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Purpose: This study had two objectives: 1) to develop a scale for the process of exercise engagement (SPEE) for prediabetic individuals
(PDIs); 2) to validate a structural model for the process of exercise engagement for PDIs, Methods: A cross-sectional survey with simple
random sampling was conducted from September 2013 to December 2015 (in Taiwan). A total of 310 PDIs were enrolled for scale develop-
ment and model validation via item analysis, factor analyses, and structural equation modeling. The Kuo model was used as the basis for
developing the Chinese version of the SPEE for PDIs, Results: The SPEE contains five subscales with a total of twenty-one items that ac-
count for 54.9% to 65.9% of the total variance explained for assessing participants’ process of engagement during exercise. For Kuo mod-
el validation, the model measures indicated goodness of fit between the Kuo model and sample data, Analysis further revealed a direct ef-
fect between the creating health blueprints (CHB) stage and the spontaneous regular exercise (SRE) stage (B=.60). Conclusion: The SPEE
includes five subscales for assessing the psychological transition and behavioral expression at each stage of the process of exercise en-
gagement for PDIs, The SPEE for people with prediabetes provides deeper insights into the factors of behavioral change stages that are
required to initiate long-term health care outcomes and avoid developing diabetes, These insights are significant as they allow for pa-
tient-specific mapping and behavior modification to effect exercise,
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INTRODUCTION

The global population with prediabetes is increasing annually.
The International Diabetes Federation has stated that 318 million
people worldwide were estimated to have prediabetes in 2015,
and this number is expected to reach 482 million by 2040 [1].
Prediabetes is a condition in which an individual’s blood glucose
exceeds the normal range, but he or she has not been diagnosed
with diabetes. The criteria for a prediabetes diagnosis are fasting

blood glucose levels between 100 and 125 mg/dl (known as im—

paired fasting glucose), 2-h postprandial plasma glucose between
140 and 199 mg/dl (known as impaired glucose tolerance), or
hemoglobin Alc (HbAlc) between 57% and 6.5% [1]. Prediabe—
tes is associated with a high risk of developing diabetes. If no
active preventive approach is adopted during the prediabetic
stage, prediabetes usually progresses to type 2 diabetes within
an average of 3.6 years [2]. In one study, it was shown that an—
nually in Taiwan, 3.2% of prediabetic individuals (PDIs) develop
type 2 diabetes [3]. Prediabetes is also associated with increased

risk of cardiovascular disease (14.8%), early stage nephropathy
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(177%), and retinopathy (7.9%) [4-7]. Diabetes has a negative
impact on patients and requires complicated, lifelong medical
care. Diabetes not only impacts the patients but also their families
and their associations within society.

For PDIs, lifestyle modification is the easiest way to prevent or
delay the onset of diabetes. Studies have shown that healthy eat—
ing habits, regular exercise, and weight control lower the inci—
dence of developing diabetes among prediabetics [8-11]. Specifi—
cally, engaging in regular exercise is the most effective interven—
tion for preventing diabetes. One study showed that while adopt—
ing a healthy diet can reduce diabetes incidence by 31.0%, regu—
lar exercise further reduces the incidence by 46.0% [12]. Another
study indicated that PDIs engaging in regular exercise can reduce
the risk of developing diabetes by between 300 and 69.0% com—
pared to those who do not exercise [9-10,12]. Therefore, in-
creasing physical activity among individuals with prediabetes
should be prioritized to prevent the onset of diabetes.

Physical activity is associated with significant reductions in
fasting glucose and HbAlc [13]. Physical activity is noted for: 1)
reduced blood pressure, 2) reduced overall body fat, 3) reduced
low—density lipoprotein cholesterol, 4) increased insulin sensitiv—

ity, 5) improved muscle strength, and 6) increased high—density
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lipoprotein cholesterol [14,15]. Unfortunately, exercise is subopti—
mal among individuals with prediabetes in Taiwan for cultural
reasons. Fewer than one—third of PDIs exercise routinely, and
most of those who exercise do not do so for 150 minutes per
week, which is the goal for effective diabetes prevention [16].
Furthermore, most of those who begin exercising after they rec—
ognize the importance of physical activity maintain their exercise
routines for no more than six weeks [17]. Therefore, it is a major
challenge for individuals with prediabetes to maintain consistent,
lifelong exercise habits.

Based on previous qualitative research using grounded theory,
the psychological status of PDIs’ willingness to engage in exer—
cise was modeled [18]. The Kuo model contains four stages: 1)
developing awareness (DA) stage, 2) creating the health blueprint
(CHB) stage, 3) action cycle of internal struggle (ACIS) stage,
and 4) spontaneous regular exercise (SRE) stage. Furthermore,
the ACIS stage contains two opposing forces: driving force (DF)
and resistive force (RF) (Figure 1). Correctly assessing these
two conflicting forces is critical for determining whether PDIs
will enter the SRE stage.

According to the Kuo model, the DA stage is the key point in

time at which PDIs may be strongly influenced to begin exercis—
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Figure 1. Kuo model of exercise-engagement process for pre-diabetic individuals [18].
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ing. After progressing through the DA stage, PDIs enter the CHB
stage and focus on self-determination with regard to their exer—
cise goals. However, in the process, all such individuals must
progress through the ACIS stage. When the self—discipline, rela—
tionship supervision, and health feedback of the DF are more
powerful than the RF, the exercise behavior is maintained. In
contrast, if the internal and external resistance of the RF are
stronger than the DF, exercise behavior is interrupted. The RF
and DF work against each other until the individual breaks the
action cycle to enter the SRE stage. In this model, the stages of
PDIS' exercise—engagement process are closely interlinked and
interrelated.

The objective of the present study was to develop a scale and
validate the model for the process of exercise engagement in
PDIs from a quantitative perspective, as seen in Figure 1 [18].
Currently, several exercise behavior assessment scales such as
the Exercise Self-Efficacy Scale (ESES) [19], the Sport Motiva—
tion Scale (SMS) [20], and the Trans—theoretical Model (T'TM)
[21] are available. Using the mentioned scales and theories to
validate the model of the process of exercise engagement for
PDIs has several constraints: 1) none of these theories or scales
conduct investigations from the PDIs’ perspective; 2) none of the
scales cover the complete exercise—engagement process; and 3)
none of the scales evaluate PDIS' psychological or emotional sta—
tus at each stage of the exercise—engagement process.

The TTM and the Kuo model are fundamentally similar, while
differences remain to be understood within the context of the
disease as the region of interest and control from the perspective
of the PDI. Behavioral modification from the individual's perspec—
tive to benefit from making specific changes is similar but slightly
different between the TTM and the Kuo model. The Kuo model
is specific for understanding and developing a predictive method—
ology to assess PDIs and their capacity to alter long—term health
outcomes. Presently, scales that are suitable for investigating
PDIS' exercise—engagement process remain lacking. To effec—
tively resolve this shortcoming, this study developed a scale con—
sisting of five subscales based on the five subcategories of the
Kuo model (Figure 1). The scale was subsequently used to collect
responses from PDIs to evaluate the interrelationships between
DA, CHB, DF, RF, and SRE based on the following hypotheses:

Hypothesis 1 (H1): A relationship exists between DA and CHB,
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where DA will have a positive effect on CHB.

Hypothesis 2 (H2): A relationship exists between CHB and DF,
where CHB will have a positive effect on DF.

Hypothesis 3 (H3) and Hypothesis 4 (H4): An inner con—
flict—based relationship exists between DF and RF, where the
magnitudes of DF and RF may positively or negatively affect each
other.

Hypothesis 5 (H5): A direct relationship exists between ACIS
and SRE.

This study had two objectives: 1) to develop a scale for as—
sessing the process of exercise engagement (SPEE) for PDIs,
and 2) to validate the Kuo model for the process of exercise en—

gagement for PDIs.

METHODS
1. Design and participants

A cross—sectional correlational survey with simple random
sampling was conducted to validate the measurement scales and
structural model. The participants were selected from a list of
health checkups at a medical center in Hualien County in eastern
Taiwan. The inclusion criteria consisted of: 1) elevated fasting
blood glucose levels between 100 and 125 mg/dl, and 2) over 18
years of age. Exclusion criteria included: 1) previous diagnosis of
type 1 or type 2 diabetes, 2) history of psychological illness, and
3) other serious illnesses (such as disability after stroke, liver
disease, kidney disease, or cancer).

The study sample size was determined according to the fol—
lowing two criteria: (1) Stevens [22] suggested that five subjects
should be allocated for each item of scale. (2) Gorsuch [23] and
Thompson [24] suggested that at least 100 and 200 subjects are
required for exploratory factor analysis (EFA) and structural
equation modeling (SEM), respectively. As the initial version of
the SPEE included forty—seven items (Appendix 1), a total of 235
(5x47=235) subjects were required according to Criterion 1. In
order to fulfill Criterion 2 (100 subjects for EFA and 200 subjects
for SEM) simultaneously, a total of 300 subjects were required.
A simple random sampling technique was employed for randomly
selecting PDIs from the list of health checkups over the previous
three years. Based on an estimated participation rate of 65%,

465 PDIs were randomly selected for invitation to engage in the
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study. A total of 310 participants were recruited for the study
where (n=110) for EFA and (n=200) for SEM analysis. The
study was conducted from September 2013 to December 2015.

2. Data collection

After the research approval was granted by the institutional
review board, the research institution made available a list of
people with fasting blood glucose levels between 100 and 125 mg/
dl as measured in health examinations over the past three years.
Those who did not meet the inclusion criteria or whose phone
number and address on the list were incorrect were eliminated
from consideration, and subsequently, sampled randomly an esti—
mated number of eligible individuals. A fasting blood glucose
tracking notification was mailed to 450 eligible people, and 310
chose to participate (final participation rate of 68.9%). Potential
participants were contacted via telephone and home visit and
were sent multiple notifications inviting them to join this study:.
Participants were invited to the hospital for free blood glucose
testing and a diabetes prevention health education seminar. In
some instances, the researcher provided health education on an
individual basis at the participants' homes. Participant recruit—

ment continued until the required sample size was obtained.

3. Measures and variables

The Chinese version of the SPEE developed for use in this
study is based on the Kuo model for the process of exercise en—
gagement in PDIs in Taiwan (Figure 1) [18]. The scale includes
five subscales for quantifying the PDIs’ statuses in each of the
five stages during the process. The subscales include: 1) the DA
stage, 2) CHB stage, 3) DF stage, 4) RF stage, and 5) SRE
stage. The scale’s content validity was assessed by five experts
to ensure its appropriateness. The resulting content validity index
[25] of the five subscales ranged from 0.78 to 079, demonstrat—
ing the SPEE's acceptable content validity.

Preliminary testing was conducted for assessing the suitability
of the SPEE. A total of thirty PDIs were asked about their un—
derstanding of the contents of the scale. Cronbach’s o of 63~94
for the five subscales showed good internal consistency of the
initial version of the SPEE. Minor modifications were made to the
scale based on their feedback. Appendix 2 summarizes the num-—

ber of items in the SPEE at each stage of development. The final
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version of the scale with a total of twenty—one items is provided
in Appendix 3.

The score ranges were 4~20, 3~15, 6~30, 4~20, and 4~20
for the DA, CHB, DF, RF, and SRE subscales, respectively. Each
item was scored from 1 (never for the DA, CHB, and DF sub—
scales; disagree for the RF and SRE subscales) to 5 (almost al—
ways for the DA, CHB, and DF subscales; strongly agree for the
RF and SRE subscales). Higher scores on the DA, CHB, DF, and
SRE subscales represented higher levels of motivation for those
stages, whereas a higher score on the RF subscale represented a
greater resistance to exercise.

Questionnaires were administered either at the hospital or the
participant’s home. Researchers were made available to answer
any questions that the participant may have had. The average
time for completing the questionnaire was approximately thirty
minutes. Participants could opt for either location at their discre—
tion and convenience. The questionnaires were in Traditional
Chinese, and all participants were literate. The completed ques—
tionnaires were managed by the research team and remain con—

fidential.
4. Ethical considerations

This study was approved by the institutional research board
(Number IRB 101-69) and the research institute. The research
objectives and procedure were explained to each participant be—
fore the start of the study. Participants were enrolled in the study
after providing informed, written consent and right of withdrawal
at any time was open to their discretion. Participants’ identifying
information, i.e., name, phone number, and address, were kept
private and confidential in a secure data base that could only be
accessed by the interviewing researchers. The research team

assured confidentiality with all data accessed.
5. Data analysis

The Chi—square test was conducted to compare the demo—
graphic variables of the study sample for item analysis/EFA with
the study sample for confirmatory factor analysis (CFA)/SEM. A
<05 was considered statistically significant.

The following steps were performed for the development of the
SPEE based on the Kuo model (Figure 1):

® Step 1: Item analysis was implemented to exclude unquali—
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fied items with low discrimination ability and internal consistency.
Within each subscale, the mean, variance, skewness, corrected
item total correlation [26], Cronbach’s o coefficient after item
deletion, and difference between lower 27% and upper 27%
groups were evaluated.

® Step 2: EFA with maximum likelihood estimation was ad—
opted for exploring latent structures with further item reduction
in each subscale. First, the Kaiser-Meyer—Olkin (KMO) measure
and Bartlett’s test of sphericity were calculated and performed to
evaluate sample adequacy for EFA. Parallel analysis [27] method
was then used to decide the number of factors in each subscale.
Only the factors with a derived eigenvalue by EFA greater than
the corresponding values by parallel method were retained. Con—
sidering the sample size of 110 for EFA, the items with a factor
loading of less than 0.55 [28] were also deleted due to low cor—
relation with explored factors.

® Step 3 The SEM technique combining CFA and path analy—

Chang, Shu-Chuan - Yeh, Hsiu-Chen - Kuo, Yu-Lun

sis was conducted to validate measurement specificity of the
subscales as well as the Kuo model (Figure 1). Through CFA, the
scales’ reliability and validity obtained from EFA were confirmed.
Reliability and convergent validity of the factors were acceptable
only if the corresponding composite reliability (CR) and average
variance extracted (AVE) were greater than .70 and .50, re—
spectively. Items were deleted due to lack of convergent validity if
the derived factor loading by CFA was less than 0.55. The path
coefficients were estimated via path analysis to evaluate the re—
lationships of the DA, CHB, DF, RF, and SRE stages. The mod-
el’s goodness of fit was evaluated based on Zz/df, goodness—of—fit
index (GFI), comparative fit index (CFI), root mean square error
of approximation (RMSEA), parsimonious normed fit index
(PNFI), normed fit index (NFI), incremental fit index (IFI), and
Tucker-Lewis index (TLI) [29].

The parameters with the corresponding criteria for the scale

and model are summarized in Table 1. The scale with items and

Table 1. Evaluation Criteria for Reliability and Validity of Scales and Fit of Model

Analysis Parameter Criterion
[tem analysis Mean >1.50 and <4.50
Variance >1.00
Skewness >-1.00 and <1.00
Corrected item total correlation >30
Cronbach « after item deleted Increase
Upper 27% vs. lower 27% groups Reach statistical significant difference (p<.05)
An item was deleted if:
(1) Any two of the mean, variance, and skewness did not meet the criteria.
(2) Any one of the corrected item total correlation, Cronbach’s a after item deletion, or difference between the
upper and lower 27th percentiles did not meet the criteria.
EFA Kaiser-Meyer-Olkin (KMO) measure >.80
Bartlett’s test of sphericity p<.05
Factor loading >.55
SEM Average variance explained (AVE) >.50
Composite reliability (CR) >.70
Standardized factor loading >.55
The modification index <3.84
y/df <3.00
GFI >.90
RMSEA <.08
PNFI >.50
NFI >.90
CFI >.90
IFI >.90
TU >.90

CFl=Comparative fit index; GFI=Goodness-of-fit index; IFI=Incremental fit index; NFI=Normed fit index; PNFI=Parsimonious normed fit index;

RMSEA=Root mean square error of approximation; TLI=Tucker-Lewis index.
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the Kuo model were considered suitable if they met the corre—
sponding criteria. All analyses were performed using IBM SPSS
Statistics 21.0 and AMOS 21.0 for Windows (SPSS, Chicago, IL)

software.

RESULTS
1. Demographics of the sampled participants

Of the total 310 valid questionnaires, 110 were collected using
the initial version of the scale (Appendix 1) and analyzed using
item analysis and EFA. The remaining 200 were subsequently
collected for scale and model validation with SEM by using the
revised and updated version based on the results of item analysis
and EFA. The two respondent groups had similar demographic
characteristics and did not differ significantly (all p>05), as shown
in Table 2. Slightly over half of the respondents were men, and
most were aged 50 or older (*70%), well educated (>75% had >9

years of educational experience), married (>80%), and living with

Table 2, Participant Demographics

[tem analysis/

CFA/SEM
Variables EFA (n=200) o'
(n=110) 0 (%)
n (%) ’
Gender 570
Man 59 (53.6) 101 (50.5)
Woman 51 (46.4) 99 (49.5)
Age (yr) 452
<39 6 (5.5) 9 (4.5)
40~49 24 (21.8) 33(16.5)
>50 80(72.7) 158 (79.0)
Educational attainment (yr) 199
<9 18 (16.4) 45 (22.5)
>9 92 (83.6) 155 (77.5
Marital status 273
Single 11 (10.0) 13 (6.5)
Married 90 (81.8) 161 (80.5)
Divorced or widowed 9(8.2) 26 (13.0)
Living arrangement 350
Living alone 8(7.3) 21(10.5)
With a partner 102 (92.7) 179 (89.5)
Family diabetic history .830
Yes 58 (52.7) 108 (54.0)
No 52 (47.3) 92 (46.0)

CFA=Confirmatory factor analysis; EFA=Exploratory factor analysis;
SEM=Structural equation modeling.
"Chi-square test.
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a partner (>89%). In addition, more than half of the entire PDI

group had family histories of diabetes.
2. Reliability and exploration of the scale

The items omitted by item analysis due to low discrimination
ability and internal consistency based on the criteria in Table 1
are shown in Table 3. An item was deleted if: 1) any two of the
mean, variance, and skewness did not meet the criteria; 2) any
one of the corrected item total correlation, Cronbach’s o after
item deletion, or difference between the upper and lower 27th
percentiles did not meet the deletion criteria. Consequently, items
Q1~Q4 (item numbers in the initial version of the scale, Appen—
dix 1) in the DA subscale and items Q31~Q33 in the RF subscale
were omitted. However, the EFA data in Table 3 shows the items
retained based on the EFA results and the corresponding criteria
in Table 1. The values of the KMO measure (80~.90) and p<001
of Bartlett’s test revealed that the questionnaire data was ade—
quate for EFA. Items Q12, Q25~Q27, and Q34 were omitted, as
their factor loading was lower than .55. After implementing EFA,
one factor was retained in each of the five SPEE subscales. The
corresponding percentages of total variance explained ranged
from 50.0% to 65.9%, demonstrating the subscales acceptable
ability to assess variability in the participants’ responses after

reduction and extraction following EFA [30].

3. Validation of the scale and conceptual model

SEM was conducted to evaluate the validity of the measure—
ment model of the subscales and structure of the Kuo model
(Figure 1). The final SEM model with the path coefficients (stan—
dardized regression coefficients) presented in Figure 2. As shown
in Figure 2, the final version of the five subscales was further
reduced to 4, 3, 6, 4, and 4 items for the DA, CHB, DF, RF, and
SRE subscales, respectively. Specific items were eliminated based
on the modification index of SEM (Table 1). A CR of 73~.94,
standardized factor loading of .55~.90, and AVE of 0.57~0.78
demonstrated acceptable convergent validity in each subscale.
Only the AVE of 47 for the CHB subscale was slightly lower
than 50.

The analysis of the Kuo model included the measure of model
fit v*/df=2.08, GFI=.85, RMSEA=.07, PNFI=77, NFI=.88,
CFI1=.93, IF1=.93, and TLI=.92, which indicated good fit between
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Table 3. Item Analysis and Exploratory Factor Analysis
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[tem analysis EFA
Sub- | Lower 27% vs Bartlett’s test
u t.emf v Sk Overall Item ac upper 27% KMO % TVE Itgm T Fac’For
scale omitted a dela retained’ loading
t 0 e p
DA Q1 4.85 37 =513 81 82 22 =218 .033 80 49858 <001 50.2 Q5 80
Q2 4.84 36 516 82 24 =236 .022 Q6 81
Q3 4.86 34 =566 81 26 -2.36 022 Q7 68
Q4 349 172 -048 84 10 =221 031 Q8 69
Q9 74
Q10 .80
QM .65
CHB  None of items were deleted 81 26950 <001 56.4 Q13 92
Q14 .80
Q15 .57
Q16 .63
Q17 78
DF None of items were deleted .89 91459  <.001 50.0 Q18 88
Q19 78
Q20 76
Q21 79
Q22 63
Q23 64
Q24 81
Q28 64
Q29 72
Q30 82
RF Q31 345 196 -31 8 90 -.12 .00 »>.999 90 88489 <001 65.9 Q35 73
Q32 3.19 175 -.09 .89 A7 2.82 <.001 Q36 .85
Q33 3.15 1.60 -.02 .89 26 3.53 <.001 Q37 .78
Q38 .86
Q39 .89
Q40 84
Q41 .90
Q42 .89
SRE None of items were deleted .88 312.30 <001 63.7 Q43 69
Q44 77
Q45 81
Q46 87
Q47 83

M=Mean; V=Variance; SK=Skewness; Overall a=Total score Cronbach o, Iltem del. a=Cronbach o after item deleted; CITC=Corrected item total
correlation; TVE=Total variance explained; DA=Developing awareness; CHB=Creating the health blueprint; DF=Driving force; RF=Resistive force;

SRE=Spontaneous regular exercise.
“Item numbers of the items in the initial version of the scale (Appendix 1).

the Kuo model and the sample data (Figure 2). The exceptions
were GFI and NFI, which were both slightly lower than .90. The
standardized regression coefficients of DA on CHB, CHB on DF,
DF on RF, and RF on DF were all statistically significant and
supported H1, H2, H3, and H4 of the Kuo model (Figure 1). The

https://jkan.or.kr

standardized regression coefficients of DA to CHB (3=.88) and
CHB to DF (3=.86) exhibited strong positive effects, whereas
the coefficients of DF to RF (3=-.23) and RF to DF (=-.12)
exhibited negative effects. H5 for progression from the ACIS
stage to the SRE stage was supported by the significant direct
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AVE=0.47
CR=0.73

AVE=0.61
CR=0.86

AVE=0.55
CR=0.88
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AVE=0.78 g7
CR=0.94

.60*

-.23*

AVE=0.57
CR=0.84

xz/df=2.08, GFI=.85, RMSEA=.07, PNFI=.77, NFI=.88, CFI=.93, IFI=.93, TLI=.92.

SEM=Structural equation modeling; DA=Developing awareness; CHB=Creating the health blueprint; DF=Driving force; RF=Resistive force;
SRE=Spontaneous regular exercise; AVE=Average variance explained; CR=Composite reliability; GFl=Goodness-of-fit index; RMSEA=Root
mean square error of approximation; PNFI=Parsimonious normed fit index; NFI=Normed fit index; CFl=Comparative fit index; IFI=Incremen-
tal fit index; TLI=Tucker-Lewis index.

*p<.05.

‘Item numbers in the figure are the item numbers of the items in the initial version of the scale (Appendix 1).

Figure 2. Structural equation modeling model.

effect of RF on SRE (3=-.37). This revealed that SRE was di-
rectly motivated by a decline in RF. However, the DF effected
SRE actions indirectly through the mediation effect of RF (3=-.23
of DF on RF). The conceptual process outlined by Kuo et al. [18]
did not mention the effect of the CHB stage on the SRE stage.
However, the results of this study revealed that the CHB stage
also directly affected the SRE stage (3=.60).

DISCUSSION

The development of the SPEE for PDIs provides the medical
profession with a convenient instrument to assess the psycholog—
ical probability that a PDI will implement exercise. The SPEE is a
5-point scale containing 21 items, comprising DA (4 items), CHB
(3 items), DF (6 items), RF (4 items), and SRE (4 items) (Ap—

pendix 3). This scale is the first exercise—engagement scale de—

https://doi.org/10.4040/jkan.2020.50.2.298

signed for PDIs and the first to assess the psychological milieu
and behavioral outcome at each stage of the exercise—engage—
ment process. The development process of the SPEE differs from
other scales in several key manners: The hypoglycemia prob—
lem—solving scale developed by Wu et al. [31] for people with di—
abetes mellitus was constructed based on the original SPSI and
its Chinese version, unlike the SPEE, which relied on the Kuo
model foundation. Ebrahimi et al. [32] developed the Diabetes
Adjustment Assessment Scale (DAAS) based on their qualitative
study but without a conceptual model infrastructure. The DAAS
is focused on patients diagnosed with type 2 diabetes and their
adjustment to disease onset, not PDIs.

The DA and CHB subscales can be used to explore the levels
of PDIS' self-awareness in terms of the importance of physical
activity and psychological barriers to exercise. The concept is

similar to Lin and Chi's SMS [20], which explores the factors
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that motivate an individual to engage in exercise. The main focus
is interest in exercise, desire to learn a new sport, improved
health, and sense of accomplishment. However, the SMS is de—
signed for general public assessment and not for individuals with
specific potential chronic health care needs. The DA subscale of
the present study is designed to assess the perspective from the
PDIs" point of view. Recognition of health risks is the cause or
motivation, and the choice to engage in exercise is the effect,
which leads to improved health and a reduction diabetes out—
comes. Comparatively, the SMS adopted a broader perspective
while covering more dimensions to determine the reasons that
individuals engage in exercise.

The DF and RF subscales are similar to the ESES [19] in that
both explore the factors that promote or hinder exercise habits
among individuals. As with the SMS, the ESES focuses on the
general population and not a specific at-risk subgroup. Both
scales explore the counteracting effect between positive and neg—
ative factors that influence the choice to engage in exercise be—
havior, Further distinguishing the ESES from the SPEE, the DF
and RF subscales are more effective at exploring PDIS psycho—
logical and emotional status during the internal struggle stage.
The psychological and emotional status in DF assesses willpower,
self-blame, self-motivation, and consistency with regard to exer—
cise. The SPEE is different from the ESES, where the focus ex—
plored positive motivations: 1) sense of happiness, 2) improved
health, 3) enhanced muscle strength, and 4) bone density. How—
ever, the ESES failed to examine motivations to continue exercise
over the long term. By comparison, the RF subscale explored: 1)
denial, 2) difficulty, 3) sedentary passiveness, and 4) laziness,
which are not assessed in the ESES.

The validation of the SPEE is consistent with the Kuo model of
the process of exercise engagement in PDIs (Figure 1). The DA
stage and its impact on PDIs is of greatest importance and
strongly effects the CHB stage. Data showed a direct effect of
the DA stage on the CHB stage. This is highly predictive of PDIS’
potential to achieve exercise goals that will mediate or eliminate
the onset of diabetes, as PDIs may choose to further educate
themselves on the dangers of diabetes. The CHB stage motivates
the SRE stage not only directly but also indirectly through the
DF and RF stages. Furthermore, the effect of the SRE stage on

the DF stage is positive, while it is negative on the RF stage.
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PDIs are able to empower themselves through education via the
hospital or other means, which explains the effects on the DF
and RF. The DF and RF stages are negatively and significantly
correlated. For PDIs, the more acute the DA stage, the greater
their motivation is for engaging in exercise and the smoother
their entrance is into the CHB stage. DA stage acuteness does
not influence the DF; as such, it may be proposed that during the
DA stage, the type of education is extremely important. Once
PDIs have crossed the CHB threshold and engaged in exercise,
they enter the internal struggle cycle between DF and RE. This
influences their exercise behaviors, which enhance or exacerbate
their probability for developing diabetes. During the exercise—en—
gagement process, DF and RF counteract each other; however,
when a higher DF is present, PDIs more readily enter the SRE
stage. In essence, PDIs must first reduce their RF to successfully
enter the SRE stage. Therefore, although the RF is a mediating
variable in this model, it is critical for determining whether PDIs
will develop long-lasting exercise habits.

The findings of this study suggest that whether PDIs initially
engage in exercise depends on the impact of the DA stage and,
subsequently, whether exercise habits are established. Attaining
the SRE stage is dependent to the extent that the RF is reduced,
as increasing the DF is not useful. Providing PDIs with physical
activity-related health education with the purpose of motivating
regular exercise behaviors is crucial. The priority is to increase
their awareness of the importance of exercise, followed with
solutions and supporting strategies to eliminate factors that pre—
vent regular exercise. In doing so, it is possible to reduce the ef-
fect of the RE.

The single difference between the study results and the Kuo
model (Figure 1) is the direct and significant (3=.60) effect of
the CHB stage on the SRE stage. As PDIs enter the CHB stage,
they may enter the SRE stage directly, bypassing the DF and RF
stages. The findings of this study strongly support the Kuo model
and are consistent with Self-Determination Theory. This theory
states that human behaviors are generated from intrinsic motiva—
tion, and the expression of these behaviors is subject to the in—
fluence of extrinsic factors [33]. Therefore, when providing rele—
vant clinical health education, medical staff will best serve PDIs
by developing awareness, specifically by helping PDIs to plan

health blueprints. If PDIs perceive a positive outcome for behav—
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ioral change, the exercise intervention may be more effective.

Several factors may influence the transferability of the SPEE
and the findings of this study. Due to time constraints, this study
could not assess the long—term benefits of exercise and the pre—
dictive capacity of the SPEE. As a result of limited research bud—
get and time, the research was confined to one geographic loca—
tion. Another confounding factor is that the level of participants’
education was consistently high, as the government of Taiwan
has an enforced state education policy that has been in existence
for the last 50 years. It is known that level of education influ—
ences behavioral modification.

In order to enhance the transferability of the SPEE, further
studies should focus on: 1) psychological status of exercise for
PDIs, 2) behavioral expression at various stages of the exer—
cise—engagement process, and 3) contributing factors to the for—
mation of long—term exercise habits. This research would have
benefited greatly with the inclusion of a quantitative approach to
assess changes in glucose levels as participants became engaged
in exercise to reduce the long—term liability of developing diabe—
tes.

Although the sample size of 110 in EFA of the current study
met the minimum requirement suggested by Gorsuch [23] and
Thompson [24]. However, the sample size of 235 based on the
rule of five subjects for each item is the more preferable guideline
for scale development [22]. Lack of enough power due to less
sample size might be a limitation of the current study. Therefore,
a further study with larger sample is suggested to conduct for
providing stronger evidence to validate the developed scale and

model.

CONCLUSION

This study is the first to develop a scale that includes the five
subscales of DA, CHB, DF, RF, and SRE for assessing the psy—
chological transition and behavioral expression at each stage of
the process of exercise engagement for PDIs. The Kuo model for
the process of exercise engagement of PDIs is valid and has a
goodness of fit. Higher scores on the DA, CHB, DF, and SRE
subscales represents higher levels for psychological and behav—
ioral transitions, whereas a higher score on the RF subscale rep—

resents lower psychological and behavioral transitions. The SPEE
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for people with prediabetes provides deeper insights into the be—
havioral change stages required to initiate extended long—term
health care outcomes in order to avoid developing diabetes. These
insights are significant as they allow for patient—specific mapping
of their DF and RF and the factors affecting their transition to
the SRE stage. The use of SPEE within the clinical setting may
prove useful in developing tailored exercise strategies that may

lead to a reduction in the rate of diabetes onset in PDIs.
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Appendix 1. Initial Version of the Scale for Process of Exercise Engagement (SPEE)

Part 1:
1
2
3

"
12
Part 2:
13
14
15
16

Part 3:
18
19
20
21
22

23
24
25
26
27

28
29

30

Developing awareness (DA)

In my opinion, we are each responsible for our physical health.

In my opinion, exercise is of great importance to my health.

In my opinion, exercise is beneficial to me.

(e.g., it can promote normal blood glucose levels, weight loss, improve physical agility and promote sleep.)

In my opinion, | belong to the diabetes high-risk group.

When | detect changes in my physical condition (e.g., back pain, aging, weight gain, depleted physical fitness), | am more motivated to
exercise.

When | realize that | am symptomatic of a high risk disease (i.e. rise in blood glucose or blood pressure, steatohepatitis, heart disease, etc.), |
am motivated to exercise.

| remind myself to exercise because | worry about or am afraid of developing diabetes.

When | see my family members or friends suffering from diabetes, | remind myself to be responsible and exercise.

If I have fitness equipment at home or a convenient venue for physical activity, | am motivated to exercise.

When | am reminded that according to the advocacy of health education lectures, media, newspapers, magazines and health professionals,
that regular sports can prevent diabetes, | am motivated to exercise.

If | see someone | admire (e.g., a colleague or friend) acquiring exercise habits, | am motivated to exercise.

When exercise is directly rewarded or a monetary bonus accompanies it, | am motivated to exercise.

Creating the health blueprint (CHB)

| exercise for the purpose of physical health.

| exercise so that my children will not worry about my health and | do not want to place a burden on my family members.

| exercise to stay healthy and maintain a positive image (e.g., my figure or level of attractiveness).

When | feel that | need to engage in exercise, | first evaluate the feasibility of exercise (e.g., When is the best time to exercise? Which type
of exercise suits me best?).

When | feel that | should engage in exercise, | try to incorporate exercise into my daily routine (e.g., | perform exercise casually when | like,
arrange time for exercise, or perform exercise according to my work schedule).

Driving force (DF)

| attempt to exercise every day.

Even if | feel lazy, through willpower | will force myself to exercise.

I am annoyed if | feel | should exercise but fail to do so.

I discipline myself to exercise at a fixed time.

| have methods of motivating myself to exercise (e.g., establishing goals, joining group activities or classes, posting reminders or signs,
writing an exercise journal, scheduling time for exercise).

If I miss my workout, | perform other forms of exercise to increase my physical activity level (e.g., | do simple exercise routines, stretch at
home, or perform arm swings during my break at work).

After | exercise, | feel calm and empowered about my health.

My family members or friends urge me to exercise.

My family members or friends invite me to exercise together with them.

| push myself to exercise by means of team sports, association or courses (Such as ball team, country dance, shadowboxing, aerobics class,
sport competition held by workplace or other units, etc.).

Prior to my next physical examination (i.e. blood glucose or physical fitness testing), | do my best to exercise regularly.

If | feel my physical condition has improved (i.e., smoother bowel movement, lower blood glucose, alleviated back pain, able to walk up and
down stairs more easily, alleviated allergies) because of exercise, | push myself to exercise consistently.

When | feel that exercise can bring me a sense of achievement, | push myself to exercise continuously.
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Appendix 1. Continued

Part 4:
31

32
33
34
35
36
37
38
39
40
41
42
Part 5:
43
44
45
46
47

Resistive force (RF)

When | feel uncomfortable or have restricted movement function (heart trouble, catch a cold, feel pain, having no physical strength, knee
pain or foot injury), | stop exercising.

When it is bad weather (i.e. rainy days, too cold or hot weather), | stop exercising.

When | am very busy in life (i.e. heavy work, study pressure, traveling, etc.), | stop exercising.

When | have no field nor space for exercise, | stop exercising.

In spite of not exercising, | do not fall ill.

In my opinion, exercise is neither necessary nor crucial.

Exercise makes me feel stressful and | cannot relax.

Exercise is physically demanding and makes me feel exhausted.

| require external encouragement to exercise (e.g., | do not exercise without supervision).

When | have reached my goal (such as recovery of blood glucose or lose of weight), | stop exercising.
| am too lazy to exercise.

I have no interest in exercise.

Spontaneous regular exercise (SRE)

Exercise is indispensable in my everyday life.

Routine exercise helps me to relax.

| like to exercise consistently and | do it for no specific purpose.

Regular exercise helps me feel happy and joyful.

I do not need anyone to accompany me or supervise me to exercise consistently.

CHB=creating the health blueprint; DA=developing awareness; DF=driving force; RF=resistive force; SPEE=scale for process of exercise engagement;
SRE=spontaneous regular exercise.
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Appendix 2. Number of Items of the SPEE Scale at Each Stage of Analysis

Subscale Initial version After item analysis After EFA Final version (after CFA)
DA 12 8 7 4
CHB 5 5 5 3
DF 13 13 10 6
RF 12 9 8 4
SRE 5 5 5 4
Total 47 40 35 21

DA=Developing awareness; CHB=Creating the health blueprint; DF=Driving force; RF=Resistive force; SRE=Spontaneous regular exercise;

EFA=Exploratory factor analysis; CFA=Confirmatory factor analysis.

Appendix 3. Final Version of Scale for Process of Exercise Engagement (SPEE)

Scale/item’

Option

Part 1. Developing awareness (DA)

* (Q5) When | detect changes in my physical condition (e.g., back pain, aging, weight gain, depleted physical fitness),

| am more motivated to exercise.

* (Q7) I remind myself to exercise because | worry about or am afraid of developing diabetes.

* (Q9) If I have fitness equipment at home or a convenient venue for physical activity, | am motivated to exercise.

* (Q10) When | am reminded that according to the advocacy of health education lectures, media, newspapers,
magazines and health professionals, that regular sports can prevent diabetes, | am motivated to exercise.

Part 2. Creating the health blueprint (CHB)

* (Q15) | exercise to stay healthy and maintain a positive image (e.g., my figure or level of attractiveness).

* (Q16) When | feel that | need to engage in exercise, | first evaluate the feasibility of exercise (e.g., when is the best
time to exercise? which type of exercise suits me best?).

* (Q17) When | feel that | should engage in exercise, | try to incorporate exercise into my daily routine (e.g., | perform
exercise casually when | like, arrange time for exercise, or perform exercise according to my work schedule).

Part 3. Driving force (DF)

* (Q18) | attempt to exercise every day.

* (Q19) Even if | feel lazy, through willpower | will force myself to exercise.

* (Q20) I am annoyed if | feel | should exercise but fail to do so.

* (Q22) I have methods of motivating myself to exercise (e.g., establishing goals, joining group activities or classes,
posting reminders or signs, writing an exercise journal, scheduling time for exercise).

* (Q23) If I miss my workout, | perform other forms of exercise to increase my physical activity level (e.g., I do simple
exercise routines, stretch at home, or perform arm swings during my break at work).

* (Q29) If | feel my physical condition has improved (i.e., smoother bowel movement, lower blood glucose, alleviated
back pain, able to walk up and down stairs more easily, alleviated allergies) because of exercise, | push myself to
exercise consistently.

Part 4. Resistive force (RF)
* (Q36) In my opinion, exercise is neither necessary nor crucial.

(Q38) Exercise is physically demanding and makes me feel exhausted.

(Q39) | require external encouragement to exercise (e.g., | do not exercise without supervision).
* (Q41) I am too lazy to exercise.

Part 5. Spontaneous regular exercise (SRE)
* (Q43) Exercise is indispensable in my everyday life.
(Q44) Routine exercise helps me to relax.
(Q45) I like to exercise consistently and | do it for no specific purpose.
* (Q47) I do not need anyone to accompany me or supervise me to exercise consistently.

5 - Almost always
4 - Often

3 - Sometimes

2 - Seldom

1 - Never

5 - Almost always
4 - Often

3 - Sometimes

2 - Seldom

1 - Never

5 - Almost always
4 - Often

3 - Sometimes

2 - Seldom

1 - Never

5 - Strongly Agree

4 - Agree

3 - Undecided

2 - Disagree Strongly
1 - Disagree

5 - Strongly Agree

4 - Agree

3 - Undecided

2 - Disagree Strongly
1 - Disagree

CHB=creating the health blueprint; DA=developing awareness; DF=driving force; RF=resistive force; SPEE=scale for process of exercise engagement;

SRE=spontaneous regular exercise.
“Item numbers in the parentheses are the item numbers of the items in the initial version of the scale (Appendix 1).

https://jkan.or.kr

https://doi.org/10.4040/jkan.2020.50.2.298





