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            Research Article Allocation of Attentional Resources toward a Secondary Cognitive Task Leads to Compromised Ankle Proprioceptive Performance in Healthy Young Adults Kazuhiro Yasuda, 1 Yuki Sato, 1 Naoyuki Iimura, 2 and Hiroyasu Iwata 2 1 Global Robot Academia Laboratory, Green Computing Systems Research Organization, Waseda University, 27 Waseda-cho, Shinjuku-ku, Tokyo 162-0042, Japan 2 Graduate School of Creative Science and Engineering, Waseda University, 3-4-1 Okubo, Shinjuku-ku, Tokyo 169-8555, Japan Correspondence should be addressed to Hiroyasu Iwata; [email protected] Received 22 October 2013; Accepted 14 December 2013; Published 2 January 2014 Academic Editor: K. S. Sunnerhagen Copyright © 2014 Kazuhiro Yasuda et al. is is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. e objective of the present study was to determine whether increased attentional demands inﬂuence the assessment of ankle joint proprioceptive ability in young adults. We used a dual-task condition, in which participants performed an ankle ipsilateral position- matching task with and without a secondary serial auditory subtraction task during target angle encoding. Two experiments were performed with two diﬀerent cohorts: one in which the auditory subtraction task was easy (experiment 1a) and one in which it was diﬃcult (experiment 1b). e results showed that, compared with the single-task condition, participants had higher absolute error under dual-task conditions in experiment 1b. e reduction in position-matching accuracy with an attentionally demanding cognitive task suggests that allocation of attentional resources toward a diﬃcult second task can lead to compromised ankle proprioceptive performance. erefore, these ﬁndings indicate that the diﬃculty level of the cognitive task might be the possible critical factor that decreased accuracy of position-matching task. We conclude that increased attentional demand with diﬃcult cognitive task does inﬂuence the assessment of ankle joint proprioceptive ability in young adults when measured using an ankle ipsilateral position-matching task. 1. Introduction Ankle proprioception is critical to maintaining balance dur- ing functional activities such as standing and walking [1, 2]. Although there is general consensus on the role of visual, vestibular, and proprioceptive senses in the maintenance of upright posture [3, 4], studies have indicated that the somatosensory system is an important contributor to the feedback for postural control [5]. Previous studies have also suggested that decreased in proprioception in the lower limbs contributes signiﬁcantly to instability and falls [5, 6]. In rehabilitation, proprioception should be evaluated because of its signiﬁcance in motor control. Although several methods are available, the joint position-matching task is one of the most reliable tools for the assessment of propri- oceptive acuity in the clinic and the laboratory [7–10]. In this test, a participant is asked to reposition a reference joint angle without observing the positioning and repositioning of the joint. Speciﬁcally, in ipsilateral position-matching tasks, where the same limb is used for reference and position matching, it is necessary to use memory in order to remember the target position [7]. Hence it is likely that some portion of any position-matching error reﬂects cognitive capacity. A recent study by Goble et al. [11] reported that older adults with low working memory were prone to compro- mised proprioceptive encoding during an ipsilateral elbow position-matching task when a secondary cognitive task was executed concurrently. In the study, older adults with high working memory ability and those with low working memory ability, along with healthy younger adults, performed an ipsilateral elbow position-matching task with and without a secondary task (i.e., counting by 3 s) during target position Hindawi Publishing Corporation Rehabilitation Research and Practice Volume 2014, Article ID 170304, 7 pages http://dx.doi.org/10.1155/2014/170304 
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 The objective of the present study was to determine whether increased attentional demands influence the assessment of ankle jointproprioceptive ability in young adults.We used a dual-task condition, in which participants performed an ankle ipsilateral position-matching task with and without a secondary serial auditory subtraction task during target angle encoding. Two experiments wereperformed with two different cohorts: one in which the auditory subtraction task was easy (experiment 1a) and one in which itwas difficult (experiment 1b). The results showed that, compared with the single-task condition, participants had higher absoluteerror under dual-task conditions in experiment 1b. The reduction in position-matching accuracy with an attentionally demandingcognitive task suggests that allocation of attentional resources toward a difficult second task can lead to compromised ankleproprioceptive performance. Therefore, these findings indicate that the difficulty level of the cognitive task might be the possiblecritical factor that decreased accuracy of position-matching task. We conclude that increased attentional demand with difficultcognitive task does influence the assessment of ankle joint proprioceptive ability in young adults when measured using an ankleipsilateral position-matching task.
 1. Introduction
 Ankle proprioception is critical to maintaining balance dur-ing functional activities such as standing and walking [1, 2].Although there is general consensus on the role of visual,vestibular, and proprioceptive senses in the maintenanceof upright posture [3, 4], studies have indicated that thesomatosensory system is an important contributor to thefeedback for postural control [5]. Previous studies have alsosuggested that decreased in proprioception in the lower limbscontributes significantly to instability and falls [5, 6].
 In rehabilitation, proprioception should be evaluatedbecause of its significance in motor control. Although severalmethods are available, the joint position-matching task isone of the most reliable tools for the assessment of propri-oceptive acuity in the clinic and the laboratory [7–10]. In
 this test, a participant is asked to reposition a reference jointangle without observing the positioning and repositioning ofthe joint. Specifically, in ipsilateral position-matching tasks,where the same limb is used for reference and positionmatching, it is necessary to usememory in order to rememberthe target position [7]. Hence it is likely that some portion ofany position-matching error reflects cognitive capacity.
 A recent study by Goble et al. [11] reported that olderadults with low working memory were prone to compro-mised proprioceptive encoding during an ipsilateral elbowposition-matching task when a secondary cognitive task wasexecuted concurrently. In the study, older adults with highworkingmemory ability and thosewith lowworkingmemoryability, along with healthy younger adults, performed anipsilateral elbow position-matching task with and without asecondary task (i.e., counting by 3 s) during target position
 Hindawi Publishing CorporationRehabilitation Research and PracticeVolume 2014, Article ID 170304, 7 pageshttp://dx.doi.org/10.1155/2014/170304
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 encoding. The older adults with low working memory abilitymade significantly more elbow-repositioning errors whena secondary task was performed during target encoding,compared with both younger and older adults who hadhigh working memory ability. The interesting conclusion oftheir report was that the allocation of attentional resourcestoward a task led to compromised sensorimotor performancebecause of a limitation in the resources available for concur-rently coping with both tasks [11].
 The current study was designed to extend previousfindings and to determinewhether attentional load influencesankle joint proprioceptive ability in young adults whenan ipsilateral position-matching condition is adopted. Weselected the ankle joints as the target joints because ofthe importance of ankle joints for locomotor and posturalcontrol. Previous work has shown differences during dual-task performance that included proprioception-dependenttasks, such as standing and walking [12]. In the present study,participants were instructed to perform two concurrent tasks.The primary task was an ipsilateral ankle joint position-matching task, and it was performed with or without asecondary cognitive task—a computerized auditory serialsubtraction task [13]. In order to clarify the influence of thedifficulty of the secondary task, we performed two experi-ments: one with an easy secondary task (experiment 1a) andthe other with a difficult secondary task (experiment 1b). Wehypothesized that increasing the difficulty of the cognitivetask would result in decreased accuracy in the ankle position-matching task.
 We also examined whether accurate position matchingwas enhanced when a position was encoded by active move-ment rather than passive movement. Several studies havedemonstrated that participants make smaller errors whena target position is established through their own activemovement than when the same target position is determinedpassively by the experimenter [14, 15]. The effect is thoughtto be the consequence of two movement-related features: anefferent copy of the motor command [16, 17] and the afferentproprioceptive information within the gamma motor system[18]. On the basis of these studies, we hypothesized that theability to reproduce ankle position accurately is enhancedwhen position is encoded by active movement, comparedwith when it is encoded by passive movement.
 2. Materials and Methods
 2.1. Participants
 2.1.1. Experiment 1𝑎 (Easy Cognitive Task). Sixteen youngadults participated in this study. The study cohort included 8males and 8 females, aged 25.4 ± 5.6 years, with an averagebody weight of 54.29 ± 5.28 kg and an average height of162±7.32 cm.The inclusion criteria were that the participantshad no neurological, muscular, or hearing disorders thatcould influence voluntary movement and auditory sense.Participants provided written informed consent prior to par-ticipation. Waseda University’s ethics committee for human
 research approved the procedures employed in the study.Thetenets of the Declaration of Helsinki were followed.
 2.1.2. Experiment 1𝑏 (Difficult Cognitive Task). A separatecohort of 16 young adults participated in experiment 1b.Thiscohort consisted of 8 males and 8 females, aged 26.2 ± 3.6years, with an average body weight of 56.34 ± 6.34 kg and anaverage height of 161 ± 8.11 cm. The inclusion criteria wereidentical to those used in experiment 1a. Each participantgave written informed consent prior to participation.
 2.2. Apparatus. We used a custom-made rotating paddle thatincluded a rotary angle encoder (E6A2-CW3C, OMRON,Japan) to measure the joint angle and a motor (USR60-E3N,Shinsei Corporation, Japan) to move the rotating paddle. Acustom-made hand switch was used to determine the targetjoint angle. Custom software (Visual Studio 2010, Microsoft,USA) was used to control the rotating paddle and performreal-time sampling of the joint angle. This software was alsoused to manipulate a computerized version of the auditorycognitive task. Headphones (HP-RX700, Victor, Japan) wereused for listening during the cognitive task.
 2.3. Tasks and Procedure
 2.3.1. Ipsilateral Ankle Position-Matching Task. Blindfoldedparticipants were seated with their dominant foot (right forall participants) secured with straps onto rotating paddles(Figure 1). In the target-encoding phase, the participantsplantarflexed the ankle joint to 20∘ or 25∘ from the 0∘ (neutral)position using either active movement or operation of therotating paddle (passive movement).This target position wasmaintained for 12 s, allowing the participants to encode itinto their memories. After the target-encoding phase, theankle was returned to the start position, and then the paddleautomatically moved the ankle toward the target angle. Theparticipants were asked to press a hand switch when theyfelt that their ankle had reached the target angular position.Participants performed the position-matching task 9 times,and the target joint angle was randomly assigned.
 2.3.2. Cognitive Task (Computerized Version of the AuditorySerial Subtraction Task). The cognitive task was a computer-ized version of the auditory serial subtraction task (ASST), inwhich participants were instructed to continuously subtract aselected number from a randomly selected two-digit number[13, 19]. Participants performed the subtraction task duringthe 12 s position-encoding phase. The initial number andthe pitch of ASST were produced through the headphones,while participants had to provide an answer for ASSTverbally. ASST was selected because (a) processing of thetask was based on mental arithmetic and (b) it allowed theinvestigation of different levels of cognitive difficulty andmanipulation of the pitch with a programming algorithm.
 In experiment 1a, the participants were asked to con-tinuously subtract 3 from the randomly selected two-digitnumber for 3 s during the 12 s position-encoding phase(i.e., 4 subtraction tasks during 12 s). In experiment 1b, the
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 (Secondary task)Computerized auditorySerial subtraction task
 (Main task)Ipsilateral ankle jointPosition-matching task
 Figure 1: Experimental setup.
 participants were instructed to continuously subtract 7 froma randomly selected two-digit number for 1 s during the 12 sposition-encoding phase (i.e., 12 subtraction tasks during12 s).
 2.3.3. Procedure. The entire procedure (Figure 2) was car-ried out in an experiment room. At the beginning of theexperiment, the participants practiced an ipsilateral position-matching task, in which they tried as accurately as possible todetect a predefined target angle. Twominutes after the end ofthe initial practice session, the participants moved on to theexperimental session. Participants were subjected to 2 (singletask, dual task) × 2 (active, passive) experimental conditionsfor the ankle position-matching task. The conditions weredefined as follows: (a) AS, active× single task; (b)AD, active×dual task; (c) PS, passive × single task; (d) PD, passive ×dual task.The order of these conditions was counterbalancedamong the participants.
 2.4. Outcome Measurements
 2.4.1. Position-Matching Errors. Three common error scoreswere used to measure movement accuracy [18]: AE, absoluteerror; CE, constant error; VE, variable error. AE is themeasurement of the magnitude of the error regardless of thedirection. CE is the measurement of response bias in relationto a target. VE measures the consistency of the movement.
 Preceding practicePractice for position matching task with active and passive movement
 Position-encoding phase
 (a) (b) (c) (d)
 Active Active Passive Passivesingle task single taskdual task dual task
 Reproducing phase (testing)
 2(single task · dual task) × 2(active · passive)Analyzed (two-way ANOVA)
 Figure 2: Experimental procedure flow diagram.
 Eachmean AE of joint reproduction was calculated usingthe following formula:
 AE = ∑ |𝑋 − 𝐶|𝐾. (1)
 In this formula, AE represents the sum of the error for eachtrial divided by the number of trials in the block.The variable𝑋 represents the raw score, 𝐶 represents the criterion scoredesired, and 𝐾 represents the number of trials. The sign ofthe value of𝑋 is to be ignored when calculating AE.
 CE was calculated using the following formula:
 CE = ∑ (𝑋 − 𝐶)𝐾. (2)
 This formula is similar to AE except that the relative signof each score is considered. VE was calculated using thefollowing formula:
 VE = √∑ (𝑋 − 𝐶)2
 𝐾− (CE)2. (3)
 In this formula, VE is calculated by taking the square rootof the sum of the squared difference between each individualerror score and the CE score for that block divided by thenumber of trials in the block.
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 Table 1: Average joint position-matching errors in experiment 1a(mean ± standard deviation).
 Active/single Active/dual Passive/single Passive/dualAE 1.73 ± 0.52 1.44 ± 0.46 1.54 ± 0.72 1.63 ± 0.61
 CE 0.67 ± 1.16 −0.14 ± 1.09 −0.81 ± 1.06 −0.87 ± 1.12VE 1.68 ± 0.75 1.49 ± 0.48 1.45 ± 0.47 1.38 ± 0.53
 AE: absolute error (degrees); CE: constant error (degrees); VE: variable error(degrees).
 2.4.2. Percentage of Correct Answers to the Cognitive Task.Each time a participant gave an answer during the subtractiontask, it was determined to be correct or incorrect. These datawere used to calculate the percentage of correct answers.
 2.5. Statistical Analysis. For AE, CE, and VE, a separatestatistical analysis was performed. A two-way (attention,movement patterns) analysis of variance (ANOVA) withrepeated measures on both factors was performed on eachdependent variable. A 𝑃 value of <0.05 was considered statis-tically significant. A post hoc comparison using Bonferroni’smultiple comparison was performed to determine whichcomparisons were different.
 3. Results
 3.1. Experiment 1𝑎
 3.1.1. Position-Matching Errors. The means and standarddeviations in the position-matching errors AE, CE, andVE are shown in Table 1. For CE, a two-way ANOVAshowed that the main effect, the movement pattern, wassignificant (𝐹(1, 60) = 16.14, 𝑃 < 0.01) (Table 2, Figure 3),which indicated that participants made smaller errors whenmatching a reference position that was established throughpassive movement rather than active movement. No othermain effects or interactions were significant for any of themeasurements.
 3.1.2. Percentage of Correct Answers to the Cognitive Task. Theaverage percentage of correct answers to the cognitive task inthe AD condition was 98.4% ± 3.35% and was 97.9% ± 4.68%in the PD condition.
 3.2. Experiment 1𝑏 (Difficult Cognitive Task)
 3.2.1. Position-Matching Errors. The means and standarddeviations of each position-matching error are shown inTable 3. For AE, a 2-way ANOVA showed that the maineffect, attention, was significant [𝐹(1, 60) = 6.80, 𝑃 <0.05] (Table 4, Figure 4), which indicated that participantsmade significantly greater errors in the dual-task conditionsthan in the single-task conditions. No other main effects orinteractions were significant for any of the measurements.
 3.2.2. Percentage of Correct Answers to theCognitive Task. Theaverage percentage of correct answers to the cognitive task in
 Table 2: Two-way ANOVA results of the joint position-matchingerror parameters in experiment 1a. 𝑃 values derived from ANOVAfor themain effects of attention andmovement. Interaction betweenattention and movement.
 Joint position-matching errors (𝑛 = 16)𝐹 𝑃
 AEAttention (A) 0.43 0.51Movement (B) 0.00 0.97A × B 1.73 0.19
 CEAttention (A) 2.53 0.11Movement (B) 16.14 0.00∗∗
 A × B 1.80 0.18VE
 Attention (A) 0.82 0.37Movement (B) 1.38 0.24A × B 0.19 0.65AE: absolute error; CE: constant error; VE: variable error. ∗∗𝑃 < 0.01.
 the AD condition was 56.1% ± 18.19%; in the PD condition,it was 57.9% ± 18.76%.
 4. Discussion
 In this study, young adults performed an ipsilateral ankleposition-matching task in single- and dual-task conditions.The goal of these experiments was to extend previous findingsand to determine whether attentional load influences anklejoint proprioceptive ability in young adults when an ipsi-lateral position-matching paradigm is adopted. The resultsshowed that participants made significantly more ankleposition-matching errors under difficult dual-task conditionsthan under single-task conditions. These findings supportprevious findings that allocation of attentional resourcestoward a secondary task can lead to compromised sensori-motor performance, because of a limitation in the availableresources for dealing with two tasks concurrently. Further-more, we found that the difficulty level of the cognitivetask might be the possible critical factor that decreasedthe accuracy of the position-matching task under dual-taskconditions.
 To our knowledge, this is the first study to demonstratethat increased attentional demands influence the acuity of theipsilateral ankle position-matching task in young adults.Thisresult suggests that allocation of limited attentional resourcesduring dual-task conditions interferes with the encoding ofankle position. The reduction in ipsilateral ankle position-matching accuracy seen under the difficult dual-task condi-tion suggests that encoding proprioceptive target informationshares a common neural substrate with the ability to allocatememory to encode and perform an arithmetic task. Previousresearch has shown that older adults with low workingmemory ability made significantly more elbow-repositioningerrors when secondary tasks were present during target
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 Figure 3: Mean ± SD constant errors for each condition inexperiment 1a. AS: active/single task, AD: active/dual task, PS:passive/single task, PD: passive/dual task.
 Table 3: Average joint position-matching errors in experiment 1b(mean ± standard deviation).
 Active/single Active/dual Passive/single Passive/dualAE 1.56 ± 0.59 1.88 ± 0.65 1.43 ± 0.46 1.90 ± 0.66
 CE −0.15 ± 0.78 −0.19 ± 1.53 −0.37 ± 0.86 −0.33 ± 1.39VE 1.72 ± 0.54 1.91 ± 0.61 1.44 ± 0.37 1.70 ± 0.43
 AE: absolute error (degrees); CE: constant error (degrees); VE: variable error(degrees).
 encoding than both younger and older adults with highworkingmemory ability [11]. In the present study, we selectedthe ankle joints as the target joints, and in order to clarify theeffects of the difficulty of the secondary task, we performedtwo experiments with two different cohorts: one in whichthe auditory subtraction task was easy (experiment 1a) andone in which it was difficult (experiment 1b). Our resultsallow for a streamlined interpretation of the finding that thedifficulty of the cognitive task influenced performance in theipsilateral ankle position-matching task, implying that thereis a role for attentional resource in the assessment of ankleproprioception with an ipsilateral position-matching task.
 In the present study, although position-matching accu-racy (i.e., AE) was not enhanced by active movement duringthe position-encoding phase of experiment 1a, the results inCE showed that the participants produced undershoot whenmatching a target position established through passive move-ment than when matching the same target position encodedactively. This result indicates that the participants tended tounderestimate the target position when it was encoded usingthe passive movement of a rotatory paddle. Some previousstudies have demonstrated that CE is not dependent on themode of target presentation [20, 21], whereas other studieshave demonstrated that passive target presentation resultsin overshooting [22, 23]. These inconsistent findings suggestthat the undershooting of passively generated target positionsis task dependent. Furthermore, as this tendency was not
 AS ADPS PD
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 r (de
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 0
 ∗
 Figure 4: Mean ± SD absolute errors for each condition inexperiment 1b AS: active/single task, PS: passive/single task, AD:active/dual task, PD: passive/dual task.
 Table 4: Two-way ANOVA results of the joint position-matchingerror parameters in experiment 1b. P values derived from ANOVAfor themain effects of attention andmovement. Interaction betweenattention and movement.
 Joint position-matching errors (𝑛 = 16)𝐹 𝑃
 AEAttention (A) 6.80 0.01 ∗
 Movement (B) 0.14 0.71A × B 0.27 0.60
 CEAttention (A) 0.00 1.00Movement (B) 0.38 0.53A × B 0.02 0.89
 VEAttention (A) 3.27 0.07Movement (B) 3.99 0.05A × B 0.10 0.75AE: absolute error; CE: constant error; VE: variable error. ∗𝑃 < 0.05.
 replicated in experiment 1b, further studies are necessary toclarify the exact nature of this effect.
 Given thatmost proprioceptive assessments conducted inclinical environments use position-matching tasks adminis-tered by therapists, clinicians should note that some portionof the position-matching error reflects cognitive or memorycapacity, rather than proprioception itself, when ipsilateralposition matching is used in individuals who are prone tohavingmemory issues, such as older people or stroke patients.Furthermore, a previous study has reported differencesin dual-task performance that included proprioception-dependent tasks, such as standing and walking [12]. Forinstance, Harley et al. reported that increased attentionaldemands during an obstacle-crossing task led to a decreasein obstacle clearance or increased variability in older adults[24]. They predict that, as attention demands increased
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 further, older individuals would show greater reductionsin obstacle-crossing performance. When clinical trainingcontains thememory of amovement (i.e., ascending the stairsor stepping over obstacles), cognitive aspects should be takeninto account during the assessment of training performance.
 There is amethodological issue that limits the conclusionsto be drawn from this study. Because the experiments wereconducted with relatively young participants, other cohortswhere these results could potentially be more relevant (i.e.,stroke patients or elderly people) should be included in futurestudies to exclude the potential for bias occurring in thisgroup of participants. Another limitation of the study is thatdifferent cohorts were chosen for the easy (1a) and difficult(1b) tasks in the present study. The reason for the choice oftwo different cohorts was to avoid a learning effect (i.e., byallowing the participants to become familiar with the dualtask procedure). In our pilot study, it became apparent thatif someone experiences a difficult cognitive task, they wouldbe able to perform an easier cognitive task without requiringa cognitive load. Thus, we conducted this research with twodifferent cohorts. However, there might be a risk that thedifference found was a group effect, rather than an effect ofthe cognitive task complexity. This is an important issue thatwarrants additional research (e.g., comparing randomisedeasy and difficult tasks within the same cohort). In futurework, it would also be of interest to address this possibilityusing a more extensive battery of cognitive tests and tocompare the results to standardized norms. Our resultsraise the question whether other cognitive factors mightalso influence performance on tests of ankle proprioceptiveperformance.
 5. Conclusion
 The present study showed that performing a secondarycognitive task resulted in decreased ipsilateral ankle position-matching performance relative to single-task conditions inyoung healthy participants. This tendency was observed onlyfor the cohort that performed a difficult cognitive task.Therefore, the difficulty level of the cognitive task might bethe possible critical factor that decreased accuracy in theposition-matching task under dual-task conditions. Theseresults indicate that allocation of attentional resources towarda difficult cognitive task can lead to compromised sensorimo-tor performance, because of a limitation in resources availablefor concurrently coping with both tasks. Further studies thatinclude a larger sample and greater diversity of individuals arenecessary to validate our conclusions andfindings in a clinicalsetting.
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