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Introduction
For most individuals, independent functioning in the commu-
nity presupposes the ability to walk. Therefore, investigations 
of patients participating in rehabilitation have shown that these 
patients prioritize the recovery of their walking ability.1,2 
Walking abnormalities commonly result from stroke, which 
affects daily activities and social participation,3-5 and walk 
reconstruction is one of the main purposes of rehabilitation. It 
is necessary to have a range of abilities to walk practically and 
increase walking speed according to any given purpose.6,7 
Perry et al3 established walking speed as a valid predictor of 
community walking status: >0.8 m/s predicts unlimited com-
munity walking. This benchmark has been used by many previ-
ous studies as an index of the social participation of patients 
with stroke.8-10 Additionally, even if walking ability can be 
acquired, it is often difficult for stroke patients to walk at the 
same speed as their healthy counterparts because of motor 
paralysis. In clinical practice, such slow-walking patients often 
describe their complaints with terms related to body awareness 
of human-likeness during walking,11 such as “non-human-like 
walking” or “like a robot.” Perception toward human-likeness 
during walking is defined here as the feeling that one can walk 
as intended, just like healthy people. Furthermore, this percep-
tion may be related to the walking capacity of activity accord-
ing to the International Classification of Functioning. Because 

differences between the walking speeds of post-stroke patients 
and the general population may manifest a decrease in the sub-
jective experience of human-like walking, such negative subjec-
tive experiences may curb social participation. In other words, 
as per the International Classification of Functioning, the sub-
jective experience of human-like walking may have a negative 
impact on activity as well as participation. Therefore, we 
hypothesized that slow walking speed reduces self-perception 
toward general human-likeness during walking. In addition, 
this perception may be reinforced by psychological states, such 
as depression and apathy. Depression may cause bias in the 
evaluation of self, and apathy may distort its validity. These 
negative psychological states may also affect the subjective 
experience of the stroke patients during walking. For example, 
patients may continue to have negative emotions about walk-
ing in such negative psychological states, even if walking fast. 
This is because depression is known to be associated with self-
attribution of negative outcomes (in this case, slow walking 
speed).12 Such psychological traits may, in no small part, affect 
body perception during walking and influence the self-percep-
tion of “human-like.” Thus, depression and apathy must be 
assessed to ensure the validity of any subjective self-evaluation 
during walking. While the subjective experience of being able 
to walk like a healthy human may have a direct impact on the 
quality of life of stroke patients and should be prioritized in 
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rehabilitation research, the subjective perception toward 
human-likeness during walking associated with walking speed 
in stroke patients is poorly understood. Rehabilitation profes-
sionals need to be aware of the patient’s subjective experience 
during walking and improving it may promote their social 
participation. The main purpose of this study was, therefore, to 
investigate the relationship between walking speed or psycho-
logical states and subjective self-perception toward general 
human-likeness during walking in stroke patients by using 
Perry et al’s3 walking speed classification to determine differ-
ences in the perception of stroke-induced disturbances in 
walking ability.

Materials and Methods
Participants

Thirty-two post-stroke patients (mean ± standard deviation, 
63.43 ± 11.15 years; stroke onset, 187.84 ± 337.21 days) were 
enrolled in this cross-sectional study (see Table 1 for demo-
graphic information). The stroke patients meeting the follow-
ing criteria were recruited at the 4 collaborating hospitals for a 
period of 6 months, starting September 20, 2019. The exclu-
sion criteria were as follows (1): inability to walk independently 
without the assistance of physical therapists, (2) Mini-Mental 
State Examination score of <24 points, (3) history of orthope-
dic disease, and (4) pain in the lower limbs. The ethics commit-
tee of Kio University approved the study procedures (approval 
number: H30-40), and the experiments were conducted in 
accordance with the Declaration of Helsinki. All participants 

provided written informed consent before participating in the 
study.

Experimental set-up and procedures

Participants were asked to walk across a 10 m walkway with a 
supplementary 2 m walkway twice, at a comfortable speed and 
their fastest walking speed. Physical therapists were available 
to minimize the risk of falling. Whether the participants 
were asked to walk at the comfortable or fastest walking 
speed was counterbalanced across all patients, and partici-
pants were allowed sufficient rest to avoid fatigue between 
trials. Participants could use a cane and orthosis as necessary 
during the assessments. Walking speed was measured using a 
stopwatch from the crossing of the start line to the end line of 
the 10-m.13 Patients answered questions about subjective per-
ception toward human-likeness during walking after walking 
at each speed (“How much did you feel your walking to have 
resembled the human-likeness during walking of general peo-
ple?”) and reported their subjective experience on a 7-point 
Likert scale ranging from “−3” (totally disagree) to “+3” (totally 
agree), with “0” indicating neither agreement nor disagreement 
(“uncertain”): the lower the value, the less perceived human-
likeness during walking.

Clinical evaluation

The Fugl-Meyer et  al14 assessment (FMA) was used to 
measure the severity of paralysis. To measure the severity of 

Table 1.  Demographic data of the stroke patients.

Values

Age (years), mean ±SD 63.43 ± 11.15

Sex (n): male/female 23/9

Type of stroke (n): infarction/hemorrhage/both types 16/15/1

Affected side (n): right/left 16/16

Time since stroke (days), mean ±SD 187.84 ± 337.21

Comfortable walking speed in 10 MWT (m/sec), mean ±SD 0.75 ± 0.38

Fastest walking speed in 10 MWT (m/sec), mean ±SD 0.98 ± 0.52

Difference between comfortable and fastest speeds 0.23 ± 0.19

Human-likeness in comfortable speed, mean ±SD −0.19 ± 1.97

Human-likeness in fastest speed, mean ±SD −0.25 ± 1.97

FMA (lower extremity): max = 34, mean ±SD 28.62 ± 4.77

Apathy scale: max = 42, mean ±SD 13.50 ± 6.44

SDS: max = 80, mean ±SD 36.81 ± 7.23

Abbreviations: 10 MWT, 10 m Walk Test; FMA, Fugl-Meyer assessment; n, number; SD, standard deviation; SDS, Self-Rating Depression Scale.
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depressive states, we used the Zung Self-Rating Depression 
Scale in the form of a self-report questionnaire.15,16 Higher 
scores indicated more severe depressive states (cutoff score: 40 
points). To measure the severity of apathy states, we used the 
Apathy Scale in the form of a self-report questionnaire.17,18 
Higher scores indicated more severe apathy states (cutoff score: 
16 points).

Statistical analysis

The relationship between each walking speed and FMA was 
analyzed using Spearman’s rank correlation coefficient because 
the severity of motor paralysis strongly affects walking speed 
post-stroke.19 Since the results of the Shapiro–Wilk test were 
not normally distributed, we used Spearman’s rank correlation 
coefficient. The mean of the 2 trials was used for the value of 
each walking speed. The relationships between perception 
toward human-likeness during walking and walking speed, 
FMA, Zung Self-Rating Depression Scale, and Apathy Scale 
were analyzed using Spearman’s rank correlation coefficient. 
Additionally, the range of ability to freely increase walking 
speed was calculated as the difference between the comfortable 
and fastest speed.20 A low value indicated that the range of 
ability to freely increase walking speed was narrow. The rela-
tionship between the perception at each speed and the range of 
ability to freely increase walking speed was analyzed using 
Spearman’s rank correlation coefficient. Next, at each walking 
speed, participants were divided into a fast- (>.8 m/s) or slow-
walking group (⩽0.8 m/s); the difference in the perception was 
compared between the groups. Patients who were classified in 
the slow group at the comfortable walking speed may be clas-
sified in the fast group at their fastest walking speed. If the 
samples were divided into slow and fast groups only at the 
comfortable walking speed, the interpretation of the results 
would be arbitrary. Therefore, the analyzed samples were 
divided into the slow group and fast group for both comforta-
ble walking speed and fastest walking speed. Thereafter, FMA, 
age, time from stroke onset, Apathy scale, and Zung Self-
Rating Depression Scale were compared between the groups.

The Shapiro–Wilk test was used to evaluate the normality 
of the data distribution. Parametric statistics were used to ana-
lyze normally distributed data, while non-parametric compari-
sons were applied for the non-normally distributed variables. 
Statistical significance was set at P < .05. SPSS Statistics for 
Windows (version 24, IBM, Tokyo, Japan) was used for the 
analysis.

Results
The clinical test scores are summarized in Table 1, and the cor-
relation analysis results are summarized in Table 2. At a com-
fortable speed, FMA and walking speed showed a significant 
correlation (ρ = .71, P = .000005). Human likeness was sig-
nificantly correlated with walking speed (ρ = .61, P = .0002) 

(Figure 1) and FMA (ρ = 0.62, P = .0002). There was no signifi-
cant correlation between human likeness and the Zung Self-
Rating Depression Scale (ρ = −.15, P = .43) or the Apathy scale 
(ρ = −0.23, P = .20). At the fastest speed, FMA and walking 
speed showed a significant correlation (ρ = .76, P = .000001). 
Human likeness was significantly correlated with walking 
speed (ρ .54, P = .002) (Figure 1) and FMA (ρ = 0.59, P = .0004). 
There was no significant correlation between human likeness 
and the Zung Self-Rating Depression Scale (ρ = −.18, P = .33) 
or the Apathy scale (ρ = −0.29, P = .12). A significant correla-
tion between the range of ability to freely increase walking 
speed and human likeness of the comfortable speed (ρ = 0.57, 
P = .0006) and the fastest speed (ρ = 0.49, P = .005) was observed.

Participants were divided into a fast- (n = 15) or slow-
walking group (n = 17) according to their speeds while walking 
at a comfortable pace. Human likeness was significantly higher 
in the fast-walking group than in the slow-walking group 
(mean difference = 1.98, SE = 0.61) (t-value = 3.24, df = 30, 95% 
CI = 0.73-3.23, P = .003). Participants were divided once again 
into a fast- (n = 21) or slow-walking group (n = 11) according to 
their speed while walking at their fastest pace. The Mann–
Whitney U test revealed that perceived human likeness was 
significantly higher in the fast-walking group than in the slow-
walking group (U = 52, z = 2.52, P = .01). After grouping based 
on each speed, FMA was significantly higher in the fast-walk-
ing group than in the slow-walking group at each based on 
their walking speed. However, the other parameters (Zung 
Self-Rating Depression Scale and Apathy Scale) were not sig-
nificant (Table 3). At a comfortable speed, human likeness was 
significantly correlated with walking speed (ρ = 0.61, P = .0002). 
At the fastest speed, a significant correlation was identified 
between human likeness and walking speed (ρ = .54, P = .002).

Discussion
This study aimed to investigate the participant’s self-percep-
tion of the human-likeness of their walking after stroke accord-
ing to walking speed. Our results showed that both the 
comfortable and fastest walking speeds had a significant posi-
tive correlation with the subjective perception. In addition, 
there was a significant positive correlation between the range of 
ability to freely increase walking speed and the perception. 
Since the Zung Self-Rating Depression Scale and the Apathy 
Scale were below the cut-off scores (Table 1), we proceed with 
the discussion considering that the effects of negative psycho-
logical states may be minimal. In previous studies, the range 
between the comfortable and fastest speeds in healthy older 
adults was approximately 0.45 m/s18; the range identified 
among the patients in this study (0.23 m/s) was smaller. Thus, 
our study suggests that patients with stroke have a limited 
range of walking speeds and that being unable to freely select 
their walking speed might reduce their subjective perception 
toward the human-likeness of their walking. Furthermore, the 
logic between these 2 findings further suggests that being able 
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to make decisions freely and being able to choose actions might 
impact the perception.

According to Perry et al’s3 classification, the slow-walking 
group perceived a lower human-likeness of their walking than 

the fast-walking group. Since a fast-walking speed can main-
tain the subjective perception toward human-likeness, it might 
be possible for patients with relatively faster walking speeds to 
participate in their communities. The present study suggests 

Table 2.  Correlation analysis.

Spearman’s rank correlation coefficient for the comfortable walking speed

  Waking speed Human-likeness FMA SDS Apathy scale

  ρ (P-value) ρ (p-value) ρ (P-value) ρ (P-value) ρ (P-value)

Walking speed 1  

Human-likeness 0.61 (.0002) 1  

FMA 0.71 (.000005) 0.62 (.0002) 1  

SDS 0.23 (.21) −0.15 (.43) 0.15 (.41) 1  

Apathy scale 0.009 (.96) 0.23 (.20) 0.14 (.43) 0.24 (.18) 1

Spearman’s rank correlation coefficient for the fastest walking speed

  Walking speed Human-likeness FMA SDS Apathy scale

  ρ (P-value) ρ (P-value) ρ (P-value) ρ (P-value) ρ (P-value)

Walking speed 1  

Human-likeness 0.54 (.002) 1  

FMA 0.76 (.000001) 0.59 (.0004) 1  

SDS 0.29 (.11) −0.18 (.33) 0.15 (.41) 1  

Apathy scale 0.008 (.97) −0.29 (.12) 0.14 (.43) 0.24 (.18) 1

Spearman’s rank correlation coefficient for the Range and each human-likeness

  Human-likeness  

  Comfortable speed Fastest speed  

  ρ (P-value) ρ (P-value)  

Range 0.5 (.0006) 0.49 (.005)  

Abbreviations: FMA, Fugl-Meyer assessment; Range, the range of ability to freely increase walking speed; SDS, Self-Rating Depression Scale.

Figure 1.  Scatter plot of the relationship between the perception of human-likeness during walking and the 2 walking speeds.
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that the likelihood of community participation partially 
depends on both the physical ability to move from place to 
place and the social-psychological factors of maintaining the 
perception of human-like walking.

Although walking speed strongly impacts activities of daily 
living and quality of life3-5 how walking speed affects a patient’s 
subjective experience has not been investigated. Elucidating 
this subjective patient experience will allow an insight into the 
inner world of the patients, which is a great asset in clinical 
practice. Ueda and Okawa21 have explained the importance of 
understanding the subjective experiences of patients and pro-
vided a definition of the subjective dimension of functioning 
and disability in the International Classification of Functioning, 
Disability, and Health Perspectives. They suggested that the 
patient’s subjective experience influences social participation. 
Our study suggests that perception toward human-likeness 
during walking may be related to the subjective aspect of activ-
ity limitation in the International Classification of Functioning. 
Moreover, since the perception of human-likeness could be 
reduced by comparing activities with healthy people, we sug-
gest that environmental factors (ie, healthy people) may influ-
ence the patient’s perception toward human-likeness during 
walking and restrict their social participation. Understanding 
the potential possibility of restricted participation due to nega-
tive subjective experiences during walking can be useful infor-
mation for encouraging patients to participate in community 
activities. In recent years, the illness narrative of the body of 
amputated patients has been reported.22 We suggest that meas-
uring the subjective experience of walking in stroke patients 

may contribute to the development of future research in the 
field of rehabilitation.

The motor learning approach may enhance the perception 
toward human-likeness during walking in stroke patients. 
Since a comparison to healthy people (ie, the environmental 
aspects in the ICF) may reduce the experience of human-like-
ness, it is necessary to reduce the harm caused by the compari-
son. Therefore, we first need to investigate factors that enhance 
or reduce human likeness. We hypothesized that spatial lateral-
ity, joint angle, and gait rhythm are factors affecting the percep-
tion of human-like walking. Considering these factors (eg, the 
angle of the knee during walking), if motor learning can bring 
the patient’s walking closer to that of a healthy person, we 
believe that the subjective perception toward human-like walk-
ing may also be improved. From our results, we can deduce that 
if the motor learning approach by physical therapy can increase 
the walking speed of stroke patients with slow-walking speed, 
it may improve their subjective perception.

Several possible limitations of the study should be consid-
ered. First, our data are only part of the explanation for the 
perception toward human-likeness during walking of stroke 
patients and should be discussed carefully. FMA was signifi-
cantly higher in the fast-walking group than in the slow-walk-
ing group based on each walking speed. Additionally, the time 
from stroke onset was shorter in the fast-walking group than in 
the slow-walking group based on each walking speed, although 
there was no statistically significant difference. There may be 
other confounding factors, such as spatial laterality, joint angle, 
gait rhythm, neglect, or change in sensation. Second, the 

Table 3.  Scores after grouping based on speed at each pace.

Fast-walking group Slow-walking group t-value 95% CI U z P

  Mean SE Mean SE

Based on comfortable pace

Time since 
stroke (days)

68.00 6.25 293.59 106.95 −2.11 -452.58-1.40 .05

Apathy scale 14.6 6.03 12.53 6.81 0.90 -2.60-674 .37

SDS 39.00 6.40 34.88 7.56 1.65 -0.98-9.21 .11

Age 62.87 3.06 63.94 2.63 126 −0.06 .96

FMA 31.87 0.47 25.76 1.16 33.5 −3.56 .0001

Based on fastest pace

Time since 
stroke (days)

76.76 7.23 399.91 158.09 −2.04 -675.57-29.28 .07

Apathy scale 14.05 1.36 12.45 2.10 0.66 -3.35-6.53 .51

SDS 38.33 1.44 33.91 2.35 1.69 -0.92-9.77 .10

Age 64.52 2.36 61.36 3.62 91.0 −0.97 .33

FMA 30.76 0.86 24.55 1.05 22.5 −3.71 .00006

Abbreviations: FMA, Fugl-Meyer assessment; SDS, Self-Rating Depression Scale; SE, standard error.
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mechanism by which walking speed is related to the perception 
is unknown. One possible connection might be the involve-
ment of speed-dependent visual information (ie, optic flow).23,24 
We speculate that the integration of vision and somatosensory 
perception might affect cognition during walking. Third, it is 
unclear to what extent a negative perception affects limitations 
in activity and social participation because this study included 
patients in both the acute and chronic phase of stroke. Fourth, 
a previous study that investigating the perception during the 
observation of asymmetric walking patterns (ie, third-person 
perspective) reported that stride length and knee position affect 
perception.25 Since asymmetry is a characteristic of post-stroke 
walking, it may be necessary to investigate the interrelationship 
between the first- and third-person perspectives. Fifth, it 
remains unclear what performance aspects (eg, balance, upper 
limb movement, lower limb movement) made each participant 
perceive human likeness because our participants were simply 
asked whether or not they perceived their walking to have the 
human-likeness of a general person. Future research is required 
to clarify the factors that influence patients’ perceptions of 
human-like walking. Finally, our results do not necessarily 
imply a causal relationship between human likeness and walk-
ing speed. In this cross-sectional study, it was not possible to 
answer the question of whether improving self-perception 
using psychological therapies could improve walking speed. To 
explore this possibility, a prospective interventional study 
would be useful, which would also be able to demonstrate the 
potential impact of this research. This is a preliminary study, 
and further research on ways to improve walking ability in 
stroke patients is warranted.

We conducted a preliminary study on the relationship 
between self-perceived general human-likeness during walking 
and walking speed after stroke. To the best of our knowledge, 
this report is the first to suggest that walking speed may cor-
relate with the perception toward general human-likeness dur-
ing walking. A high degree of the perception is important for 
the patient’s quality of life. This study is expected to inform 
future studies on the mechanisms underlying patient com-
plaints of “non-human-like walking,” and our findings will 
contribute to the development and practice of rehabilitation 
approaches to promote social participation.
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