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Extended Abstract

Background and Purpose

One of the key mechanisms involved in maintaining postural stability is anticipatory postural
adjustment (APA), a feedforward control process that prepares the body for expected perturbations
before movement execution. Research has shown that older adults often exhibit delayed and
diminished APAs, resulting in reduced postural stability and a greater dependence on compensatory
responses after perturbations occur. Recent evidence suggests that medicine-ball throwing and
catching exercises can improve anticipatory postural control by exposing individuals to predictable
internal and external perturbations. However, the influence of practice organization on the
effectiveness of such training remains unclear. Contextual interference theory proposes that randomly
organized practice may produce stronger learning effects than repetitive blocked practice. Therefore,
the purpose of this study was to investigate the effect of contextual interference training using on
anticipatory postural adjustments during gait initiation in older adults.

Methods

This study employed a quasi-experimental pretest—posttest design. Thirty healthy older adults
between 60 and 75 years of age were recruited through convenience sampling and randomly assigned
to either a random-practice group or a blocked-practice group (n = 15 per group). All participants
were physically healthy according to self-report measures and possessed normal or corrected-to-
normal vision.

To assess anticipatory postural adjustments, participants performed a gait-initiation task on two
Kistler force plates. During the pretest, participants stood barefoot on the force plates and initiated
walking voluntarily after maintaining a stationary standing position. Three trials were completed, and
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the onset of gait was identified using a foot switch placed beneath the dominant foot. Ground reaction
force data were sampled at 1000 Hz and used to calculate center-of-mass displacement during gait
initiation.

Following the pretest, participants completed a medicine-ball throwing task involving three different
ball weights (1 kg, 2 kg, and 3 kg). Training consisted of three blocks of 36 trials with two-minute
rest intervals between blocks. In the random-practice condition, participants threw medicine balls in
a random order such that no weight was repeated on two consecutive trials and each ball weight was
used equally within each block. In the blocked-practice condition, participants performed all trials
with one ball weight before progressing to the next weight. Half of the participants practiced from
heavy to light balls, whereas the remainder followed the reverse order.

Thirty minutes after completion of the acquisition phase, participants performed a posttest identical
to the pretest. Two dependent variables were analyzed: APA timing and APA amplitude. APA timing
was defined as the interval between the onset of anticipatory center-of-mass displacement and foot
lift-off. APA amplitude was defined as the maximum mediolateral center-of-pressure displacement
toward the swing limb during the anticipatory phase. Data were analyzed using a 2 (group: random
vs. blocked) x 2 (test: pretest vs. posttest) mixed-design analysis of variance with repeated measures
on the second factor.

Results

The analysis of anticipatory postural adjustment (APA) timing revealed that the main effect of group
was not significant, F(1, 30) = 3.70, p = .06, n?, = .11, indicating that overall APA timing did not
differ significantly between the random- and blocked-practice groups when pretest and posttest scores
were combined. However, a significant main effect of test phase was observed, F(1, 30) = 8.06, p =
.008, n?%, = .21, showing an overall change in APA timing from pretest to posttest. More importantly,
the Group x Test interaction was significant, F(1, 30) = 7.10, p = .01, n?y = .19, indicating that the
magnitude of improvement differed between the two practice conditions.

Post hoc comparisons demonstrated that the groups did not differ significantly during the pretest (p
> .05), confirming baseline equivalence. In the posttest, however, the random-practice group showed
significantly earlier APAs than the blocked-practice group (p <.05). The mean APA timing values in
the posttest were 382.75 ms for the random-practice group and 417.48 ms for the blocked-practice
group. Furthermore, only the random-practice group demonstrated a significant within-group
improvement from pretest to posttest (p < .05), whereas the blocked-practice group did not show a
statistically significant change.

For APA amplitude, the ANOVA results showed that the main effect of group was not significant, F
(1,30)=1.45,p=.23,1n?% =.04, indicating no overall difference between groups across testing phases.
A significant main effect of test phase was found, F (1, 30) = 4.60, p = .04, n% = .13, suggesting an
overall increase in APA amplitude from pretest to posttest. Importantly, the Group x Test interaction
was also significant, F (1, 30) = 14.59, p =.001, n% = .32, indicating that changes in APA amplitude
differed substantially between the random- and blocked-practice groups.

Post hoc analyses showed no significant differences between groups in the pretest (p > .05), whereas
significant differences emerged in the posttest (p < .05). The random-practice group exhibited greater
APA amplitudes than the blocked-practice group, with posttest means of 20.32 mm and 16.77 mm,
respectively. Additionally, only the random-practice group demonstrated a significant pretest-to-
posttest increase in APA amplitude (p < .05).
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Together, these findings indicate that contextual interference generated through random practice
produced superior improvements in both the timing and amplitude of anticipatory postural
adjustments during gait initiation in older adults.

Conclusion

The findings of this study demonstrate that contextual interference can effectively improve
anticipatory postural adjustments during gait initiation in older adults. Specifically, random practice
involving unpredictable changes in ball weight resulted in earlier and larger anticipatory postural
adjustments compared with blocked practice. These improvements suggest enhanced feedforward
control mechanisms and greater postural stability before movement execution. The results support
theoretical explanations derived from contextual interference theory, including elaboration and
reconstruction processes, which propose that random practice strengthens memory representations
and motor planning. The findings are also consistent with dynamic systems and differential learning
perspectives, which emphasize the beneficial role of variability and movement-related noise in
facilitating adaptive motor behavior. Given the simplicity, low cost, and practical applicability of
medicine-ball exercises, random-practice protocols may represent an effective intervention for
improving balance control, reducing fall risk, and maintaining functional mobility among older
adults.

Key Words: Contextual interference, medicine ball, anticipatory postural adjustments, elderly.

Article message

This study demonstrated that a single session of medicine-ball training organized with high contextual
interference (random practice) can significantly enhance anticipatory postural adjustments during gait
initiation in older adults. Compared with blocked practice, random practice produced earlier and
larger anticipatory postural responses, indicating more effective feedforward balance control. These
findings suggest that introducing variability and unpredictability into balance-training programs may
improve postural stability and reduce fall risk in the elderly. Given its simplicity, low cost, and ease
of implementation, random medicine-ball training can be considered a practical strategy for
promoting functional mobility and independence among older adults.
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Figure 1. plot related to the time of anticipatory postural adjustments (ms) in pre and post-tests.
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Table 1. results of ANOVA for the time of anticipatory postural adjustments

©ly9dexo
an P F

Mean of

Squares
AN 4 YV Afa%/aA
- IYY SRR INRY4 fYF-f

sol3l ol o

Degrees of
Freedom

Slygdxe & gozxo

Sum of
Squares

0FA£/A

V5[ ¥

source

09,5
Group
YD

Test Phase

Y O)Lo.ab AA 0399 A I )LQ‘] A‘;JP )L’é)



oy Sod g pudl gogs \S¥

39 09,5 Jola

o3l Jolp
NAKS ol AR £120/YY \ £120/YY _
Interaction

of Group
Test Phase

o v (o8 M aold a9 bgs po o LS

A3 oo L sl 5 gl e 50 oo S sl 1y mien (sl ODhass asals polie YIS

25
23
21
19 -

17 - - 4
15

13
11

05l Ui s o

e Gln  c— i

c0903T g 9 0903l S STy 59 Wog s (gl rarion (R0l s (in slse) adald 0o ¥ JSCi
Figure 2. the amplitude of anticipatory postural adjustments (mm) for groups in pre and post-tests.

‘U?‘A)—‘ J}‘).n o oa; J.cl.r..» 9 cn2P=’/\\~ cP:’/’f GF(\BV’):V/?’ ‘Uj"o)] J}‘J.A LSL'A‘ ).s‘ Lo! 09...: )‘QGM
KWW ‘).‘>‘ G..».Q.:u U?“’)] ‘09"’)] J}‘).A o °9)§ GLOL'J )." ‘_g‘)) 099 )‘ou;um sﬂZP:’/Y‘Y sP=’/’ - 5F(\3Y" ):\V'/()‘\
Sl s O3l 50 glas pl Ll P>/ 0 co s Sl giae Qyﬂ‘_,i;ﬁ 50 leg )5 oglas ols oyl o s as
Sg1 Bl —ai 09,5 (gl pm i (sl Oy iy aiels sases i b, Siles 4 lie P<-/-0 @y
o 33Tt 5> sbolaas 09,8 Laib 4 sls HLis gl (sl Cppizmad (Y + YV = slas N FIVY= JB o Siloo)

P<efot il ools las 0g3 5l 6 lo sime 8 iy (03 i 40

Y O)Lo.ab AA 0399 A I )LQ‘] A‘;JP )L’é)



ve it 95 31 o0l i) SIS 505

Table 2: Results of Repeated-Measures Analysis of Variance (ANOVA) for the Effects of Group,
Test Phases, and Their Interaction on the Dependent Variable
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