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Reliability and validity of eye–hand coordination 
pointing tests for older adults
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Abstract 
To examine the reliability and validity of eye–hand coordination pointing with pencil test (EHCPPT), which evaluates the spatial and 
temporal displacement of rhythmic movements. One hundred and thirty-five older adults participated in our study. Reproducibility 
of the EHCPPT was assessed by the participants tapping on the center of the circles using a tablet pen in response to 2 types of 
stimulus sound sequences (Test A and B) across 2 separate trials, the first and second half. Construct validity was assessed by 
comparison in the distances between ultimate and current processing abilities, based on the spatial and temporal displacement 
relationship across Test A and Test B. Concurrent validity was assessed by examining the relationship between the distances 
between ultimate and current processing abilities and the motor and cognitive functions. Spatial and temporal displacements 
showed an excellent intraclass correlation coefficient in both Tests A and B of EHCPPT. The distance between ultimate and 
current processing ability, based on the relationship of spatial and temporal displacement, was significantly shorter in Test A 
compared to Test B. Spatial and temporal displacements were correlated with motor and cognitive functions. The spatial and 
temporal displacements of EHCPPT indicated reproducibility and validity in older adults. The EHCPPT may serve as a rhythmic 
movement reflecting motor and cognitive functions.

Abbreviations: EHCPPT = Eye–Hand Coordination Pointing with Pencil Test, ICC = intraclass correlation coefficient, TMT-A = 
Trial Making Test.

Keywords: cognitive functions, eye–hand coordination, motor function, older adults, rhythmic movement

1. Introduction
Rhythmic movements, such as brushing teeth, using a kitchen 
knife, or operating a keyboard, are crucial in daily life. These 
movements necessitate the ongoing processing of spatial and 
temporal information to correct motion errors in subsequent 
cycles.[1] The ability to process spatial and temporal information 
becomes apparent in the trade-off between accuracy and speed. 
This trade-off is a fundamental property of the kinematics asso-
ciated with neuromuscular networks.[2] Recently, this trade-off 
has been employed to assess and characterize the performance 
of various input systems in human-computer interaction.[3,4] 
Moreover, previous studies have observed that rhythmic move-
ments relying on spatial and temporal information necessitate 
not only motor but also cognitive function.[1] There is a cor-
relation between upper limb motor control, attention function, 
and short-term memory.[5] Prior research also indicates that 
tasks involving rhythmic movements require substantial motor 
and cognitive resources.[5] These findings suggest that rhythmic 
movements, predicated on spatial and temporal information, 

are related to both upper and lower extremity motor functions 
and cognitive functions.

In this context, various rhythmic movement tasks such as 
upper extremity coordination and finger tapping have been used 
to assess the cognitive and motor functions.[1,5–7] Specifically, the 
finger tapping task[6,7] may be widely used to quantify rhythmic 
movement function and may offer several advantages such as time 
efficiency, low cost, free weights, and ease of scoring. Additionally, 
the finger tapping task has been used for neurophysiological stud-
ies and for the clinical evaluation of patients with Parkinson’s[8] 
or cerebrovascular disease.[9,10] These tasks are highly sensitive to 
coordinated movements, and hence serve as an evaluation index 
for physical and cognitive functions. However, rhythmic move-
ment tasks like the finger tapping task are unable to assess the 
processing ability of spatial and temporal information related 
to the trade-off between accuracy and speed. Consequently, we 
developed a rhythmic movement test, which includes finger tap-
ping, and we have named it the Eye–Hand Coordination Pointing 
with Pencil Test (EHCPPT).[11] The EHCPPT can objectively 
evaluate the spatial and temporal displacement occurring during 
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rhythmic performance. In a preliminary study, we observed that 
the EHCPPT was capable of capturing the characteristics of ill-
nesses related to motor functions.[11]

Comprehensive assessment including motor and cognitive 
functions in daily life has been recommended by the geriatric 
society.[1] However, a comprehensive assessment for patients 
and older individuals requires specialized knowledge and eval-
uation time. If an EHCPPT could assess the rhythmic move-
ments based on accuracy and speed trade-off reflecting various 
motor and cognitive functions of older individuals and patients 
with various impairments, their motor and cognitive function 
could be comprehensively and objectively assessed, and train-
ing for motor and cognitive dysfunction could be more evi-
dence-based. According to evidence on rhythmic movement 
tasks,[1,5,6] we hypothesized that the EHCPPT would consis-
tently assess rhythmic movement function based on accuracy 
and speed trade-off of healthy adults and patients with various 
impairments. Therefore, the purpose of this study was to inves-
tigate reproducibility and validity of an EHCPPT to evaluate 
the spatial and temporal displacement of rhythmic movements.

2. Methods

2.1. EHCPPT

The participants were seated on a chair or wheelchair, with their 
torso away from the desk by approximately one fist, with their 
non-dominant hand on the desk (Fig. 1A) and the dominant hand 

on top of it (Fig. 1B). The test was presented using a pointing-task 
app (EHCPPT) on an Apple iPad (MP2F2J/A) screen. Using a spe-
cial pen in their dominant hand, the participants tapped on the cen-
ter of 6 concentric circles on the app screen in response to stimulus 
sounds (i.e., sounds used for rhythmic movement tests) produced 
at regular intervals for 2 EHCPPT (Fig. 1C). The test works in the 
following manner. In Test A, the participants tapped on the target 
immediately after every low-pitched beep (1 kHz; 60 beeps) pro-
duced at 1-second intervals. In Test B, 65 low-pitched (1 kHz) and 
35 high-pitched (2 kHz) beeps were played randomly, and the par-
ticipants were expected to tap only in response to the high-pitched 
beep. The app captured the XY coordinates (in pixels) on the iPad 
screen when the participants’ pen touched the screen. Subsequently, 
the app converted the coordinate into an XY coordinate (in cm), 
with the center of the concentric circles on the screen (the target 
center) as the origin, and stored the value along with the touch time.

For each participant, we averaged the spatial displacement 
(cm) between the touch point and the target center point, and 
the temporal displacement (sec) between the touch and target 
sounds for Test A and B, respectively. Additionally, to estimate 
the processing ability based on the trade-off between accuracy 
and speed, we measured the distance (r) for each participant 
between the ultimate processing ability (i.e., when both spatial 
and temporal displacements are zero) and the current processing 
ability, considering the relationship between spatial and tempo-
ral displacement (see Fig. 2). Thus, the distance (i.e., processing 
ability), based on the relationship of spatial and temporal dis-
placement, was estimated using the following equations:

Figure 1. The HCPPT. Participants are seated in a chair, with their non-dominant hand resting on the desk (A) and their dominant hand placed over it (B). 
Participants are instructed to tap the center of circles using a tablet pen in response to 2 distinct types of stimulus sound sequences (C). EHCPPT = Eye–Hand 
Coordination Pointing with Pencil Test.
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Spdis = α+ β

∑
Tedis
n (1)

Distance =

√Å
α+ β

∑
Tedis
n

ã2
+

Å∑
Tedis
n

ã2
(2)

where α is the y-intercept of the spatial displacement, rep-
resenting a scenario where temporal displacement is zero; β 
is the slope of the relationship between spatial and temporal 
displacement, reflecting individual-specific changes in this rela-
tionship; Spdis and Tedis represent spatial and temporal dis-
placement, respectively; and n is the number of data points 
collected during Test A or B of EHCPPT. We hypothesized that 
an increase in spatial displacement would result in an upward 
shift in the processing ability based on the relationship between 
spatial and temporal displacement, and consequently, the dis-
tance would also lengthen. Conversely, if the temporal displace-
ment increases, it should cause the processing ability based on 
the relationship between spatial and temporal displacement to 
shift rightward, and the distance should lengthen as well.

2.2. Participants

The sample size was based on a desired statistical power of 80% 
for the detection of changes in spatial and temporal displace-
ments, with an effect size of 0.10 and a two-sided α-level of 
0.05. Utilizing these parameters in G*Power 3[12] indicated a 
required sample size of 127. Subsequently, we enlisted 130 older 
participants. The eligibility criteria encompassed individuals 
aged 60 years and older, who had motor and cognitive functions 
assessable per the testing protocol. The average age of partic-
ipants meeting the eligibility was 80.4 ± 7.4 years. The sample 
consisted of 78 women and 52 men; it included 53 healthy par-
ticipants, 28 individuals with a history of stroke, 15 patients 
with fractures, 5 with Parkinson’s disease, 8 with spinal cord 
stenosis, and 21 with other conditions.

2.3. Assessments of reproducibility

Reproducibility was evaluated by administering the EHCPPT 
across two separate trials, the first and second half. The intra-
class correlation coefficient (ICC) and Bland-Altman plots were 
utilized to assess reproducibility. The ICC was used for variance 
estimation.[13] Bland-Altman analysis is a method used to exam-
ine the agreement between two different measurement tech-
niques.[14] Plotting the difference against the mean allows for the 
exploration of any potential relationship between measurement 
error and the true value. Specifically, if 95% of the values are 
within 2 standard deviations (SD) of this mean difference, then 
the 2 testing modalities may be considered interchangeable.

2.4. Assessments of validity

The EHCPPT was developed to evaluate rhythmic movements, 
accommodating various levels of difficulty, including the equal 
rhythm of Test A and the random rhythm of Test B. We hypoth-
esized that if both spatial and temporal displacements increase 
in Test B, then the distance, reflecting the disparity between ulti-
mate and current processing abilities based on the relationship 
between spatial and temporal displacements for Test B, should 
be greater than that for Test A. Consequently, to assess construct 
validity, the distances for Test A and Test B were compared using 
a paired t test.

Moreover, the EHCPPT was devised to evaluate rhythmic 
movements in a manner that gauges the relationship between 
spatial and temporal displacement, reflecting diverse motor 
and cognitive dysfunctions in older individuals and patients 
with various impairments. Aging is typically characterized by a 
general decline in muscle mass.[15,16] Research on older commu-
nity-dwelling populations indicates that grip strength can fore-
cast declines in overall motor function and increased mortality 
risk.[17,18] Hence, grip strength could serve as a significant predic-
tor of motor function in the older individuals.[19] Furthermore, 
the Trail Making Test (TMT), consisting of parts A and B, is a 
prevalent cognitive measure assessing functions like attention, 
visual search and scanning, sequencing, and shifting, and is 
thought to evaluate different cognitive processes.[20,21] The part 
A of the TMT (TMT-A) is believed to be more associated with 
attention, whereas TMT-B is linked to executive function.[20] 
However, age correlations were more pronounced in TMT-A 
than in TMT-B, as age-related individual variances in cognitive 
processes were less in TMT-B compared to TMT-A.[21]

We hypothesized that if the EHCPPT accurately mirrors var-
ious motor and cognitive dysfunctions in older individuals and 
patients with different impairments, then the distance, repre-
senting the discrepancy between ultimate and current processing 
ability based on the relationship of spatial and temporal dis-
placement, should exhibit correlation with grip strength and the 
score of TMT-A. Consequently, to evaluate concurrent validity, 
we determined whether grip strength and the score of TMT-A 
were correlated to the aforementioned distance in the EHCPPT, 
employing the Pearson correlation coefficient.

This study was conducted after obtaining the consent of all 
the subjects and approval from the following ethics review com-
mittees: the Tokyo Kasei University Ethics Review Committee 
(approval number SKE2021-22). The protocol of the research 
project conforms to the provisions of the Declaration of Helsinki 
(as revised in Brazil 2013).

3. Results

3.1. Reproducibility

For the Test A of the EHCPPT, the mean ± SD of spatial and 
temporal displacements were 0.184 ± 0.149 and 0.044 ± 0.228, 
respectively. Similarly, for the Test B of the EHCPPT, they were 
0.220 ± 0.213 and 0.606 ± 0.149, respectively.

Figure 2. Hypothesized alterations in the distance are based on the spatial 
and temporal displacement relationship. The processing ability, reliant on the 
spatial and temporal displacement relationship, is expected to shift upwards, 
and the distance should extend from r to r′ as spatial displacement aug-
ments. Conversely, with an increase in temporal displacement, the process-
ing ability based on spatial and temporal displacement relationship should 
experience a rightward shift, and the distance should similarly extend from 
r to r′′.
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Figure 3 presents the results of the first and second half mea-
surements from Tests A and B of the EHCPPT. For Test A of the 
EHCPPT, the ICCs for spatial and temporal displacements were 
0.996 (P < .0001) (Fig. 3A) and 0.995 (P < .0001) (Fig. 3C), 
respectively. Similarly, for Test B of the EHCPPT, the ICCs were 
0.992 (P < .0001) (Fig. 3B) and 0.980 (P < .0001) (Fig. 3D), 
respectively.

Bland-Altman plot visually represents the difference in the 
mean of spatial and temporal displacements between the first 
and second half measurements in Tests A and B (Fig.  4). In 
Test A, 95% of the difference values in spatial displacement 
(Fig.  4A) and 98% in temporal displacement (Fig.  4C) fell 
within 2 SD of the mean. Similarly, in Test B, 96% of the 
difference values in spatial displacement (Fig. 4B) and 95% 
in temporal displacement (Fig. 4D) were within 2 SD of the 
mean.

3.2. Validity

Figure 5 presents a bar chart depicting the difference in dis-
tance in the EHCPPT between Tests A and B to assess con-
struct validity. The distance between ultimate and current 
processing ability, based on the relationship of spatial and 
temporal displacement, was significantly shorter in Test A 
compared to Test B.

Figure 6 displays scatter plots representing the Pearson cor-
relation coefficient to illustrate the relationship between dis-
tance and motor and cognitive functions, evaluating concurrent 
validity. In Test A, the distance demonstrated a significant cor-
relation with both grip strength (Fig.  6A) and TMT-A scores 
(Fig.  6C). Similarly, in Test B, a significant correlation was 
observed between the distance and grip strength (Fig.  6B) as 
well as TMT-A scores (Fig. 6D).

4. Discussion
In this study, we have presented the reliability and validity of the 
EHPPT, a tool that assesses rhythmic movement function, based 
on the relationship between spatial and temporal information. 
The EHPPT demonstrated reproducibility as well as construct 
and concurrent validity.

Spatial and temporal information must be processed contin-
uously during rhythmic movement. The ability to process this 
spatial and temporal information is a fundamental property 
of various rhythmic movements encountered in daily life.[2–4] 
Consequently, we devised a new measure, EHCPPT, to assess 
the spatial and temporal displacement inherent in rhythmic 
movement. The repeatability of spatial and temporal displace-
ments exhibited high consistency in both Tests A and B of 
EHCPPT. Previously, studies have investigated the visual and 

Figure 3. The scatterplots depict spatial (A) and temporal (C) displacements from the first and second half measurements for Test A of the EHCPPT. The ICCs 
for spatial and temporal displacements from Test A were 0.996 (P < .0001) and 0.995 (P < .0001), respectively. Scatterplots also represent spatial (B) and tem-
poral (D) displacements from the first and second half measurements for Test B of the EHCPPT. The ICCs between spatial and temporal displacements from 
Test B were 0.992 (P < .0001) and 0.980 (P < .0001), respectively. EHCPPT = Eye–Hand Coordination Pointing with Pencil Test, ICCs = intraclass correlation 
coefficients, Spdis = spatial displacement, Tedis = temporal displacement.
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auditory memories in younger and older adults and suggested 
that preservation of ability for visual than auditory mem-
ory was better in older than younger adults.[22] Additionally, 
studies compared visual and auditory temporal integration in 
younger and older adults, and noted that temporal integra-
tion time for older participants was more than for younger 
adults.[23] In our study, temporal displacement of the EHCPPT 
was related to the processing of auditory information to 
motor output because participants were required to tapping 
on hearing a beep sound. However, spatial displacement was 
related to the processing visual information to motor output 
because participants were required to tap on the target (i.e., 
the center of the concentric circle). Hence, under conditions 
of heightened auditory memory, the temporal displacement 
of EHCPPT might exhibit greater magnitude and lower con-
sistency compared to spatial displacement. Nevertheless, our 
EHCPPT demonstrated high reproducibility for both spatial 
and temporal displacements. These results suggest that both 
types of displacements in the EHCPPT are stable and valuable 
for assessing the rhythmic movement function, grounded in 
the relationship between spatial and temporal information. 
Moreover, this stable measurement of spatial and temporal 
displacement with EHCPPT can facilitate the accurate esti-
mation of each participant’s distance between ultimate and 
current processing ability, based on the relationship between 
spatial and temporal displacements.

For construct validity, the distance between the ultimate and 
current processing ability, based on the relationship between 
spatial and temporal displacements, was significantly lower 
in Test A compared to Test B. These findings suggest that the 
distance measure in EHCPPT can effectively assess rhythmic 
movements, reflecting the varying difficulties presented in 
Tests A and B. Furthermore, regarding concurrent validity, this 
distance was significantly correlated with grip strength and 
TMT-A scores. These findings suggest that the distance mea-
sured by EHCPPT may vary in accordance with the severity of 
motor and cognitive impairments. Previous studies on rhyth-
mic movement tasks attempted to identify the characteristics 
of rhythmic movement disorders in older adults – specifically, 
patients with Parkinson’s and cerebrovascular diseases – using 
a three-dimensional motion capture analysis.[24] However, the 
clinical applicability of traditional rhythmic movement tasks 
is constrained due to their inability to assess processing abil-
ity centered on spatial and temporal displacement and the 
necessity for precise calibration of large, costly measurement 
devices. In contrast, the EHCPPT can evaluate processing abil-
ity predicated on spatial and temporal displacements and can 
be administered while the participant is seated, in less time, 
inducing minimal fatigue. Hence, simple and objective evalu-
ations employing the distance measure between ultimate and 
current processing ability, grounded on the spatial and tempo-
ral displacement relationship in EHCPPT, could facilitate the 

Figure 4. Bland-Altman plots illustrating the differences relative to the means of the first and second half measurements for spatial (A) and temporal (C) dis-
placements in Test A of the EHCPPT. Dashed lines represent the average difference between the 2 measurements, and the shaded areas highlight the region 
within 2 SDs of this mean difference. For Test A, 95% of difference values for spatial displacement and 98% for temporal displacement fell within 2 SDs of the 
mean difference. The figure also depicts Bland-Altman plots for spatial (B) and temporal (D) displacements in Test B of the EHCPPT, wherein 96% and 95% of 
difference values for spatial and temporal displacements, respectively, were within 2 SDs of the mean. EHCPPT = Eye–Hand Coordination Pointing with Pencil 
Test, SD = standard deviation, Spdis = spatial displacement, Tedis = temporal displacement.
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preliminary assessment of motor and cognitive functions in the 
elderly.

Preliminary reports reported that the EHCPPT could assess 
symptoms of Ataxia and Parkinson’s disease.[11] In the present 
study, the distance between ultimate and current processing abil-
ity, based on the relationship of spatial and temporal displace-
ment, was correlated to motor and cognitive functions. These 
findings suggest that this distance can serve as an evaluative 
indicator in rhythmic coordination tasks, reflecting the motor 
and cognitive capabilities of older individuals. Subsequent 
research should explore whether alterations in this distance can 
depict changes in motor and cognitive dysfunctions in older 
individuals post rhythmic movement training.

4.1. Limitation

Our study has 3 main limitations. Firstly, our assessment was 
solely focused on spatial and temporal displacement during 
rhythmic movement. Future studies will need to employ wave-
form analysis to quantitatively assess the rhythmic motions of 
older individuals with varying impairments. This is crucial to 
corroborate EHCPPT against other quantitative metrics of reac-
tion time, finger tapping, and the balance between speed and 
accuracy.

Secondly, a significant challenge with administering tests 
via computerized devices to older individuals with cognitive 
disorders is their inability to operate these devices. This unfa-
miliarity can also lead to performance anxiety.[25] Therefore, 
based on our findings, further research is needed to create 

Figure 5. Bar chart illustrating the difference in the distance of the EHCPPT 
between Test A and B. The distance between ultimate and current processing 
abilities, based on the relationship of spatial and temporal displacements, 
was significantly shorter in Test A compared to Test B. EHCPPT = Eye–Hand 
Coordination Pointing with Pencil Test.

Figure 6. Scatter plots illustrating the Pearson correlation for the relationship between the distance and grip strength (A) and TMT-A scores (C) for Test A of 
EHCPPT. In Test A, there was a significant correlation between the distance and both grip strength and TMT-A scores. Additionally, scatter plots are shown 
depicting the Pearson correlation for the relationship between the distance and grip strength (B) and TMT-A scores (D) for Test B of EHCPPT. Similarly, in Test 
B, the distance was also significantly correlated with grip strength and TMT-A scores. EHCPPT = Eye–Hand Coordination Pointing with Pencil Test, TMT-A = 
Trial Making Test.
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a user-friendly protocol for older individuals with cogni-
tive disorders to comfortably use computerized devices like 
EHCPPT. Such a protocol would enhance the generalizability 
of EHCPPT.

Thirdly, tests using computerized devices aren’t practical for 
clinical scenarios without such equipment. Consequently, there’s 
a pressing need for further research to design devices that are 
portable, time-efficient, and cost-effective.

5. Conclusion
The EHCPPT demonstrates excellent reproducibility in spatial 
and temporal displacements, and the distance between ultimate 
and current processing abilities, based on the spatial and tem-
poral displacement relationship, exhibits construct and concur-
rent validity in older populations. The EHCPPT may function 
as a measure of rhythmic movement, reflecting both motor and 
cognitive functions. Further studies are essential to explore 
the relationship between the EHCPPT’s displacement-based 
distance and the effects of intervention. Additionally, future 
research should elucidate the EHCPPT’s responsiveness to clin-
ical changes to establish its utility as a clinically valuable tool.

Author contributions
Conceptualization: Kazuo Saito, Makoto Suzuki.
Data curation: Maki Koyama.
Formal analysis: Makoto Suzuki, Junichi Yamamoto, Toshiko 

Futaki.
Funding acquisition: Junichi Yamamoto, Toshiko Futaki.
Investigation: Kazuo Saito.
Methodology: Makoto Suzuki, Junichi Yamamoto.
Project administration: Toshiko Futaki.
Resources: Kazuo Saito.
Software: Maki Koyama.
Supervision: Junichi Yamamoto, Toshiko Futaki.
Validation: Makoto Suzuki.
Visualization: Makoto Suzuki.
Writing – original draft: Kazuo Saito, Makoto Suzuki.
Writing – review & editing: Kazuo Saito, Suzuki Makoto, Maki 

Koyama, Junichi Yamamoto, Toshiko Futaki.

References
 [1] Roalf DR, Rupert P, Mechanic-Hamilton D, et al. Quantitative assessment 

of finger tapping characteristics in mild cognitive impairment, Alzheimer’s 
disease, and Parkinson’s disease. J Neurol. 2018;265:1365–75.

 [2] Plamondon R, Alimi AM. Speed/accuracy trade-offs in target-directed 
movements. Behav Brain Sci. 1997;20:279–303; discussion 303.

 [3] Sanger TD, Henderson J. Optimizing assisted communication devices 
for children with motor impairments using a model of informa-
tion rate and channel capacity. IEEE Trans Neural Syst Rehabil Eng. 
2007;15:458–68.

 [4] Bertucco M, Sanger TD. Speed-accuracy testing on the Apple iPad pro-
vides a quantitative test of upper extremity motor performance in chil-
dren with dystonia. J Child Neurol. 2014;29:1460–6.

 [5] Kim SJ, Yoo GE. Rhythm-motor dual task intervention for fall preven-
tion in healthy older adults. Front Psychol. 2019;10:3027.

 [6] Akram N, Li H, Ben-Joseph A, et al. Developing and assessing a new 
web-based tapping test for measuring distal movement in Parkinson’s 
disease: a Distal Finger Tapping test. Sci Rep. 2022;12:386.

 [7] Prigatano GP, de Oliveira SB, Goncalves CWP, et al. Inhibitory control 
of adjacent finger movements while performing a modified version of 
the halstead finger tapping test: effects of age, education and sex. J Int 
Neuropsychol Soc. 2021;27:813–24.

 [8] Opara J, Malecki A, Malecka E, et al. Motor assessment in Parkinson’s 
disease. Ann Agric Environ Med. 2017;24:411–5.

 [9] Axelrod BN, Meyers JE, Davis JJ. Finger Tapping Test performance as a 
measure of performance validity. Clin Neuropsychol. 2014;28:876–88.

 [10] Hubel KA, Reed B, Yund EW, et al. Computerized measures of finger 
tapping: effects of hand dominance, age, and sex. Percept Mot Skills. 
2013;116:929–52.

 [11] Saito K, Koyama M, Ishida A, et al. Analysis of responses of a healthy 
subject and subjects with cerebellar hemorrhage and Parkinson’s dis-
ease in Eye–Hand Coordination Pointing with Pencil Test. Asian J 
Occup Ther. 2021;17:31–5.

 [12] Faul F, Erdfelder E, Lang AG, et al. G*Power 3: a flexible statistical 
power analysis program for the social, behavioral, and biomedical sci-
ences. Behav Res Methods. 2007;39:175–91.

 [13] Bartko JJ. The intraclass correlation coefficient as a measure of reliabil-
ity. Psychol Rep. 1966;19:3–11.

 [14] Bland JM, Altman DG. Statistical methods for assessing agree-
ment between two methods of clinical measurement. Lancet. 
1986;1:307–10.

 [15] Lexell J, Taylor CC, Sjostrom M. What is the cause of the ageing atro-
phy? Total number, size and proportion of different fiber types studied 
in whole vastus lateralis muscle from 15- to 83-year-old men. J Neurol 
Sci. 1988;84:275–94.

 [16] Janssen I, Heymsfield SB, Wang ZM, et al. Skeletal muscle mass and 
distribution in 468 men and women aged 18–88 yr. J Appl Physiol 
(1985). 2000;89:81–8.

 [17] Wu Y, Wang W, Liu T, et al. Association of grip strength with risk of 
all-cause mortality, cardiovascular diseases, and cancer in communi-
ty-dwelling populations: a meta-analysis of prospective cohort studies. 
J Am Med Dir Assoc. 2017;18:551.e17–35.

 [18] Yorke AM, Curtis AB, Shoemaker M, et al. The impact of multi-
morbidity on grip strength in adults age 50 and older: data from 
the health and retirement survey (HRS). Arch Gerontol Geriatr. 
2017;72:164–8.

 [19] Suzuki M, Sugimura S, Suzuki T, et al. Machine-learning prediction of 
self-care activity by grip strengths of both hands in poststroke hemiple-
gia. Medicine (Baltimore). 2020;99:e19512.

 [20] Seo EH, Lee DY, Kim KW, et al. A normative study of the Trail Making 
Test in Korean elders. Int J Geriatr Psychiatry. 2006;21:844–52.

 [21] Salthouse TA. What cognitive abilities are involved in trail-making per-
formance? Intell. 2011;39:222–32.

 [22] Icht M, Taitelbaum-Swead R, Mama Y. Production improves visual 
and auditory text memory in younger and older adults. Gerontology. 
2022;68:578–86.

 [23] Saija JD, Baskent D, Andringa TC, et al. Visual and auditory tem-
poral integration in healthy younger and older adults. Psychol Res. 
2019;83:951–67.

 [24] Mumic de Melo L, Hotta Ansai J, Giusti Rossi P, et al. Performance of 
an adapted version of the timed up-and-go test in people with cognitive 
impairments. J Mot Behav. 2019;51:647–54.

 [25] Celik S, Oguz M, Konur U, et al. Comparison of computerized and 
manual versions of the Wisconsin Card Sorting Test on schizophrenia 
and healthy samples. Psychol Assess. 2021;33:562–7.

D
ow

nloaded from
 http://journals.lw

w
.com

/m
d-journal by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 12/16/2023


