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Purpose: This study aimed to develop and evaluate a psychometrically reliable tool specifically designed to assess physical activity
participation behavior in COPD patients in China.

Patients and Methods: Using the Motivation-Opportunity-Ability (MOA) model as a framework, a scale was developed and
evaluated through literature and guideline reviews, qualitative research, interdisciplinary expert consultations (n=21), and a pilot trial
(n=50). A sample of COPD patients diagnosed over a year was randomly divided into two groups for exploratory factor analysis (EFA)
and confirmatory factor analysis (CFA) to test the factor structure. The scale’s content validity, internal consistency and test-retest
reliability were further assessed.

Results: 433 COPD patients from four hospitals in a city in China participated in this study. The final scale included 32 items and
demonstrated good internal consistency, with a Cronbach’s a of 0.956 and a test-retest reliability of 0.777. The EFA identified four
dimensions, with factor loadings ranging from 0.530 to 0.799, explaining 60.338% of the total variance: Motivation (5 items),
Opportunity (12 items), Ability (9 items), and Behavior (6 items). The CFA confirmed that the four-dimensional model fit the data
well: y/df = 1.891, standardized root mean residual (SRMR) = 0.0497, root mean square error of approximation (RMSEA) = 0.064,
comparative fit index (CFI) = 0.927, Tucker-Lewis index (TLI) = 0.921.

Conclusion: The Physical Activity Participation Behavior Scale for COPD patients demonstrated good reliability and validity and can
be used to assess physical activity participation in individuals with COPD.

Keywords: COPD, instrument, reliability, validity

Introduction

Chronic Obstructive Pulmonary Disease (COPD) is currently one of the top three leading causes of death globally. In
China, the overall prevalence rate is 8.6%, with a higher rate of 13.7% in individuals aged 40 and above. The total
number of COPD patients is nearly 100 million, with more than 27.0% of those aged 60 and above affected. Annually, 5
to 11 million people are disabled due to COPD.' COPD patients typically experience symptoms such as dyspnea,
shortness of breath, cough, and sputum production. Dyspnea contributes to inactivity, reduced physical fitness, impaired
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cardiovascular function, muscle wasting, social isolation, and depression. A sedentary lifestyle exacerbates dyspnea,
leading to further inactivity, immobility, and premature death, thereby creating a vicious cycle of physical decline.”

The BMJ Best Practice guidelines recommend that all COPD patients engage in physical activity (PA).> In 1985,
Caspersen et al defined physical activity as any bodily movement produced by skeletal muscles that requires energy
expenditure, including sports, household chores, recreational activities, and occupational tasks.* Since then, the issue of
physical activity participation has garnered extensive global attention and research. Physical activity is traditionally
categorized by type, intensity, and duration. It has been shown to significantly improve the quality of life and prognosis
for patients, with exercise training being a structured, planned, and repetitive form of physical activity.* As such, physical
activity includes not only structured exercise programs, such as pulmonary rehabilitation, but also everyday physical
tasks. However, the 2024 Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines indicate that COPD
patients still face significant challenges in promoting and maintaining physical activity. Incorporating regular exercise
into daily life is especially difficult, with dyspnea serving as a major barrier.

There is no consistent definition of physical activity participation behavior in COPD patients. A clear definition would
facilitate a more accurate assessment of participation levels in physical activity. Lee’s research team defined physical
activity participation in COPD patients based on activity habits, weekly frequency, and duration.” A protocol for
a systematic review included several factors for assessing behavior change in community-dwelling COPD patients,
including physical activity participation, sedentary time, daily steps, dyspnea perception, functional capacity, quality of
life, exercise capacity, adverse events, and adherence to interventions.” COPD patients frequently experience “kinesio-
phobia”, or an irrational fear of movement due to dyspnea, leading them to avoid activities associated with breathlessness
or compensate by reducing activity intensity.” Therefore, addressing exercise-related fear should be a key focus when
promoting physical activity in COPD patients. Additionally, a best-evidence summary from China indicates that COPD
patients’ physical activity should include: pre-activity risk and intensity assessments, the development of exercise
prescriptions incorporating aerobic, resistance, balance, and flexibility training, and flexible adjustments to activity
duration and intensity for elderly, frail, sedentary, stable, or acutely exacerbated COPD patients, as well as those who
are obese or underweight. It also emphasizes selecting appropriate activity settings to ensure safety and effectiveness,
using behavior change techniques to increase activity, and evaluating the efficacy and quality of interventions.® In
conclusion, we propose that physical activity participation behavior in COPD patients involves the intensity and duration
of activities such as self-care, household chores, transportation, occupational tasks, and exercise, influenced by factors
including disease, psychological state, and environment.” It also encompasses specific lifestyle elements related to
physical activity, such as activity planning, safety management, communication, and quality control.

It is important to note that there is currently no comprehensive standard for assessing the physical activity participation
behavior of patients with COPD. Numerous studies have utilized activity monitors, such as pedometers and accelerometers, to
objectively measure and provide feedback on COPD patients’ daily steps or energy expenditure.'®'* However, these devices
are associated with costs and can be affected by factors such as low battery, signal interference, improper placement, or device
detachment, resulting in data inaccuracies or omissions. Other studies have used generic tools, including the International
Physical Activity Questionnaire-Short Form (IPAQ-SF),'>"!7 the International Physical Activity Questionnaire (IPAQ),'®1°
the Physical Activity Scale for the Elderly (PASE),?® the Short Questionnaire to Assess Health-Enhancing Physical Activity
(SQUASH),?! and the Yale Physical Activity Survey (YPAS),? to subjectively evaluate the physical activity levels of COPD
patients. However, these tools do not fully consider the unique physiological and behavioral characteristics of COPD patients.
Furthermore, they only provide data on activity frequency, duration, and intensity for the past week or year, which limits their
ability to sensitively, accurately, and comprehensively capture COPD patients’ physical activity participation behavior. The
research team led by Koreny employed the PROactive Physical Activity in COPD (C-PPAC) instrument to assess activity
levels, difficulty, and overall experience over the past week.”> However, this tool lacks an evaluation of activity types such as
self-care, resistance training, balance, and the safety of participation. Amorim et al applied the London Chest Activity of Daily
Living (LCADL) scale to assess impairments in COPD patients’ ability to perform personal care, household tasks, physical
activities, and leisure activities but did not explore the underlying causes of participation behavior.>* Therefore, there is a clear
need for reliable, theoretically driven instruments to measure the physical activity participation behavior of COPD patients and
to regularly assess their activity levels to enhance the effectiveness of related interventions.
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To address this need, we developed a scale specifically for COPD patients based on the Motivation, Opportunity, and
Ability (MOA) model. Proposed by Maclnnis et al in 1991, this model has a robust theoretical framework for
understanding behavior change and has been applied in recent years to explain a variety of complex behaviors.?**’
The MOA model posits that motivation directly influences behavior, while ability and opportunity moderate this
relationship.?® In this study, the four core components of the MOA model were defined as follows: motivation—the
internal drivers and direct influences that prompt COPD patients to engage in physical activity, including their will-
ingness, interest, and desire; opportunity—the external, objective components of the environment that COPD patients
perceive as facilitating or hindering their physical activity participation; ability—the internal capacity that affects the
quality and quantity of physical activity participation, such as the mastery of specific skills; and behavior—the intensity
and duration of COPD patients’ direct engagement in physical activity under the influence of both internal and external
stimuli, as well as related lifestyle behaviors.

The initial development of this scale involved reviewing relevant guidelines and existing literature,” "'

synthesizing
the results of qualitative studies on 17 COPD patients,** and conducting group discussions to create the initial 41-item
scale. After three rounds of expert review by 21 specialists, consensus was reached. The scale was further refined through
a pilot trial and cognitive interviews to improve clarity and accuracy, resulting in a preliminary 38-item scale. This tool
addresses the lack of specificity in generic modules by capturing aspects unique to COPD, such as related symptoms and
psychological factors. In this paper, we describe the development process and further validate its reliability and validity
in a sample of Chinese COPD patients. Our assessment tool will be instrumental in guiding the development and
evaluation of future interventions aimed at improving the quality of life for COPD patients and reducing premature

mortality.

Materials and Methods

Study Design

This methodological study was designed and reported following the COSMIN Study Design checklist for Patient-
reported outcome measurement instruments.>

Participants

Participants were recruited from June 1, 2024, to September 30, 2024, at three large tertiary hospitals and one general
tertiary hospital in Wuhan, Hubei Province, China, including both outpatient and inpatient departments. The inclusion
criteria were: (1) a diagnosis of COPD based on the 2024 GOLD criteria,” with a diagnosis duration of at least one year;
(2) age >18 years; (3) clear consciousness and ability to articulate thoughts; and (4) voluntary participation with informed
consent. Exclusion criteria included: (1) concurrent heart, liver, kidney, or other organ failure, or any life-threatening
disease; (2) severe cognitive impairment, communication disorders, or psychiatric conditions; and (3) severely impaired
functional status requiring full dependency on care.

Scale Development

From December 2023 to May 2024, 21 experts in respiratory medicine, nursing, rehabilitation, clinical psychology, and
physical therapy were invited to participate via email, letters, and WeChat, based on the following criteria: (1) a minimum
of a bachelor’s degree or intermediate professional title; (2) at least 10 years of experience in the relevant fields; and (3)
familiarity with questionnaire development, with a willingness to participate under informed consent. The experts, aged
between 34 and 60 years (mean 44.71+£7.52), consisted of 6 with doctoral degrees, 7 with master’s degrees, and 8 with
bachelor’s degrees. They represented nine cities from Hubei, Jiangsu, Beijing, Guangdong, Fujian, Shandong, and Hainan
provinces. Regarding professional settings, 17 were from medical institutions, 3 from academic institutions, and 1 from
a research institute. Concerning professional titles, 3 held senior positions, 10 held associate senior positions, and 8 held
intermediate-level titles. Their areas of expertise included clinical respiratory medicine (n=3), clinical respiratory nursing
(n=4), nursing management (n=6), nursing psychology (n=3), rehabilitation nursing (n=2), chronic disease management
(n=2), and physical therapy (n=1). Their years of experience ranged from 10 to 41 years (mean 21.57+9.21).
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Following the first round of expert consultation, several adjustments were made: (1) After group discussion, four items
were deleted, and seven items were merged. For example, the items “I feel that receiving health education resources during
hospitalization promoted my activity” and “I feel that receiving guidance from healthcare staff before discharge promoted my
activity” were merged, as two experts deemed them similar in meaning. Items for which deletion was suggested by only a few
experts were modified to better align with the intended measurement goals. For instance, the item “I feel that transportation
promotes my activity” was revised to “Choosing walking, cycling, or other active modes of transportation has enhanced my
physical activity” after an expert suggested it reflected inactivity. (2) Thirteen items were descriptively modified, and 1 new
dimension and 13 additional items were added. For example, the item “I participate in activities because I know their
importance” was revised to “The desire to alleviate dyspnea”, based on expert feedback for more specific symptom-related
descriptions. Additionally, the item “The aim is to reduce fatigue” was added. A new “Behavior” dimension was recom-
mended to capture both structured exercise programs and daily activity patterns. Based on a literature review, group
discussions, and informal expert interviews, 3 items (B1, B2, B3) were added. Following the second round of consultation,
four items were deleted, one was merged, and four were reworded to clarify meaning. In the third round, two additional items
were revised. After three rounds of expert consultations, the ratings of the importance of all remaining items became stable and
consistent. The final scale consists of 38 items across four dimensions: Motivation (7 items), Opportunity (13 items), Ability
(10 items), and Behavior (8 items).

A pilot test of the Chinese version of the questionnaire was conducted with 50 participants. The Chinese-language
paper questionnaire was introduced to assess whether each item was easy to understand and complete, and to determine
how long it took to complete the questionnaire. Additionally, cognitive interviews were conducted with 12 representative
participants. The interview questions included: (1) Were any questions difficult to understand or answer? (2) Were any
questions unclear, and should the wording be revised? How should they be modified? (3) Were any questions missing?
All participants completed the questionnaire within 12 minutes (average time: 7.38 minutes), and the response rate
was 100%.

Data Collection

The appropriate sample size should be 5-10 times the number of items,** and considering exploratory factor analysis
(EFA) and confirmatory factor analysis (CFA) splitting, the total sample size should be 10-20 times the number of items.
Therefore, a minimum of 380 participants was required. To account for a refusal rate of over 10%, the sample size was
increased to at least 418. The survey was administered by five graduate students from the research team. Before data
collection, group discussions and unified training were conducted, and the survey plan was revised. Each Likert scale
item was set to have equidistant response options, with the midpoint representing a “neutral” stance, to minimize
potential data loss and bias.*® Participants were selected based on strict adherence to inclusion and exclusion criteria
during the survey. A standardized Chinese script was used to introduce the background, objectives, significance, risk
control measures, and instructions for completing the questionnaire to COPD patients. Following their consent, informed
consent forms were provided. Chinese-language paper questionnaires were distributed on-site, and participants were
required to complete them independently. Immediate assistance was provided to address any questions raised by patients.
For those unable to complete it alone, such as elderly participants, the surveyor assisted by reading the items aloud.
Questionnaires were collected and checked for completeness, with missing items being completed on-site. Invalid
questionnaires with patterned responses were excluded. A follow-up survey was conducted one week later to assess test-
retest reliability. Once the target sample size was reached, further invitations were discontinued. The one-week interval
minimized potential behavioral changes and dropout rates. The data were entered by two graduate students and were
subjected to logical and consistency checks to ensure accuracy.

The present study recruited 471 participants, excluding invalid and missing samples, resulting in 433 valid
responses, yielding a response rate of 91.93%. The complete sample was randomly divided into two subsamples:
Sample 1 (n=214) was used for item reduction, reliability testing, and EFA to structure the model, while Sample 2
(n=219) was used for CFA to validate the model. Demographic data, including age, gender, residence, marital status,
living conditions, and educational background, were collected. Participants were required to complete a revised 38-
item questionnaire. Each item employed a 5-point Likert scale, with options ranging from “Strongly Disagree” to
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“Strongly Agree”, scored from 1 to 5. For the motivation dimension, the total score ranged from 7 to 35, with higher
scores indicating stronger motivation for engaging in physical activity. For the opportunity dimension, scores ranged
from 13 to 65, with higher scores reflecting greater opportunities for physical activity participation. For the capability
dimension, scores ranged from 10 to 50, with higher scores indicating stronger skills or confidence in engaging in
physical activity. For the behavior dimension, scores ranged from 8 to 40, with higher scores indicating more
proactive involvement in physical activities. The average time to complete the questionnaire was between 5 and
15 minutes. Upon successful submission of the responses, participants were provided with health education
counseling.

Data Analysis
IBM SPSS Statistics V.26 and IBM SPSS Amos V.26 were employed for item analysis, reliability testing, EFA, and CFA.

Item analysis was conducted, and items were excluded if: (1) the first round questionnaires were ranked by their total
scores, and participants in the top 27% (high-score group) and bottom 27% (low-score group) were identified. An
independent samples #-test was performed, revealing no statistical difference between the two groups; (2) the correlation
coefficient between an item and the total score was below 0.30, or (3) the Cronbach’s alpha of the corresponding
dimension significantly increased upon exclusion of the item.*

Content validity indices were calculated based on expert ratings of the scale items: the Scale-level Content Validity
Index (S-CVI) and the Item-level Content Validity Index (I-CVI). The S-CVI was computed as the mean inter-expert
agreement for the entire scale. A scale was considered to have adequate content validity if S-CVI>0.90 and I-CVI>0.78.%"

Before factor analysis, the Kaiser-Meyer-Olkin (KMO) measure and Bartlett’s test of sphericity were used to assess
the suitability of the data for factor analysis.>® A KMO value exceeding 0.80 and a significant Bartlett’s test indicated
appropriate conditions for factor analysis. EFA was then conducted on Sample 1 using rotated principal component factor
analysis to explore the factor structure. Factors were retained based on two criteria: (1) eigenvalues greater than 1 and (2)
factor loadings greater than 0.50. CFA was performed on Sample 2 to further validate the factor structure identified in the
EFA. Model fit was evaluated using several indices: relative y? (y*/df) < 3, standardized root mean residual (SRMR) <
0.05, root mean square error of approximation (RMSEA) < 0.08, and comparative fit index (CFI) and Tucker-Lewis
index (TLI) > 0.90.*

Reliability was assessed using Cronbach’s a coefficient and test-retest reliability, with Cronbach’s a > 0.80 considered
indicative of good reliability.*” Test-retest reliability of the full scale and its subscales was evaluated using the intraclass
correlation coefficient (ICC) based on a two-way mixed model. ICC values of 0.40-0.59, 0.60-0.74, and > 0.75 were
categorized as fair, good, and excellent, respectively.*’

Results

Sample Characteristics

The characteristics of the participants are summarized in Table 1. The mean age of the participants was 70.31 + 8.63 years,
with an average duration of diagnosis of 6.74 + 6.75 years. The majority were male (81.8%), resided in urban areas (62.6%),
were married (89.4%), and lived with their spouses (79.0%). The predominant educational level was middle school (32.8%),
and most participants were covered by urban-rural resident medical insurance (31.6%). A significant proportion were in
a stable disease phase (60.5%) and had been hospitalized 1 to 3 times due to exacerbations in the past year (85.2%). Nearly
40% had never smoked (39.7%), and more than half had 1 to 2 comorbidities (52.0%).

Item Analysis

The 214 questionnaires were ranked in ascending order based on total scores. Two groups were then established:
individuals with scores <100 were classified in the low-score group, and those with scores >123 were classified in the
high-score group. An independent samples t-tests indicated that one item (O1: “I experience increased activity during
professional duties”) had a cutoff value <3, with a p-value > 0.05. After removing this item, significant differences were
observed in the scores of the remaining items between the high- and low-score groups (t = 3.529 to 15.693, all p < 0.001),
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Table | General Characteristics of Participants (n=433)

Items Total (n=433) Sample | (N=214) Sample 2 (N=219)
n(%)/MeantSD n(%)/MeantSD n(%)/MeantSD
Age(years) 70.31+8.63 70.58+8.91 70.05+8.35
Gender
Male 354 (81.8) 177 (82.7) 177 (80.8)
Female 79 (18.2) 37 (17.3) 42 (19.2)
Area of residence
Urban 271 (62.6) 149 (69.6) 122 (55.7)
Rural 162 (37.4) 65 (30.4) 97 (44.3)
Marital status
Married 387 (89.4) 191 (89.3) 196 (89.5)
Widowed 35(8.1) 20 (9.3) 15 (6.8)
Divorced 11 (2.5) 3(1.4) 8 (3.7)
Living status
Residing with spouse 342 (79.0) 156 (72.9) 186 (84.9)
Living with adult children 50 (11.5) 36 (16.8) 14 (6.4)
Alone 29 (6.7) 18 (8.4) 11 (5.0)
Other living status 12 (2.8) 4(1.9) 8 (3.7)
Education level
llliterate 39 (9.0) 25 (11.7) 14 (6.4)
Elementary 103 (23.8) 42 (19.6) 61 (27.9)
Middle school 142 (32.8) 62 (29.0) 80 (36.5)
High school 111 (25.6) 65 (30.4) 46 (21.0)
College or higher 38 (8.8) 20 (9.3) 18 (8.2)
Health insurance type
Urban employee insurance 96 (22.2) 60 (28.0) 36 (16.4)
Urban-rural resident insurance 137 (31.6) 74 (34.6) 63 (28.8)
Commercial health insurance 3 (0.7) 2 (0.9) 1 (0.5)
Provincial government employee insurance 60 (13.9) 21 (9.8) 39 (17.8)
Self-pay 137 (31.6) 57 (26.6) 80 (36.5)
Current disease stage
Stable phase 262 (60.5) 133 (62.1) 129 (58.9)
Acute exacerbation phase 171 (39.5) 81 (37.9) 90 (41.1)
Duration of COPD diagnosis 6.74+6.75 6.14£5.75 7.33+£7.56
Number of acute exacerbations in last year
0 3(0.7) 3(14) 0 (0.0
1~3 369 (85.2) 175 (81.7) 194 (88.6)
4~6 52 (12.0) 31 (14.5) 21 (9.6)
27 9 (2.1) 5(2.3) 4(1.8)
Smoking history
Never smoked 172 (39.7) 73 (34.1) 99 (45.2)
Smoking 92 (21.2) 53 (24.8) 39 (17.8)
Quit smoking 169 (39.0) 88 (41.1) 81 (37.0)
No. of comorbidities
0 82 (18.9) 31 (14.5) 51 (23.3)
1~2 225 (52.0) 108 (50.5) 117 (53.4)
3~4 88 (20.3) 50 (23.4) 38 (17.4)
=5 38 (8.8) 25 (11.7) 13 (5.9)
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demonstrating strong discriminative power. Another item (M6: “The confidence and belief in achieving personal goals™)
showed a correlation with the total score <0.3. Following its removal, the correlation coefficient (r) ranged from 0.303 to
0.770, with all p-values <0.001, reflecting high homogeneity. Removal of four items (M7, A10, B7, B8) led to
a significant increase in Cronbach’s a for the corresponding dimensions. Following group discussions, six items were

removed, leaving 32 items in the final scale.

Structural Validity Assessment

EFA was conducted on the first half of the sample (N=214) to explore the basic factor structure of the 32-item scale. The
KMO test yielded a value of 0.926, confirming good sampling adequacy. Bartlett’s test of sphericity (y* = 4546.159, p <
0.001) indicated sufficient inter-item correlations to perform the EFA. Four factors were identified, accounting for
60.338% of the total variance. All factor loadings were > (.5, with no cross-loadings observed, as detailed in Table 2.
Based on the MOA model, the four factors were designated as Motivation (5 items), Opportunity (12 items), Ability (9
items), and Behavior (6 items).

Table 2 Exploratory Factor Analysis Results (n=214)

Items Factors

1 2 3 4
MI The desire to alleviate dyspnea. 0.246 0.389 0.134 | 0.643
M2 The aim is to reduce fatigue. 0.326 | 0.125 0.173 | 0.620
M3 The intention to prolong life. 0.417 | 0.151 0.152 | 0.636
M4 The hope of mitigating negative emotions, such as anxiety and depression. 0.151 0.128 0.332 | 0.635
M5 The pleasure derived from the activity. 0.027 0.195 0422 | 0.617

O2 Physical exertion escalates whilst completing domestic chores (eg cooking, dishwashing, laundry folding, | 0.683 | 0.216 0.377 0.169
cleaning, gardening, or childcare).
O3 Choosing walking, cycling, or other active modes of transportation has enhanced my physical activity. | 0.627 | 0.251 0.432 | —0.040
O4 Participation in leisure activities (eg fishing, hiking, mountaineering, or square dancing) has elevated my | 0.799 | 0.228 0.065 0.145
physical activity.
O5 Engaging in medical-related activities (eg endurance, interval, or resistance training in pulmonary 0.617 | 0409 | 0.260 | 0.022
rehabilitation, or exercises like breathing exercises and tai chi) has stimulated my physical activity.
O6 Social support (eg treatment cost reimbursement, long-term medication subsidies, or community 0.789 | 0.185 0.222 0.127
assistance and support access) has encouraged my physical activity.

O7 Having sufficient time has promoted my physical activity. 0.641 0.145 | 0.337 | 0.193
0O8 Companionship and/or encouragement from fellow patients have augmented my physical activity. 0.737 | 0.275 0.104 0.298
O9 Healthcare professional advice and education resources have contributed to my physical activity. 0.694 | 0.068 0.191 0.162
O10 Media campaigns promoting physical activity knowledge have motivated more physical activity. 0.759 | 0277 | 0.059 | 0.238
Ol | Friendship and/or family support have encouraged more physical activity. 0.745 | 0.169 | 0.290 | 0.247
O12 Accessibility to suitable venues and/or facilities has encouraged my physical activity. 0.574 | 0.254 0.391 0.107
O13 Home-based assistive devices (eg handrails, non-slip flooring, shower chairs, and walking aids such as | 0.601 0.219 0.319 0.292
canes, walkers, or supportive shoes) have facilitated my physical activity.

Al | can overcome any fear associated with engaging in physical activities. 0.441 0.533 | 0.024 0.347
A2 | am capable of independently setting goals and planning activities. 0299 | 0.620 | 0.176 | 0.080
A3 | can execute my activity plans on schedule. —0.025 | 0.530 | 0.342 | 0.367
A4 | can choose appropriate clothing and footwear for physical activities. 0.153 | 0.773 | 0.181 | —0.102
A5 | consistently carry activity monitoring devices (eg mobile phones, fitness trackers, pedometers). 0.158 | 0.703 | 0.004 0.239
A6 | am capable of correctly using various rehabilitation equipment (eg resistance bands, step machines, 0.137 | 0.548 | 0.062 0.423

walkers, and canes).
A7 | can identify signals indicating when an activity should be stopped (eg chest pain, shortness of breath, | 0.379 | 0.551 0.173 0.221
dizziness, nausea and vomiting, pallor, profuse sweating).

(Continued)
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Table 2 (Continued).

Items Factors

| 2 3 4

A8 | know how to seek help in emergencies (eg by contacting an emergency contact via phone or 0316 | 0.598 | 0.217 0.127
presenting an emergency contact card).
A9 | can assess bodily signals and adjust the type and intensity of physical activities accordingly (eg pulse, 0.371 0.535 | 0.047 0.382
respiratory rate, fatigue level).
B Daily self-care operations are independently completed, encompassing eating, bathing, personal hygiene | 0.294 0.156 | 0.637 | 0.168
maintenance, dressing, management of bowel and bladder functions, utilizing the toilet, transitioning
between bed and chair, traversing 50 meters on flat terrain, and ascending two sets of 8-step stairs.
B2 Perform an incremental daily light-intensity aerobic exercise, like brief walking, commencing with 0.117 0.287 | 0.676 | 0.084
5-10 minutes daily.
B3 Sustained weekly participation in moderate-intensity aerobic exercise, inclusive of activities like walking, | 0.390 | —0.042 | 0.649 | 0.329
jogging, cycling, or stair climbing for a minimum of 30 minutes per session, 3-5 days weekly, or 10 minutes
per session, 3—4 times daily, with no more than a 2-day interval between sessions.

B4 Physical exercises are integrated into daily routines to substitute sedentary behaviors, such as during 0.203 0.073 | 0.591 0.358

work, domestic chores, or leisure activities.

B5 Maintenance of engagement in at least two types of physical activity training, including aerobic, 0.254 0.025 | 0.595 | 0.195
resistance, flexibility, or balance exercises.

B6 Discontinuation of any activity posing a safety risk or causing discomfort. 0.245 0213 | 0.797 | 0.094
Eigenvalues 7.275 4376 4.198 3.459
% of the variance (Total=60.338%) 22.733 | 13.677 | 13.119 | 10.809

Notes: “M” stands for the Motivation dimension, “O” for the Opportunity dimension, “A” for the Ability dimension, and “B” for the Behavior dimension. The bold values
indicate factor loadings greater than 0.50.

CFA was conducted on the second half of the sample (N=219) to validate the four-factor structure identified through
EFA. The standardized factor loadings for the four dimensions (Motivation, Opportunity, Ability, and Behavior) ranged
from 0.715 to 0.910 (Figure 1). Fit indices were as follows: ¥*/df = 1.891 <3, SRMR = 0.0497 < 0.05, RMSEA = 0.064 <
0.08, CFI = 0.927 > 0.90, and TLI = 0.921 > 0.90, indicating an excellent model fit.

Content Validity

The expert judgment coefficients (Ca) for the three rounds of consultation were 0.929, 0.935, and 0.940, respectively. The
familiarity coefficients (Cs) were 0.848, 0.850, and 0.870, with authority coefficients (Cr) of 0.888, 0.893, and 0.905,
indicating a high level of expert authority. The Kendall W concordance coefficients for the three rounds of expert
consultation were 0.200 (x> = 168.274), 0.248 (¥*> = 207.912), and 0.263 (x> = 194.354), all with p < 0.001, suggesting
good agreement among the experts. The average importance scores for the items in each round ranged from 3.05 to 4.86,
3.45 to 4.90, and 4.10 to 4.95, with coefficients of variation (CV) of 0.07 to 0.46, 0.06 to 0.35, and 0.05 to 0.18,
respectively. The percentage of maximum scores ranged from 19.05% to 85.71%, 20.00% to 90.00%, and 30.00% to
95.00%. After three rounds of consultation, there was a high degree of consensus regarding the importance of the 38
retained items. The final scale showed an average S-CVI of 0.992, with I-CVI ranging from 0.950 to 1.000, indicating
strong content validity.

Reliability

The Cronbach’s alpha coefficient for the overall scale was 0.956, and the alpha coefficients for the four dimensions
ranged from 0.826 to 0.945. The removal of individual items did not lead to a noticeable increase in alpha values. The
test-retest reliability for the overall scale was 0.777, with values for the individual dimensions ranging from 0.707 to
0.742, as presented in Table 3. During the first assessment, some patients were either hospitalized or attending outpatient
appointments and completed a paper questionnaire in person, after which they received health education on physical
activity. For the second assessment, patients who had already been discharged were surveyed via telephone follow-up.
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Figure | Confirmatory factor analysis results.

Changes in the patient’s health status, psychological condition, and the measurement environment or method may have
slightly reduced the test-retest reliability, as patient behavior may fluctuate over a week. Despite the good internal
consistency of the scale’s items, the test-retest reliability showed a slight decrease. However, the overall scale’s test-retest
reliability remained above 0.75, indicating an excellent level of reliability.*’

Table 3 Reliability Analysis Results

Number of Items | Cronbach’s Alpha Coefficient | Test-Retest Reliability Value
Motivation dimension 5 0.826 0.742
Opportunity dimension 12 0.945 0.707
Ability dimension 9 0.875 0.724
Behavior dimension 6 0.852 0.726
Overall scale 32 0.956 0.777
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Discussion

In this study, a new scale was developed based on the MOA model, which served as the theoretical framework. The scale
incorporated four key dimensions: motivation, opportunity, ability, and behavior. A systematic evaluation was conducted
using guidelines, literature review, qualitative analysis, group discussions, expert consultations, and a pilot test. Furthermore,
the scale’s psychometric properties were assessed in a large sample of COPD patients, with a focus on factor structure. The
theoretically grounded four-factor scale demonstrated strong psychometric properties, and subsequent EFA and CFA
confirmed its reliability and validity from both theoretical and statistical perspectives. The results offer new insights into
the conceptualization and structure of physical activity participation behaviors in COPD patients, indicating that the 32-item
scale effectively measures physical activity participation levels and can inform the development of future interventions. By
addressing each specific dimension and item, the scale can improve the physical activity participation behaviors of COPD
patients and serve as a key outcome measure for evaluating the effectiveness of various interventions.

The scale was designed based on the MOA model, which emphasizes the direct influence of motivation on behavior while
recognizing the moderating roles of opportunity and ability. The final scale comprises four dimensions: motivation,
opportunity, ability, and behavior related to physical activity participation in COPD patients, consistent with the theoretical
framework of the MOA model. The motivation dimension assesses an individual’s intrinsic drive to engage in physical
activity, focusing on the impact of self-efficacy and the expectation of symptom improvement and life extension—findings
that have been previously reported.*' The opportunity dimension evaluates the external environmental support for physical
activity, particularly the availability of social support and environmental resources. Recent studies have confirmed the
relationship between urban environments and increased physical activity participation among COPD patients.** The ability
dimension highlights the specific skills and confidence necessary for physical activity, addressing psychological barriers, goal-
setting, safety concerns, and adjustments to activity levels. Research by Blondeel et al has illustrated the correlation between
activity capacity and walking intensity.** Several theoretical models, such as the Physical Activity-related Health Competence
(PAHCO) model,** emphasize that ability is a key factor influencing physical activity behavior. Finally, the behavior
dimension focuses on the type, frequency, intensity, and safety management of physical activity during both leisure and non-
leisure periods. While the MOA model aligns with the Capability, Opportunity, Motivation—behavior (COM-B) framework,*’
which examines the interaction between motivation, opportunity, ability, and behavior, the motivation dimension in the MOA
model places particular emphasis on the central role of intrinsic motivation in initiating behavior.

Apart from the opportunity domain, several items in the other domains overlap with those in the C-PPAC instrument,*
which is a patient-completed tool. Additionally, the motivation domain shares similarities with the Behavioral Regulations in
Exercise Questionnaire-2 (BREQ-2).*¢ However, our 32-item instrument includes more items than both the C-PPAC and
BREQ-2, providing a more comprehensive measure of physical activity participation behavior, incorporating both psycho-
logical and environmental factors. Despite the increased number of items, the scale demonstrated strong psychometric
performance, with a completion time of under 15 minutes, which is considered acceptable A shorter version of the scale
may be considered for future use. The theoretically guided development process enabled a thorough evaluation of all aspects
of the scale, which will be beneficial for the creation of more effective prevention strategies.

The key components in the development of the scale included extensive involvement from both patients and
healthcare providers.*’” Input from patients, key informants, respiratory physicians, head nurses, nurses, and experts in
rehabilitation, psychology, and physical therapy enabled the incorporation of the most common themes across all COPD
participants. These themes were consistent with those found in the literature,*®*’ helping to identify potential gaps in
research on physical activity management for COPD patients. Additionally, experts recommended including specific
topics (eg home activity aids) as well as symptoms (eg dyspnea and fatigue) and psychological aspects (eg anxiety and
depression) relevant to COPD patients in our scale. To address the lack of expert consultation in the development stages
of some existing measurement tools,”® we involved patients and multidisciplinary experts from the early stages of tool
development, specifically seeking their insights on each dimension and item’s content, format, relevance, and clarity.
Feedback received during the pre-testing phase enabled our team to revise the scale, preparing it for final validation in the
cohort of COPD patients in China.
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Our study demonstrated that the scale exhibited good reliability and structural validity. The Cronbach’s alpha
coefficient for the total scale showed strong internal consistency, with all four dimensions exceeding 0.8, indicating
excellent internal consistency.”’ Our results suggested that all items on the scale consistently measured the same theme
and aligned well with it. According to Hair et al’s research,?® the factors extracted in the EFA were reliable, as the factor
loadings of all items exceeded 0.5, and the total explained variance was at least 60.338%. The EFA identified a four-
factor structure, which was further confirmed by CFA showing good model fit, indicating that each dimension
represented its respective concept.”> CFA results indicated that the standardized factor loadings of all items were greater
than the recommended value of 0.5, and were statistically significant, suggesting good structural validity. These findings
provide strong evidence for the scale’s satisfactory internal consistency and structural validity.

Given the challenges clinicians face in identifying reduced levels of physical activity in COPD patients, as well as the
lack of comprehensive assessment methods among healthcare professionals,”® the design of this scale meets a critical
clinical need. Its content is closely aligned with patients’ real-life conditions and is easy to understand and complete. This
facilitates a rapid and accurate assessment of COPD patients’ physical activity participation, providing strong support for
the development of personalized intervention strategies. In addition, the scale’s simplicity and efficiency ensure its ease
of implementation and widespread use in clinical settings, thus enhancing the management of physical activity
participation in COPD patients. Future studies will continue to evaluate the scale’s effectiveness across different clinical
settings and refine it based on real-world feedback to provide more precise and effective strategies for managing physical
activity for patients.

However, this study also had some limitations. First, the sample was recruited from a city in China between June and
September 2024, with approximately 80% of the sample being male, predominantly elderly Asians. The results may
therefore be subject to seasonal and climate-related biases and may not be representative of other regions or populations.
Further research is needed to test the scale’s reliability and validity across more diverse seasons, healthcare systems, and
populations (eg women and younger adults). Second, the scale’s assessment relied on self-reported data, which may be
susceptible to social desirability bias. Future studies might consider combining this with more objective assessment
methods, such as accelerometers for accurate measurement of physical activity.* Additionally, future research should
conduct more comprehensive psychological testing, covering construct, criterion, and cross-cultural validity, to confirm
its robust psychometric properties.

Conclusion

In this study, a comprehensive four-factor scale for assessing physical activity participation behavior in patients with
COPD was developed based on the MOA model. The 32-item scale exhibited strong psychometric properties, providing
reliable and valid information regarding physical activity participation behavior in COPD patients. The results suggested
that the scale could serve as an effective tool for evaluating physical activity participation in future research, as well as
guiding interventions and outcome assessments for COPD patients by healthcare professionals.
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