of Park et al. (2002) support this assertion of 

differential trajectories of functioning for fluid and crystallized cognition into old age.  

The researchers conducted a cross-sectional study with participants across the lifespan, 

measuring their levels of WM, processing speed, long-term memory (LTM), short-term 

memory, and verbal knowledge.  They found that age was negatively correlated with all 

cognitive measures, except with the measures of verbal knowledge (crystallized 

cognition) that showed an increase with increasing age.  Crystallized cognition aside, the 

decline in the other areas of cognition seems to be steady from age 20 to 80 and beyond, 

with the same magnitude of decline from age 20-30 years and 70-80 years (Park et al., 

2002).  However, the proportional loss becomes greater in later years, with small 

decreases in fluid cognition producing great effects.  One reaches a point when the 

absolute loss experienced begins to impede demanding tasks (likely between 40 and 50 

years) and then has implications for daily functioning (between 80 and 90; Park et al., 

2002). 

 Decline in fluid cognition has been attributed to deterioration of the frontal 

regions of the brain (Raz, 2000 as cited in Craik & Bialystok, 2006).  These frontal 

regions are important for planning, decision making, and other executive control 

functions including WM (Craik & Bialystok, 2006).  As a fundamental component of 

cognition, this deterioration in WM has implications for other aspects of a person’s 
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cognition.  Since there is a steady deterioration in most areas of cognition with age—

decline in speed of processing, LTM, and short-term memory in addition to WM (Park et 

al., 2002)—it is possible that there is a relation between these concurrent deteriorations.  

If so, then training in one of them may affect all of them.  This suggestion of training one 

area to improve another is called “transfer.”  There has been much research in the area of 

training and transfer in aging research, but the majority of the results has not evidenced 

much transfer.  Training effects have mostly been modest or nonexistent, and the ability 

for these training benefits to transfer to new contexts is rare, especially in older adults 

(Persson & Reuter-Lorenz, 2008). 

 However, there are clear cases of successful training programs for people across 

the lifespan that compel continued investigation in the area.  Both through examination of 

a variety of cognitively demanding activities in which people participate in their everyday 

lives as well as laboratory-based training interventions designed to target specific skills, 

research adds to the knowledge of which activities may serve as protective factors against 

or aid to reverse cognitive decline.  These data suggest avenues for training programs that 

may be effective in addressing age-related decline.  The present study focused on this 

latter area of research to target WM in a lab-based WM training program.  Moreover, 

given the fundamental value of WM for other areas of cognition, transfer to LTM task in 

a real-life context (the grocery store) was also examined. 

Cognitively Demanding Daily Activities 

 There is no consensus about the precise factors, physiological and/or 

environmental, that buffer against cognitive decline.  Why one person ages successfully 

while another ages less successfully is still largely unknown.  Therefore, it is important to 
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consider all aspects of a person’s life to gain clues about which activities may be useful 

buffers.  Research in this area of cognitively demanding daily activities is diverse, and its 

results are similarly mixed.  In this section two areas of research are cited: activity 

inventories in which participants report on their general cognitive activities as well as 

social and physical ones, and single-domain skills in which participants’ performance in a 

specific activity is examined in relation to cognition.  In general, engagement in 

cognitively demanding daily activities seems to be related to greater performance on 

various cognitive measures, and participation in a single skill has less transfer potential.  

It is important to interpret these data carefully as the direction of causation is not certain: 

greater participation in cognitively demanding activities may lead to higher cognitive 

scores, or higher cognitive scores (and a more active mind) may permit participation in 

more cognitively demanding activities.  Nonetheless, the research examines ways older 

adults stay active and provides information about the types of people and lifestyles that 

are related to higher cognitive performance. 

 Activity inventories.  A cognitively-engaging lifestyle has been suggested as one 

means of providing a buffer against cognitive decline.  Studies have examined leisure 

activities ranging from physical and social activities to more explicitly cognitively 

demanding ones.  Most find only modest domain-specific positive effects, with cognitive 

activities being the only ones to “transfer” to lab-based cognitive measures.  Notably, 

many of these effects were mediated by WM measures.  In some studies, lifespan 

differences in activity participation and effects were also addressed. 

 The demand on cognition that a given activity affords may vary greatly between 

individuals.  Therefore, it is useful to inquire directly about the ways in which people 
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engage with their environment.  Schooler and Mulatu (2001) sought to analyze people’s 

perceptions of the cognitive demands of complex leisure activities and how they affected 

cognitive level.  Participants (N = 635) were part of a longitudinal study and were couples 

interviewed in 1974 and again at a 20-year follow-up (range of 41 to 88 years at follow-

up).  A “complex activity” was defined as requiring “thought and independent judgment.”  

The degree of participation in complex leisure activities was measured as follows: 

number of books read (within past 6 months), number of magazines read regularly and 

their intellectual complexity; frequency of visits to museums, concerts, and plays; and 

number and hours spent engaged in special interests and hobbies.  The degree of 

complexity of these activities was determined along two dimensions: interaction with 

things and with data.  “Things” were defined as equipment or products and were rated on 

a Likert-style complexity scale ranging from mere “handling” to as complex as “setting 

up machines and equipment.”  “Data” were defined as numbers/words and ideas/concepts 

and were rated from simply “reading instructions” to “synthesizing.”  The overall 

complexity of the activity was also rated as “not at all complex” to “setting up of a 

complex system of analysis, synthesis, or both.”  Cognitive level was measured along two 

dimensions: intellectual flexibility and standard cognitive functioning.  “Intellectual 

flexibility” (fluid cognition) was one’s ability to handle the complexity and cognitive 

demands of a complex situation (based on several performance-based measures).  

General “cognitive functioning” (crystallized cognition) included many objective 

measures such as memory recall and a vocabulary test, as well as three more subjective 

measures assessed by an interviewer (interviewer’s assessment of the participant’s 

intelligence, the adequacy of the participant’s response to a hypothetical question 
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requiring consideration of potential costs and benefits, and the adequacy of providing 

reasons in support of an argument).  The measure of intellectual flexibility was very 

strongly related to the more standard measures of cognitive functioning, and the two were 

used together as the measure of “cognitive level.” However, this intellectual flexibility 

measure was not found to be significantly related to age.  This result is unlike other 

measures of fluid cognition in which these skills tend to decrease with age (Park et al., 

2002). 

 Overall, as age increased, cognitive level (composite score of intellectual 

flexibility and cognitive functioning) decreased.  However, participation in more complex 

leisure activities was positively correlated with increased cognitive level.  Relatedly, 

participation in less complex leisure activities was correlated with decreased cognitive 

level.  Also, having a higher cognitive level was positively correlated with greater 

participation in more complex leisure activities.  This finding is in line with previous 

studies that have suggested people of higher cognitive level participate in more 

cognitively demanding activities until decline begins to occur (e.g., Hultsch, Hertzog, 

Small, & Dixon, 1999).  These results can also provide support for the “rough-hewn” 

theory of cognitive functioning: since “complex environments reward cognitive effort, 

individuals in such environments should be motivated to develop their intellectual 

capacities to generalize the resulting cognitive processes to other situations” (Schooler & 

Mulatu, 2001, p. 492).  Considering the findings of this study, participants may be 

challenged by their complex activities and so develop their own cognitive skills to 

continue to succeed. 
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 Extending the research of the above study on leisure activities, Schooler, Mulatu, 

and Oates (1999) explored the effects of occupational activities on cognition.  

Participants (N = 233) were part of the same longitudinal study cited above but were 

examined in reference to their work-related activities as opposed to leisure ones.  The 

complexity of their work was determined along three dimensions: “things” and “data” as 

in the previous study, with the addition of “people.”  “People” was assessed based on 

required interactions with human beings and was rated from less complex (“serving”) to 

more complex (“mentoring”).  The overall complexity of work was also rated and the 

same scales as the previous study were used for this and the other dimensions (“things” 

and “data”), with complexity for each dimension ranging from less to more complex.  

Cognitive level was also measured along the same two dimensions: intellectual flexibility 

and standard cognitive functioning. 

 As was previously found, more complex work activity was related to higher 

cognitive functioning, and lower cognitive functioning was related to less complex work.  

However, unlike the previous study, participants of increased age seemed to receive a 

greater cognitive benefit from participating in more complex work activities than did 

younger.  Therefore, more complex work was related to greater increases in older 

participants’ cognitive level than younger participants’.  Due to the differential results 

found between these two studies, it seems there is a marked difference between 

occupational complexity and leisure-time complexity.  These findings can again be 

explained using the “rough-hewn” theory of cognitive functioning in which participants 

must maintain their cognitive skills in order to succeed at complex work.  Older workers 

seem to benefit more from this experience with greater increases in cognitive functioning 
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as related to complex work than younger workers.  The differential results for the two age 

groups may be a difference in ability and motivation.  Older workers may have to work 

harder than younger workers at more complex activities, and so receive greater resultant 

gains, while for younger workers the complex activities are not as cognitively demanding 

and so do not challenge them and provide the same opportunity for cognitive gains. 

 Unlike the previous studies’ findings that participation in cognitively demanding 

activities buffers against cognitive decline, Salthouse, Berish, and Miles (2002) did not 

find protective effects based on cognitive activities.  Participants (N = 204, aged 20 to 91 

years) were measured on their cognitive levels (measures of spatial ability, reasoning, 

episodic memory, and vocabulary) and weekly participation frequency for 22 various 

cognitive activities (e.g., television watching, chess playing, and shopping).  While the 

cognitive activities were similar to those of previous studies, in this study they were 

accompanied by ratings of participants’ perceptions of how cognitively demanding each 

activity was.  This measure was included because while a 20-year-old may perceive 

grocery shopping as not especially cognitively demanding, a 91-year-old may perceive it 

to be very cognitively demanding. Additionally, the tendency to participate in cognitively 

demanding activities (“need for cognition”) was also measured.  This measure was 

included to distinguish between individuals’ seeking, and quality of experience in, 

activities in that “individuals high in need for cognition tend to have active, exploring 

minds, and, through their senses and intellect, they reach and draw out information from 

their environment” (Cacioppo, Petty, Feinstein, & Jarvis, 1996 as cited in Salthouse, 

Berish & Miles, 2002, p. 550). 
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 Increased age was related to higher ratings of cognitive demand for television and 

lower ratings for teaching/attending class and playing chess.  However, this difference 

may partially be explained by the shift in the nature of activities as people age.  For 

example, younger people (less than 50 years old) are more likely to attend academic, and 

cognitively demanding classes than are older people (over 50 years old).  The average 

level of cognitive demand was calculated for each activity, and older people tended to 

participate less in activities with higher cognitive demands.  This may be because greater 

cognitive decline, which is closely tied to increased age, may lead people to participate 

less in cognitively demanding activities.  In reference to cognitive levels, only the tests of 

vocabulary were related positively with age and participation in cognitive activities.  It is 

not surprising that increased age saw an increase in vocabulary (crystallized knowledge) 

as this has been shown previously (Park et al., 2002).  Interestingly, participants who had 

higher levels of cognitive stimulation (high participation frequency and high ratings of 

cognitive demand) had greater vocabulary knowledge with increased age. In this way, 

cognitive stimulation seems to be related to at least one measure of cognition, 

vocabulary.  Overall, measures of fluid cognition (spatial ability and reasoning) and 

episodic memory were not found to be related to cognitive aging.  Also, participants’ 

“need for cognition” declined with age, and cognitive stimulation did not buffer against 

age-related decline in cognitive functioning. 

 One additional comparison was made between the participants’ level of 

education, which can be considered another measure of cognitive performance, and 

cognitive stimulation and level.  Unlike the sample as a whole, for participants with a 

relatively low level of education, higher scores on the measures for fluid cognition and 
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episodic memory were significantly related to higher cognitive stimulation.  Perhaps 

greater stimulation has a greater impact on those people with lower cognitive 

performance (as indicated by lower level of education).  A final consideration suggested 

by the researchers is in reference to the cross-sectional nature of the study, as opposed to 

longitudinal.  Because data were collected only at one point, the lack of relation found 

between the daily activities and measures of cognition may be due to a characteristic of 

cognitive functioning in which the average or cumulative level of cognition accounts for 

group differences, as opposed to an instantaneous cognitive level as measured in this 

study.  That is, the rate of decline would likely be more variable between a group of 

young adults and old adults than a measure of absolute cognitive level.  Relatedly, the 

rate of decline in one’s cognition may be more greatly affected by participation in 

cognitively demanding activities than one’s absolute cognitive level, and this effect may 

be age-specific.  Therefore, a person high in cognition who had experienced cognitive 

decline and another person who was initially low in cognition and had experienced no 

cognitive decline would appear the same on an instantaneous measure of cognition.  This 

cross-sectional design may partially explain the lack of relation found in this study as 

opposed to the positive correlations found between cognitive activity and cognitive 

measures in the above longitudinal studies by Schooler and colleagues (1999, 2001). 

 Hultsch et al. (1999) examined data from a longitudinal study in which several 

aspects of engaging lifestyles were analyzed as potential predictors for an extensive array 

of cognitive measures.  Participants (N = 250, 55 to 86 years of age at start) were tested 

on these measures (listed below) of lifestyle practices and cognition 3 times over 6 years.  

The measures of cognition included WM (e.g., solving math problems while holding one 
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number in memory from each for later recall), fact recall (general knowledge measure), 

word recall (free recall of word lists), story recall (gist recall of stories), vocabulary test, 

verbal fluency (recall of words with similar and opposite meanings), reading 

comprehension (of short passages),  comprehension speed (i.e., reading speed), and 

semantic speed (lexical decision task, determined whether a string of letters or string of 

words were plausible as a word or sentence, respectively).  The measures of lifestyle 

included the frequency over the last year with which participants engaged in everyday 

activities (4 physical, 6 self-maintenance, 7 social, and 12 hobby/home activities) as well 

as 8 passive information processing activities such as radio-listening, and 27 novel 

information processing activities such as learning a language or playing bridge.  Health 

was measured based on self-reported instances of chronic illness, number of illness 

episodes, instrumental health that prevented activity, overall self-rated health, and 

medication use.  Personality was also measured along 5 personality traits (neuroticism, 

extraversion, openness to experience, agreeableness, and conscientiousness), and was 

both stable across the 6 years and not especially variable throughout the group. 

 There was an expected decline with age in all cognitive measures, except the 

vocabulary and story recall tests, as well as less participation over time in all activities, 

especially those requiring novel information processing.  However, those participants 

who engaged in cognitively demanding activities (novel information processing 

activities) experienced less cognitive decline on nearly all measures of cognitive change, 

though only modestly.  These cognitive effects were all mediated by WM, such that 

increased age and decreased activity were related to lower WM scores and also lower 

scores on nearly all other measures of cognition.    
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 Importantly, no relationship was found between social and physical activity and 

cognitive change.  Given this finding, it might be that changes in cognition as one ages 

more strongly affect the cognitive activities people choose versus the social and physical 

ones.  However, an alternative explanation suggested previously is that participants are 

intellectually active until their cognition begins to decline with increased age and deters 

participation in these cognitively demanding activities.  This explanation gains support 

when the younger and older groups are compared.  The younger group participated in 

more physical activities, self-maintenance activities, hobbies, and novel information 

processing than the older group.  Additionally, over the 6 years of the study, there were 

significant decreases in physical activities, self-maintenance activities, hobbies, and novel 

information processing activities for the group overall.  These findings are important as 

they support the idea that participation in more cognitively demanding tasks, such as 

novel information processing, as well as other activities decreases as age increases.  

When this is compared to the overall group’s significant decline in health over 6 years 

with heightened chronic illness and medication usage along with lowered instrumental 

and self-rated health, it becomes clearer, not surprisingly, that with increased age comes 

decreased activity engagement and overall poorer health.  Still a third possibility is that 

the benefits from engagement in cognitive activities tend to be within the cognitive 

domain, while benefits from physical and social activities do not transfer to cognition. 

 A final study, conducted by Wilson et al. (2002), used a daily activities inventory 

similar to the above studies to investigate the relation of cognitively-stimulating activities 

to the incidence of Alzheimer’s disease.  Participants were 801 older Catholic priests, 

nuns, and brothers diagnosed as not having any form of dementia at the study’s start.  
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Twenty cognitive tests were used to assess WM, episodic memory, semantic memory, 

perceptual speed, and visuospatial ability.  The frequency of participation in cognitive 

leisure activities (those activities requiring “information processing”) was assessed and 

included the following activities: watching television, listening to the radio, reading the 

newspaper, reading magazines, reading books, playing games (e.g., cards, checkers, 

crosswords), and going to museums.  Physical activity was also assessed and included 

such activities as exercise, gardening, and swimming. 

 After about 4.5 years, 111 participants had developed Alzheimer’s (M = 81 years, 

as compared to those who did not develop Alzheimer’s, M = 74 years).  Lower cognitive 

activity participation was related to increased age and lower education, though only 

weakly.  A 1-point increase in cognitive activity score (range of 1.57 to 4.71) was 

associated with a significant 33% reduction in the incidence of Alzheimer’s.  Also, a 1-

point increase in cognitive activity was associated with a significant reduced decline in 

global cognition (by 47%), WM (by 60%), and perceptual speed (by 30%).  To eliminate 

the possible explanation that some participants were in the early stages of Alzheimer’s at 

the study’s beginning, episodic memory (noted to be affected in the very early stages of 

Alzheimer’s) and existence of the ApoE4 allele (an established risk factor for 

Alzheimer’s) were measured, but neither were significantly different between the groups.  

Also, physical activity was not related to reduced decline in any measure of cognitive 

functioning.  In sum, greater participation in daily cognitively demanding activities was 

related to a lower level of cognitive decline and reduction in one’s risk for Alzheimer’s 

disease. 
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 Single-domain skills. While the above studies covered a wide range of activities, 

the following studies focused on skill in a single activity.  In the previous studies cited, 

general participation in cognitively demanding activities (leisure and occupational; 

cognitive, social, and physical) was positively correlated with overall cognitive 

functioning for older adults, but mostly only to a modest degree.  This section examines 

whether intense skill in one area has similar effects, though largely the effects were again 

limited with little transfer.  Notably again, WM was a mediator of many of the relations 

found between performance within the given skill and other cognitive measures. 

 Hambrick and Engle (2002) examined the benefits of knowledge in one domain 

on memory along a continuum of expertise.  Participants (N = 181, 18 to 86 years) with 

various levels of knowledge and experience with baseball were asked to recall events that 

transpired in recordings of fictional baseball games.  Recall of both game-relevant (e.g., 

number of outs and runs) and game-irrelevant (e.g., number of spectators in attendance) 

information was tested.  General and baseball-specific knowledge were measured.  The 

measure of general knowledge included a test of vocabulary and one of cultural 

knowledge, and the knowledge measure for baseball was of its rules, regulations, and 

terminology.  WM capacity (e.g., solving math problems while remembering target 

words) and processing speed (e.g., quickly determining whether two groups of letters 

were the same) were also tested with multiple measures. 

 Not surprisingly, knowledge of baseball (domain-specific knowledge) was the 

most powerful predictor of memory for the games, above the effects of general 

knowledge, WM, and age.  This effect was greater for the game-relevant than for the 

game-irrelevant information.  However, independent of baseball knowledge and age, 
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greater levels of WM were related to greater recall.  Baseball knowledge did not 

compensate for lower levels of WM on recall, but did have a greater effect on improving 

recall for those who had higher WM levels.  General knowledge had no effect on memory 

performance, though greater WM levels were related to greater baseball and general 

knowledge.  This latter finding may be due to the idea that WM capacity contributes to 

knowledge acquisition in general.  Finally, increased age was related to decreased recall, 

and high levels of baseball knowledge did not lessen this effect.  This age effect was 

partially affected by one’s processing speed and WM, such that decreases in the latter 

two increased the age-related declines, but did not completely account for this age-related 

difference.  However, increased age witnessed increased general and baseball-specific 

knowledge, which is supported by the hypothesis that crystallized knowledge remains 

stable or increases with age. 

 In sum, domain knowledge enhances memory for domain-specific information.  

However, it does not seem to compensate for any individual differences in WM capacity 

or processing speed, and neither for age-related declines in WM and memory recall in 

general.  That WM had both beneficial and limiting effects on knowledge supports a less 

domain-specific and more global effect of WM.  The researchers explain these results by 

supporting the idea of WM as a “building block” in accruing knowledge and operating on 

an elemental level.   Hambrick, Salthouse, and Meinz (1999) explored skill in 

another domain: crossword puzzles.  Four studies were utilized to exact these factors, 

each study adding successively more specialized measures and successively more skilled 

participants.  Beyond seeking the cognitive components of crossword skills, potential 
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relations between high crossword puzzle experience and age-related cognitive decline 

were examined.  Approximately 200 people, from 18-80 years, participated in each study.   

 In Study 1, participants were of every experience level and were given crosswords 

of fairly simple skill level.  In addition to this test of puzzle proficiency, participants were 

measured on other components posited to influence successful puzzle completion: 

general knowledge (vocabulary and general information), word retrieval (e.g., write as 

many words that begin with the letter “S”), transformation efficiency (transform one 

word into another by changing only one letter at a time), abstract reasoning (fluid 

cognition), and perceptual speed.  General knowledge was the strongest predictor of 

puzzle success, supporting the idea that knowing general information is more useful than 

having more specific word skills.  In Study 2, several measures were added to more 

appropriately investigate unique crossword puzzle skills: letter sequence knowledge (the 

likelihood that certain letter combinations occur over others), esoteric vocabulary (unique 

to crossword puzzles), and popular culture knowledge.  Additionally, participants with 

greater crossword puzzle experience were recruited and more difficult crossword puzzles 

were used.  Of the new measures, esoteric word knowledge very strongly predicted 

puzzle success, supporting the idea that crossword puzzlers do possess a specialized 

vocabulary that facilitates their success in crosswords, while letter sequence knowledge 

had an effect to a lesser but significant degree.  Due to the inability of the abstract 

reasoning measure to affect puzzle proficiency in the previous two studies, Study 3 

utilized a measure of analytical reasoning instead of the abstract reasoning measure that 

had been unrelated to crossword success.  This new measure required participants to take 

several elements into account in order to find a solution.  Further measures of knowledge 
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were also added that inquired about participants’ self-rated interest and knowledge of a 

variety of subjects to see if greater interest facilitated greater knowledge.  However, all 

these measures failed to predict proficiency in solving the crosswords.  Finally, in Study 

4, participants were given still more difficult crosswords to solve, considering that 

success on the more basic previous puzzles did not require the high level of reasoning 

and knowledge being measured.  Additional measures were again added on top of the 

previous study’s to measure analytical reasoning and knowledge.  However, again, on the 

majority of cognitive measures higher performance was not related to greater puzzle 

success.  The knowledge measure of advanced vocabulary was the only measure related 

to success on the crossword. 

 In sum, knowledge of general information, esoteric words, letter frequency, and 

advanced vocabulary contributed the most to crossword puzzle success.  Interestingly, 

neither abstract nor analytical reasoning measures seemed to contribute, despite the report 

of crossword puzzlers that reasoning was an important aspect of success in these puzzles.  

Fluid and crystallized cognition were examined throughout the studies through measures 

of abstract and analytical reasoning, and general knowledge and vocabulary respectively.  

Fluid cognition decreased with age, while crystallized cognition remained constant or 

even increased with age.  However, greater proficiency in puzzle solving did not buffer 

against the age-related decrease in the level of fluid cognition.  Participants experienced 

increases in the practiced skill (crossword-puzzle solving) that enhanced crystallized 

cognition.  In this way, the practiced knowledge skill transferred to a similar area of 

cognition (crystallized cognition), while a dissimilar area (fluid cognition) was 

unaffected. 
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Cognitive Training: Participants with Cognitive Impairments 

 In an effort to study the power to protect against and reverse cognitive decline, 

some researchers have sought to train specific cognitive skills.  There are two areas of 

cognitive training research that have employed quite different methods to target different 

populations: those suffering from a particular cognitive decline, and those not 

experiencing any medical cognitive decline.  The former is explored in this section in 

reference to people who have already experienced specifically WM or overall cognitive 

decline: children with attention deficit hyperactivity disorder (ADHD) and older adults 

with dementia.  Both areas of research have as their goal to improve the daily functioning 

of their participants through some type of domain-specific training.  These studies may be 

considered somewhat comparable to the single-domain skill studies in that the trained 

skill is within a limited domain but its implications/transfer effects to other domains are 

also examined.  They also provide more hope for transfer to everyday life, being more 

concentrated and intense than everyday cognitive activities explored in the previous 

section. 

 ADHD in children. ADHD includes impairment in WM, due to a deficit in the 

frontal lobe, and represents an opportunity to study WM training effects on younger 

participants who are experiencing such impairment (Klingberg, Forssberg, & Westerberg, 

2002).  Transfer effects from trained to untrained skills as well as daily functioning 

measures are examined and provide support for the great potential of cognitive training 

programs. 

 Klingberg et al. (2002) investigated the impact of WM training on children with 

ADHD, as well as young adults without ADHD or WM impairment.  Participants trained 
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on three WM tasks (visuospatial WM, visuospatial version of the backwards digit span, 

and a spatial-verbal WM task) in addition to a reaction time (RT) task.  The strength of 

this study’s training was its intensity and adaptive nature: it utilized a computerized WM 

training program on which participants trained at least 20 minutes a day, 4-6 days a week, 

for at least 5 weeks via an adaptive staircase method.  This adaptive training adjusted 

automatically, increasing or decreasing the difficulty level based on individual 

performance, allowing participants to train right at their skill levels.  Specifically, 

difficulty level was increased with each trial by adding additional items to be 

remembered until a participant missed two trials in a row, at which time the level was 

decreased by one item. 

 For the visuospatial WM task, a succession of circles was presented in a 4x4 grid 

and participants had to remember the sequence of circle placement.  For the visuospatial 

backwards digit span, a series of numbers were read aloud and participants recalled the 

numbers in reverse order by indicating them on a keyboard.  A letter span task was used 

as a test of spatial-verbal WM.  A series of letters was read aloud and participants had to 

remember their order; then a row of lamps was displayed and a flashing lamp cued the 

participants as to which letter they should recall (e.g., if the third lamp was lit, they 

recalled the third letter in the sequence).  Additionally, given that children with ADHD 

have impairment in this domain as well, a choice RT task was used in which two grey 

circles were displayed on a screen and participants were to press one key when one of the 

circles became green and not to respond when one of the circles became red. 

 To measure training effects, several trained and untrained (transfer) tasks were 

measured both pre- and post-training.  The choice RT task and a variation of the 
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visuospatial WM task included in training were used.  The variation in the visuospatial 

WM task was as follows: participants had to press a key whenever they saw a yellow 

circle (presented in one of two places), in which the location was cued by a grey circle.  

First, in a simple RT task, participants were correctly cued to the yellow circle’s location 

with a grey circle that appeared 1-4 seconds before the yellow one.  Then, in a choice RT 

task, grey circles appeared in both locations even though a yellow circle only appeared 

subsequently in one.  Three transfer tasks were also included: span board, Stroop task, 

and Raven’s Colored Progressive Matrices.  The span board was a visuospatial WM task 

in which an experimenter pointed to a series of 10 blocks, arranged randomly in front of 

participants, and participants had to recall the order in which they were emphasized by 

pointing to the correct blocks in either the same order or the reverse.  In the Stroop task (a 

measure of inhibition), color words were printed in a color different from the color the 

word indicated (e.g., the word “red” was printed in a blue color) and participants had to 

say the color of the ink and not the color word.  In Raven’s Colored Progressive Matrices 

(a measure of nonverbal reasoning developed for children), participants had to complete a 

visual pattern by choosing the correct missing segment from several answer choices.  A 

measure of motor activity in the form of head movement, achieved with the use of an 

infrared camera that detected movements of a marker placed on the children’s heads, was 

included as hyperactivity characterizes this disorder as well. 

 In the first experiment, they measured their training’s effect on children (n = 7, 7 

to 15 years old, some of whom took medication for ADHD) as compared to a control (n = 

7, 7 to 15 years old), who trained with the same program only 10 minutes per day at a 

constant (not adaptive) low difficulty level.  As compared to the control, the treatment 
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training group improved significantly from pre- to post-test in the trained visuospatial 

WM task and transfer tasks of span board (visuospatial WM), Stroop task accuracy 

(inhibition), and Raven’s (nonverbal reasoning) as well as reducing the frequency of their 

head movements. There were no changes in the choice RT task.  In a second experiment, 

young adults without ADHD (N = 4; 20-29 years old) underwent the same training 

procedure.  They experienced a similar improvement pre- to post-training on the above 

measures except that improvement in the Stroop task entailed a decrease in the time 

needed to complete it, not in the overall accuracy (likely due to ceiling effects as they 

performed nearly perfectly).  However, the improvement experienced by young adults 

was to a much lesser degree than that experienced by the ADHD children.  Therefore, it 

appears that even people without WM impairment can benefit from such an intense and 

adaptive training program.  Importantly, there was improvement not only in the trained 

tasks but also in the transfer tasks, which likely use similar brain regions (Olesen et al., 

2004) and benefit from activity in those regions. 

 Klingberg et al. (2005) extended the work conducted above with a larger group of 

children (N = 44), all of whom were not taking ADHD medication.  The same training 

tools were used (without the RT task), except that the computer training was not 

conducted in a lab but rather provided on a CD for participants to take for use at home or 

in school.  The outcomes measures were also reduced to the span board task (visuospatial 

WM), digit span (verbal WM), Stroop task (inhibition), and Raven’s (nonverbal 

reasoning) as well as motor movement as done in the previous study.  The timeline of the 

study was also somewhat different: the median total training time was about 40 minutes, 

which occurred on at least 20 separate days (within the 5-6 weeks after the initial visit), 
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and the experiment added a third follow-up assessment of the outcome measures to test 

for long-term maintenance 3 months after the end of training.  Finally, additional 

measures of parents’ and teachers’ subjective ratings of children’s inattention as well as 

hyperactivity/impulsivity were included. 

 Participants improved more than did a control group (who used the same training 

materials but they were not adaptive and stayed at an easy difficulty level) on all 

cognitive outcome measures (span board, digit span, Stroop task) as well as parental 

ratings of ADHD symptoms.  Additionally, several measures maintained their 

improvement at the 3-month follow-up: span board, digit span, Stroop task (time required 

to complete the task, not task accuracy), and parental ratings (but not teacher ratings) of 

ADHD symptoms.  However, hyperactivity as measured with head movements did not 

show any significant improvement, though parents’ subjective ratings of their children’s 

hyperactivity indicated improvement. 

 Gibson, Gondoli, and Grundy (in press) sought to replicate the results of the 

above studies of ADHD children with a closer look at the mediating effects of fluid 

cognition (i.e., reasoning ability) to improve ADHD symptoms.  Participants were 

children (N = 12, 12 to 14 years old) who were being presently medicated for ADHD.  

They underwent a computerized training program that involved both verbal and spatial 

WM tasks: verbal tasks to remember phonemes, letters, and digits; and spatial tasks to 

remember positions of objects on a 2D or 3D grid.  They underwent 1-hour training 

sessions, 5 days a week, for 25 days.  The outcome measures were the same as those used 

in the previous studies cited (e.g., Klingberg et al., 2005) and included the span board 
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task, digit span task, and Raven’s Standard Progressive Matrices (the adult version).  

Parents’ ratings of their children’s ADHD symptoms were also taken. 

 As compared to pre-training, participants improved equally on both verbal and 

spatial training tasks as well as on all three cognitive outcome measures.  Also, as 

assessed with parents’ reports, ADHD symptoms (both inattention and 

hyperactivity/impulsivity) dropped significantly, even below the clinical range after 

training.  In these ways, this study replicated the findings of Klingberg et al. (2005).  The 

secondary purpose of the study was to investigate the mediating effects of fluid cognition 

between improvement in WM and improvement in the inattentive symptoms of ADHD.  

This was largely supported in the analyses, most strongly in that spatial WM 

improvement was significantly related to fluid cognition improvement which was related 

to inattentive symptom improvement.  Furthermore, fluid cognition completely accounted 

for the relation between spatial WM improvements and inattentive symptom 

improvements in the statistical model used, though not to a significant degree.  This 

suggests a domain-specific effect as verbal WM improvements were not related to fluid 

cognition improvements, even though there was overall equal improvement on both WM 

tasks.  Interestingly, verbal WM improvements were related to increased ADHD 

symptoms, suggesting that improvement in verbal WM competed negatively with 

improvement in spatial WM.  However, these findings were unexpected by the authors, 

who advise replication and controls before strong conclusions should be made. 

 Dementia in older adults. Effective treatment for older adults with dementia may 

well benefit from a combination of pharmacological strategies and cognitive training 

(Hofmann, Hock, Kuhler, & Muller-Spahn, 1996).  However, training programs designed 
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to target people with dementia have been quite limited and their results have been mixed, 

with some success in transfer beyond the trained tasks to daily functioning measures. 

 Kawashima et al. (2005) investigated the potential cognitive benefits of solving 

simple arithmetic problems and reading aloud for elderly people suffering from dementia.  

In a pre-test, participants were tested on two measures of general cognitive ability used to 

screen individuals for cognitive impairment: the Mini-Mental Status Examination 

(MMSE) and the Frontal Assessment Battery (FAB).  These standard measures required 

participants to respond to such items as “spell ‘world’ backwards” and “in what way are a 

banana and orange alike?”, respectively.  Participants were then separated into control 

and training groups (total N = 32, ranging in age from 76 to 96 years).  The training 

group underwent learning tasks in reading and arithmetic for 6 months (average 

attendance of 4-5 days per week) for about twenty minutes each day.  Difficulty ranged 

from typical learning materials for 4- to 10-year-olds.  The reading tasks ranged in 

complexity from simply reading and writing single syllables to reading fairy tales aloud, 

and the arithmetic tasks ranged from counting practice to 3-digit division.  Prior to 

beginning the learning tasks, the appropriate degree of difficulty in each task was 

determined per participant, though it was not specified whether participants were allowed 

to advance.   

 After 6 months, all participants’ cognitive levels were again tested.  The FAB 

score of the training group significantly increased over the 6 months, and the MMSE 

score of the control group significantly decreased over that span.  Additionally, the 

training group obtained higher scores on both cognitive measures than the control group.  

These data suggest that repetition of tasks as simple as arithmetic and reading aloud can 
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aid in the rehabilitation of people suffering from dementia, improving their cognitive 

performance.  Transfer occurred from the trained task to two measures of overall 

cognitive status (MMSE and FAB).  That practice in reading and math would improve 

seemingly unrelated skills such as identifying qualitative similarities between items 

suggests that, at least for people already suffering from dementia, domain-specific 

training can have more global effects. 

 Hofmann et al. (1996) also attempted to improve the cognitive performance of 

participants with Alzheimer’s disease but they used a computer-based cognitive training 

program.  Ten participants (49 to 86 years) suffering from mild to moderate Alzheimer’s 

disease were trained 3 to 4 times a week for 3 weeks using an interactive computer 

program.  In this computer game, photographs of their own local and social environments 

were used and participants had to navigate throughout their virtual town and perform 

tasks of social competence, orientation, and memory.  Participants were tested on several 

measures of cognitive ability before training, immediately after training, and finally 3 

weeks after the training’s completion.  These cognitive tests included such measures as 

the MMSE, digit span (test of WM), and immediate and delayed recall and recognition of 

words.  In addition to these direct measures, participants and their caregivers also 

completed questionnaires that inquired about their perceived effectiveness of the training 

on memory, and if they thought the training could translate into the participants’ real-life 

experiences.  While the patients showed more optimism for potential training effects, the 

caregivers were less positive. 

 Computer-game performance increased as measured by reduced number of 

mistakes, reduced amount of time needed, and reduced amount of advice needed to 
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complete the tasks.  Taken together, all participants tended to experience a reduction in 

mistakes from the baseline pre-test to both the immediate post-test and follow-up 3 weeks 

later.  Though not statistically significant, early-onset Alzheimer’s participants did 

experience a fairly large reduction in mistakes in the computer game, but late-onset 

Alzheimer’s participants did not.  The lack of significant effects may largely be explained 

by the very small sample size (n = 5 for each group) of the study.  For all participants, the 

time and advice needed were significantly reduced at both the post-test and follow-up as 

compared with the pre-test.  While there was a tendency toward greater time and advice 

needed at the follow-up as compared with the immediate post-test, likely due to the 

cessation of training and a decrease in the trained skills, the reduction from the baseline 

was still significant.    However, there were no transfer effects beyond the computer 

program improvement to the more standard measures of cognitive ability (e.g., MMSE or 

word recall).  This is contrary to Kawashima et al.’s (2005) findings since the study’s 

trained skills did not transfer outside the trained domain, though small sample sizes and 

differences in training interaction across participants may also be explanations for these 

findings. 

Cognitive Training: Healthy Participants 

 This section explores the other area of cognitive training, for participants without 

cognitive impairment.  Recently, there has much research on cognitive training 

interventions for older adults.  This research has led to mixed results, with the greatest 

effectiveness being in programs that adopt a “process-specific approach” (Buschkuehl et 

al., 2008).  The goal of a process-specific training program is to target a particular 

cognitive process such as WM and work to increase its efficiency, and not to train 
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additional processes such as mnemonic strategies or techniques.  Studies on both types of 

training interventions are discussed below. 

 Mnemonic strategies as software. Mnemonic strategy programs attempt to train 

a particular memory-enhancing technique that can be applied to a limited number of 

situations.  In this way, mnemonic strategies can be considered cognitive “software” that 

is superimposed on existing cognitive processes and has no enduring effects without their 

explicit usage. 

 As part of a larger study, Ball et al. (2002) tested the effectiveness of a 

mnemonics training intervention for older adults (N = 2832, aged 65 to 94 years old) who 

had not experienced any sufficient cognitive decline as compared to a no-training control 

group.  The training group, which focused on verbal episodic memory, taught participants 

strategies to remember word lists and item sequences, text material, and story 

components.  For example, participants were instructed on how to group words in a list 

into meaningful categories or to create visual images of the words to enhance recall.  The 

sessions were conducted in a small group setting and lasted about 1 hour.  The 10-session 

training lasted 5 to 6 weeks: the first 5 sessions consisted of instruction and practice in 

mnemonic strategies, while the last 5 sessions consisted of additional practice with no 

instruction on new strategies.  About 10% of each of the sessions consisted of explicit 

training of these strategies for daily-life tasks, such as remembering the details of a 

medication label or the items in a grocery list.  In addition to the 10-session training, a 4-

session “booster” training lasting two to three weeks was offered to a random 60% of 

participants eleven months after initial training ended. 
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 To measure the effectiveness of the training, all participants were measured 

specifically on the three cognitive domains targeted in the overall study (memory, 

reasoning, and speed of processing) and on other aspects of their daily functioning, 

including performance-based everyday problem-solving (e.g., reasoning and identifying 

information from medication labels) and everyday speed of processing (e.g., finding food 

items in a crowded grocery shelf), as well as self-reported daily functioning (IADL; e.g., 

meal preparation, managing finances, etc.) and driving habits (i.e., driving difficulty and 

avoidance of specific situations).  These effects were measured at 1 and 2 years after 

initial training ended.  Overall, participants experienced significant improvement from 

their baseline measures immediately following training in their domain-trained skill, 

though there were some domain differences: 87% of the speed group, 74% of the 

reasoning group, and 26% of the memory group experienced this improvement.  Many 

participants experienced ceiling effects at their baseline measures, and perhaps this was 

the cause of the memory group’s relatively small improvement.  Participants maintained 

their improvement at each follow-up testing 1 and 2 years after training completion, 

though an increasing decline at each follow-up after the immediate testing occurred.  No 

beneficial effects on either self-reported or performance-measured real life activities were 

observed.  However, overall declines in the daily functioning of participants in the 

training groups were noted to be less than that of the control group, so it seems that the 

training had some protective effects.  Additionally, booster training led to a significant 

increase over that of the non-booster-trained group on tests of reasoning and speed, but 

not memory.  In sum, participants experienced improvement in their specific training 
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domains, but this training did not transfer to measures of daily functioning and seemed to 

diminish over time. 

 Willis et al. (2006) extended the above study to include additional follow-up 

measures at 3 and 5 years after training (beyond the 1- and 2-year follow-ups of the 

above study), as well as a 3-year booster training (beyond the 1-year booster training of 

the above study).  The purpose of the study was to see whether the training effects 

endured beyond the 2 years measured by Ball et al. (2002).  Overall, the immediate 

improvement experienced in each trained domain that persisted to 2 years in Ball et al. 

likewise persisted to 5 years in this study.  However, while the performance levels were 

above baseline, they tended to diminish at each successive follow-up as found in the 

previous study.  Also, the 3-year booster training showed a similar beneficial effect over 

the non-booster trained group on tests of reasoning and speed.  An important finding of 

the study, unlike that of the previous one, was the effect on self-reported daily 

functioning.  At the 5-year follow-up, participants reported less difficulty in performing 

daily activities themselves.  However, this effect was significant only for the reasoning 

training group. 

 In reference to memory, it seems that training in a mnemonic strategy was not 

effective in its ability to transfer to common activities in daily life (performance-based 

memory measures within the lab) or overall measures of self-reported daily functioning 

(IADL).  Training improved the trained skill only. 

 A meta-analysis of studies that examined the effectiveness of mnemonic 

intervention training on memory was conducted by Verhaeghen, Marcoen, and Goossens 

(1992).  Thirty-three studies (N = 1,539, M = 69 years) were included in the analysis 
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whose inclusion was based on the use of healthy participants, training in some mnemonic 

technique, and memory measurements taken both before and after training.  Examples of 

mnemonic techniques included the name-face mnemonic (choosing a unique facial 

characteristic, finding a word/phrase that is similar to the name, and creating a visual 

image linking the unique facial feature to the word/phrase) and method of loci mnemonic 

(visualizing a familiar place/route and visually putting items/objects needed to be 

remembered at particular places in the scene).  Three groups were compared: training 

(mnemonic technique training), placebo (training or lecture in a topic unrelated to 

mnemonic techniques), and control (no training).  Older adult participants received 

greater benefits due to the mnemonic training than did those of the untrained placebo and 

control, who did not differ from each other.  Training effects were limited to tasks in 

which mnemonic strategies could be utilized (e.g., memories for faces/names but not 

memory in general), and no particular mnemonic technique produced greater benefits.  

Also, training that took place in a group setting and with a relatively short session length 

(less than 1.5 hours) created the greatest benefits for memory in participants.  These 

findings about group-learning benefits may be due to positive effects of social 

comparison, within-group support, or increased motivation, and shorter session lengths 

likely reduced fatigue effects.  Overall, younger adult participants experienced greater 

gains than older adults.  In sum, the effects of mnemonic training are quite domain-

specific and especially limited for older adults.  However, the most successful training 

programs were those of relatively short length and that occurred in a group setting. 

 Working memory as hardware. WM training, versus domain-specific 

mnemonic strategy training, takes a process-specific approach that facilitates improved 
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performance in a plethora of situations.  In this way WM can be considered cognitive 

“hardware,” (as opposed to the “software” with which mnemonic strategies equip people) 

a domain-general cognitive process that is trained directly and has enduring effects 

without the need for explicit implementation. 

 Buschkuehl et al. (2008) sought to study high-functioning older adults over the 

age of 80 years in a WM training program.  Participants (N = 32) trained on three visual 

WM tasks and two RT tasks (to help increase speed of processing, known to decrease 

with age).  They trained 45 minutes in each session, twice a week, for 3 months.  The 

training was adaptive like previous studies (e.g., Klingberg, 2005), increasing difficulty 

with correct participant responses and decreasing with incorrect ones.  In the first WM 

task, included primarily to familiarize all participants with computer use, a display of 

four colored squares were shown and the squares disappeared and reappeared one at a 

time, after which the participant was cued to repeat the sequence by clicking the 

appropriate squares.  Participants received immediate feedback on their performance.  

The second WM task had two parts: 1) participants decided if a series of animal pictures 

(cats or dogs) were presented the right way or upside down, and 2) they then had to recall 

the sequence of animals presented to them by clicking the pictures of the two animals in 

the correct order.  The final WM task was a variation of the second and simply increased 

the types of animals from 2 to 8 (cat, iguana, dog, rabbit, mouse, toad, butterfly, and bee), 

but followed the same procedure.  The first RT task had participants decide if a presented 

word was a “word” (a list of positive aging stereotypes) or “nonword” as quickly as 

possible by pressing particular keys.  In the second RT task, participants saw a word 

appear above or below a fixation cross, followed by a distracting series of letters, and had 
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to respond whether the word and distractor were above or below the fixation cross as 

quickly as possible by pressing particular keys.  Each training session began and ended 

with a passive activation task in which participants watched a series of words presented 

and repeated them aloud.  Additionally, at the end of each training session, participants 

heard a brief presentation about a topic such as memory  or attention systems. 

 Before and after training, as well as at a 1-year follow-up, several transfer tasks 

were measured: forward and backward digit span (e.g., Klingberg, 2002), block span, 

verbal free recall, and visual free recall.  In the block span task, participants saw a 4x4 

grid and a blue dot appear in a given sequence within that grid.  Participants recalled the 

sequence by pointing to the different location on the grid in the correct order.  The verbal 

free recall task presented participants with a short prose text read aloud to them.  They 

were instructed to listen carefully and memorize the text; 30 minutes later they were 

asked to reproduce the text with as many details as possible.  The visual free recall task 

had two parts: 1) for 3 minutes participants searched for differences between two near 

identical pictures presented side-by-side and were told to also look at the picture in a way 

that they would be able to provide information about it later, and 2) after 20 minutes 

passed participants reported as many items as they could that were present in the 

previously compared picture. 

 A control group (n = 19) was also included for comparison that underwent 

physical training on an eccentric bicycle ergometer, which is a low-metabolic-load 

exercise bicycle.  They followed the same training schedule as the cognitive training 

group, with warm-up gymnastics and cool-down stretching sessions.  In previous studies, 

the cardiovascular component of exercise has led to cognitive improvement (Kramer et 
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al., 2003, as cited in Buschkuehl et al., 2008, p. 747).  Therefore, the training bicycle 

used for this study had low metabolic load and so only a minimal cardiovascular 

component, similar to the low-dose cognitive training control used in Klingberg et al. 

(2005).  The load was manipulated by the participants in response to a screen that gave 

them feedback and had them adjust their performance to the target amount.  This self-

monitoring was not expected to have an effect on cognitive performance as the load level 

remained constant (not adaptive like the cognitive training) and likely became automatic 

for the participants. 

 In the cognitive training group, participants improved on the trained tasks as well 

as on the block span (visual WM) and, to a lesser degree, on the visual free recall (visual 

episodic memory) transfer tasks, but not the digit span (verbal WM) or verbal free recall 

(verbal episodic memory) tasks.  These findings are interesting in the distinction between 

“near transfer” and “far transfer.”  Due to the focus of the WM training tasks in the visual 

domain, it is not surprising that the greatest effects would be on the visual domain 

transfer tasks.  Additionally, the trained WM task and block span task share the use of a 

short-term memory store (“near transfer”), as opposed to the LTM store necessary for the 

visual free recall task (“far transfer”).  The limited transfer may also be due to the 

development of strategies, for which participants reported usage on the second WM task.  

The cognitive group also experienced improvement in the second RT task.  The control 

group experienced no changes in the transfer tasks, and by the 1-year follow-up the 

cognitive training group’s training benefits had decreased to the performance level of the 

control.  However, while the training group’s transfer task performance decreased, it was 

still not significantly different than the post-test, so it had not decreased to the pre-test 
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level.  Overall, successful near transfer occurred, and the researchers speculated that 

more efficient training (e.g., prevention of possible strategy use) might aid in further 

transfer. 

 Li et al. (2008) had participants train with a more challenging computerized 

spatial WM task: the n-back.  In this task participants saw a 3x3 grid in which a sequence 

of black circles appeared (in any of the squares except the center square) and they had to 

respond whether each circle appeared in that spot n items (in this case 2 items) earlier.  In 

a more difficult “shifting” condition, the circles appeared in the same manner but 

participants had to mentally shift each position one step clockwise and recall the shifted 

position.  In both conditions participants were encouraged to respond as quickly as 

possible.  This training program differed from previous ones in that it was not adaptive in 

nature, but instead had a set increase in difficulty within each training session (from the 

original condition to the “shifting” condition).  Participants were younger (20-30 years, n 

= 11) and older adults (70-80 years, n = 15) who trained for merely 15 minutes per day, 

for 45 days (almost twice as long as other WM studies), over the course of about 3 

months.  They were compared to age-matched, no contact control groups (younger adults: 

21-30 years, n = 27; older adults: 70-80 years, n = 20). 

 Groups were compared on a number of outcome measures, both near and far 

transfer tasks.  The near transfer tasks were variations of the trained n-back but at a 

greater difficulty level.  The first had participants perform on a three-back task (respond 

to each dot in reference to the item 3 trials ago).  The others were numerical n-backs 

(two-back and three-back) in which a series of single-digit numbers were presented and 

participants had to respond if each was the same as the number 2 or 3 items earlier.  The 
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far transfer tasks included two complex WM span tasks (short-term memory 

requirements) and two non-memory speed tasks.  The first complex span task was 

operation span in which a series of simple mathematical equations paired with one-

syllable nouns were shown (set sizes varying from 3 to 6 pairs in length).  Participants 

had to decide if the solutions provided for the equations were correct, by pressing 

particular keys, and to remember the paired words in the presented order.  The second 

complex span task was the rotation span in which letters were presented in various 

degrees of rotation (45, 90, 135, 180, 225, 270, or 315 degrees), and participants had to 

respond if the letter was displayed normally or mirror-reversed.  Additionally, they had to 

remember the exact letter orientations and recall them at the end of the trial in the order 

they were presented.  The final far transfer tasks were two simple decision speed tasks 

formatted to look like the trained n-back task, but in this case required no WM store and 

could be considered zero-backs.  Participants for one variation had to respond if a circle 

presented in the periphery of the 3x3 grid was black or white (by pressing the appropriate 

keys), and for the other variation had to respond if a number presented in the center of the 

grid was 1-3 or 4-9 (again by pressing the appropriate keys).  In both tasks, participants 

were to respond as quickly as possible. 

 Both age groups improved significantly on the trained spatial WM task (two-

back) from pre- to post-test, though the maximum performance of the older adults was 

still lower than younger adults at baseline.  There was positive transfer to the spatial 

three-back and numerical two- and three-backs, and the transfer effect was, surprisingly, 

not greater in the younger than older adults.  Controlling for improvement in the speed 

task, these transfer effects were still beyond a mere increase in speed efficiency.  At a 3-
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month follow-up these trained and transfer effects were maintained by both age groups, 

though to a greater extent by the younger adults.  There were, however, no transfer 

effects to the complex span tasks.  An important aspect of this training program was that 

it was not adaptive and so did not adjust to the skill level of the individual.  For the older 

adults, the training tasks remained challenging throughout the study, but after 1 week the 

younger adults had reached ceiling performance in accuracy.  Perhaps if the training had 

been adaptive, there would have been greater transfer effects for the younger adults. 

 Olesen et al. (2004) trained young adults without WM impairments on similar 

adaptive WM tasks as above and used similar outcome measures, with the addition of a 

brain imaging component.  In two experiments, young adults (Experiment 1: n = 3, 20-23 

years old; Experiment 2: n = 8, Mage = 29.3 years old) trained about 40 minutes each day, 

for more than 20 days, and over the course of 5 weeks.  The same cognitive outcome 

measures were used in both experiments (span board, untrained visuospatial WM, Stroop 

task, and Raven’s).  A control group (n = 11) was included, but in this study did not 

undergo any form of training.  In the first experiment, participants trained with the same 

three WM training tasks as Klingberg et al. (2005; visuospatial WM, backwards digit 

span, and letter span) and were brain scanned using functional magnetic resonance 

imaging (fMRI) before and after training (the spatial-verbal WM task used during 

scanning was of a relatively easy difficulty level) to measure activation and interaction of 

various brain regions.  Participants in the training group improved on the span board, 

Stroop task, and Raven’s as compared to the control.  In reference to the imaging results, 

there were positive interactions between the prefrontal and parietal cortices (brain regions 
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associated with WM control and capacity, respectively), along with an increase in activity 

in the two regions that corresponded with an increase in WM capacity.   

 In the second experiment, participants trained on three different WM tasks (Grid, 

Grid rotation, and 3D Grid) that were all based on the following basic task: a sequence of 

red circles were presented on a 4x4 grid and participants had to recall the ordered 

location of the circles.  This task was also performed while participants were scanned 

using the fMRI and was harder than that of Experiment 1.  Participants were also asked 

about mnemonic strategies they used to aid memory for the test items.  Several 

participants reported using “chunking” in which they formed associations between test 

items, grouping them into units, so they could be remembered as a whole.  However, a 

trial-by-trial analysis with stimuli varying in their ease in chunking found that use of this 

strategy did not account for improvement on the WM task.  Participants were scanned 5 

times: once before, three times during, and once after training.  The same outcomes 

measures were again used.  The results of this experiment replicated those of Experiment 

1: participants in the training group improved on the span board, Stroop task, and 

Raven’s as compared to the control (n = 11), as well as experienced an increase in 

activity and positive interaction between the prefrontal and parietal cortices.  In 

conclusion, WM performance seems to occur namely in these two interacting regions of 

the brain; their increased activity may allow for greater WM capacity, with improvements 

not only in trained tasks but also in untrained, transfer tasks. 

 Persson and Reuter-Lorenz (2008) conducted another WM training study.  They 

trained young adults (N = 48, 18-30 years) on three WM tasks in just 8 sessions, for 40 

minutes, over 2 weeks.  These WM tasks differed from previous studies in that they were 
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manipulated to create “high interference” situations, specifically proactive interference.  

Proactive interference occurs when stimuli from previous trials interfere with recall of 

stimuli from the present trial.  The three WM tasks used were: item recognition with 

letters, item recognition with faces, and a three-back task using words.  In the item 

recognition tasks, participants saw four target items (letters or faces) for 1.5 seconds, 

followed by a 3-second delay, and then a probe item.  They had to decide if the probe 

item had been among the target items just presented.  In the interference conditions, the 

probes were items from target sets in previous trials, which were more difficult for 

participants to differentiate.  In a word version of the three-back, participants saw a series 

of 96 words and had to respond if the present word had been presented three words 

earlier.  There were two control groups: one that experienced these same WM tasks 

except without interfering stimuli, and another that experienced low difficulty WM tasks 

again without interfering stimuli.  These low-load WM tasks included the following 

variations of the above tasks: 1) letter/face matching in which four identical target items 

were presented followed by a probe that participants identified as in the previous target 

set or not, and 2) a one-back in which participants had to decide if the present word 

matched the previous word. 

 Several transfer tasks were used, each with an interference and no-interference 

condition: paired associates (episodic memory), verb generation (semantic memory), and 

item recognition (WM; identical in procedure to the trained except that stimulus items 

were words).  In the paired associates task, participants experienced a study phase in 

which they saw several pairs of words and their associates, each for 3 seconds.  Then 

during the test phase, participants saw the word and had to generate its previously paired 
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associate.  In the interference condition each word was paired with multiple associates 

(e.g., queen-king, queen-bee, queen-crown) and participants were instructed to recall the 

most recent associate, while in the no-interference condition each word was paired with 

only one associate.  In a similar task, the verb generation task, nouns were presented and 

participants had to think of a verb associated with each.  In the interference condition 

participants saw nouns that had several appropriate verb pairs (e.g., ball-throw, kick, 

bounce), while the no-interference condition had nouns with only one dominant pair (e.g., 

scissors-cut). 

 Overall, the interference group performed better than the control groups only on 

the interference trials, performing just as well in speed and accuracy on the no-

interference trials.  The researchers suggest that there is evidence for these results in brain 

imaging studies that implicate the left inferior frontal gyrus in interference resolution.  

Therefore, shared use of this brain region across the interference tasks could have helped 

to produce the transfer results. 

 Adding to research on the n-back task, Jaeggi, Buschkuehl, Jonides, and Perrig 

(2008), in a series of four experiments (N = 70: Mage = 25.6), used a more demanding n-

back training task called the dual n-back.  Similar to the n-back task used above, 

participants were required to respond in reference to stimuli n number of items ago 

(though no interference conditions were included).  Specifically, this was a dual task in 

that participants saw two sequences of stimuli presented in synchrony: one sequence was 

auditory and consisted of a series of letters heard aloud, and the other was visual and 

consisted of a series of white boxes that moved around an invisible 3x3 grid (with the 

center position omitted).  Participants responded affirmatively only if both the letter and 
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square position matched the letter and square position n items earlier.  As performance 

improved n increased by one item, and as it worsened n decreased by one item, making 

the task adaptive to individuals’ current skill levels.   

 Participants were young adults trained in this adaptive training program and 

compared to age-matched, no-training control groups (n = 35).  The main difference 

between the four experiments was the number of training sessions between pre- and post-

test measures: participants trained over 8, 12, 17, or 19 sessions (approximately 25 

minutes per session).  The purpose of the study was to investigate the relation between 

WM and fluid intelligence.  Both cognitive domains may share a common capacity limit 

in their demand for attention, which is a limited cognitive resource (Halford, Cowan, & 

Andrews, 2007 as cited in Jaeggi et al., 2008).  To investigate this relation, Jaeggi et al. 

included a fluid intelligence transfer task (Raven’s) measured pre- and post-training.  

WM capacity was also measured with two span tasks: digit span (described above in 

Klingberg et al., 2002) and reading span.  In the reading span task participants saw 

sentences 13-16 words in length and were required to read the sentences aloud and recall 

the terminal words in any order. 

 Overall, participants improved significantly, as compared to controls, on trained 

and most transfer tasks.  Those with initially lower fluid intelligence scores improved 

more than those with higher fluid intelligence.  This improvement was not based purely 

on WM capacity improvement, as improvement on fluid intelligence went beyond mere 

improvement on the WM digit span task (the reading span task did not lead to similar 

transfer improvements).  Interestingly, improvements were “dosage-dependent” in that 

the more sessions in which participants trained, the greater the training (dual n-back, 
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WM) and transfer (Raven’s, fluid intelligence) effects.  To explain these greater transfer 

effects, the researchers highlighted the adaptive nature of the training and high attentional 

control required to succeed on the dual n-back.  It was not a task-specific WM capacity 

that explained the improvement but rather another task-general skill.  The researchers 

propose several “task-general” attentional skills that may work together to account for 

this improvement: multi-task management of attention, inhibition of irrelevant 

information, monitoring of ongoing performance, and updating items in memory.  In 

sum, the results support the claim that WM and fluid intelligence share cognitive 

resources, which may be their common need for attentional control. 

Present Study 

 In an effort to investigate the source of the moderate and mixed success of various 

cognitive training programs, especially in reference to transfer effects, the present study 

utilized a similar cognitive training intervention approach.  I examined the effectiveness 

of a WM training program for healthy older adults.  WM training programs with healthy 

older adults have been diverse in their training content, style, intensity, and duration.  

Some have trained intensely for a short period of time (e.g., Persson & Reuter-Lorenz, 

2008, trained for 8 sessions over 2 weeks for 45 minutes per session), while others have 

trained more diffusely for a longer period of time (e.g., Li et al., 2008, trained for 45 

sessions over 3 months for only 15 minutes per session).  Most have focused on training 

visual WM (e.g., Buschkuehl et al., 2008; Li et al., 2008; Olesen et al., 2004), sometimes 

with a verbal WM component (Jaeggi et al., 2008; Persson & Reuter-Lorenz, 2008), and 

have included a plethora of transfer tasks both “near transfer” to tasks similar to the 

trained domains (e.g., between similar visual WM tasks; Buschkuehl, 2008) and “far 
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transfer” to tasks in other areas of cognition (e.g., WM training to fluid cognition; Jaeggi 

et al., 2008), but none to real-life tasks.  Training programs teaching mnemonic strategies 

as well as those targeting participants with cognitive impairment, such as ADHD in 

children and dementia in older adults, have been more likely to include practical, real-life 

measures such as overall daily functioning (Ball et al., 2002, and Willis et al., 2006, with 

their self-reports of participants’ degree of independence when performing daily 

activities; Hofmann et al., 1996, and Kawashima et al., 2005 with their assessments of 

general cognitive ability) and more specific observational measures of WM control 

(Klingberg et al.’s, 2002 and 2005, tracking of head movements to measure 

hyperactivity).  However, there is a dearth of training research with healthy older adults 

that have included transfer tasks measuring everyday functioning. 

 In the present study, participants underwent 5 weeks of training on 3 standard 

WM tasks (operation span, reading span, and alphabet span).  Training was conducted 

over 5 sessions in a group setting, once a week, for about 1.5 hours each session.  

However, unlike the above WM training studies that measured transfer only to other 

laboratory-based cognitive tasks, the present study investigated transfer to a real-life task: 

grocery shopping.  The comparison of a skill within the context of a real-life environment 

and a decontexted lab environment is similar to the single-domain studies conducted by 

Hambrick and colleagues (1999, 2002) in that similar skills were tested both within the 

context of the skill (baseball knowledge or crossword solving skills) and decontexted 

from the game in standard lab tests (memory, reasoning, general knowledge, etc.).  In this 

way, like the present study, the skills were measured within the studied or trained task as 

well as in a transfer task.  However, the present study’s focus on skill of a basic cognitive 



                                                                                                                                          43 

process like WM (related to fluid cognition) differed from skill in, for example, 

crossword solving (related to crystallized cognition).  This distinction is important in 

older adults as crystallized cognition remains stable as one ages, while fluid cognition 

declines into old age (Craik & Bialystok, 2006). 

 The goal of the training program was to improve participants’ WM skills as well 

as to transfer these skills to a real-life grocery shopping task, which required WM and 

LTM usage.  WM is closely related to LTM (Park et al., 2002).  Specifically, WM 

mediates much of the variance in LTM, such that changes in LTM are related and likely 

due largely to changes in WM.  In this way, training to improve WM ability (through 

WM training) has the potential to transfer to a LTM task (grocery shopping task).  To 

measure this transfer, participants performed in a LTM-WM (a combination of LTM and 

WM) task in a grocery store for a list of grocery items before and after training.  Figure 1 

depicts the model of WM and LTM assumed to be implicated in these two sets of tasks.  

For the WM training task, participants were asked to store a list of words while carrying 

out another processing task such as solving math equations, reading sentences, or 

alphabetizing a list of words.  Rehearsal of the words was inhibited by the high demands 

for attention of the concurrent processing task.  Recall of the words occurred immediately 

after their presentation so there was neither opportunity nor incentive to encode the words 

in LTM.  However, in the grocery shopping task participants were asked to store over 

twice as many words, but did not have the competing processing demands as in the WM 

training task.  Participants were able to rehearse the list of words they had to remember 

(remembering some items in this manner without encoding) and, due to the long duration 
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and nature of the task, likely encoded several of the words in LTM which they retrieved 

(either through recognition or recall) during the task. 

 Unlike previous studies that utilized randomly-generated words to train their WM 

tasks (e.g., Jaeggi et al., 2008; Persson & Reuter-Lorenz, 2008), the present study 

manipulated the word lists by theme.  The lack of strong effects in performance-based 

skills or daily functioning for Ball et al. (2002) and Willis et al.’s (2006) training studies 

may have resulted from the mere 10% of explicit, real-life application training.  The 

present study sought to investigate the potential benefits of explicit training more directly 

with the inclusion of two training groups: explicit and non-explicit.  The non-explicit 

training group received training with the standard WM tasks, such as remembering a 

random list of nouns (e.g., shadow, diamond, etc.) while reading a series of sentences.  

The explicit training group received similar training except that the stimuli word lists 

contained all food-related nouns (e.g., apricot, bread, etc.).  It was hypothesized that 

while both groups would improve in their trained WM tasks from pre- to post-training, 

the explicit training group—and maybe to a lesser extent the non-explicit training 

group—would improve on the grocery shopping transfer task from pre- to post-training in 

that the content of the training and transfer tasks would be similar and facilitate transfer 

effects.  These two training groups were compared to a no-training control group that was 

just tested on the pre- and post-grocery shopping tasks.  No improvement on the post-

grocery shopping task was expected for the control group. 

 A final transfer measure was a daily functioning measure taken from Ball et al. 

(2002) that asked participants to self-report on a variety of common daily activities (e.g., 

managing finances, taking medications, etc.).  They responded about the degree to which 
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they performed each activity independently (completed it by oneself) or dependently 

(relied on someone else to complete it for them).  It was hypothesized that on this transfer 

measure of daily functioning both training groups would experience improvement, 

though to a lesser extent than the explicit group’s improvement in the grocery shopping 

transfer task, and that there would be no improvement experienced by the control group.  

Therefore, along with measuring improvement within the lab context on the trained WM 

tasks, improvement at the grocery store and in overall daily functioning were also 

measured as transfer tasks.  As such, this study tests the ecological validity of a cognitive 

training program, and thus its usefulness for facilitating everyday activities.   

 In summary, the following hypotheses were posited for improvements from pre- 

to post-training measurements: 1) significant improvement on the trained WM tasks for 

both training groups, 2) significant improvement on the grocery shopping task for the 

explicit training group (though perhaps moderate improvement for the non-explicit 

group) above that of the control group, and 3) somewhat lesser improvement (than 

trained and grocery shopping transfer tasks) on the daily functioning measure for both 

training groups and no change in the control group. 

Method 

Participants 

 The participants of the present study were 32 older adults (24 women, 8 men, age 

range: 59 to 87 years, Mage = 74.25 years) recruited via flyers and recommendations at a 

local senior center in Florida.  Inclusion in the study was based on the following criteria: 

over 55 years old, no medical diagnosis of a memory or attention disorder, and no regular 

participation in any other cognitive training computer program or class.  Participants gave 
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informed consent and were not paid for their participation in the study.  They were 

assigned to one of the two training groups (explicit: n = 8, non-explicit: n = 9) based on 

how their personal schedules corresponded with the session times.  Participants in the 

control group (n = 4) were recruited after the initial recruitment for the experimental 

groups and so were assigned automatically to the control group.  While participants in the 

training groups knew the full trajectory of the study, those in the control group were not 

informed of the training portion but rather thought it was merely a study on everyday 

memory in a real-life context (just the grocery shopping portions). 

 Eleven participants (6 women, 5 men, age range: 59 to 87 years, Mage = 75.89 

years) were excluded from data analysis due to either withdrawal at some point during 

the study or exclusion due to lack of engagement in the training tasks (n = 1).  For 

participants who withdrew from the study, they had scheduling or health issues 

preventing weekly attendance at the training sessions.  Therefore, 21 participants (18 

women, 3 men, age range: 65 to 87 years, Mage = 76.95 years) were included in the final 

data analyses.  There were no significant differences between the two training groups 

(explicit and non-explicit) and the control group on several measures of participant 

characteristics (see Table 1 for group means), Wilks’ Lambda = .01, F(2,18) = 2.33, p > 

.05.  Participants in all groups tended to be the same age, have the same level of 

education, walk at the same rate, and participate in cognitive, social, physical, and food-

related activities just as frequently.  Additionally, in a pre-test measure of daily 

functioning (see Table 2 for group means), participants in all groups were equally very 

independent when performing several everyday activities, F(2,18) = .11, p > .05.  There 

were two non-native English speakers (Spanish was their native language), which 
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presented some issue with recall of the words during the training sessions.  Only one of 

these participants was excluded from analysis as the difficulty caused the scores to be 

significantly lower than the group’s. 

Working Memory Tasks 

 All participants in the training groups received training in three WM span tasks: 

alphabet span (Alpha), operation span (OSPAN), and reading span (RSPAN).   The word 

lists used for these WM tasks varied between the two training groups.  The non-explicit 

group trained with a random list of words (e.g., shadow, diamond, etc.) generated from 

online word databases (MRC Psycholinguistic Database: 

http://www.psy.uwa.edu.au/MRCDataBase/uwa_mrc.htm; Paivio Word Pool: 

http://www.math.yorku.ca/SCS/Online/paivio/).  The words obtained from the databases 

were limited by the following criteria: noun as part of speech, 1 to 3 syllables, 3 to 10 

letters, high frequency and concrete.  The explicit group trained with a list of food-related 

words grouped specifically for this study.  Food-related words were compiled using the 

following criteria: noun as part of speech, 1 to 3 syllables, and 3 to 10 letters.  They 

varied from typical food names (e.g., apricot, bread), to cooking appliances/utensils (e.g., 

blender, spatula), to more obscure foods (e.g., tofu, scone), and other food-related items 

(e.g., farm, vitamin, breakfast). 

 The span tasks were all presented using a timed Microsoft PowerPoint 

presentation with a projector onto a blank wall.  For all tasks, the time allowed for recall 

of the words was group-paced and so advancement to the next trial was based on all 

participants indicating they were ready.  Participants wrote their answers on paper answer 
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sheets.  For all of the span tasks, there were 2 points possible for each word: 1 for the 

correct word and 1 for each word recalled in the correct order. 

 Alphabet span. In the Alpha task, borrowed from Waters and Caplan (2003), 

participants saw a series of words, each for 5 seconds, which they were instructed to 

remember (see Figure 2 for a depiction of stimulus presentation and participant response 

sequence).  After the final word was presented, participants were cued to RECALL the 

words in alphabetical order from that trial.  If participants were unable to recall a word, 

they wrote an “X” in its place.  This task varied in difficulty by the number of words 

presented per trial: easy (2 words), medium (3-4), and hard (5-7).   

 Operation span. The OSPAN task was adapted from Turner and Engle (1989).  It 

involved presentation of a series of basic mathematical equations paired with words (see 

Figure 3 for depiction of stimulus presentation and participant response sequence).  

Equations (e.g., (5x4)+2=22) included a multiplication or division problem followed by 

an addition or subtraction problem, with a 1- or 2-digit number solution.  Each equation 

was displayed for 15 seconds and was followed immediately by a 1-second presentation 

of the paired word.  While each equation was being presented, participants decided 

whether the solution provided was correct or incorrect, circling “Yes” or “No” on their 

answer sheets.  Then, after the final word displayed, participants were cued to RECALL 

the words in the order in which they were presented.  If participants were unable to recall 

a word, they wrote an “X” in its place. This task varied in difficulty by the number of 

words presented per trial: easy (1-2 words), medium (3-4), and hard (5-7). 

 Reading span.  The RSPAN task, adapted from Daneman and Carpenter (1980), 

was similar to the OSPAN except that there were sentences paired with words, and each 
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sentence was shown for 10 seconds followed by a 1-second presentation of the paired 

word (see Figure 4 for depiction of stimulus presentation and participant response 

sequence).  While each sentence was being presented, participants decided whether it was 

grammatically correct (all words were in correct grammatical order) or incorrect (some 

words were mixed up and not in correct grammatical order) by circling “Yes” or “No” on 

their answer sheets.  After the final word was displayed, participants were cued to 

RECALL the words in the order in which they were presented. If participants were unable 

to recall a word, they wrote an “X” in its place.  Sentences for the RSPAN were generated 

such that they were 10 to 15 words in length (e.g., Corrie was excited to receive a 

Christmas card from her mother.).  The last several words in each sentence were jumbled 

to create the grammatically incorrect stimuli (e.g., Corrie was excited to receive a card 

Christmas mother her from.).  This task varied in difficulty by the number of words 

presented per trial: easy (1-2 words), medium (3-4), and hard (5-7). 

Grocery Shopping Task 

 All participants underwent a pre- and post-shopping task in the grocery store for a 

list of grocery items (see Table 3 for two shopping lists).  The lists were generated such 

that the items were distributed throughout the store for each shopping session (see Figure 

5 for grocery layout and item distribution) but randomized within each list.  To ensure 

equivalence between the two lists, the lists were tested with college students (N = 22) in 

the context of a psychology class.  Half of the participants saw the pre-test list, while the 

other half saw the post-test list.  The words were presented in a similar manner to the 

Alpha task, with each word presented for 5 seconds.  After the last word was presented, 

participants were cued to RECALL the words on their answer sheets.  However, 
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participants were not required to recall the words in a particular order.  If a given item 

was completely correct participants received 2 points, and if the item was partially correct 

they received 1 point.  The total score possible was 30 points (15 items worth 2 points 

each).  Partial correctness entailed either of the following: 1) correct recall of the item but 

not its indicated brand name (e.g., “juice” instead of “Welch’s juice”), or 2) recall of an 

item from the presented item’s category but not the exact item presented (e.g., any cereal 

instead of “Cheerios”).  The latter criterion was not important for responses from the pilot 

test of the shopping lists but was important for the grocery shopping sessions.  There was 

no difference between the pre-test (M = 17.73, SD = 3.55) and post-test (M = 18.45, SD = 

4.37) lists, t(20) = -.43, p > .05.  Therefore, participants who were exposed to the pre-test 

list did not recall more items than those who were exposed to the post-test list. 

 The grocery store for this study was chosen for its rather small size and low 

number of customers during the day.  Each aisle had a sign with the items it contained, in 

addition to individual labels down each aisle for the exact locations.  In addition to 

ensuring a fair distribution throughout the store, list items were chosen only if they did 

not appear exactly on either the aisle signs or within-aisle labels.  This was to ensure that 

participants who used the aisle signs and/or labels more frequently did not obtain an 

advantage over those who used them less frequently.  In addition, the shopping carts 

provided aisle aides on the handlebars, though very few participants used them as 

assessed by experimenter notes, and they were not especially helpful for the shopping 

lists tested.   
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Questionnaires 

 Daily activities. The Daily Activities questionnaire was modified from Richards, 

Hardy, and Wadsworth (2003) for the present study.  It inquired about the frequency with 

which people participated in a number of physical and leisure (social and cognitive) 

activities (see Table 4 for questionnaire items).  In addition to the activities listed, 

participants were given the opportunity to list up to 4 other physical and leisure activities 

in which they were involved.  Participants indicated the frequency with which they 

participated in each of the activities: “not at all,” “once a year,” “once a month,” “once a 

week,” “more than once a week,” and “every day.”  The purpose of the questionnaire was 

to gather information about the level of activity of participants in many domains of life.  

General demographic information (age, sex, highest level of education, and occurrence of 

a medically diagnosed memory or attention disorder), frequency of participation in 

cognitive training computer programs and classes, and familiarity with the grocery store 

used for testing were also gathered in the context of this questionnaire. 

 Daily functioning. The Daily Functioning questionnaire (modified Instrumental 

Activities of Daily Living; IADL; see Table 5 for questionnaire items) was also modified 

for the present study from Willis et al. (2006).  It inquired about the independence with 

which participants completed several activities at home or in the community during the 

previous 7 days.  Participants indicated on a scale of 1 to 6 the degree to which they 

completed each activity “completely dependently” (relied on someone else to complete 

the task for them) or “completely independently” (completed the task by oneself), or if 

the activity “did not occur.”  The purpose of this self-report of daily functioning was to 

see if training had positive effects on overall daily life, as found in Willis et al. 
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 Strategy use. The Strategy Use questionnaire was developed for the present study 

to inquire about participants’ subjective experiences of the training tasks.  They reflected 

on the various tasks and reported what, if anything, they found difficult about each 

trained WM task, as well as the pre- and post-grocery shopping tasks.  Additionally, they 

reported any strategies they used to help them to remember the words for each task 

(training and grocery shopping) or to help them complete the task overall.  Participants 

also reported the frequency with which they participated in various food-related activities 

in the context of this questionnaire: grocery shopping, cooking, taking a cooking class, 

eating at a restaurant, and ordering take-out from a restaurant.  In addition to the activities 

listed, participants could report up to three other food-related activities in which they 

were involved.  They reported their frequency of participation as follows: “not at all,” 

“once a year,” “once a month,” “once a week,” “more than once a week,” and “every 

day.”  

Procedure 

 Participants in all groups followed a similar timeline (see Figure 6 for study 

timeline).  Participants in the two training groups experienced the timeline as depicted.  

Training sessions 1-5 occurred over the course of 5 consecutive weeks.  The grocery 

shopping tasks occurred within 2 weeks before and after training for the training groups, 

and simply 5-6 weeks apart for the control group.  If participants were absent for a 

training session, they were required to make it up before the next week’s session.  This 

occurred either one-on-one or in a small group setting, depending on scheduling and the 

number of participants that were absent for that week’s session.  Over the course of the 5 

weeks of training, the number of participants that made up sessions was as follows (the 
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number of absent participants is in parentheses): session 1 (2), session 2 (3), session 3 (2), 

session 4 (6), and session 5 (4).  Participants who were absent reported health issues or 

memory slips, the latter of which made it especially important for those participants to 

make up the training sessions. 

 In addition to the training and grocery shopping tasks, participants completed a 

number of questionnaires as listed above.  The exception to the depicted timeline was that 

the control group completed the Daily Activities Questionnaire during the post-grocery 

shopping task.  All questionnaires were answered in a paper format. 

 Training sessions: Working memory.  As stated before, training occurred over 

the course of 5 weeks and consisted of 5 approximately 1.5-hour group training sessions.  

Sessions occurred on the same day and at the same time every week in a classroom at a 

local senior center (except in the cases where absent participants made up sessions as 

noted above).  Support for the duration, number, and group style of the sessions came 

from Verhaeghen et al.’s (1992) meta-analysis, in which the most successful training 

interventions used a similar format. 

 The “training” aspect of the program entailed increasing the WM tasks in 

difficulty over the course of the 5 weeks (see Figure 6 for study timeline): an increase in 

the number of words to be recalled indicated an increase in difficulty.  Each time a new 

WM task was introduced, it was trained that day first at an easy-medium level and then at 

a medium level.  The following session, that particular WM task was trained at an 

increased medium-hard level.  This same pattern of introduction and increase in difficulty 

occurred with each WM task.  Both training groups experienced the same training format 
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and tasks except that the word lists used were group-specific (i.e., food-related words or 

random words). 

 The training sessions commenced with the experimenter explaining briefly the 

WM tasks that would be trained on that day.  In addition to this brief introduction, before 

each new WM task began, the experimenter explained in detail how the given WM task 

would progress and oriented the participants to their answer sheets.  The experimenter 

answered any questions the participants had about the task, and then began the practice 

trials.  Each practice trial set included 5 trials, each 2 words in length.  After the practice 

set, participants corrected their own answers according to the answers provided on the 

presentation in order to check their understanding of the task procedure.  The 

experimenter again clarified any issues participants had with the task procedure before 

progressing. Then, the experimental trials began and the number of trials and word list 

lengths varied according to the training session (see Figure 6 for the number of trials per 

task set). 

 At the completion of the program, participants were awarded “Certificates of 

Achievement” for their perseverance through the rigorous memory training program. 

 Transfer task: Grocery shopping. The grocery shopping sessions occurred one-

on-one with the participant and experimenter.  The shopping task had several 

components.  First, participants were brought into the grocery store to the bench (see 

Figure 5 for grocery store layout) and the experimenter explained to them briefly about 

the grocery shopping task (an explanation of the entire study was given when participants 

initially signed up for the study).  Participants signed an informed consent form and 

received their own copy.  Then, in order to account for familiarity with the grocery store, 
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a brief familiarization session occurred in which the participants were walked around the 

store and shown the aisles in which they would be tested.  A baseline walking rate was 

then taken down Aisle 5 of the store because, unbeknownst to the participants, that aisle 

did not contain any items on the shopping lists (as seen in Figure 5).  The experimenter 

timed how long it took each participant to stroll down the aisle.  Then the participants 

were brought back to the front of the store to the bench and the experimenter explained in 

detail the testing procedure: 1) they would be shown a list of 15 items and have 2 minutes 

to study the list; 2) then the list would be taken away and they would have as much time 

as they needed (though they were encouraged to shop as swiftly as possible) to shop for 

the items by placing one of each item into their shopping cart; and 3) there was one rule: 

on their first trip through the store they could only go in one direction to increasing 

number aisles (from Produce to Aisles 1-15).  They were not required to travel down each 

aisle, and they were allowed to travel up and down within each aisle as much as they 

wanted, but they could not return to any aisles they had already passed.  However, once 

they reached Aisle 15, they were allowed to go back and visit any aisles they wanted as 

much as they wanted.  This directional rule was included to try to account for different 

shopping styles (i.e., participants who would shop aisle-by-aisle vs. those who would 

only go to necessary aisles).  Since all participants were required to travel in a similar 

path, these shopping differences would be somewhat reduced.  Additionally, it aided the 

experimenter in tracking participants’ shopping paths and progress throughout the task.  

Also when the participants reached Aisle 15, they were asked by the experimenter if they 

could remember any items they were unable to find and those items were counted as if 

they were found by the participants, as the purpose of the task was not store familiarity 
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but rather recall of the items.  These later-recalled items never totaled more than 4 items 

per participant and usually were only 1 or fewer. 

 The experimenter followed the participants through the store by waiting out of 

sight at the end of each aisle.  When a participant passed the experimenter to go to the 

next aisle, the experimenter recorded the items that had been found as well as the path of 

the participant through the aisles.  The latter measure was also used to determine whether 

participants retraced and made a second trip to obtain forgotten or recently-remembered 

items, as well as their method of shopping: just to the necessary aisles, aisle-by-aisle, or a 

combination of the two methods.  The criterion for each shopping method was as follows: 

1) “just necessary aisles”: participants skipped at least one aisle 2 or more times, 2) 

“aisle-by-aisle”: participants either skipped no aisles or only one aisle, or 3) 

“combination”: participants followed the “just necessary aisles” method but also went to 

over half of the aisles (9 or more aisles).  In addition to these measures, the experimenter 

also recorded the overall time each participant shopped.  In the same way that the piloted 

shopping lists were scored above (see Grocery Shopping Task), the items in the grocery 

shopping task were scored.  Just as a reminder, if a given item was completely correct 

participants received 2 points, and if the item was partially correct they received 1 point 

(total score possible was 30 points, 15 items worth 2 points each).  Partial correctness 

could have entailed either of the following: 1) correct recall of the item but not its 

indicated brand name (e.g., any juice instead of “Welch’s juice”), or 2) recall of an item 

from the presented item’s category but not the exact item presented (e.g., any cereal 

instead of “Cheerios”). 
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Results 

 The hypotheses of the present study posited for improvements from pre- to post-

training measurements were as follows: 1) significant improvement on the trained WM 

tasks for both training groups, 2) significant improvement on the grocery shopping 

transfer task for the explicit training group (though perhaps moderate improvement for 

the non-explicit group) above that of the control group, and 3) somewhat lesser 

improvement (than on the trained and transfer tasks) on the daily functioning measure for 

both training groups and no change for the control group.  The analyses were divided in 

this section in the following manner: 1) WM training tasks, and 2) grocery shopping and 

daily functioning transfer tasks.  One participant was excluded from the analyses, despite 

completing all WM and grocery shopping tasks, due to disengagement with the WM 

training tasks (discussed further below).  Strategies that participants used in each task as 

well as gender differences are also discussed in reference to their effects on performance.  

All analyses were assessed at an alpha level of .05. 

Training Tasks: Working Memory 

 Overall, participants within each training group did not improve from pre- to post-

test on their trained WM tasks (see Table 2 for group means): Alpha (t(16) = -.55, p > 

.05), OSPAN (t(16) = -.74, p > .05), or RSPAN (t(16) = -1.963, p > .05).  However, for 

all participants, improvement in the RSPAN task approached significance (p=.07).  When 

separated by group, participants in each group still did not improve significantly on any 

WM span task.  For the explicit training group, participants performed just as well pre- 

and post-training: Alpha (t(7) = -.16, p > .05), OSPAN (t(7) = -1.92, p > .05), or RSPAN 

(t(7) = -.91, p > .05).  However, improvement in the OSPAN task was moderate (p=.10).  
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This lack of significance was the same for the non-explicit training group: Alpha (t(8) = -

.64, p > .05), OSPAN (t(8) = 1.04, p > .05), or RSPAN (t(8) = -2.05, p > .05).  However, 

improvement in the RSPAN task also approached significance (p=.07).  While there were 

no group improvements in the WM training task, there were some individual differences 

in progress throughout training.  Figure 7 depicts participant-by-participant performance 

on the WM span tasks.  Participant 3B’s performance on the WM tasks (see Figure 8) 

represent the typical pattern of results for participants, such that they were engaged in the 

secondary equation/sentence/alphabetizing task (near 100% correct) but did not improve 

on all measures of the pre- to post-test scores on the primary task (word recall).  A lack of 

engagement in the WM tasks was seen only in one participant, Participant 31B (see 

Figure 8 for participants’ performance), whose scores were at or below 50% on the 

secondary task, which was a yes/no choice task and so 50% indicated chance level.  

Using a mnemonic strategy to aid memory for the words did not help participants to 

perform significantly better on any of the pre- or post-test WM span tasks (see Table 6 

for group means).  Participants who did use a strategy (n = 5) performed just as well as 

those who did not use a strategy (n = 12). 

 There were no significant differences between the two training groups on any of 

the WM span tasks from pre- to post-test, Wilks’ Lambda = .01, F(1,15) = 5.22, p > .05.  

Therefore, participants in the explicit training group performed just as well as the non-

explicit group on the WM tasks for the pre-test (Alpha (F(1,15) = .02, p > .05), OSPAN 

(F(1,15) = .46, p > .05), and RSPAN (F(1,15) = .97, p > .05)) and post-test (Alpha 

(F(1,15) = .00, p > .05), OSPAN (F(1,15) = 1.51, p > .05), and RSPAN (F(1,15) = .64, p 

> .05)). 
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Transfer Tasks: Grocery Shopping and Daily Functioning 

 Pre- and post-grocery shopping tasks.  All participants reported they went 

grocery shopping once a week or more.  In reference to familiarity with the grocery store 

used in the present study, no participants reported they shopped there regularly.  Overall, 

participants did not improve from pre- to post-test on the grocery shopping task (see 

Table 2 for group means): accuracy of items (t(20) = -.89, p > .05) or overall time (t(20) 

= -.85, p > .05).  When separated by group, participants in each group still did not 

improve significantly on the grocery shopping task.  For the explicit training group, 

participants performed just as well on the pre- and post-grocery shopping task: accuracy 

in items (t(7) = .31, p > .05) or overall time (t(7) = -1.41, p > .05).  These results were the 

same for the non-explicit training group who performed equally well pre- and post-

training: accuracy in items (t(8) = -.50, p > .05) or overall time (t(8) = 1.26, p > .05). The 

control group also did not change significantly from the pre- to post-grocery shopping 

task in items (t(4) = -2.85, p > .05) or time (t(4) = -1.65, p > .05),  though they tended to 

retrieve more items on the post- as compared to the pre-test (p=.07). 

 There were no significant differences between the two training groups on either of 

the shopping measures from pre- to post-test (see Table 2 for group means), Wilks’ 

Lambda = .01, F(2,18) = 2.33, p > .05.  Therefore, participants in the explicit training 

group performed just as well as the non-explicit group on the grocery shopping task for 

the pre-test (accuracy of items (F(2,18) = .02, p > .05) and overall time (F(2,18) = .36, p 

> .05)) and post-test (accuracy of items (F(2,18) = .36, p > .05) and overall time (F(2,18) 

= 3.63, p > .05)).  However, for all participants, improvement in the overall time 

approached significance (p=.08), such that participants in the control group tended to 
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spend longer shopping than the non-explicit training group.  While there were no group 

improvements in the WM training task, there were some individual differences in 

progress throughout training.  Figure 9 depicts participant-by-participant performance on 

the grocery shopping task measures.  However, there were some cases of improvement 

on both sets of measures.  For example, Participants 21A and 30B (see Figure 10 for their 

performance) increased from pre- to post-test in the number of items recalled, and 30B 

even decreased in the overall time it took to find the items.  These were participants who 

also improved on one or more WM tasks from pre- to post-test.   

 Using a mnemonic strategy to aid memory for the list items did not help 

participants to perform significantly better on either of the pre- or post-test shopping 

measures (see Table 6 for strategy type means).  Therefore, participants who used a 

strategy (n = 10) performed just as well as those who did not use a strategy (n = 11).  

However, in the post-grocery shopping task participants who used a strategy tended to 

perform slightly better on the grocery shopping items than those who did not use a 

strategy, though this result only approached significance.  The type of shopping method 

participants used did not affect grocery shopping task performance significantly (see 

Table 7 for shopping method means).  In the pre-grocery shopping task, participants who 

just went to necessary aisles (n = 6), those who shopped aisle-by-aisle (n = 5), and those 

who used a combination of the two methods (n = 10) all performed just as well on the 

grocery shopping task.  However, in the pre-grocery shopping task, participants who 

shopped aisle-by-aisle tended to shop for more time overall than those who only went to 

the necessary aisles, though not to a significant degree.  Participants in the post-grocery 

shopping task who just went to necessary aisles (n = 5), those who shopped aisle-by-aisle 
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(n = 8), and those who used a combination of the two methods (n = 8) all performed just 

as well on the shopping task.  Also, in the post-grocery shopping task, participants who 

shopped aisle-by-aisle tended to recall more items than those who only went to the 

necessary aisles, though this result only approached significance.  Gender differences 

were also assessed in the grocery shopping task (see Table 8 for means by gender) and 

overall showed moderate effects, Wilks’ Lambda = .62, F(1,19) = .2.47, p =.09.  

However, there were significant differences for some measures between genders.  For 

both the pre- and post-test, males took significantly longer to shop than females and 

tended to find fewer items, though this latter effect was only moderate. 

 Daily functioning. Participants did not differ within each group or across groups 

on the questionnaire on Daily Functioning (see Table 2 for group means).  Within each 

group, participants did not improve on their level of independence for completing daily 

activities: explicit training (t(7) = 1.00, p > .05), non-explicit training (t(8) = .48, p > .05), 

or control (all participants scored the highest possible both pre- and post-test).  Looking 

between groups, the explicit training group reported the same degree of independence 

with which they completed daily activities as the non-explicit and control groups on the 

pre- (F(2,18) = .11, p > .05) and post-test (F(2,18) = .45, p > .05). 

 

Discussion 

 The WM training program developed and utilized in the present study was 

ineffective in causing improvements both within the trained domain and to a far transfer 

task.  Participants within each training group, explicit and non-explicit, did not improve 

to a significant degree from pre- to post-training on the three WM tasks, and there were 
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no differences between groups on these tasks.  The main strength of the study was the 

equivalence of its participants across groups.  Despite the small sample size and 

convenience sampling procedures and group assignment, participants seemed to be well 

matched on age, education, gender, and cognitive, social, and physical activity 

participation across groups. 

Effects of Training within the Trained Domain 

 While there were no group improvements in the WM training task, there were 

some individual differences in progress throughout training.  Figure 7 depicts participant-

by-participant performance on the WM span tasks.  Across participants there was not 

much change from pre- to post-test on the Alpha, and a bit more variation (increases and 

decreases) on the OSPAN and RSPAN.  Additionally, participants scored along almost 

the full range of scores possible, which indicates large individual differences on these 

span tasks both pre- and post-test.  Like most participants, Participant 3B (see Figure 8 

for participant’s performance) was engaged in the task, as measured by high performance 

on the secondary equation/sentence/alphabetizing task (near 100%), but this participant 

was not able to improve on all measures of the pre- to post-test scores on the primary 

task, as measured by remembering the words in the WM span tasks.  A lack of 

engagement was seen only in one participant, Participant 31B (see Figure 8 for 

participants’ performance), whose scores were at or below 50% on the secondary task, 

which was a yes/no choice task and so 50% indicated chance level.   This is likely 

because this participant was not a native English speaker and reported difficulty 

completing the task due to difficulty with the language.  Some degree of improvement 

was experienced by several participants, and this effect may have been more pervasive 
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with a longer training period or more rigorous training tools.  For example, Participant 3B 

improved the RSPAN pre- to post-test score by over 15 points, and Participant 21A 

improved the OSPAN pre- to post-test score by over 35 points.  One suggestion may be 

that this improvement was due to increased familiarity with the task.  However, some 

participants remained the same or decreased from pre- to post-test, despite repetition of 

these same tasks for 5 sessions, so familiarity is probably not the cause of 3B’s and 21A’s 

improvement. 

 There are several explanations for the ineffectiveness of the WM training tasks to 

improve post-test scores.  One main reason is most likely the lack of an adaptive 

program.  An adaptive program like the ones used in Jaeggi et al. (2008), Buschkuehl et 

al. (2008), and Olesen et al., (2004)) may have been more effective.  Their WM training 

program caused participants to train at the edge of their abilities, and facilitated 

individual advancement to greater levels of difficulty at an appropriate rate.  The pre-

determined increases in difficulty in the WM tasks across the 5 training sessions of the 

present study likely did not create the steady rate of increasing difficulty like Jaeggi et al.  

Instead, the difficulty may have been too easy at the start (when word lists were as little 

as 1-4 items long) and quickly have become too hard (when word lists reached 7 items 

long).  This assertion is supported by Participant 3B’s performance (see Figure 8 for 

participant’s performance), who performed near perfectly on the Alpha and OSPAN tasks 

until the medium-hard difficulty level when the score reduced to 60%.  While the pre-

determined difficulty increases were necessary because the training occurred in a group 

setting, they did not seem to be effective training tools.  An adaptive program is not a 

requirement for a successful WM training program as Li et al. (2008) used pre-



                                                                                                                                          64 

determined increases in difficulty.  However, Li et al.’s training sessions occurred only 

15 minutes per session, for 45 sessions, and so the set increases in difficulty likely 

seemed more adaptive in nature to participants’ current skill levels than the large jumps 

in difficulty of the present study across sessions. 

 Additionally, another successful aspect of Jaeggi et al., which was not a quality of 

the present study, and the other WM training programs cited above (Buschkuehl et al., 

2008; Li et al., 2008; Olesen et al., 2004; and Persson & Reuter-Lorenz, 2008) was that 

the training was independently conducted by participants on a computer.  Therefore, there 

was not a pre-determined time duration to, for example, solve a math equation or read a 

sentence.  Instead, as soon as participants responded to the correctness of the 

equation/sentence, the next set of stimuli appeared in a participant-paced manner.  In this 

way, the training program was fast-paced, adding to the rigor of the training, and 

prevented participants from rehearsing and, relatedly, implementing strategies to help 

them to remember the items.  Instead, they were forced to strictly rely on their WM 

storage capacity.  In the present study, participants who solved the math equations and 

read the sentences quickly had extra time to rehearse the words, which may have 

prevented enduring expansion of the WM capacity hardware in favor of an artificial, 

temporary expansion of WM capacity through implementation of strategy software, such 

as grouping words or associating them with one’s life.  Participants did not work to cause 

a more enduring change in the capacity of their WM hardware, but rather superimposed 

strategy software to circumvent the WM capacity limitations.  However, results showed 

that participants who used some strategy did not perform better on the WM tasks, though 

the small sample size may have prevented detection of this effect.  Buschkuehl et al. 
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(2008) notes that it is important for a training program to be adaptive and minimize 

strategy development in order to be effective and facilitate transfer to other tasks.  The 

pre-timed nature of the stimulus presentation also caused some difficulty for participants 

who were not vigilant and missed the words in the OSPAN and RSPAN tasks, for they 

were flashed for only 1 second each.  However, these difficulties occurred for a minority 

of participants and trials. 

 Based on subjective reports of the participants in a questionnaire, there was a 

difference in approach for the Alpha task (participants were shown words and asked to 

recall them in alphabetical order).  Some participants reported rehearsing the words in the 

order in which they were presented and alphabetizing them only as they were writing 

them down.  Other participants reported that they alphabetized the words as they were 

presented to them.  Given that the task was meant to be a simultaneous storage and 

processing WM task, the intention was for participants to alphabetize as each word was 

presented.  The approach participants used in the Alpha task approach was not reported 

by many participants, so this incongruity could not be measured across participants as 

impacting performance.  However, it is clear that the participants who waited to 

alphabetize until recall did not engage in a dual-component WM task, neglecting the 

processing component until recall. 

 While there were some crucial disadvantages to performing these tasks in a group 

setting, Verhaeghen et al.’s (1992) meta-analysis suggested that group settings aided 

training programs—or at least those teaching mnemonic strategies—and were beneficial 

to performance due to social comparison, within-group support, and increased motivation 

for participants.  WM training programs may benefit from being independently conducted 
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on a participant-by-participant basis, though anecdotally, participants in the present study 

seemed to enjoy the group setting and reported being motivated to outperform their 

friends and other fellow participants.  However, this social comparison may also have led 

to an increase in participants’ anxiety.  This was reported by some participants as an 

explanation especially for their poorer performance on the post-grocery shopping task.  A 

few participants reported feeling anxious about performing better on the post-grocery 

shopping task such that it interfered with their recall of the lists.  While performance on 

the WM and shopping tasks was not reported to participants until the end, it was easy to 

track one’s progress as performance was easily measured by oneself, and so progression 

or lack thereof may have induced such anxiety. 

 Another issue with the classroom setting was the level of noise both by 

participants and outside of the room.  The WM span task required a great amount of 

attention that could be easily disrupted by noise interference.  While participants were 

instructed to remain quiet during the trials, some participants did talk or make noises on 

some trials.  This notably disrupted performance for some participants on some trials.  

Also, the classroom in which the training sessions were held was at a local senior center.  

The center is known for its daily musical performances, which sometimes coincided with 

session times.  The classroom used is distanced from the musical playroom but 

sometimes the music was distracting to participants, especially if the songs were familiar 

to them.  However, it is unlikely that this noise interference had a great affect on WM 

training as there were no significant group differences on performance across sessions or 

from pre- to post-test.  In fact, the noise interference may have forced participants to 

focus their attention more intensely on the tasks.  Inclusion of pre- and post-tests of 
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attention and inhibition would have revealed the potential for these non-targeted training 

effects. 

Effects of Training on Two Far-Transfer Tasks 

 Neither training group, nor the control group, improved from the pre- to post-

grocery shopping or daily functioning transfer tasks, and there were no differences 

between the groups on scores.  The lack of transfer to the grocery shopping task is likely 

due to the lack of training effects.  The WM training program was not strong enough to 

improve performance consistently for any group, making potential transfer nonexistent 

(Buschkuehl et al., 2008).  Finding transfer effects in older adults has also proved a 

difficult feat for other training programs (as cited in Buschkuehl et al., 2008), so perhaps 

younger adults would have experienced some transfer effects in the same training 

program.  Figure 9 depicts participant-by-participant performance on the grocery 

shopping task measures.  Across participants there was not much change from pre- to 

post-test on either the grocery items or grocery time measures.  Additionally, there were 

many individual differences on the grocery items score, with participants scoring along 

almost the full range of scores possible.  The total time to complete the shopping task was 

less variable, with most participants spending about 10-15 minutes shopping, although 

there was one outlier who took about 15 minutes longer to shop than the others.  It should 

be noted that participants who experienced improvement, as evidenced by positive 

slopes, on the WM tasks did not necessarily experience improvement in the grocery 

shopping task.  However, while this was not the norm, there were some cases of 

improvement on both sets of measures.  For example, Participants 21A and 30B (see 

Figure 10 for their performance) increased from pre- to post-test in the number of items 
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recalled, and 30B even decreased in the overall time it took to find the items.  These were 

participants who also improved on one or more WM tasks from pre- to post-test.  Explicit 

strategy use, such as grouping items or associating them with one’s life, did not account 

for the increase in success in the grocery shopping task. 

 The control group did not significantly improve from their pre- to post-test in the 

grocery shopping task, so it seems that the somewhat greater familiarity with the grocery 

store after having shopped for the pre-test several weeks before did not enhance 

performance on the post-test.  Unexpectedly though, the control group tended to retrieve 

more items on the post- as compared to the pre-test (p=.07).  This effect may have been 

significant with a bigger sample size.  It is unclear as to the reason for improvement 

without training, except that perhaps greater familiarity with the store for this group did 

have beneficial effects on the task.  It is likely that the training groups overall did not 

improve because of an increased level of anxiety and pressure to increase performance 

from pre- to post-test in the grocery store.  Participant performance was very easily 

tracked throughout the task as participants knew the number of items they had retrieved 

during the pre-test and perhaps felt anxious about performing equivalently and/or better 

on the post-test.  Some participants reported this increased anxiety to perform on the 

post-test, which supports this claim.  The control group was not informed about the 

inclusion of the training groups and did not hold the expectation that they needed to 

improve on the post-test, and mostly likely did not experience anxiety. 

 A factor in the grocery shopping task that may have affected performance was the 

method of shopping used: just to necessary aisles, aisle-by-aisle, or a combination of 

those two methods.  The label “just to necessary aisle” refers to participants’ perception 
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of the necessary aisles as these participants were the ones who used the aisle labels to 

determine which aisles to go down and so objectively skipped more aisles, as opposed to 

the “aisle-by-aisle” shoppers who simply went to every aisle.  Participants who used a 

combination of the two methods likely adopted an aisle-by-aisle approach but still looked 

at aisle labels, skipping only those they were certain did not contain the test items.  These 

different shopping methods potentially created two types of memory tasks: recognition 

and recall.  While participants may have continually rehearsed some of the 15 items, due 

to the average duration of the task (about 15 minutes) as well as participants’ reports 

(some reported not remembering the items until they saw the aisle labels or the actual 

item in the shelf, which triggered their memory for it), many of the items were likely 

encoded in LTM.  These differential conditions were the same as those cited by Ross, 

Spencer, Linardatos, Lam, and Perunovic (2004) in their memory test in a grocery store: 

participants experienced recognition when they scanned the shelves or aisle labels for no 

particular item and then remembered a test item when they saw it, and recall when they 

remembered an item and then sought it out in the store.  This dichotomy of memory tasks 

corresponds with the dichotomy of shopping methods such that just-to-necessary-aisle 

shoppers likely used recall memory to find items, while aisle-by-aisle shoppers likely 

used recognition memory to find items.  However, while these pairings of memory task 

and shopping method appear plausible, it is difficult to determine whether aisle-by-aisle 

shoppers relied on recognition memory or if they truly recalled the items and just 

appeared to be shopping aisle-by-aisle because there were test items in almost every aisle 

of the store (see Figure 5 for distribution of items throughout store). 
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 This explanation of differential memory tasks across shoppers is not clearly 

supported by the present data as all participants, despite shopping method, performed 

equally well on item retrieval.  On the post-test, participants who used an aisle-by-aisle 

method tended to find more items, though this was only to a moderate, insignificant 

degree.  However, if the methods created two memory task versions, one recall and one 

recognition, participants who relied on recall (just-to-necessary-aisle shoppers) would 

have been disadvantaged as recall memory is worse in older adults than recognition 

memory (Schonfield & Robertson, 1966).  In a test of remembering a list of nouns and 

adjectives, older adults performed equally well as younger adults on a recognition task 

but performed worse on a recall task.  The study included about 20 participants from each 

decade 20-60 years and older, and found a steady decrease in recall memory as age 

increased, while recognition memory was stable despite age.  This age-related difference 

in memory tasks is due to the increased attentional demand required for recall tasks, 

which require un-cued retrieval from LTM, while recognition tasks do not require the 

same attentional demands (Craik & McDowd, 1987) 

 Another age-related difference in memory for lists refers to the frequency of the 

words (the rating of occurrence in a language along a low to high continuum).  The word 

lists used for each WM and grocery shopping task included words of both high and low 

frequency.  First, in reference to the WM test lists, the explicit training group saw word 

lists that were mostly low frequency words.  Just by nature of the food-theme 

requirement for these lists, words such as “scone” and “skillet” that are low frequency in 

the English language comprised most of the lists.  However, for the non-explicit training 

group, since the word lists did not have a required theme, they were comprised of all high 
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frequency words, such as “bread” and “table,” extracted from an online word database.  

This distinction in word lists between the training groups may be important in light of 

research in word frequencies and age-related changes in recognition and recall.  Older 

adults tend to be slower to recognize low frequency words than younger adults (Allen, 

Wallace, & Waag, 1991), which likely has detrimental implications for older adults’ 

recall of those words.  However, if word lists are mixed with high and low frequency 

words, as the lists of the explicit group, low frequency words are recalled just as well and 

sometimes better than high frequency words, at least in younger adults (MacLeod & 

Kampe, 1996).  The equivalence of the words lists is supported by the equivalent 

performance of the two groups pre- and post-test.  However, it would be interesting to 

measure differential training effects of memory tasks using purely low or high frequency 

lists or different proportions of high- and low-frequency words. 

 The grocery shopping lists also included mostly low but also some high frequency 

words.  Shopping items such as “apple” and “orange” can be considered high frequency, 

while “linguine” and “Smucker’s jam” are obviously lower frequency.  The grocery lists 

were pilot tested with younger adults, who do not show the same degree of differential 

recognition and recall of low and high frequency words (Allen et al., 1991) and who 

when shown lists of mixed high and low frequency words recall them equally well 

(MacLeod & Kampe, 1996).  Therefore, the two test lists may have been less equivalent 

than the pilot test suggested since the present study included older adults.  This inequality 

in lists may have affected the pre- and post-grocery shopping task performances of older 

participants. 
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 While female participants (n = 18) composed a great majority of the sample, male 

participants (n = 3) performed significantly differently than the females on some aspects 

of the grocery shopping task.  For both shopping sessions, males took significantly longer 

to shop than females and tended to find fewer items, though this latter effect was only 

moderate but may have been more pronounced with a larger sample size.  The reason for 

the greater, or at least more efficient, performance by females is unclear as all 

participants reported grocery shopping at least once a week.  However, as was noted in 

Ross et al.’s (2004) study, while two participants (husband and wife) were present for the 

shopping trips, one participant was usually more responsible for retrieving the items, and 

this participant was usually the female participant.  Therefore, the female participants 

may be more familiar with the grocery shopping experience, allowing them to shop more 

swiftly than males. 

 There were some additional unforeseen issues with the grocery store itself and the 

ways in which people navigated its layout.  Though not apparent from Figure 5’s layout, 

it was easy for participants to pass Aisles 2 and 3, and start on Aisle 4.  Aisles 2 and 3 

each contained a test item for both sessions, but were somewhat “hidden” because half of 

each of the aisles, and the portion of the aisles that participants saw when approaching 

them from the produce section, contained exclusively wine, which was never a test item.  

When participants saw the wine in the beginning of the aisles, they tended to bypass the 

two aisles entirely.  Later some participants reported being confused and/or frustrated that 

they could not find the items, which sometimes caused them to forget that item or other 

items.  Additionally, some participants looked for items in places where they expected 

them to be but were not, which also caused confusion and/or frustration and sometimes 
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led to forgetfulness by the end.  Despite these set-backs in the grocery store’s design, 

participants were mostly very successful at finding items, and the inclusion of the 

experimenter asking participants if there were items they could not find once they 

reached the final aisle also served to ease the unfamiliarity with the store. 

 Regardless of the lack of training effects, the lack of transfer to the daily 

functioning measure is likely due to the ceiling effects of the pre-test measure in which 

all participants in the control group as well as a number of participants in the training 

groups self-reported complete independence when performing daily activities (i.e., they 

received the highest score possible on the measure).  If participants were already 

functioning at the highest level of independence, there would have been no room for 

improvement.  In this way, participants in the present study seem to be especially high 

functioning older adults, though participants in Willis et al.’s (2006) study, who did show 

improvement in this area, were reportedly living independently and of good functioning 

and cognitive ability too. 

Future Research 

 The keys to an effective WM training study, based on previous research’s success 

and the present study’s lack of success, seem to be 1) adaptivity and 2) rigor.  The 

adaptivity component forces participants to train at the edge of their ability, being neither 

overly easy nor overly difficult for the individual.  Participants are not permitted to 

become bored at a relatively simplistic level, and are also not pushed too far beyond their 

ability such that they lose motivation.  Also, training programs need to be rigorous.  This 

quality stems partly from the challenging nature of the adaptive program, but also to the 

distribution and duration of training sessions.  Sessions should not be too long or sparsely 
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dispersed throughout the training program, so that gains can be acquired without fatigue 

or decay (loss over time).  With these two components, WM training programs have great 

potential, with younger and especially older adults. 

 This potential exists to improve performance not only in the trained domain but to 

near and far transfer tasks.  There exists no practical benefit to becoming an expert in 

being able to remember a sequence of emphasized blocks paired with words, so transfer 

to other domain-general tasks that have real-life, practical effects is the goal.  For 

example, Jaeggi et al. (2008) included a lab-measured far transfer task of reasoning skill 

(Raven’s Progressive Matrices measuring fluid cognition), which has been positively 

correlated in other studies with learning and adapting to new situations in the real world 

(Carpenter, Just, & Shell, 1990 as cited in Jaeggi et al., 2008).  Therefore training within 

the lab has practical, real-life applications outside the lab.  However, while reasoning 

skill is positively correlated with benefits in real life, it remains uncertain if training to 

affect reasoning would produce these same real-life effects, or if the WM link to real-life 

fluid cognition is immutable.  Future training research should include real-life transfer 

tasks to address this question. 

Conclusion 

 While the present study did not successfully improve most people’s performance 

in either the trained WM domain or transfer LTM domain, there were a few examples of 

improvement in both areas, and inclusion of the grocery shopping task added to a gap in 

the research with practical, real-life transfer tasks.  Performance of older adults in the 

shopping task united several areas of research on age-related differences in memory 

performance, such as word frequency research and recall vs. recognition research; and so 
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the grocery store seems to be both a practical and useful context to test many aspects of 

memory.  The potential of WM training programs, as evidenced by recent research, is 

great though their methods have thus far been quite diverse.  Further study of WM 

training’s mechanisms and effects is necessary, and the present study highlighted some 

methodological concerns involved in this type of cognitive hardware training program. 
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Figure 1 

Model of Working Memory and Long-Term Memory’s Relations to Training and Transfer 

Tasks 
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Figure 2 

Alphabet Span Stimulus and Participant Response Sequence 
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Figure 3 

Operation Span Stimulus and Participant Response Sequence 
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Figure 4 

Reading Span Stimulus and Participant Response Sequence 
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Figure 5 

Layout of Grocery Store with Food Items from Pre- and Post-Tests 
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Figure 6 

Timeline of Study 
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Participant-by-Participant Performance on WM Span Tasks Pre- and Post-Test 

Note. A shaded circle represents the explicit training group and an unshaded circle represents the non-explicit training 

group. The three span task scores represent total number of words recalled. 
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Performance of Participants 3B and 31B on Training and Transfer Tasks 

Note. Alpha = alphabet span, OSPAN = operation span, RSPAN = reading span, Grocery items = total item score, and 
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Figure 9 

Participant-by-Participant Performance on the Grocery Shopping Task Pre- and Post-

Test 

 

Note. A shaded circle represents the explicit training group and an unshaded circle represents the non-explicit  

training group. The Grocery Items is scored according to the procedure described in the text, and the Grocery 
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Figure 10 

 

Performance of Participants 21A and 30B on Training and Transfer Tasks 

 

 

0

20

40

60

80

100

Pretest        

(easy-hard)

Easy-med Medium Med-hard Posttest      

(easy-hard)

Difficulty Level/Session

W
M

 T
a
sk

s:
 %

 C
o
rr

ec
t

0

5

10

15

20

25

30
S

h
o
p

p
in

g
 T

a
sk

Note. Alpha = alphabet span, OSPAN = operation span, RSPAN = reading span, Grocery items = total item score, 

and Grocery time = total shopping time. 

0

20

40

60

80

100

Pretest        

(easy-hard)

Easy-med Medium Med-hard Posttest      

(easy-hard)

Difficulty Level/Session

W
M

 T
a
sk

s:
 %

 C
o
rr

ec
t

0

5

10

15

20

25

30

S
h

o
p

p
in

g
 T

a
sk

21A 

30B 



                                                                                                                                          91 

Table 1 

Participant Characteristics and MANOVA Analysis 

  Explicit 

training 

(n = 8) 

 Non-explicit 

training 

(n = 9) 

 Control 

(n = 4) 

 MANOVA 

 M SD  M SD  M SD  F(2,18) p 

Age 79.00 5.29  75.33 7.95  77.00 9.20  .54  .59 

Education 2.88 .99  2.67 1.12  2.25 .50  .53  .60 

Baseline 

walk 

21.88 5.69  21.67 3.16  21.25 4.92  .03  .98 

Cognitive 12.50 5.71  10.78 3.19  11.75 3.30  .33  .72 

Social 9.69 4.30  10.00 2.83  12.00 2.16  .67  .53 

Physical 9.81 6.80  8.11 4.26  9.25 3.86  .22  .80 

Food 12.19 1.13  11.78 2.05  11.88 2.02  .12  .89 

 
Note. Education (1= high school, 2=some college/not 4-year college, 3=college, 4=post-graduate), Baseline 

walk = baseline walking rate (in seconds), Cognitive = cognitive daily activities, Social = social daily 

activities, Physical = physical daily activities, and Food = food-related daily activities. 
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Table 2 

Performance on Training and Transfer Tasks by Group 

  Explicit training  Non-explicit training  Control  

  M SD  M SD  M SD  

Pre-test          

 Alpha 64.25 17.69  62.89 20.28  -- --  

 OSPAN 63.75 21.27  70.56 19.99  -- --  

 RSPA 59.62 15.30  50.11 23.20  -- --  

 Grocery items 
 

19.50 4.81  19.89 5.97  18.75 2.99  

 Grocery time 
 

14.12 5.94  12.78 2.99  15.25 7.97  

 Daily func 34.88 3.18  34.22 4.60  36.00 .00  

Post-test         

 Alpha 64.88 14.65  64.78 16.88  -- --  

 OSPAN 77.50 12.10  65.11 26.06  -- --  

 RSPAN 64.25 17.28  56.44 22.20  -- --  

 Grocery items 
 

19.00 4.96  20.67 6.36  22.50 1.29  

 Grocery time 
 

16.00 7.25  11.11 2.52  19.75 13.05  

 Daily func 
 

34.62 3.16  33.33 4.56  36.00 .00  

 

Note. Alpha = alphabet span, OSPAN = operation span, RSPAN = reading span, Grocery items = total item 

score, Grocery time = total shopping time, and Daily func = Daily Functioning Questionnaire score.  For 

Alpha, OSPAN, and RSPAN the scores represent the mean number of words recalled on all trials.  The 

Grocery items is scored according to the procedure described in the text, and the Grocery time is the mean 

time in minutes.  A “--” indicates that data for this measure was not applicable to the group and was not 

included in the analyses. 
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 Table 3 

Grocery Shopping Lists for Pre- and Post-Test 

Pre-test Post-test 

pecans 

linguine 

folgers coffee 

apple 

smucker's jam 

honey 

cough drops 

toilet paper 

cheerios 

elmer's glue 

eggs 

gatorade 

jello mix 

listerine 

ranch dressing  

mac n' cheese 

oatmeal 

crest toothpaste 

dove soap 

hershey's syrup 

goldfish 

tide detergent 

cornbread mix 

yoplait yogurt 

vinegar 

kleenex 

welch's juice 

orange 

chocolate chips 

canned tuna  
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 Table 4 

Daily Activities Questionnaire Items 

Physical activities Leisure activities 

Sports (for example, golf, tennis, etc.) 

Jogging/running 

Walking 

Swimming 

Sailing, boating, or similar activity 

Yoga 

Fishing 

Dancing 

Gardening 

+ Church or religious activities 

+ Go to the movies, theater, or concerts 

+ Visit friends, attend a party, or similar 

activity 

 

+ Volunteer with a club, local government, 

or other organization 

 

- Read a book, the newspaper, or other 

reading material 

 

- Play a musical instrument 

- Chess, bridge, or similar games 

- Crossword puzzles, Sudoku, or similar 

games 

- Computer games 

- Learn a language 

 
Note. A “+” indicates a social leisure activity and a “-” indicates a cognitive leisure activity.
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Table 5 

 

Daily Functioning Questionnaire Items 

Activities 

Meal preparation 

(such as planning meals, cooking, assembling ingredients, setting out food and utensils) 

 

Housework 

(such as doing dishes, dusting, making bed, tidying up, laundry) 

 

Managing finances 

(such as paying bills, balancing a checkbook and household expenses) 

 

Managing medications 

(such as taking medications at prescribed time and taking correct drug dosages) 

 

Shopping  

(such as selecting items, managing money) 

 

Telephone use 

(such as making and receiving phone calls) 

 

 



                                                                                                                                          96 

Table 6 

 

Effect of Strategies on Performance on Training and Transfer Task Means 

    t - test 

 Strategy 

 

No strategy  t(15)* 

t(19)** 

p 

Pre-test       

 Alpha* 67.00 62.08  -.49 .63 

 OSPAN* 65.00 68.33  .30 .77 

 RSPAN* 59.60 52.00  -.66 .52 

 Grocery 

items** 

 

20.20 18.91  -.60 .56 

 Grocery 

time** 

 

14.00 13.55  -.20 .85 

Post-test       

 Alpha* 64.80 64.83  .00 1.00 

 OSPAN* 80.40 67.00  -1.21 .24 

 RSPAN* 69.40 56.25  -1.27 .22 

 Grocery 

items** 

 

22.00 18.91  -1.40 .18 

 Grocery 

time** 

 

13.80 15.36  .46 .65 

 

Note. Alpha = alphabet span, OSPAN = operation span, RSPAN = reading span, Grocery items = total item 

score, and Grocery time = total shopping time.  For Alpha, OSPAN, and RSPAN the scores represent the 

mean number of words recalled on all trials.  The Grocery items is scored according to the procedure 

described in the text, and the Grocery time is the mean time in minutes.  The df for each set of analyses, 

training (Alpha, OSPAN, and RSPAN) and transfer (Grocery items and Grocery time), is indicated by “*” 

and “**” respectively. 
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Table 7 

 

Effect of Shopping Methods on Performance on Shopping Task Means 

      MANOVA 

  Necessary 

 

Aisle-by-aisle Combo  F(2,18) p 

Pre-test       

 Grocery items 16.50 21.40 20.40  1.82  .19 

 

 

Grocery time 12.17 16.60 13.30  1.10  .35 

Post-test       

 Grocery items 16.20 22.75 20.63  2.97  .08 

 Grocery time 10.40 17.50 14.38  1.40  .27 

 

Note. Necessary = “just to necessary aisles” method, aisle-by-aisle = “aisle-by-aisle” method, Combo = 

combination of previous two methods, Grocery items = total item score, and Grocery time = total shopping 

time.  The Grocery items is scored according to the procedure described in the text, and the Grocery time is 

the mean time in minutes. 
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Table 8 

 

Effect of Gender on Performance on Shopping Task Means 

     MANOVA 

  Males Females  F(1,19) p 

Pre-test      

 Grocery items 16.33 20.06  1.53 .23 

 

 

Grocery time 19.33 12.83  4.93 .04* 

Post-test      

 Grocery items 16.33 21.06  2.28 .15 

 Grocery time 24.33 13.00  7.56 .01* 

 

Note. Necessary = “just to necessary aisles” method, aisle-by-aisle = “aisle-by-aisle” method, Combo = 

combination of previous two methods, Grocery items = total item score, and Grocery time = total shopping 

time.  The Grocery items is scored according to the procedure described in the text, and the Grocery time is 

the mean time in minutes. 

*p<.05 


