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Objective. Motor analogies may be a useful tool for helping older peo-
ple to learn or relearn complex sequences of movements, such as 
those involved in activities of daily living. Rather than provide explicit 
movement instructions, an analogy can be used to relate the to-be-
learned skill to a familiar concept. This study tested whether a motor 
analogy may be a useful tool for helping older people to learn an activity 
involving a complex sequence of movements. 
Methods. Twenty-four older adults learned to tie a bowline knot, either 
by traditional explicit instructions or by a ‘rabbit’ story analogy. Partic-
ipants were asked to tie the knot as rapidly and correctly as possible. 
After one year, a delayed recall test of the movement sequence was 
conducted. 
Results. Analysis revealed no significant differences between the 
groups with respect to reaction time (p = .66), movement time (p = .80), 
or movement fluency (p = .22). After one year, participants in the explicit 
group required significantly fewer cues to recall the knot compared to 
participants in the analogy group (p = .003). 
Conclusions. Story analogies are allegorical and may not be superior 
to explicit instructions when it comes to helping older adults to learn, 
and retain, complex sequences of movements.

Key words: activities of daily living, older people, analogy instruction, 
knot-tying, skill learning, movement sequence

INTRODUCTION 

Many activities of daily living, such as preparing a cup of tea or tying a 
lace, consist of complex sequences of movements that need to be re‑
membered, adapted and executed in the correct order. The information 
processing demands of such activities are high. For older adults, who 
often have difficulty processing information 1, learning or relearning com‑
plex sequences of movements is arguably the most frustrating (and often 
anxiety provoking) challenge to overcome in order to live independently.
Motor analogies may be a useful tool for helping older people to learn or 
relearn activities of daily living 2,3. Not only has it been argued that learn‑
ing by analogy can lead to more rapid understanding of a concept 4, but 
also that ‘what’ is learned is retained more effectively over time 5. Rather 
than explicitly describe how to execute movements, motor analogies com‑
pare the to‑be‑learned movement to a relevant concept with which the 
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individual is already familiar 4. For example, the move‑
ments necessary for putting a golf ball are captured by 
the pendulum of a grandfather clock 6. Physiotherapists 
provide on average one explicit instruction every 14 
seconds during gait rehabilitation for stroke patients, 
which can be very demanding for older adults to pro‑
cess and use  7. Motor analogies may provide a less 
demanding alternative to explicit instructions 8.
Evidence suggests that motor analogies are useful 
for teaching older adults gross movements, such as 
walking 2,9,10. However, no study to our knowledge has 
examined the efficacy of motor analogies when older 
adults learn more cognitively demanding combinations 
of movements, as is the case for many activities of 
daily living, nor has long‑term recall of such movements 
been investigated. Activities of daily living are generally 
performed in an uncontrolled environment full of distrac‑
tion, under psychological stress, or while multitasking. 
Some must be performed with minimal time for recall, 
processing and movement planning (e.g., landing safely 
during an unexpected fall). Ability to execute a move‑
ment quickly on demand is an additional challenge for 
this demographic who often exhibit limited capacity for 
processing information 11.
This pilot study aimed to assess whether movements 
can be learned by older people through analogy in‑
struction in a short amount of time, and whether these 
movements can be processed and executed quickly. 
Participants were instructed to learn a novel task (tying 
a bowline knot) by either analogy or explicit instructions. 
After practice, they attempted to tie the knot in a series 
of trials, as quickly as possible. To assess information 
processing requirements, we implemented a “count‑
ing” condition in which a backward counting task was 
performed while waiting for the ‘go’ signal. Backward 
counting occupies some working memory resources 
and therefore impedes pre‑movement motor process‑
ing, which slows down response time in tasks with high 
processing demands 12. We also attempted to examine 
whether motor analogies impact long‑term recall of a 
learned motor skill by asking participants to complete 
the knot‑tying task one year later. 
Motor planning speed is hypothesized to benefit from 
analogy instructions, based on previous research 
showing less verbal‑cognitive engagement during 
motor preparation 13, and fewer explicit rules being re‑
ported 14, which have both been associated with more 
implicit motor control  15. We hypothesised that older 
adults would learn the knot‑tying task more effectively 
with analogy instructions than explicit instructions (i.e., 
faster reaction and movement times in both counting 
and no‑counting conditions) and that recall of the se‑
quence of movements would be better. 

MATERIALS AND METHODS 

Transparency and openness

This study’s design and its analysis were not pre‑regis‑
tered. All deidentified data and research materials are 
available on an Open Science Framework repository: 
https://osf.io/up9vm/?view_only=540599b945a1406
392f0fa986b8fe3ec. Data were analysed using SPSS 
statistics, version 27.

parTicipanTs

The study protocol was approved by the institute’s hu‑
man research ethics committee. Convenience sampling 
yielded 24 older adults (4 males, age range: 65‑81 years, 
mean age = 73.4 years, SD = 5.1 years) who consented 
to take part in the study. No inferential goal was used in 
determining sample size. Participants were included in 
the study if they were 65 years of age or older, healthy, 
had full movement capability in their upper body, with 
no neurological disorders and normal cognitive function‑
ing. Participants were excluded from the study if they 
had significant sailing experience or had other pastimes 
that involved tying knots (e.g., climbing, boy scouts / girl 
guides, etc). Instruction groups were matched for age 
and gender (analogy group: 2 males, 10 females, mean 
age = 72.8 years, SD = 5.0 / explicit group: 2 males, 
10 females, mean age = 72.6 years, SD = 4.8). As no 
participant was able to complete any part of the knot 
before practicing, no pre‑practice test was conducted. 

procedure

Participants were asked to learn to tie a bowline knot, 
which requires a specific series of movements to be ex‑
ecuted in the correct order. Participants viewed a video 
demonstration of the knot being tied and then were allo‑
cated (ensuring matching of age and gender) to a group 
that received explicit instructions about how to tie the 
knot or to a group that received ‘rabbit’ analogy instruc‑
tions (shown in Figure 1). The information content of the 
sets of instructions (i.e., number of words/sentences) 
was matched. The video sequence and instructions 
were repeated as often as needed while participants 
practiced with a piece of rope until they were confident 
that they could perform the knot by themselves. Before 
initiating the test trials, each participant was required to 
complete the knot correctly on three consecutive occa‑
sions without help. During the test trials, participants in 
each group were asked to perform the knot‑tying task 
as rapidly and correctly as possible during a no‑counting 
condition (3 repetitions) and a counting condition (3 rep‑
etitions). The order of conditions was counterbalanced. 
In both conditions, a laptop was used to present a vis‑
ual “go” signal at quasi‑random intervals (between 9‑15 
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seconds after the researcher started the trial). During the 
no‑counting condition, participants were required to start 
tying the knot as quickly as possible as soon as they 
saw the signal. In the counting condition, participants 
were prevented from processing motor commands prior 
to the “go” signal by counting backwards in 3’s (from a 
starting number given by the experimenter) until the “go” 
signal was presented, after which they attempted to tie 
the knot as quickly as possible. Counting stopped once 
the “go” signal appeared. Participants’ movements were 
filmed by a canon EF‑S Camera with high‑speed video 
function (50fps) set up diagonally behind them. 
We also conducted a one‑year delayed recall test of 
how well the participants remembered the movement 
sequence. Drop‑out due to changes in health or living 
situation (n = 2), loss of contact (n = 8) or voluntary 
withdrawal from the study (n = 2) resulted in n = 12 re‑
maining participants. These included 5 participants in 
the analogy group (2 males, mean age = 74.2 years, 
SD  =  4.3) and 7 participants in the explicit group (0 
males, mean age = 72.7 years, SD = 4.9). During the 
one‑year delayed recall test, participants were asked 
to try and perform the knot, or any part of it that they 
remembered, without help. If they did not succeed, 
they were provided with an instruction or cue (explicit 
instructions or rabbit analogy instructions) for the next 
step of the knot, and so on until they recalled how to tie 
the knot. The number of instructions the participant was 
given before they completed the knot was counted. 

MeasureMenTs

Using a frame‑by‑frame video player (Lightworks, Ed‑
itShare, EMEA 2019), we measured reaction time (i.e., 
time between ‘go’ signal and movement onset) and 
execution speed (i.e., time between movement onset 
and completion). The reaction time and movement time 
of the fastest trial were used for analysis, as we had 
reason to assume that slower trials were impacted by 
distractions not connected to the task itself (e.g., par‑
ticipant speaking, or missing the signal due to having 
their eyes closed). Movement fluency was assessed 
by two independent raters (between‑rater ICC = .737) 
on a scale ranging from not fluent at all (1) to extremely 
fluent (10). Ratings of both raters were averaged. Video 
footage from the delayed recall test was assessed by 
one researcher. The number of instructions given to each 
participant before they managed to complete the knot 
correctly was counted. As all participants were complete 
novices at the knot‑tying task, no assessments of pre‑
practice performance were possible, and the two groups 
were considered equal in terms of initial skill level. 

sTaTisTical analysis

To investigate reaction time, movement time and 

fluency, 2 (Group: Analogy, Explicit) x 2 (Counting: 
With, Without) mixed measures ANOVAs with repeated 
measures on the second factor were conducted. Post‑
hoc comparisons were conducted using t‑tests. Due 
to limited sample size (n  =  12) in the delayed recall 
test, a Mann‑Whitney‑U test was used to compare the 
number of rules that participants were given before they 
were able to perform the full bowline knot. Statistical 
significance was set at p < .05.

RESULTS 

learning phase (24 parTicipanTs)

Reaction time
A main effect was evident for Counting, F(1,22) = 
60.26, p <  .001, partial η2 = .73, observed power = 

Figure 1. Description of the bowline knot by the rabbit analogy 
(Source: https://hikersforlife.com/blog/bowline).

Figure 2. Reaction and movement times as a function of in-
struction groups and conditions.

https://hikersforlife.com/blog/bowline
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1.00). Reaction times were higher in the Counting con‑
dition (M = 0.57 sec, SD = 0.14 sec.) compared to the 
No‑counting condition (M = 0.37 sec, SD = 0.13 sec.) 
(see Figure 2). A main effect was not evident for Group, 
F(1,22) = 0.13, p = .72, partial η2 = .006, observed 
power = .06, and there was no Group by Counting 
interaction, F(1,22) = 1.01, p = .33, partial η2 = .04, 
observed power = 0.16. 

Movement time
A main effect was not evident for Counting, F(1,22) = 
2.47, p = .13, partial η2 = .10, observed power = .32, 
or Group, F(1,22) = 0.03, p = .86, partial η2 = .00, ob‑
served power = .05. A significant interaction between 
Group and Counting was not found, F(1,22) < 0.001, 
p = .995, partial η2 = < 0.001, observed power = 0.05 *.

Movement fluency
A main effect was not evident for Counting, F(1,22) = 
.68, p = .42, partial η2 = .03, observed power = .12, 
or Group, F(1,22) = 1.41, p = .25, partial η2 = .06, ob‑
served power = .21. A significant interaction between 
Group and Counting was not found, F(1,22) = .35, p = 
.56, partial η2 = .02, observed power = .09.

Delayed recall (12 participants)
In the delayed recall test, all participants who received 
analogy instructions required the maximum number of 
cues in order to remember how to tie the knot (M = 5, 
SD = .00), whereas participants who received explicit 
instructions required significantly fewer cues (M = 3.43, 
SD = 0.79, U < .001, z = ‑2.93, p = .003).

DISCUSSION

This study’s hypothesis was that older people who were 
taught to tie a bowline knot via a “rabbit” story anal‑
ogy would exhibit faster reaction time, movement time 
and movement fluency than older people who were 
taught by explicit instructions. The results revealed no 
significant differences between the analogy and explicit 
instruction groups for reaction time, movement time or 
movement fluency, and delayed recall was worse in the 
analogy group compared to the explicit group. This in‑
dicates that analogy instructions may not be superior to 
explicit instructions for promoting learning and execu‑
tion by older people learning a knot‑tying task. 
These findings are surprising, given the efficacy of anal‑
ogies for teaching concepts  16 and that motor analo‑
gies have been shown to be effective for teaching gross 

* The fact that there was a significant effect of Counting on reaction 
time, but not on movement time, supports the notion that preparatory 
motor planning was suppressed by the Counting condition.

movements to older adults (e.g., walking, table ten‑
nis 3,8). However, previous motor learning studies have 
typically utilised a “simple biomechanical metaphor” to 
capture the relevant movement concepts  4, whereas, 
this study is the first to utilise an analogy more akin to 
an Ovidian allegory (i.e., a story analogy). It is likely, in 
our view, that the ‘rabbit’ analogy failed to lower the 
information processing demands associated with per‑
forming the knot‑tying task. Not only did older adults 
have difficulty remembering the (story) analogy but also 
is it likely that the association between each component 
of the story and the movements that it represented was 
not strong, which might explain why long‑term recall 
was worse compared to explicit instructions. 
The fact that the analogy did not seem to positively 
affect motor learning and performance may also be 
due to difficulties in applying the analogy to a complex 
sequence of movements. Learning by analogy requires 
mapping the relational structure of one situation (e.g., 
a rabbit running around a tree) onto another situation 
(e.g., the rope being laid around a pole), which is cog‑
nitively challenging 17. It is possible that age may impact 
how well participants can perform the concept map‑
ping necessary to learn movements by analogy. There‑
fore, the rabbit analogy may have been too abstract for 
participants to learn effectively. 

CONCLUSIONS

When it comes to helping older adults to learn or re‑
learn, and retain, complex sequences of movements, 
it seems that ‘rabbiting on’ about it may only tie them 
in knots. 
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