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Abstract 

 

Objectives: In young adults, the ability to verbally recall instructions in working memory is 

enhanced if the sequences are physically enacted by the participant (self-enactment) or the 

experimenter (demonstration) during encoding.  Here we examine the effects of self-

enactment and demonstration at encoding on working memory performance in older and 

younger adults.  

Method: 50 young (18-23 years) and 40 older (60-89 years) adults listened to sequences of 

novel action-object pairs before verbally recalling them in the correct order. There were three 

different encoding conditions: spoken only, spoken + demonstration, spoken + self-

enactment. We included two different levels of difficulty to investigate whether task 

complexity moderated the effect of encoding condition and whether this differed between age 

groups.  

Results: Relative to the spoken only condition, demonstration significantly improved young 

and older adults’ serial recall performance, but self-enactment only enhanced performance in 

the young adults, and this boost was smaller than the one gained through demonstration.  

Discussion: Our findings suggest that additional spatial-motoric information is beneficial for 

older adults when the actions are demonstrated to them, but not when the individual must 

enact the instructions themselves.  

 

 Keywords: self-enactment, demonstration, recall 
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Verbal recall of instructions in working memory: do older adults show the enactment 

advantage? 

 

The ability to successfully follow instructions is imperative across the lifespan. 

Learning to use new technology, following a recipe without having to look back at every 

step, learning a new routine in an exercise class, and taking medication in a particular order 

all require the ability to follow, encode, retain and implement instructions using working 

memory. Working memory is defined as a limited capacity system responsible for 

temporarily storing and manipulating information (Baddeley, 2012; Cowan, 2012; Logie, 

2011).  Despite the importance of working memory for older adults, not least because 

research points to a decline in working memory with healthy aging (Johnson et al., 2010; 

Park et al., 2002), little work has explored how memory for instructional sequences can be 

improved for this age group using strategies at encoding. To this end we designed the current 

study, in which participants were required to perform instructions (self-enactment) or watch 

the experimenter demonstrate them (demonstration) to examine how manipulating enactment 

at encoding might impact older adults’ performance on a following instructions task within a 

working memory paradigm. 

Within the working memory domain, and in line with long-term memory research 

(e.g. Cohen, 1981; Engelkamp & Zimmer, 1997) young adults’ verbal recall of spoken 

instructions is improved when instruction sequences are self-enacted or demonstrated at 

encoding, or self-enacted at recall (Allen & Waterman, 2015; Yang et al., 2015). These 

benefits are attributed at least in part to the additional visual and motoric codes made 

available at encoding creating a richer multi-modal representation (Allen & Waterman, 2015; 

Jaroslawska et al., 2015; Waterman et al., 2017). 
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Acknowledging the literature on working memory performance in children may well 

be prudent for the current study, as parallels can be drawn between children’s developing 

working memory capacities (which are still limited) and older adults’ generally considered 

declining performance. Children’s memory for instruction sequences is also enhanced 

following demonstration at encoding  (Waterman et al., 2017; Yang et al., 2017). However, 

results in relation to self-enactment at encoding are mixed, with some evidence for it 

improving recall for real-world objects (Jaroslawska et al., 2015), and some that the 

beneficial effect of self-enactment on children’s recall is only present when the task was 

simplified (Waterman et al., 2017). Demonstration rather than self-enactment might therefore 

be a more reliable method for improving performance, an idea supported by Allen et al. 

(2020) who found superior performance following demonstration compared to self-enactment 

in young adults. This was attributed to self-enactment being a more active, attentionally 

demanding way of obtaining the additional visuo-motoric code, compared with passive 

observation of the experimenter during demonstration. In other words, the benefits provided 

by self-enactment may be reduced by the costs of self-generating visuo-spatial motoric 

information; a cost more easily overcome if it is ‘paid’ by the experimenter in the case of 

demonstration (Allen et al., 2020). 

Despite the importance of working memory for following instructions, and the fact 

that there is some evidence that working memory capacity declines with age (Johnson et al., 

2010; Park et al., 2002), research investigating the effects of enactment on the working 

memory performance of older adults in a following instructions task is very limited. To our 

knowledge only one, small-scale study has used an older adult population within this 

paradigm, and the authors report superior recall following self-enactment at encoding 

compared to verbal encoding (Charlesworth et al., 2014). However, this exploratory study did 

not feature a young adult group as a comparison, so it does not tell us whether the magnitude 
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of the self-enactment effect changes with age. In addition, serial order recall was not 

explicitly required, and action-object pair responses were scored as correct regardless of the 

order in which they were recalled in the sequence (free recall). In line with the LTM literature 

(Engelkamp & Dehn, 2000; Schult et al., 2014; Steffens, 2007), it is possible that, for older 

adults at least, self-enactment improves memory for items generally, but not for remembering 

those items in a particular order; an ability that declines with age (Golomb et al., 2008; 

Maylor et al., 1999; Old & Naveh-Benjamin, 2008).  Finally, this experiment did not feature 

a demonstration condition, so there is no existing research on how this form of presentation 

might impact on older adults’ working memory performance. 

With regards to how both self-enactment and demonstration will affect older adults in 

comparison to younger adults, it is possible that the proposed increase in demands on 

attentional control elicited by self-enactment during working memory encoding (Allen et al., 

2020; Waterman et al., 2017) might particularly impact on older adults’ performance. This 

would mean that they are not then able to show the same benefits from this manipulation as 

young adults. This would fit with observations that older adults show larger negative effects 

of dual-task manipulations applied during encoding (Logie et al., 2007; Rhodes et al., 2019).  

In that regard, demonstration might prove to be a more suitable encoding condition to boost 

older adults’ working memory for instruction, in that it may offer additional forms of 

representation without placing the same dual-task cost. However, it is also possible that older 

adults will show a reduced benefit from demonstration as well as self-enactment compared to 

younger adults. Visuo-spatial working memory has been observed to show larger declines 

with healthy aging, relative to verbal working memory (Jenkins et al., 2000; Johnson et al., 

2010), so older adults could struggle to benefit from the visuo-spatial codes provided. 
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The present study was designed to investigate the effect of demonstration and self-

enactment at encoding on young and older adults’ ability to immediately verbally recall short 

instruction sequences in the correct order. We examined older and younger adults’ verbal 

recall of instruction sequences across three encoding conditions: spoken only, spoken + 

demonstration, and spoken + self-enactment, and two levels of difficulty (achieved by 

varying the number of possible actions). For young adults, it was hypothesised that self-

enactment and demonstration at encoding would result in higher recall compared to spoken-

only encoding. It was also hypothesised (based on Allen et al., 2020) that demonstration 

would lead to better recall than self-enactment for younger adults.  For older adults, the work 

of Charlesworth et al. (2014) suggests that self-enactment will aid recall. However, if it holds 

true that the attentional costs of self-generating action counteract the benefits of self-

enactment when the task is difficult, it is possible that self-enactment benefits will only be 

evident when task difficulty is low. Finally, while demonstration might provide relatively 

more reliable performance benefits for older adults across the two experiments (compared to 

self-enactment), these might be reduced in magnitude relative to the young adult group. 

 

Methods  

Participants. Fifty young adults (mean age = 19.42, SD = 1.33, range = 18-23 years, 

undergraduate students from the University of Leeds) and Forty older adults (mean age = 

70.88, SD = 5.15, range = 61-89 years, recruited through the School of Psychology 

Successful Aging Research Panel, or via word of mouth) participated on a voluntary basis or 

for course credit. Participants were excluded if they had any musculoskeletal or neurological 

condition that affects movement of the upper limbs. Based on previous work in young adults 

using a similar methodology (Allen et al., 2020; Allen & Waterman, 2015), we predicted a 
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large effect of demonstration (Cohen’s d = .8), and a medium effect of self-enactment (d = 

.5). G*Power (Faul et al., 2009) indicated a minimum sample size of 15 and 34 to detect each 

of these effects respectively (with alpha = .05 and power at 80%). 

The Spot-the-Word Test Version B (a reliable and valid measure of premorbid 

intelligence (Baddeley et al., 1993)) was used to screen for intelligence in all participants, and 

the Mini-Mental State Examination (MMSE) was employed to screen for signs of cognitive 

impairment/dementia in older adults (Folstein et al., 1975; Tombaugh & McIntyre, 1992).  

The maximum score which could be obtained for each was 60 and 30 respectively. The usual 

cut-off established for the MMSE defines 'normal' cognitive function as ≥ 24 (Creavin et al., 

2016). Scores below 23 would have led to exclusion (n=0). There was a significant difference 

between the groups in terms of number of years in education (older adults = 17 years, 

younger adults = 16 years), t (88) = -2.52, p < .05, d = -.54, BF10 = 3.46, presumably due to a 

number of older adults being educated to degree level. Older adults’ mean scaled Spot-the-

Word Test score (13.6) was significantly higher than young adults’ mean scaled Spot-the-

Word Test score (9.3), t (88) = -12.76, p < .001, d = -2.70, BF10 > 10,000. Written consent 

was obtained from all participants and ethical approval was granted from the University of 

Leeds Research Ethics Committee (Ethics Reference Number PSC-142).  

Materials. The materials used were similar to those used by Allen and Waterman 

(2015). Six actions (push, tap, lift, shake, flip and spin) and six shapes (circle, square, 

triangle, moon, cross and star) were used to create action-object pairs. The action “tap” 

involved tapping the shape once, “push” involved pushing the shape forward a few 

centimetres and back to its original position, “shake” involved moving the shape side to side 

on the table, “lift” involved lifting the shape up a few centimetres and placing it back down, 

“spin” involved rotating the shape whilst on the table and “flip” involved flipping the shape 

over and then back again to its original position on the table. The shapes had a black outline 
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and were printed on white laminated paper measuring 5 x 5 cm and mounted on cardboard. 

Using shapes as objects meant it was unlikely that there were any pre-existing associations 

between actions and objects in LTM, therefore ensuring recall of action-object pairs relied on 

working memory (Allen et al., 2020; Allen & Waterman, 2015; Waterman et al., 2017).  

The instructional sequences were composed of three, four, or five action-object pairs 

(e.g. a three pair sequence was: push the cross, flip the square, shake the moon). We also 

included two levels of difficulty: simple (younger adults n = 26, older adults n = 21) and 

complex (younger adults n = 24, older adults n = 19), with participants randomly assigned to 

one condition. In the complex condition, actions and shapes were repeatedly recombined to 

produce novel combinations for each sequence, with the constraint that each action and each 

shape did not appear more than once within the same sequence. In the simple condition only 

two actions were used; “push” and “lift”, so there was some replication of action within a 

sequence.  These were the same actions used in the more simplified version of the task in 

Waterman et al. (2017). There were 15 sequences in each of the three encoding conditions 

(generating a total of 45 sequences), with five trials per sequence length. Two practice trials 

of sequence length three preceded testing trials. For each encoding condition, the maximum 

number of action-object pairs that could be recalled was 60.  

Procedure.  The participant sat at a table opposite the experimenter and standardised 

instructions were read out loud by the experimenter (see supplementary materials). All 

participants completed the Spot-the-Word Test Version B and older adults also completed the 

MMSE. The experimenter placed the six shapes in a pseudorandom configuration on the 

table within comfortable reach in front of the participant. Shapes remained in view of the 

participant, in the same pseudorandom configuration, throughout testing. The experimenter 

named all of the shapes and demonstrated the actions, ensuring participants were familiar 
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with them. Participants were informed of the type of encoding required before each condition 

and were reminded to verbally recall the action-object pairs in exactly the same order they 

were presented (serial recall). Participants were made aware that recalling the sequences may 

be a difficult task and were encouraged to guess if unsure of an action-object pair.  

For each encoding condition, two practice trials of sequence length three preceded the 

15 test trials (five trials per sequence length). Sequences started at length three and increased 

to length four, then five. Participants completed all sequences regardless of correct or 

incorrect responses. Sequences were read out loud by the experimenter one at a time, at a 

steady rate, with a delay of approximately three seconds after each action-object pair (see 

Figure 1 for a depiction of all three encoding conditions). In the spoken-only encoding 

condition, neither the experimenter nor the participant touched the shapes in the three-second 

delay, and participants simply listened to the instruction sequences. In the spoken + 

demonstration encoding condition, participants observed the experimenter demonstrate the 

actions with the shapes in the three-second delay. In the spoken + self-enactment encoding 

condition, participants performed the actions with the shapes in the three second delay. After 

the final action-object pair and either a further three-second delay, demonstration or self-

enactment (depending on the condition), participants verbally recalled the full instruction 

sequence in the correct order.  A co-experimenter sat at a table behind the participant 

recording participants’ responses. The experimental session took no longer than 40 minutes 

to complete.  

[Figure 1 about here] 

Design.  The study employed a 2 (age group: young, older; between-subject) x 2 

(difficulty: simple, complex; between-subjects) x 3 (encoding condition: spoken only, spoken 

+ demonstration, spoken + self-enactment; within-subject) mixed design. For ease, the 
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spoken + demonstration and spoken + self-enactment conditions are hereafter referred to as 

demonstration and self-enactment respectively. The dependent variable was the proportion of 

correct action-object pairs recalled in the correct order (serial recall), in line with previous 

research (Allen & Waterman, 2015; Waterman et al., 2017). Encoding condition was 

counterbalanced across participants to control for order effects. 

Data analysis.  A mixed ANOVA was conducted to investigate the effects of age 

group, difficulty and encoding condition on serial recall performance. Interactions were 

further investigated using t-tests to compare groups at each level of encoding condition and 

repeated measures ANOVAs to investigate each group separately across encoding conditions.  

Pairwise comparisons with Bonferroni Holm corrections were used to interpret significant 

main effects. The data were analysed using traditional frequentist analysis in JASP (JASP 

Team, 2019).  However, as frequentist tests rely on null hypothesis significance testing, they 

cannot provide evidence of no effect or no difference between groups (Barchard, 2015). 

Bayes Factor (BF) analysis was therefore also conducted in JASP.  This assesses the strength 

of evidence for the alternative hypothesis compared to the null hypothesis, and also provides 

a test of equivalence between groups and/or conditions (Mulder & Wagenmakers, 2016). In 

each case, BF10 < 1 indicates support for the null hypothesis, and BF10 > 1 support for the 

alternative hypothesis. While Bayes Factors should be interpreted as a continuous outcome, 

we refer to the classification scheme in which BF 1-3 equates to weak or anecdotal evidence 

of an effect, BF 3-10 as moderate evidence, and BF > 10 as strong evidence.  Similarly, BF 

0.33-1 equates to weak evidence of no effect, BF 0.1-0.33 as moderate evidence, and BF < 

0.11 as strong evidence  (Jeffreys, 1961; Lee & Wagenmakers, 2014; van Doorn et al., 2019). 

 

Results  
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Figure 2 shows the mean number of correct pairs recalled in the correct order (serial 

recall) across all trials for both groups across encoding conditions.  A 2 x 2 x 3 mixed 

ANOVA was conducted to investigate the effects of age group, difficulty and encoding 

condition on serial recall performance.  

Young adults recalled more action-object pairs than older adults, F(1, 86) = 6.25, p = 

.014, ηp
2 = .07, BF10 = 3.41 and performance was better in the simple condition compared to 

the complex one, F(1, 86) = 210.37, p = .001, ηp
2 = .71, BF10 > 10,000.  There was a 

significant main effect of encoding condition, F(2, 172) = 51.85, p < .001, ηp
2 = .38, BF10 > 

10,000. Participants recalled significantly more correct action-object pairs following 

demonstration at encoding compared to both self-enactment, p <.001, Cohen’s d = .77, BF10 

> 10,000, and spoken-only encoding, p <. 001, d = 1.03, BF10 > 10,000 which also differed 

from each other, p =.02, d = 0.26, BF10 = 2.21, with participants recalling more pairs in the 

self-enactment condition. There was a significant interaction between encoding condition and 

group, F(2, 172) = 4.67, p = .01, ηp
2 = .05, BF10 = 3.96. The BF analysis indicated strongest 

support for the model containing main effects of group, difficulty and encoding condition and 

the encoding condition x group interaction, BF10 > 10,000 compared to the null model 

including participant only, and 2.60 times more likely than the next best model containing 

group, difficulty, encoding condition, and the encoding condition x group and group x 

difficulty interactions.  No further interactions emerged: encoding condition x difficulty F(2, 

172) = 0.89 ; p = 0.41,  ηp
2 = .01, BF10 = 0.12 ; group x difficulty F(1, 86) = 0.24 ; p = 0.63,  

ηp
2 = .003, BF10 = 0.31; encoding condition x group x difficulty F(2, 172) = 1.91 ; p = 0.15,  

ηp
2 = .02, BF10 = 0.49. 

[Figure 2 about here] 
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To unpack the group x encoding condition interaction we carried out repeated 

measures ANOVAs on each group separately (collapsed across difficulty). Main effects of 

encoding condition were found for both the young, F(2, 98) = 47.86, p < .001, ηp
2 = 0.49, 

BF10 > 10,000, and older, F(2, 78) = 13.37, p < .001, ηp
2 = 0.26, BF10 = 1797.91, groups. 

Pairwise comparisons with Bonferroni Holm corrections showed that these were driven by 

significant differences between demonstration and spoken-only (young p < .001, d = 1.37, 

BF10 > 10,000; older p < .001, d = .71, BF10 = 389.69) and demonstration and self-enactment 

(young p < .001, d = .84, BF10 > 10,000, older p < .001, d = .70, BF10 = 2195.93) for both 

groups. For the young adults the self-enactment advantage over spoken-only encoding was 

significant, p < 0.01, d =.53, BF10 = 30.50. In contrast, the older adults showed no advantage 

with the Bayes Factor analysis in favour of no effect, p = .94, d = .01, BF10 = 0.17.  We also 

compared the younger with the older adults at each encoding condition. We found no 

significant group difference at spoken-only, t(88) = 0.17, p = 0.87, d = .04, BF10 = 0.23, or at 

self-enactment, t(88) = 1.54, p = 0.13, d = .33, BF10 = 0.62, but younger adults were 

significantly better than older adults at demonstration, t(88) = 2.00, p < 0.05, d = .42, though 

this was not well supported by Bayesian analysis, BF10 = 1.26. 

 

Discussion 

The present study aimed to investigate the effects of self-enactment and demonstration at 

encoding on young and older adults’ verbal recall of instruction sequences in working 

memory. In line with existing working memory research (Johnson et al., 2010; Park et al., 

2002), young adults were better than older adults overall, although this effect was moderated 

by encoding condition. As predicted, demonstration of instructions at encoding significantly 

improved young adults’ recall of instruction sequences compared to spoken-only encoding, 
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and this was also the case for the older adults. However, self-enactment at encoding only 

significantly improved young adults’ recall of instruction sequences; there was no such 

advantage for older adults. Analyses indicated that for the younger adults the enactment 

advantage (improvement in performance over spoken-only encoding) was much larger 

following demonstration than self-enactment.  In addition, it seems that younger adults got a 

larger boost from demonstration over spoken-only encoding than did older adults. 

The positive effect of demonstration on younger and older adults’ recall is consistent 

with previous research and adds to findings that demonstration is a more effective way to 

boost verbal recall within a working memory paradigm (Allen et al., 2020; Waterman et al., 

2017; Yang et al., 2017). However, it also appears that the magnitude of the demonstration 

advantage changes with age, with older adults showing a reduced benefit, relative to the 

younger group. There are several, currently speculative, reasons why this might be the case. 

One possibility relates to the observation that healthy aging appears to particularly impact on 

visuo-spatial rather than verbal working memory (e.g. Jenkins et al., 2000; Johnson et al., 

2010). As the demonstration advantage is assumed to at least partly reflect the processing and 

storage of visuospatial information in working memory, any age-related difficulty in this set 

of abilities would be expected to impact on the magnitude of the demonstration advantage 

that older adults are able to exhibit. In addition, visually encoding and maintaining 

demonstrated actions alongside spoken instructions might still come with something of a 

processing cost, albeit reduced compared to self-enactment (e.g. Craik, 1994). This 

processing cost might reduce, but not completely abolish, the demonstration effect observed 

in older adults. 

The finding that older adults showed no self-enactment advantage is in direct contrast 

to Charlesworth et al. (2014) who found that older adults did get a self-enactment boost. 
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However, the nature of their task was different, using real instead of simple geometric 

objects, deemphasising serial order of responses, and therefore analysing free recall 

performance in line with what participants were instructed to do.  Our finding is in line with 

that of Experiment 1 from Waterman et al. (2017), where children gained no benefit from 

self-enactment, but in contrast with their second experiment, where a reduction in task 

complexity led to a boost in children’s recall from self-enactment. Whilst we found a main 

effect of task difficulty with all participants recalling more action-object pairs when the task 

was simple (using only two possible actions, rather than six) we found no interactions 

between age and difficulty, so it was not differentially affecting each group.  It is possible 

that task difficulty could moderate the effect of self-enactment at encoding on older adults’ 

performance in some contexts (as has been seen in children, e.g. Jaroslawska et al., 2015; 

Waterman et al., 2017) and further research could explore that possibility.   

Alternatively, perhaps the additional attentional and cognitive demands required to 

self-generate and maintain visuo-spatial motoric representations are sufficiently large for 

older adults, regardless of task difficulty, that self-enactment provides no benefit. This may 

reflect age-related difficulties with dual tasking during encoding (Logie et al., 2007; Rhodes 

et al., 2019) and/or reproducing temporal or serial order (Golomb et al., 2008; Maylor et al., 

1999; Old & Naveh-Benjamin, 2008). However, the argument that self-enactment brings 

about dual-task costs that interfere with encoding operations would appear to apply equally 

well to encoding in long-term memory, and within the long-term memory literature robust 

self-enactment benefits have been found for both young and older adults (e.g. Cohen, 1981; 

Engelkamp & Zimmer, 1997). Again there may be methodological differences between 

working memory and long-term memory research underlying these contradictory findings, 

such as a wider variety of objects and actions, logical rather than arbitrary pairings between 

objects and actions, the relative time available to process each item at encoding, and the use 
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of free recall rather than serial recall as the outcome measure (Bäckman & Nilsson, 1984; 

Kormi Nouri, 1995; Steffens et al., 2015). 

As well as difficulties associated with dual tasking (balancing simultaneous storage 

and processing demands), or problems related to reproducing serial order information, it is 

possible that the lack of self-enactment advantage in the older population might also be 

driven my motoric differences between older and younger adults. With advancing age comes 

decline in motor function, including increased variability of movement, slowing, difficulties 

with gait and balance, and reduced manual dexterity, force control and coordination (Cole, 

1991; Contreras-Vidal et al., 1998; Seidler et al., 2002, 2010; Shkuratova et al., 2004).  

Declining motor skills might interfere with the ability to form a motoric representation; thus 

no additional recall benefit is gained by performing an action.  In addition, it is possible that 

older adults took marginally longer to complete the self-enactment tasks than the younger 

adults (given motoric differences), thereby experiencing additional time between instruction 

and recall, which could have led to poorer performance. Reaction time data would be needed 

to investigate this proposal, which we did not collect in the present study. However, the 

cardboard backing and lamination meant the shapes were easy to pick up, and we piloted 

using the shapes with a number of individuals from both age groups and experimenters 

noticed no age differences then, nor during data collection.  

For both younger and older adults, it seems that demonstration rather than self-

enactment might be a more reliable method for improving performance. This finding with 

regards to older adults is novel, and in line with working memory research using similar 

paradigms in other age groups (Allen et al., 2020; Waterman et al., 2017) and some LTM 

literature (Schult et al., 2014; Steffens, 2007). While we have yet to clearly establish the 

mechanisms underlying the demonstration advantage, it is likely that observing the 

performance of an action sequence provides additional visuo-spatial and motor coding and 
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thus a richer working memory representation. This may emerge without further substantial 

active processing costs beyond those involved in encoding and maintaining spoken 

sequences, hence why both children and older adults are able to reliably benefit across 

different task contexts.  

Given the fact that age differences in most verbal working memory tasks (and 

cognitive tasks more generally) are relatively robust (e.g. Johnson et al., 2010; Park et al., 

2002), it is perhaps surprising that young and older adults did not differ in performance in 

spoken only trials, either in the simple or the complex condition. This might be due to the 

recruitment of different neural circuitry by older adults that can allow them to perform at 

similar or equivalent levels to their younger counterparts (Cabeza, 2002; Park & Reuter-

Lorenz, 2009). On the other hand, it is possible that we had a high performing older adult 

group. The older participants were largely healthy and active, and often take part in studies 

within the School, whereas the younger adult group might be more representative of their age 

group (or at least more similar to younger adults tested in previous research). Our primary 

interest in this research was the comparison of the different encoding conditions within each 

age group rather than the main effect of age, and we found that the older adults responded in 

a different way to demonstrated and self-enacted encoding conditions compared with our 

younger adult sample. However, future work might consider using a more representative 

older adult sample to promote generalizability of our results to the broader population. 

In conclusion, it is clear that demonstrating instruction sequences leads to improved 

memory performance in older adults, and so from a practical perspective this appears to be an 

optimal presentation method. In the future it would be useful to systematically explore the 

possible cognitive and neural processes underlying the self-enactment and demonstration 

effects that emerge in working memory, both from a theoretical perspective and to better 
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understand which population groups would be most likely to benefit from these methods in 

an applied context.   

 

Funding 

 This work was not funded. 

Acknowledgements 

The authors would like to thank Naomi Conlin, Jordan Parkinson, Aamna Fardous, 

and Phoebe Crutchley for their assistance with data collection.  All data, analytic methods, 

and study materials will be made available to other researchers upon reasonable email request 

to the corresponding author. This study was not preregistered. The authors report no conflicts 

of interest. 

 

  



WORKING MEMORY ENACTMENT EFFECT IN OLDER ADULTS 

 18 

References 

Allen, R. J., Hill, L. J. B., Eddy, L. H., & Waterman, A. H. (2020). Exploring the effects of 

demonstration and enactment in facilitating recall of instructions in working memory. 

Memory and Cognition, 48, 400–410. https://doi.org/10.3758/s13421-019-00978-6 

Allen, R. J., & Waterman, A. H. (2015). How does enactment affect the ability to follow 

instructions in working memory? Memory & Cognition, 43(3), 555–561. 

https://doi.org/10.3758/s13421-014-0481-3 

Bäckman, L., & Nilsson, L.-G. (1984). Aging effects in free recall: An exception to the rule. 

Human Learning, 3, 53–69. https://psycnet.apa.org/record/1985-00895-001 

Baddeley, A. (2012). Working Memory: Theories, Models, and Controversies. Annual 

Review of Psychology, 63(1), 1–29. https://doi.org/10.1146/annurev-psych-120710-

100422 

Baddeley, A., Emslie, H., & Nimmo‐Smith, I. (1993). The Spot‐the‐Word test: A robust 

estimate of verbal intelligence based on lexical decision. British Journal of Clinical 

Psychology, 32(1), 55–65. https://doi.org/10.1111/j.2044-8260.1993.tb01027.x 

Barchard, K. A. (2015). Null Hypothesis Significance Testing Does Not Show Equivalence. 

Analyses of Social Issues and Public Policy, 15(1), 418–421. 

https://doi.org/10.1111/asap.12095 

Cabeza, R. (2002). Hemispheric asymmetry reduction in older adults: The HAROLD model. 

Psychology and Aging, 17(1), 85–100. https://doi.org/10.1037/0882-7974.17.1.85 

Charlesworth, L. A., Allen, R. J., Morson, S., Burn, W. K., & Souchay, C. (2014). Clinical 

Study Working Memory and the Enactment Effect in Early Alzheimer’s Disease. ISRN 

Neurology, 2014. https://doi.org/10.1155/2014/694761 



WORKING MEMORY ENACTMENT EFFECT IN OLDER ADULTS 

 19 

Cohen, R. L. (1981). On the generality of some memory laws. Scandinavian Journal of 

Psychology, 22(1), 267–281. https://doi.org/10.1111/j.1467-9450.1981.tb00402.x 

Cole, K. J. (1991). Grasp force control in older adults. Journal of Motor Behavior, 23(4), 

251–258. https://doi.org/10.1080/00222895.1991.9942036 

Contreras-Vidal, J. L., Teulings, H. L., & Stelmach, G. E. (1998). Elderly subjects are 

impaired in spatial coordination in fine motor control. Acta Psychologica, 100(1–2), 25–

35. https://doi.org/10.1016/s0001-6918(98)00023-7 

Cowan, N. (2012). Working Memory Capacity. https://doi.org/10.4324/9780203342398 

Craik, F. I. M. (1994). Memory Changes in Normal Aging. Current Directions in 

Psychological Science, 3(5), 155–158. https://doi.org/10.1111/1467-8721.ep10770653 

Creavin, S. T., Wisniewski, S., Noel-Storr, A. H., Trevelyan, C. M., Hampton, T., Rayment, 

D., Thom, V. M., Nash, K. J. E., Elhamoui, H., Milligan, R., Patel, A. S., Tsivos, D. V., 

Wing, T., Phillips, E., Kellman, S. M., Shackleton, H. L., Singleton, G. F., Neale, B. E., 

Watton, M. E., & Cullum, S. (2016). Mini-Mental State Examination (MMSE) for the 

detection of dementia in clinically unevaluated people aged 65 and over in community 

and primary care populations. In Cochrane Database of Systematic Reviews (Vol. 2016, 

Issue 4). John Wiley and Sons Ltd. https://doi.org/10.1002/14651858.CD011145.pub2 

Engelkamp, J., & Dehn, D. M. (2000). Item and Order Information in Subject-Performed 

Tasks and Experimenter-Performed Tasks. Journal of Experimental Psychology: 

Learning Memory and Cognition, 26(3), 671–682. https://doi.org/10.1037/0278-

7393.26.3.671 

Engelkamp, J., & Zimmer, H. D. (1997). Sensory factors in memory for subject-performed 

tasks. Acta Psychologica, 96(1–2), 43–60. https://doi.org/10.1016/s0001-

6918(97)00005-x 



WORKING MEMORY ENACTMENT EFFECT IN OLDER ADULTS 

 20 

Faul, F., Erdfelder, E., Buchner, A., & Lang, A. G. (2009). Statistical power analyses using 

G*Power 3.1: Tests for correlation and regression analyses. Behavior Research 

Methods, 41(4), 1149–1160. https://doi.org/10.3758/BRM.41.4.1149 

Folstein, M. F., Folstein, S. E., & McHugh, P. R. (1975). “Mini-mental state”: a practical 

method for grading the cognitive state of patients for the clinician. Journal of Psychiat. 

Res, 3, 189–198. https://doi.org/10.1016/0022-3956(75)90026-6 

Golomb, J. D., Peelle, J. E., Addis, K. M., Kahana, M. J., & Wingfield, A. (2008). Effects of 

adult aging on utilization of temporal and semantic associations during free and serial 

recall. Memory and Cognition, 36(5), 947–956. https://doi.org/10.3758/MC.36.5.947 

Jaroslawska, A. J., Gathercole, S. E., Allen, R. J., & Holmes, J. (2015). Following 

instructions from working memory: Why does action at encoding and recall help? The 

Quarterly Journal of Experimental Psychology, 2014, 1183–1191. 

https://doi.org/10.3758/s13421-016-0636-5 

JASP Team. (2019). JASP (Version 0.9.2)[Computer software] (0.9.2). https://jasp-stats.org/ 

Jeffreys, H. (1961). Theory of probability (3rd ed.). Oxford University Press (OUP). 

Jenkins, L., Myerson, J., Joerding, J. A., & Hale, S. (2000). Converging evidence that 

visuospatial cognition is more age-sensitive than verbal cognition. Psychology and 

Aging, 15(1), 157–175. https://doi.org/10.1037/0882-7974.15.1.157 

Johnson, W., Logie, R. H., & Brockmole, J. R. (2010). Working memory tasks differ in 

factor structure across age cohorts: Implications for dedifferentiation. Intelligence, 

38(5), 513–528. https://doi.org/10.1016/j.intell.2010.06.005 

Kormi Nouri, R. (1995). The Nature of Memory for Action Events: An Episodic Integration 

View. European Journal of Cognitive Psychology, 7(4), 337–363. 

https://doi.org/10.1080/09541449508403103 



WORKING MEMORY ENACTMENT EFFECT IN OLDER ADULTS 

 21 

Lee, M. D., & Wagenmakers, E.-J. (2014). Bayesian Cognitive Modeling: A Practical 

Course. Cambridge University Press. 

Logie, R. H. (2011). The Functional Organization and Capacity Limits of Working Memory. 

Current Directions in Psychological Science, 20(4), 240–245. 

https://doi.org/10.1177/0963721411415340 

Logie, R. H., Della Sala, S., MacPherson, S. E., & Cooper, J. (2007). Dual task demands on 

encoding and retrieval processes: Evidence from healthy adult ageing. Cortex, 43(1), 

159–169. https://doi.org/10.1016/S0010-9452(08)70453-2 

Maylor, E. A., Vousden, J. I., & Brown, G. D. A. (1999). Adult age differences in short-term 

memory for serial order: Data and a model. Psychology and Aging, 14(4), 572–594. 

https://doi.org/10.1037/0882-7974.14.4.572 

Mulder, J., & Wagenmakers, E. J. (2016). Editors’ introduction to the special issue “Bayes 

factors for testing hypotheses in psychological research: Practical relevance and new 

developments.” Journal of Mathematical Psychology, 72, 1–5. 

https://doi.org/10.1016/j.jmp.2016.01.002 

Old, S. R., & Naveh-Benjamin, M. (2008). Differential Effects of Age on Item and 

Associative Measures of Memory: A Meta-Analysis. Psychology and Aging, 23(1), 104–

118. https://doi.org/10.1037/0882-7974.23.1.104 

Park, D. C., Lautenschlager, G., Hedden, T., Davidson, N. S., Smith, A. D., & Smith, P. K. 

(2002). Models of visuospatial and verbal memory across the adult life span. In 

Psychology and Aging (Vol. 17, Issue 2, pp. 299–320). American Psychological 

Association. https://doi.org/10.1037/0882-7974.17.2.299 

Park, D. C., & Reuter-Lorenz, P. (2009). The Adaptive Brain: Aging and Neurocognitive 

Scaffolding. Annual Review of Psychology, 60(1), 173–196. 



WORKING MEMORY ENACTMENT EFFECT IN OLDER ADULTS 

 22 

https://doi.org/10.1146/annurev.psych.59.103006.093656 

Rhodes, S., Jaroslawska, A. J., Doherty, J. M., Belletier, C., Naveh-Benjamin, M., Cowan, 

N., Camos, V., Barrouillet, P., & Logie, R. H. (2019). Storage and processing in 

working memory: Assessing dual-task performance and task prioritization across the 

adult lifespan. Journal of Experimental Psychology: General, 148(7), 1204–1227. 

https://doi.org/10.1037/xge0000539 

Schult, J., von Stülpnagel, R., & Steffens, M. C. (2014). Enactment versus Observation: Item-

Specific and Relational Processing in Goal-Directed Action Sequences (and Lists of 

Single Actions). PLoS ONE, 9(6), e99985. https://doi.org/10.1371/journal.pone.0099985 

Seidler, R. D., Alberts, J. L., & Stelmach, G. E. (2002). Changes in multi-joint performance 

with age. Motor Control, 6(1), 19–31. https://doi.org/10.1123/mcj.6.1.19 

Seidler, R. D., Bernard, J. A., Burutolu, T. B., Fling, B. W., Gordon, M. T., Gwin, J. T., 

Kwak, Y., & Lipps, D. B. (2010). Motor control and aging: Links to age-related brain 

structural, functional, and biochemical effects. In Neuroscience and Biobehavioral 

Reviews (Vol. 34, Issue 5, pp. 721–733). Pergamon. 

https://doi.org/10.1016/j.neubiorev.2009.10.005 

Shkuratova, N., Morris, M. E., & Huxham, F. (2004). Effects of age on balance control 

during walking. Archives of Physical Medicine and Rehabilitation, 85(4), 582–588. 

https://doi.org/10.1016/j.apmr.2003.06.021 

Steffens, M. C. (2007). Memory for goal-directed sequences of actions: Is doing better than 

seeing? In Psychonomic Bulletin and Review (Vol. 14, Issue 6, pp. 1194–1198). 

Psychonomic Society Inc. https://doi.org/10.3758/BF03193112 

Steffens, M. C., von Stülpnagel, R., & Schult, J. C. (2015). Memory Recall After “Learning 

by Doing” and “Learning by Viewing”: Boundary Conditions of an Enactment Benefit. 



WORKING MEMORY ENACTMENT EFFECT IN OLDER ADULTS 

 23 

Frontiers in Psychology, 6(DEC), 1907. https://doi.org/10.3389/fpsyg.2015.01907 

Tombaugh, T. N., & McIntyre, N. J. (1992). The Mini‐Mental State Examination: A 

Comprehensive Review. Journal of the American Geriatrics Society, 40(9), 922–935. 

https://doi.org/10.1111/j.1532-5415.1992.tb01992.x 

van Doorn, J., van den Bergh, D., Bohm, U., Dablander, F., Derks, K., Draws, T., Evans, N. 

J., Gronau, Q. F., Hinne, M., Kucharský, Š., Ly, A., Marsman, M., Matzke, D., Raj, A., 

Sarafoglou, A., Stefan, A., Voelkel, J. G., & Wagenmakers, E.-J. (2019). The JASP 

Guidelines for Conducting and Reporting a Bayesian Analysis. PsyArxiv Preprint, 

February, 0–31. https://doi.org/10.31234/osf.io/yqxfr 

Waterman, A. H., Atkinson, A. L., Aslam, S. S., Holmes, J., Jaroslawska, A., & Allen, R. J. 

(2017). Do actions speak louder than words? Examining children’s ability to follow 

instructions. Memory and Cognition, 45(6), 877–890. https://doi.org/10.3758/s13421-

017-0702-7 

Yang, T. X., Allen, R. J., Holmes, J., & Chan, R. C. K. (2017). Impaired Memory for 

Instructions in Children with Attention-Deficit Hyperactivity Disorder Is Improved by 

Action at Presentation and Recall. Frontiers in Psychology, 8(JAN), 39. 

https://doi.org/10.3389/fpsyg.2017.00039 

Yang, T. X., Allen, R. J., Yu, Q. J., & Chan, R. C. K. (2015). The influence of input and 

output modality on following instructions in working memory. Scientific Reports, 5(1), 

17657. https://doi.org/10.1038/srep17657 

 

 

  



WORKING MEMORY ENACTMENT EFFECT IN OLDER ADULTS 

 24 

Figure Captions 

Figure 1. Schematic diagram of an instruction sequence of length three, under all three 

encoding conditions: spoken-only (a) spoken + demonstration (b) and spoken + self-

enactment (c).   

 

Figure 2. Mean number of correct action-object pairs recalled in the correct position in the 

sequence (serial recall), across all encoding conditions (spoken only, spoken + 

demonstration, spoken + self-enactment) for young and older adults at both levels of 

difficulty (simple and complex). Error bars represent standard error of the mean. 

 

 

 


