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Abstract

Objective

This study aimed to develop the Motivation in stroke patients for rehabilitation scale (MORE

scale), following the Consensus-based standards for the selection of health measurement

instruments (COSMIN).

Method

Study participants included rehabilitation professionals working at the convalescent rehabili-

tation hospital and stroke patients admitted to the hospital. The original MORE scale was

developed from an item pool, which was created through discussions of nine rehabilitation

professionals. After the content validity of the scale was verified using the Delphi method

with 61 rehabilitation professionals and 22 stroke patients, the scale’s validity and reliability

were examined for 201 stroke patients. The construct validity of the scale was investigated

using exploratory factor analysis (EFA), confirmatory factor analysis (CFA), and item

response theory analysis. Cronbach’s alpha confirmed its internal consistency. Regarding

convergent, discriminant, and criterion validity, Spearman’s rho was calculated between the

MORE scale and the Apathy Scale (AS), Self-rating Depression Scale (SDS), and Visual

Analogue Scale (VAS), which rates the subjective feelings of motivation.

Results

Using the Delphi method, 17 items were incorporated into the MORE scale. According to

EFA and CFA, a one-factor model was suggested. All MORE scale items demonstrated sat-

isfactory item response, with item slopes ranging from 0.811 to 2.142, and item difficulty

parameters ranging from -3.203 to 0.522. Cronbach’s alpha was 0.948. Regarding test-retest

reliability, a moderate correlation was found between scores at the beginning and one month
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after hospitalization (rho = 0.612. p < 0.001). The MORE scale showed significant correlation

with AS (rho = -0.536, p < 0.001), SDS (rho = -0.347, p < 0.001), and VAS (rho = 0.536, p <
0.001), confirming the convergent, discriminant, and criterion validity, respectively.

Conclusions

The MORE scale was verified as a valid and reliable scale for evaluating stroke patients’

motivation for rehabilitation.

Introduction

Patients undergoing rehabilitation are required to be active participants in their exercise, and

motivation is an important factor that influences their active participation. In rehabilitation,

the motivation for rehabilitation can lead to an increase in patients’ physical activity [1],

improve their participation in their rehabilitation [2], and motivation could be associated with

rehabilitation outcomes [3]. To accurately understand how patients’ motivation for rehabilita-

tion is related to rehabilitation outcomes, a scale for evaluating patients’ motivation for reha-

bilitation is required.

Several scales for motivation for rehabilitation have been proposed for patients undergoing

rehabilitation. However, each of these scales have some shortcomings. In self-determination

theory [4, 5], widely known as the motivation theory, motivation is broadly classified into

intrinsic motivation and extrinsic motivation. Extrinsic motivation involves performing a par-

ticular activity because it leads to a separable consequence; that is, the goal is separate from the

activity itself. In contrast, intrinsic motivation involves performing a particular activity because

it is interesting and enjoyable [4, 5]. According to this classification, rewards, including func-

tional recovery and praise from medical staff and family members, can be categorized as

extrinsic motivation, and patients’ enjoyment of the rehabilitation itself can be classified as an

intrinsic motivation. The motivation for traumatic brain injury rehabilitation questionnaire

(MOT-Q) [6–9] consists of four extrinsic factors for patients’ motivation. However, it has been

reported that stroke patients’ motivation for rehabilitation is influenced by broader factors

other than those assessed using the MOT-Q [10]. Thus, MOT-Q may overlook some aspects of

the factors that may affect motivation. The brain injury rehabilitation trust motivation ques-

tionnaire-self (BMQ-S) [8, 9, 11] is focused on only intrinsic motivation, which evaluates

patients’ motivation based on certain patients’ personal traits. However, BMQ-S does not

include intrinsic motivation-related items such as "I enjoy rehabilitation itself;" rather, it

includes items about individual characteristics and traits. In short, it is unclear whether

BMQ-S can specifically evaluate rehabilitation-related intrinsic motivation. Furthermore, the

motivation for rehabilitation in patients undergoing rehabilitation in the hospital could be

influenced by factors related to extrinsic motivation [10] thus, the evaluation scale consisting

of intrinsic motivation cannot appropriately assess patients’ motivation for rehabilitation.

The stroke rehabilitation motivation scale [12] has been adapted from the sports domain-

related sports motivation scale [13] for use among stroke patients, and its items consist of

three factors: amotivation, extrinsic motivation, and intrinsic motivation. However, it is

unclear whether the motivation for sports on general person and the motivation for rehabilita-

tion of patients with stroke are completely consistent. Therefore, the motivation scale in the

sports domain could not correctly reflect the motivation for the rehabilitation of stroke

patients.
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The Pittsburg rehabilitation participation scale [14] evaluates patients’ motivation based on

their participation frequency and attitude for rehabilitation activities and has been developed

for patients with various diseases. This scale assesses the patients’ motivation based on the

observations of medical staff. Regarding motivation and behavioral changes among stroke

patients undergoing rehabilitation in hospitals, it has been pointed out that some patients have

low levels of daily activity despite high motivation [10]. Such patients could be mislabeled as

“low-motivated subjects” during observational evaluation by medical staff [15]. Namely,

among some patients, the motivation label assigned to them by medical staff may differ from

their actual motivation for rehabilitation. Thus, the Pittsburg rehabilitation participation scale

[14] which evaluates patients’ behavior cannot accurately reflect patients’ motivation. The

development of motivation evaluation items should include not only the views of medical staff

but also those of patients. Thus, in such cases, it is desirable to use patient-reported outcome

measures (PROMs), which are items based on qualitative data such as stroke patients’

narratives.

PROMs lead to better communication and decision making between clinician and patients

[16]. Generally, PROMs can be verified by using the Consensus-based standards for the selec-

tion of health measurement instruments (COSMIN) [17, 18]. However, scales for evaluating

patients’ motivation whose quality was verified based on COSMIN are still lacking. To develop

a reliable scale for evaluating stroke patients’ motivation for rehabilitation, it is necessary to

validate the characteristics of this scale according to COSMIN.

In this study, we developed the Motivation in stroke patients for Rehabilitation scale

(MORE scale) by referring to two types of factors (personal and social-relationship factors).

They influence the patients’ motivation for rehabilitation and the content of motivated behav-

ioral change, which were revealed in our previous study [10]. Furthermore, the scale character-

istics were verified using COSMIN. Hence, the MORE scale was appropriate for evaluating

stroke patients’ motivation for rehabilitation.

Methods

This study was conducted according to COSMIN [17, 18]. The study protocol was approved

by the Ethics Committee of Tokyo Bay Rehabilitation Hospital (No. 144) and the Ethics Com-

mittee of Waseda University (No. 2019–059). All participants provided written informed con-

sent before participating in this study. Statistical analyses were performed with IBM SPSS

Statistics 27.0 (IBM Corp., Armonk, NY), R (version 3.6.1) package “ltm,” and “lavaan.”

Study setting

This study was conducted at convalescent rehabilitation wards called Kaifukuki Rehabilitation

Wards (KRWs). KRW is the system for subacute rehabilitation in Japan and is covered by gov-

ernment medical insurance. In KRWs, patients undergo one-on-one intensive rehabilitation

with therapists for around 2–3 hours every day. A typical schedule was 1 h in the morning and

1 or 2 h in the afternoon. Patients engage in self-training outside of rehabilitation sessions if

indicated. The content of training with therapists and self-training is decided through discus-

sions between rehabilitation professionals and patients.

Developing items for MORE scale

The qualitative study that we previously conducted [10] revealed that the motivation of

stroke patients admitted to KRWs was influenced by two factors—personal and social-rela-

tionship factors. Four categories of personal factors (patients’ goals, experiences of success

and failure, physical condition and cognitive function, and resilience) and three categories
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of social-relationship factors (influence of rehabilitation professionals, relationship between

patients, and patients’ supporters) were included. Furthermore, the motivational status of

stroke patients was shown to influence their behaviors, such as frequency of self-training

and attitude toward activities in daily life. After referring to these previous findings [10],

and the findings in another study on patients’ views regarding motivation for rehabilitation

[19], four rehabilitation professionals and the authors of the study [three occupational ther-

apists (TY, MK, and SK) and a medical doctor (YO)] discussed and created an item pool in

Japanese for the MORE scale. Then, a medical doctor, a nurse, a physical therapist, an occu-

pational therapist, and a speech therapist who were not involved in the previous step held

discussions to confirm the item pool validity. Thereafter, a final decision was made regard-

ing the items, and the authors [TY, MK, SK, and YO] created a fixed item pool. To verify

the content validity of the item pool, a two-round Delphi method [20] was conducted.

Twenty-two stroke patients and 61 medical staff (20 physical therapists, 20 occupational

therapists, and 21 nurses) were enrolled as participants. The participating patients were

recruited through convenience sampling from patients hospitalized with hemorrhagic or

ischemic stroke at the Tokyo Bay Rehabilitation Hospital between February and September

2017. The inclusion criteria were as follows: (1) first-time stroke; and (2) no physical or cog-

nitive problems that could hinder the interview. The participating medical staff had more

than five years of clinical experience in this hospital.

Investigating validity and reliability

The next procedure involved verifying the validity and reliability of the MORE scale: the struc-

tural validity, the item response theory, internal consistency, and convergent, discriminant,

and criterion validity. The participants were recruited from among a consecutive series of 527

patients who had been diagnosed with hemorrhagic or ischemic stroke and had been admitted

at the Tokyo Bay Rehabilitation Hospital between October 2017 and March 2019. The inclu-

sion criteria were as follows: (1) first-time stroke; and (2) no physical or cognitive problems

that could hinder them from responding to the MORE scale. The participants’ clinical charac-

teristics were assessed using the Stroke Impairment Assessment Sets (SIAS) for assessing

patients’ physical function [21], and Functional Independence Measure (FIM) for assessing

patients’ functional disability [22].

Structural validity. The factor structure of the MORE scale was examined by performing

exploratory factor analysis (EFA) and confirmatory factor analysis (CFA). EFA was performed

to identify the number of factors and assess item factor loadings of MORE scale. The maxi-

mum likelihood estimation and promax rotation was performed. Kaiser-Meyer-Olkin measure

of sampling adequacy and Bartlett’s test of sphericity were used for assessing the suitability of

the data for factor analysis. Kaiser-Meyer-Olkin value above 0.6 and Bartlett’s test of sphericity

p-value below 0.05 were appropriate for conducting a factor analysis [23]. To determine the

appropriate number of factors in MORE scale, The Kaiser-Guttman rule was used [24, 25].

CFA was implemented to assess the fitness of the data to the factor structure extracted from

the EFA. CFA was performed using maximum likelihood estimation. To investigate the mod-

els’ goodness of fit, a number of statistics were used: chi-square, goodness of fit index [26],

adjusted goodness of fit index [26], root mean square error of approximation [26], compara-

tive fit index [26], Tucker-Lewis index [26], and standardized root mean square residual [26].

A good fit is defined as goodness of fit index greater than 0.95, adjusted goodness of fit index

greater than 0.95, root mean square error of approximation less than 0.08, comparative fit

index greater than 0.95, Tucker-Lewis index greater than 0.95, and standardized root mean

square residual less than 0.08 [26]. We hypothesized that the MORE scale would have a three-
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factor structure consisting of two motivation influencing factors (personal and social-relation-

ship), and a behavioral change factor, similar to the results of our previous qualitative studies

[10].

Item response theory analysis. The item response theory (IRT) was used for investigating

the properties of the items for MORE scale. We implemented the graded response model [27],

which is appropriate for analyzing Likert-style item responses. IRT was used for estimating

item slope parameters and item difficulty parameters in the MORE scale.

Internal consistency. The Cronbach’s alpha coefficient was evaluated for assessing inter-

nal consistency of the items in the MORE scale.

Test-retest reliability. To evaluate the reliability of the MORE scale, the scale’s results at

the beginning of the hospitalization and its scores one month after the hospitalization were

assessed, and the test-retest reliability was verified.

Convergent, discriminant, and criterion validity. We examined the convergent validity

based on the MORE scale’s relationship with the Apathy Scale (AS) [28, 29], discriminant

validity based on its relationship with the Self-rating Depression Scale (SDS) [30, 31], and

criterion validity based on its relationship with the Visual Analogue Scale (VAS), which

rates the subjective feelings of motivation. Depression and apathy are psychological prob-

lems associated with decreased motivation in rehabilitation practice. The symptoms of

depression include symptoms such as lack of interest in events or activities that may be

related to motivation; however, the main symptom is depressed mood [32–35]. Therefore,

even if depression is correlated with motivation, which is the focus of this study, the correla-

tion is expected to be weak. In contrast, since the symptoms of apathy include loss of moti-

vation [32–35], the correlation with motivation is expected to be strong. For these reasons,

we hypothesized that motivation would have a strong correlation with apathy and a weak

correlation with depression. Thus, the AS was used to investigate the convergent validity,

while the SDS was used to investigate the discriminant validity of the MORE scale. In addi-

tion, the VAS, which rates the subjective feelings of motivation, was used for evaluating the

criterion validity since there lacked valid rating scales that could assess the motivation of

stroke patients. Spearman’s rho was evaluated to assess convergent and discriminative

validity between the MORE scale and AS, SDS, and VAS. If the correlation between the

MORE scale and AS is strong, it could be interpreted as evidence for convergent validity,

and if the correlation between the MORE scale and SDS is weak, it could be interpreted as

evidence for discriminant validity. Furthermore, if the correlation between the MORE scale

and VAS is strong, it can be interpreted as evidence for criterion validity. Additionally,

from the results of these psychological evaluations, we examined whether the MORE scale

can specifically assess motivation toward rehabilitation.

AS assesses the apathy state, and consists of 14 items. Each item is scored on the follow-

ing 4-point scale: 0, not at all; 1, slightly; 2, some; and 3, commonly. Total scores are from

0 to 42 points, with a higher score indicating more apathy state, and the cutoff value is 16

points [28]. The validity of the AS was established in stroke patients [29]. The SDS assesses

depressive symptoms, and consists of 20 items. Each item is scored on the following

4-point scale: 1, rarely; 2, sometimes; 3, commonly; and 4, most of the time. Total scores

range from 20 to 80 points, with a higher score indicating more depressive symptoms, and

the cutoff value is 40 points [30]. The validity of the SDS was established in stroke patients

[31]. In this study, the Japanese versions of the AS and SDS were used [36, 37]. The AS and

SDS were adopted because these were self-rating scales similar to the MORE scale. Fur-

thermore, these were easy and quick assessments in consideration of the participants’

fatigue. VAS score of 100 implied a high motivation level, while a score of 0 indicated a

low motivation level.
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Results

Developing items for MORE scale

Nineteen items for evaluating patients’ motivation were incorporated into an item pool.

Eighty-three participants were included in the first survey round: 22 patients with stroke, 20

physical therapists, 20 occupational therapists, and 21 nurses. However, 80 (a physical ther-

apist and two nurses dropped out) were included in the second survey round. The results of

the two survey rounds showed that two of the 19 items did not obtain the 80% consensus

among the participants (S1 Appendix). Table 1 shows the details of the MORE scale. The

original Japanese version of the MORE scale is shown in S1 Table. The MORE scale contains

17 items, which were based on the following categories in our previous research [10]: four

items (1,2,3,4) regarding the patients’ goals, three items (11,12,13) regarding success and

failure experiences, one item (14) regarding physical condition and cognitive function, two

items (16,17) regarding resilience, four items (5,6,7,8) regarding the influence of rehabilita-

tion professionals, one item (9) regarding relationships between patients, one item (10)

regarding patients’ supporters, and one item (15) regarding patients’ behavior changes. In

our previous study, patients’ goals, success and failure experiences, physical condition and

cognitive function, and resilience were based on the personal factors that influenced

patients’ motivation [10]. The influence of rehabilitation professionals, relationships

between patients, and patients’ supporters were based on the social relationship factors that

influenced patients’ motivation [10]. Each item of the MORE scale was evaluated using

Likert scale. Considering the participants’ fatigue, we selected the seven-point scale, which

is known as the minimum optimal number on a Likert scale [38]. It was rated as follows: 1,

Strongly disagree; 2, Disagree; 3, Somewhat disagree; 4, Neither agree nor disagree; 5, Some-

what agree; 6, Agree; and 7, Strongly agree.

Table 1. Mean score of the MORE scale.

Item Mean (SD)

n = 201

Percentage of respondents “Strongly

agree”

1 I want to participate in rehabilitation for my goals. 6.3 ( 1.0 ) 58.7

2 I do not want to be discharged until I achieve my recovery objectives. 5.8 ( 1.3 ) 38.3

3 I want to train in order to regain my role in my home and our society. 5.9 ( 1.3 ) 43.3

4 I am able to make efforts to achieve my goal. 6.0 ( 1.1 ) 38.8

5 I want to work hard to meet my therapists’ expectations. 6.2 ( 1.0 ) 49.8

6 I want to use the abilities I regained from the rehabilitation process in my daily life. 6.2 ( 0.9 ) 45.3

7 I share my daily exercise target with my therapist on a daily basis. 6.0 ( 1.0 ) 40.3

8 Alternations of daily rehabilitation plans propel me to participate more. 6.0 ( 1.0 ) 36.8

9 I was encouraged by other patients’ efforts. 5.9 ( 1.2 ) 39.3

10 I want to participate in rehabilitation for the sake of my friends and family. 6.2 ( 1.0 ) 50.7

11 I feel my body functions (such as body movement) improve on a daily basis. 5.9 ( 1.1 ) 34.3

12 I would like to keep practicing so that I can regain my ability to perform lost/unexecuted

daily activities.

6.1 ( 1.0 ) 42.3

13 I want to try several different exercises/practices. 5.9 ( 1.1 ) 37.8

14 I want to undergo the rehabilitation, even if I feel some pain and/or numbness. 5.9 ( 1.1 ) 38.8

15 I want to train by myself in addition to usual supervised training. 5.9 ( 1.1 ) 32.8

16 I think I must actively participate in rehabilitation. 6.1 ( 1.0 ) 45.3

17 I think rehabilitation is essential for recovering from diseases and disabilities. 6.4 ( 0.9 ) 61.2

Total

score

102.8 ( 13.5 )

https://doi.org/10.1371/journal.pone.0265214.t001
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Investigating validity and reliability

Participants’ characteristics. Participants of this study were selected from a consecutive

series of 527 patients. According to inclusion criteria, 201 patients were included in this study.

Table 2 shows participants’ characteristics.

Structural validity. Table 1 shows the mean score and standard deviation for each item of

the MORE scale. For all items, the percentage of respondents who answered “Strongly agree”

was more than 15% of the total responses in all items; this suggested a ceiling effect for all the

items [39, 40]. Floor effects were not observed in any of these items. Kaiser-Meyer-Olkin mea-

sure of sampling adequacy was 0.935, and Bartlett’s test of sphericity gave a p-value <0.001,

indicating a reasonable value for the factor analysis. The Kaiser-Guttman rule suggested that

the MORE scale has a single factor structure (Eigenvalue = 9.11, variance extracted = 53.6%).

Table 3 shows the factor loadings of each item. Factor loadings of the items ranged from 0.597

to 0.865. Given that the EFA could suggest a one-factor model, the specified model had just

one latent factor (motivation for rehabilitation). As the results of CFA assume a one-factor

model, the root mean square error of approximation as a measure of model fit was above 0.8,

which was not a good model fit. In addition, the goodness of fit index, adjusted goodness of fit

index, comparative fit index, and Tucker-Lewis index did not meet the criteria of a good

model fit (chi-square = 426.6, df = 119.0 p<0.001; goodness of fit index = 0.803; adjusted good-

ness of fit index = 0.746; root mean square error of approximation = 0.114; comparative fit

index = 0.871; Tucker-Lewis index = 0.852; root mean square error of approximation = 0.053).

The results of the exploratory factor analysis indicated a one-factor structure, and the factor

loadings for each item were at least 0.4 [41]. Therefore, factor analysis assuming other model

structures was not conducted in the confirmatory factor analysis. Furthermore, the MORE

scale was constructed without deleting any of the items because referring to the scores of each

item makes it possible to examine an intervention method to motivate the participants.

Item response theory analysis. For items 4, 5, 6, 7, 8, 10, 11, 12, 13, 14, 15, 16, and 17, no

participant responded with: 1, Strongly disagree; 2, Disagree; and 3, Somewhat disagree.

Therefore, to conduct the analysis, we integrated points 1, 2, and 3 into one rating. Table 4

shows the results of the item slope parameters (alpha) and the item difficulty parameters

Table 2. Participants’ characteristics.

Characteristics n = 201

Age, y. mean (SD) 65.4 ( 13.6 )

Gender, female. n (%) 81 ( 40.3 )

Days from stroke onset to admission. mean (SD) 30.0 ( 13.9 )

Lesion side, right; left; both 92; 105; 4

Type of stroke, hemorrhage; infarction 127; 74

Days from admission to conduct the assessment. mean (SD) 9.4 ( 4.5 )

Stroke Impairment Assessment Set motor function. median (IQR)

Knee-mouth test 4 ( 3–5 )

Finger-function test 4 ( 2–5 )

Hip-flexion test 4 ( 4–5 )

Knee-extension test 4 ( 4–5 )

Foot-pat test 4 ( 3–5 )

Functional Independence Measure. median (IQR)

Total score 88 ( 74–100 )

Motor score 61 ( 48–70 )

Cognitive score 28 ( 25–32 )

https://doi.org/10.1371/journal.pone.0265214.t002
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(beta). Overall, 17 items demonstrated satisfactory item response, with item slopes ranging

from 0.811 to 2.142. Item difficulty parameters ranged from -3.203 to 0.522.

Internal consistency. Cronbach’s alpha, which evaluates internal consistency was 0.948.

The items of the MORE scale showed excellent internal consistency.

Table 3. Results of factor loadings with EFA.

Item Factor 1

1 .730

2 .727

3 .668

4 .624

5 .709

6 .828

7 .713

8 .734

9 .620

10 .805

11 .597

12 .865

13 .818

14 .649

15 .734

16 .824

17 .731

https://doi.org/10.1371/journal.pone.0265214.t003

Table 4. Item slope parameters and difficulty parameters.

Item α β1 β2 β3 β4

1 1.507 -2.725 -2.279 -1.384 -0.413

2 1.253 -2.28 -1.71 -0.565 0.266

3 1.182 -2.467 -1.829 -0.879 0.104

4 1.007 -3.009 -1.989 -0.968 0.264

5 1.667 -2.751 -2.098 -1.206 -0.133

6 1.847 -2.721 -2.023 -1.144 0.004

7 1.284 -3.02 -2.09 -0.967 0.188

8 1.309 -3.203 -2.001 -0.854 0.308

9 1.085 -2.521 -1.756 -0.949 0.238

10 1.778 -2.581 -1.896 -1.143 -0.185

11 0.811 -3.034 -2.286 -0.784 0.522

12 2.142 -2.378 -1.805 -1.1 0.106

13 1.679 -2.381 -1.668 -0.779 0.251

14 1.152 -2.678 -1.956 -0.884 0.246

15 1.239 -2.483 -1.792 -0.789 0.489

16 1.904 -2.399 -2.066 -1.031 0.021

17 1.528 -3.037 -2.268 -1.488 -0.488

Mean 1.434 -2.686 -1.971 -0.995 0.105

SD 0.361 0.285 0.196 0.232 0.280

Α: Item slope parameter β: Item difficulty parameter

https://doi.org/10.1371/journal.pone.0265214.t004
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Test-retest reliability. One hundred and eight stroke patients who could be assessed for

motivation by the MORE scale on admission and after one month of hospitalization were

included to investigate the test-retest validity of the MORE scale. The normality of the MORE

scale scores was analyzed using the Shapiro-Wilk test, which showed p< 0.001, indicating no

normality. Then, the test-retest reliability was analyzed using Spearman’s rank correlation

coefficient, the result of which was ρ = 0.612, p<0.001. The time interval may have caused the

values to be lower than those that would have been obtained by retesting immediately after-

ward; however, moderate reliability was confirmed.

Convergent, discriminant, and criterion validity. The convergent and discriminant was

confirmed using the correlations between the MORE scale and the AS, SDS, and VAS. Seven-

teen of the 201 participants did not complete the AS and SDS. Therefore, correlations were

analyzed using the data of the remaining 184 participants. The average score of the AS was

11.8 (SD±7.4), SDS was 39.8 (SD±8.9), VAS was 84.0 (SD±16.5), and MORE scale was 102.5

(SD±13.8). The number of participants in an apathetic state was 55 (29.9%), in a depressive

state was 94 (51.6%), and in both an apathetic and depressive state was 42 (22.8%). The MORE

scale showed a negative correlation with AS (rho = -0.567, p<0.001) and SDS (rho = -0.347,

p<0.001). It showed a positive correlation with VAS (rho = 0.536, p<0.001) (Figs 1–3).

Furthermore, we validated the properties of the MORE scale using the cutoff value of the

AS and SDS, and the quartile of the MORE scale. Participants with MORE scale scores below

the first quartile were considered to have relatively low motivation. Table 5 shows the results of

the total score of the AS, SDS, and MORE scale. Among the participants, 11.9% of those who

were evaluated as having a score more than the cutoff point for both AS and SDS (both apathy

and depression positive) obtained scores that were more than the third quartile for the MORE

scale. However, 6.5% of participants who were evaluated as having a score below the cutoff

point for both AS and SDS (both apathy and depression negative) were evaluated as having

scores below the first quartile for the MORE scale. Thus, the results show that there were a cer-

tain number of participants who scored below the cutoff point for both depression and apathy,

but had low motivation for rehabilitation. Conversely, there were a certain number of partici-

pants who scored above the cutoff point for both depression and apathy, but had high motiva-

tion for rehabilitation.

Discussion

In this study, a new evaluation scale was developed for measuring stroke patients’ motivation

for rehabilitation (MORE scale) by referring to the factors extracted from their own narratives

that influenced their motivation. The properties of the MORE scale were evaluated according

to COSMIN. The results showed that the MORE scale was an appropriate scale for evaluating

stroke patients’ motivation for rehabilitation, and could specifically assess the motivation

rather than depression and apathy.

It has been reported that stroke patients’ motivation for rehabilitation in convalescent hos-

pitals can be influenced by personal and social relationship factors, and could affect their

behavioral changes [10]. All MORE scale items were developed by referring to two types of fac-

tors (personal and social-relationship factors) that influence patients’ motivation for rehabilita-

tion and the content of motivated behavioral change [10]. 10 items related to personal factors

(patients’ goal factors, factors regarding success and failure experiences, factors regarding

physical and cognitive conditions, and factors regarding resilience), six items related to social

relationship factors (factors regarding rehabilitation professionals, factors regarding patient

relationships, and factors regarding patients’ supporters), and one item related to patients’

behavioral changes. Therefore, we initially hypothesized that the 17 MORE scale items could
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be categorized into three factors corresponding to the eight categories of EFA. However, the

EFA results indicated a one-factor structure, and the Cronbach’s alpha coefficient value was

very high. This could be caused by the ceiling effect in many items. The participants were

Fig 1. Total scores of the MORE scale and the AS. Each line on the X axis represents the first quartile of the MORE scale and Y axis represents the cutoff points of each

scale.

https://doi.org/10.1371/journal.pone.0265214.g001
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undergoing rehabilitation at a convalescent rehabilitation hospital, which provided intensive

rehabilitation; furthermore, evaluation regarding psychological aspects was conducted early

after the patients’ hospitalization. Therefore, some participants may have had over-inflated

Fig 2. Total scores of the MORE scale and the SDS. Each line on the X axis represents the first quartile of the MORE scale and Y axis represents the cutoff points of each

scale.

https://doi.org/10.1371/journal.pone.0265214.g002
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expectations regarding the rehabilitation. To clarify this point, further investigation is required

to evaluate the time point when the patients themselves understand and agree to the realistic

rehabilitation goals presented by the medical staff.

Fig 3. Total scores of the MORE scale and the VAS. Each line on the X axis represents the first quartile of the MORE scale and Y axis represents the cutoff points of each

scale.

https://doi.org/10.1371/journal.pone.0265214.g003
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Unlike in our hypothesis, this study’s factor analysis, a one-factor structure was indicated.

Thus, it is impossible to separate the motivation-related factors from the relevant item. How-

ever, this study found that there was a correlation between the VAS and the total score on the

MORE scale. It was possible that the MORE scale measure motivation for rehabilitation in

general. Furthermore, by referring to each item’s scores, it became possible to understand, in

detail, the categories that required motivational care. The category “goal setting,” which the

items 1,2,3, and 4 referred to, have been reported to be related to the improvement of daily liv-

ing activities [42, 43]. "Pain" in Item 14, which is included in the category "physical condition

and cognitive function", has been reported to have a negative effect on FIM improvement [44].

Similarly, the category "success experience", which are items 11, 12, and 13, and the category

"resilience" (resilience against obstacles), which are items 16 and 17, were related to stroke

patients’ functional improvement [45, 46]. Furthermore, it has been reported that the category

"influence from supporters," including professionals and family members, in items 5,6,7,8,9,

and 10, can affect stroke patients’ motivation for rehabilitation [15, 47–50]. Thus, referring to

score composition according to each item could produce useful information for effectively

planning rehabilitation. Furthermore, using the MORE scale to evaluate patient motivation

could help to prevent any mislabeling of stroke patients’ motivation in medical staff’s observa-

tional evaluations. Aged stroke patients undergoing rehabilitation may have few emotional

expressions (e.g., facial expressions) [10] and are often inactive; they are thus at risk of being

mislabeled "unmotivated" by medical staff [15]. Using the MORE scale to evaluate motivations

can help us reduce mislabeling and thus lead to more appropriate care practices.

The results based on IRT revealed strong support for a good item response on the MORE

scale. The item difficulty parameter was relatively low. Thus, the MORE scale may have better

discrimination ability among stroke patients reporting lower motivation for rehabilitation.

The MORE scale showed moderate correlations with AS, SDS, and VAS. Loss of motivation

has been reported as being closely related to and overlapping with apathy and depression [32–

35]. Therefore, the observed correlations were considered reasonable. This study also exam-

ined whether the study participants were motivated with reference to the quartiles of the

MORE scale. Consequently, we found a group of participants who had scores that were evalu-

ated as having scores over the first quartile for the MORE scale and at the same time had scores

that were above the cutoff point in AS or SDS (i.e., apathy or depression positive). Although

the results of the motivation for rehabilitation evaluation among stroke patients were similar

to those for apathy and depression in some aspects, apathy and depression did not necessarily

correspond to motivation. The results showed that the MORE scale can evaluate patients’

motivation for rehabilitation specifically, regardless of depression and apathy.

This study had several limitations. First, this study recruited participants from a single insti-

tution, and the participants had relatively high functional levels (as measured using FIM). In

the future, it may be necessary to examine the MORE scale by conducting a large-sample sur-

vey, which should include participants with relatively low functional levels in daily life at other

facilities. Second, this study’s results were obtained only at one time-point during

Table 5. Classification of participation between MORE scale and status of apathy and depression.

Apathy (-), Depression (-) Apathy (+), Depression (+)

MORE scale

< 1st quartile 5 (6.5%) 20 (47.6%)

1st– 3rd quartile 41 (53.2%) 17 (40.5%)

> 3rd quartile 31 (40.3%) 5 (11.9%)

Total 77 (100.0%) 42 (100.0%)

https://doi.org/10.1371/journal.pone.0265214.t005
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hospitalization. However, the psychological status of patients is often expected to change dur-

ing the hospitalization period. In the future, it will be possible to clarify the scale’s characteris-

tics and patients’ motivations in more detail by confirming the evaluation results not only at

one time-point after hospitalization but also at multiple time-points, including when the

patients’ goals are shared with medical staff and before their discharge. Third, in this study, we

conducted validation using the Japanese version of the MORE scale among stroke patients

admitted to a Japanese hospital. Language validation is necessary to examine whether the Japa-

nese version of the MORE scale could be adapted for use in other countries as well.

This study’s results showed that the MORE scale can be a valid scale for assessing motiva-

tion for rehabilitation in patients with stroke. Valid scales for assessing motivation for rehabili-

tation in patients with stroke have been scarce; medical staff may mislabel patients who should

be designated as "highly motivated" as "low-motivated". It is expected that use of the MORE

scale for evaluating motivation in rehabilitation practice will reduce instances of mislabeling

by medical staff. Thus, rehabilitation professionals can utilize the MORE scale as a useful tool

to understand stroke patients’ motivation, increase their motivation, and develop optimal

rehabilitation plans.

Supporting information

S1 Appendix. Percentage of item consensus by Delphi method. Details of first and second

round Delphi method results. Item 10 and 14 were excluded from MORE scale because less

than 80% of the participants’ consensus.

(DOCX)

S1 Table. The original Japanese version of the MORE scale. The items of original Japanese

version of MORE scale.

(DOCX)

S1 Data. Data of participant characteristics, clinical measures, MORE scale, apathy scale,

self-rating depression scale, and MORE scale. Data described are as follows: Patients’ no;

Gender; Age; Type of stroke; Paretic side; Days from stroke onset to admission; Total hospital-

ization days; Days from admission to psychological scales evaluation; FIM score; SIAS motor

function score; MORE scale score; Self-rating depression scale score; and Apathy scale score.

(XLSX)

Acknowledgments

We thank all the participants in this study. Many thanks to the staff at the Tokyo Bay Rehabili-

tation Hospital for finding participants.

Author Contributions

Conceptualization: Taiki Yoshida, Yohei Otaka.

Data curation: Taiki Yoshida.

Formal analysis: Taiki Yoshida, Yohei Otaka, Rieko Osu.

Funding acquisition: Yohei Otaka, Rieko Osu.

Investigation: Taiki Yoshida, Shin Kitamura, Kazuki Ushizawa, Masashi Kumagai.

Methodology: Taiki Yoshida, Yohei Otaka, Rieko Osu.

Project administration: Taiki Yoshida.

PLOS ONE New evaluation scale for stroke patients’ motivation

PLOS ONE | https://doi.org/10.1371/journal.pone.0265214 March 17, 2022 14 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265214.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265214.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265214.s003
https://doi.org/10.1371/journal.pone.0265214


Resources: Taiki Yoshida, Shin Kitamura, Kazuki Ushizawa, Masashi Kumagai.

Software: Taiki Yoshida, Yuto Kurihara.

Supervision: Yohei Otaka, Jun Yaeda, Rieko Osu.

Visualization: Taiki Yoshida, Yohei Otaka, Rieko Osu.

Writing – original draft: Taiki Yoshida, Yohei Otaka, Rieko Osu.

Writing – review & editing: Taiki Yoshida, Yohei Otaka, Shin Kitamura, Kazuki Ushizawa,

Masashi Kumagai, Yuto Kurihara, Jun Yaeda, Rieko Osu.

References
1. Tornbom K, Sunnerhagen KS, Danielsson A. Perceptions of physical activity and walking in an early

stage after stroke or acquired brain injury. PLoS One. 2017; 12(3):e0173463. Epub 2017 Mar 09.

https://doi.org/10.1371/journal.pone.0173463 PMID: 28273158; PubMed Central PMCID:

PMC5342245.

2. Damush TM, Plue L, Bakas T, Schmid A, Williams LS. Barriers and facilitators to exercise among stroke

survivors. Rehabil Nurs. 2007; 32(6):253–60,62. Epub 2007 Mar 11. https://doi.org/10.1002/j.2048-

7940.2007.tb00183.x PMID: 18065147.

3. Wang YH, Yang YR, Pan PJ, Wang RY. Modeling factors predictive of functional improvement following

acute stroke. J Chin Med Assoc. 2014; 77(9):469–76. Epub 2014 Jul 31. https://doi.org/10.1016/j.jcma.

2014.03.006 PMID: 25074799.

4. Ryan R, Deci E. Self-determination theory and the facilitation of intrinsic motivation, social development,

and well-being. Am Psychol. 2000; 55:68–78. https://doi.org/10.1037//0003-066x.55.1.68 PMID:

11392867

5. Deci EL, Ryan RM. Motivation, personality, and development within embedded social contexts: an over-

view of self-determination theory. In: Ryan RM, editor. The Oxford handbook of human motivation.

Oxford: Oxford University Press; 2012. pp. 84–108.

6. Chervinsky AB, Ommaya AK, deJonge M, Spector J, Schwab K, Salazar AM. Motivation for traumatic

brain injury rehabilitation questionnaire (MOT-Q): reliability, factor analysis, and relationship to MMPI-2

variables. Arch Clin Neuropsychol. 1998; 13(5):433–46. https://doi.org/10.1093/arclin/13.5.433 PMID:

14590608

7. Boosman H, van Heugten CM, Winkens I, Smeets SM, Visser-Meily JM. Further validation of the moti-

vation for traumatic brain injury rehabilitation questionnaire (MOT-Q) in patients with acquired brain

injury. Neuropsychol Rehabil. 2016; 26(1):87–102. Epub 2015 Jan 21. https://doi.org/10.1080/

09602011.2014.1001409 PMID: 25599578.

8. Kusec A, Velikonja D, DeMatteo C, Harris JE. Motivation in rehabilitation and acquired brain injury: can

theory help us understand it? Disabil Rehabil. 2019; 41(19):2343–9. Epub 2018 Apr 26. https://doi.org/

10.1080/09638288.2018.1467504 PMID: 29693464.

9. Kusec A, DeMatteo C, Velikonja D, Harris JE. Psychometric properties of measures of motivation and

engagement after acquired brain injury. Rehabil Psychol. 2018; 63(1):92–103. Epub 2018 Mar 20.

https://doi.org/10.1037/rep0000186 PMID: 29553784.

10. Yoshida T, Otaka Y, Osu R, Kumagai M, Kitamura S, Yaeda J. Motivation for rehabilitation in patients

with subacute stroke: a qualitative study. Front Rehabilit Sci. 2021; 2:664758. https://doi.org/10.3389/

fresc.2021.664758

11. Oddy M, Cattran C, Wood R. The development of a measure of motivational changes following acquired

brain injury. J Clin Exp Neuropsychol. 2008; 30(5):568–75. Epub 2008 Jun 24. https://doi.org/10.1080/

13803390701555598 PMID: 18569252.

12. White GN, Cordato DJ, O’Rourke F, Mendis RL, Ghia D, Chan D. Validation of the stroke rehabilitation

motivation scale: a pilot study. Asian J Gerontol Geriatr. 2012; 7(2):80–7.

13. Pelletier LG, Tuson KM, Fortier MS, Vallerand RJ, Briére NM, Blais MR. Toward a new measure of
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