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RESEARCH ARTICLE Open Access

Development and validation of a new tool
to measure the facilitators, barriers and
preferences to exercise in people with
osteoporosis
Isabel B. Rodrigues1,2*, Jonathan D. Adachi3,4, Karen A. Beattie5 and Joy C. MacDermid6

Abstract

Background: Despite the widely known benefits of exercise and physical activity, adherence rates to these activities
are poor. Understanding exercise facilitators, barriers, and preferences may provide an opportunity to personalize
exercise prescription and improve adherence. The purpose of this study was to develop the Personalized Exercise
Questionnaire (PEQ) to identify these facilitators, barriers, and preferences to exercise in people with osteoporosis.

Methods: This study comprises two phases, instrument design and judgmental evidence. A panel of 42 experts was
used to validate the instrument through quantitative (content validity) and qualitative (cognitive interviewing)
methods. Content Validity Index (CVI) is the most commonly used method to calculate content validity quantitatively.
There are two kinds of CVI: Item-CVI (I-CVI) and Scale-level CVI (S-CVI).

Results: Preliminary versions of this tool showed high content validity of individual items (I-CVI range: 0.50 to 1.00) and
moderate to high overall content validity of the PEQ (S-CVI/UA = 0.63; S-CVI/Ave = 0.91). Through qualitative methods,
items were improved until saturation was achieved. The tool consists of 6 domains and 38 questions. The 6 domains
are: 1) support network; 2) access; 3) goals; 4) preferences; 5) feedback and tracking; and 6) barriers. There are 35
categorical questions and 3 open-ended items.

Conclusions: Using an iterative approach, the development and evaluation of the PEQ demonstrated high item-
content validity for assessing the facilitators, barriers, and preferences to exercise in people with osteoporosis. Upon
further validation it is expected that this measure might be used to develop more client-centered exercise programs,
and potentially improve adherence.

Keywords: Osteoporosis, Facilitators, Barriers, Exercise, Physical activity, Questionnaire, Checklist, Survey, Content
validity, Instrument development

Background
Osteoporosis is characterized by low bone mass and
deterioration of bone tissue [1, 2]. The burden of this
disease on individuals and the healthcare system is typic-
ally a result of fragility fractures that may result in
immobility and hospitalization [3]. In 2010, it was esti-
mated that 30% to 50% of women and 15% to 30% of

men will suffer an osteoporotic fracture in their lifetime
[4]. Osteoporotic fractures are more common than heart
attack, stroke and breast cancer combined and hip
fractures caused by this disease utilize more hospital bed
days than diabetes, stroke, or heart attack [5]. As of
2010, the yearly cost to the Canadian healthcare system
for treating an osteoporotic fracture was over 2.3 billion
Canadian dollars [5]. Thus, fracture prevention strategies
are key to reducing this burden. Exercise and physical
activity is essential to preserve bone and physical func-
tion in patients with osteoporosis. A growing body of
literature focuses on factors that affect exercise
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adherence including the facilitators and barriers to an
exercise program.
Exercise as a means to prevent bone mineral density

(BMD) loss has been explored extensively in the litera-
ture over the past two decades [2, 4, 6]. Exercise and
physical activity are increasingly being recognized as a
means to reduce the risk of osteoporotic fractures [2, 7]
by increasing muscle mass and maintaining or increasing
BMD [7–9]. Although the terms “exercise” and “physical
activity” have distinct definitions, they are often used
interchangeably in the literature. Physical activity is de-
fined as “any bodily movement produced by skeletal
muscles that result in energy expenditure” while exercise
is “any form of physical activity that is planned, struc-
tured, repetitive and purposive” and used to maintain or
improve physical endurance [10]. Since any form of
activity is seen as beneficial to this population, this paper
will not distinguish them.
A systematic review in 2013 indicated high variability

in adherence to physical activity guidelines, with 2.4% to
83% of older adults meeting the recommendations [11].
This variation may indicate that a substantial proportion
of people experience major barriers to exercise. In order
to further outline the facilitators and barriers to exercise
pertinent to patients with osteoporosis, we developed
the Personalized Exercise Questionnaire (PEQ), to assess
outcomes that were considered important by a panel of
patients with low bone mass, physicians, therapists, and
researchers. A comparable instrument that measures
exercise beliefs exists; however this alone would not be
sufficient to identify participant’s needs. The Exercise
Benefits/Barriers Scale (EBBS) developed in 1987, has 43
questions and uses a 4-point Likert scale: strongly agree,
agree, disagree, strongly disagree [12] and has a greater
focus on attitudes and beliefs about exercise since the
majority of items examine levels of knowledge about
specific health benefits of physical activity. A study pub-
lished in the British Geriatric Society Journal randomly
selected 409 older adults determined that almost all
participants (95%) believed physical activity was beneficial
but barriers such as lack of interest, lack of transportation,
pain, disliking going out alone, etc. were deterrents toward
exercise adherence [13]. These barriers not covered in the
EBBS may be more important determinants of exercise
adherence. The EBBS also has minimal focus on the spe-
cific type of exercises that would be preferred and thus
may not directly inform proper exercise prescription.
Therefore, the PEQ was designed to address a different
conceptual domain than the EEBS. The purpose of the
PEQ is to collect information about self-reported facilita-
tors, barriers, and preferences to exercise with the goal of
supporting a better understanding of exercise adherence
and patient centre exercise prescription for people with
osteoporosis.

Methods
The PEQ followed the two-step method described by
Stein et al. [14] and Armstrong et al. [15], one involving
instrument design and the other obtaining judgmental
evidence. Instrument design was performed in a three-
step procedure: A) content and domain specification; B)
item generation; and C) instrument construction [16].
The second step, judgmental evidence (content validity)
was conducted with a panel of experts [16].

Step one: Instrument design
Content and Domain Specification & Item Generation
Items were generated from the literature retrieved from
a PubMed and a CINHAL search to identify publications
that evaluated exercise and/or physical activity in the
osteoporosis population. Items were generated from a
systematic review that evaluated the facilitators and
barriers to exercise in patients with osteopenia or osteo-
porosis and a Belgian focus group study in older adults
with osteoporosis that identified motivators and barriers
to exercise [17, 18]. Due to limited research regarding
specific motivators and barriers in the osteoporosis
population, further items were attained from other pop-
ulations: A) one from a Canadian focus group study that
considered the facilitators and barriers to exercise in
women aged 55–70 years [19], B) another from a study
that evaluated exercise adherence in middle-aged adults
[20], C) the third, from literature that evaluated the facil-
itators and barriers to exercise in community-dwelling
adults [21], and D) the fourth, a literature review that
identified barriers and facilitators to exercise in people
with hip or knee osteoarthritis (OA) [22]. Women and
older adults were chosen as similar populations to the
osteoporosis group since this disease is more prevalent
among women and is often diagnosed in older adults
[5]. After extracting items and identifying duplicates, 37
unique questions were identified from the literature to
construct a preliminary version of the PEQ.
Domains were selected using the Alternative Theory of

Planned Behaviour, a combination of the Theory of
Planned Behaviour and the Social Cognitive Theory [23].
This Alternative Theory analyzes four concepts: “per-
ceived behavioural control,” “attitude toward exercising,”
“environment,” and “normative beliefs” [23]. The 37
items were then categorized under one of the four the-
ory concepts. Theory was originally used to create four
domains for this tool; however, throughout the iterative
development process, the titles were changed to reflect
more patient friendly terminologies. For example “nor-
mative beliefs” was changed to “support network” and
“environment” to “access”. Additional sections were
added based on items found in the literature and some
concepts from the Alternative Theory were combined to
create new domains. Five domains were identified in the
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preliminary version: 1) my support network; 2) my
access to exercise; 3) exercise goals; 4) my exercise
preferences; and 5) my exercise barriers. For simplicity
purposes, the following titles will be used when referring
to a specific domain: 1) support network; 2) access; 3)
goals; 4) preferences; and 5) barriers.

Instrument construction
Consistent with the recommendations from Stone, the
preliminary version of this tool was circulated to an ad-
visory committee for feedback [24]. A three-member
committee was asked to evaluate the overall format, do-
mains, and items of the questionnaire. The committee
was comprised of a musculoskeletal researcher with a
physiotherapy background, an investigator specialized in
osteoporosis and exercise research, and a rheumatologist
with a specialty in osteoporosis research. The questionnaire
was revised through iterative feedback and submitted to a
Delphi expert panel comprising of an osteoporosis re-
searcher with a clinical degree in physiotherapy, two
doctorate researchers specialized in osteoporosis research,
and a kinesiologist. The Delphi technique, developed by the
Rand Corporation, was used to seek convergence on this
topic because it allows experts to work independently [25].
Each domain and item was reviewed for structure and
clarity, redundant inquiries eliminated, and ambiguous
wording modified.

Step two: Judgmental evidence (content validity)
New surveys must be rigorously tested to ensure a tool
is valid [26, 27]. Validity is defined as the extent to which
any instrument measures what it is intended to [28]. For
this reason, the development of the PEQ went through
multiple iterations to ensure the survey was clearly
worded, well defined, and covered topics important to
patients with osteoporosis. Content validity measures
how well items correspond or reflect a specific domain
and are measured using quantitative techniques [27, 28].
Cognitive interview methods can explore how patients
with osteoporosis might interpret the meaning of survey
items [26]. Cognitive interviews were used to determine
the following: 1) if participants understood the item; 2)
if they understood the item the way the researcher
intended, and 3) how participants calibrated the item
and its response options. Lastly, focus groups were used
to determine how respondents answer survey questions,
identify potential problems that lead to response error,
and comment on the overall format of the tool.

Content validity
There are multiple methods for testing content validity.
This study used one method that involved empirical
techniques to calculate the index of content validity
(CVI) and the content validity ratio (CVR) and semi-

structure cognitive evaluations [15, 16]. The empirical
techniques reviewed in this tool were:

1) CVI: CVI is the most widely reported approach for
content validity in instrument development and can
be computed using the Item-CVI (I-CVI) and the
Scale-level-CVI (S-CVI) [16]. I-CVI is computed as
the number of experts giving a rating of “very
relevant” for each item divided by the total number
of experts. Values range from 0 to 1 where I-CVI >
0.79, the item is relevant, between 0.70 and 0.79, the
item needs revisions, and if the value is below 0.70
the item is eliminated [16]. Similarly, S-CVI is
calculated using the number of items in a tool that
have achieved a rating of “very relevant” [16]. There
are two methods to calculating S-CVI, one is the
Universal Agreement (UA) among experts (S-CVI/
UA), and the second, the Average CVI (S-CVI/Ave),
the latter being a less conservative method [16].
S-CVI/UA is calculated by adding all items with
I-CVI equal to 1 divided by the total number of items,
while S-CVI/Ave is calculated by taking the sum of
the I-CVIs divided by the total number of items [16].
A S-CVI/UA ≥ 0.8 and a S-CVI/Ave ≥ 0.9 have
excellent content validity [29].

2) CVR: The second type of empirical analysis was
CVR, which measures the essentiality of an item [30].
CVR varies between 1 and −1, and a higher score
indicates greater agreement among panel members
[16]. The formula for the CVR is CVR = (Ne – N/2)/
(N/2), where Ne is the number of panelists indicating
an item as “essential” and N is the total number of
panelists [16].

A cover letter and the PEQ were included with the
content validity survey explaining why experts were in-
vited to participate, along with clear and concise instruc-
tions on how to rate each item. To evaluate whether
items were relevant, clear and essential, experts were
given a critical appraisal sheet with the following four
inquiries: 1) the relevance of each question in the tool
(how important the question is); 2) the clarity of each
question (how clear the wording is); 3) the essentiality of
each question (how necessary the question is); and 4)
recommendations for improvement of each question.
The critical appraisal tool that experts used to rate the
questionnaire is in Additional file 1: Appendix A. For
the relevancy scale, a 4-point Likert scale was used and
responses include: 1 = not relevant, 2 = somewhat rele-
vant, 3 = quite relevant, and 4 = very relevant. Ratings of
1 and 2 are considered content invalid while ratings of 3
and 4 are considered content valid [31]. A 3-point Likert
scale was used for the clarity and essentiality scale since
answers can only be trichotomous. The clarity scale was:
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1 = not clear, 2 = item needs some revision; and 3 = very
clear, and for essentiality: 1 = not essential; 2 = useful, but
not essential; and 3 = essential [15, 16]. Additional com-
ments and recommendations by the experts were
written on the hard copy of the questionnaire that was
provided with the cover letter.
The recommended number of experts to review an in-

strument varies from 2 to 20 individuals [15]. At least 5
people are suggested to review the instrument to have
sufficient control over chance agreement [16]. Content
validity was determined using a number of experts (n = 6)
that included an athletic therapist and a Ph.D. candidate
from the University of Western Ontario, a physiotherapist,
a chiropractor, and a family doctor from Toronto, Ontario
and an orthopedic surgeon with a research background in
osteoporosis from McMaster University. Experts were
chosen based on the following guidelines: 1) worked in a
medical or rehabilitation setting with patients with
osteoporosis; or 2) published at least one article related to
the care of patients with osteoporosis.

Cognitive interviews
Cognitive interviewing is a methodology that examines
how respondents comprehend, interpret, and answer
survey questions [26]. The purpose of cognitive inter-
viewing is to obtain information about the process
respondents use to answer survey questions, identify po-
tential problems that may lead to survey response error,
and gain a better sense of their perception regarding
items [32]. The question-and-answer model has been
cited as a useful representation of how respondents an-
swer survey questions [26]. This model suggests four
interdependent elements, “comprehension of the infor-
mation”, “retrieval from memory”, “decision processes”,
and “response selection”, that interact together and
predict how respondents make judgments about the
level of detail needed to answer survey questions [33].
Cognitive testing was undertaken specifically with cli-

nicians and patients to evaluate the cognitive process
they followed to answer survey questions and to identify
items that were not well understood. Techniques used
to evaluate clinician and patient understanding of ques-
tions were a combination of both the think-aloud and
verbal probing [33]. Together, these approaches were
used to determine how well survey items were under-
stood and how well different response options were
reached. Specific think-aloud questions were: “please tell
me what you are thinking as you answer this question”
or “what steps are going through your head as you pick
an option for this question” [32, 33]. Verbal probes were
scripted or spontaneous and scripted questions included,
“what do you think the question is asking you” and
“please think aloud and tell me how you would answer
this question” [26, 32, 33].

Cognitive interviews were done at McMaster University
with 4 Ph.D. graduate students from the Department of
Rehabilitation Science who had clinical backgrounds in
occupational therapy, kinesiology, and physiotherapy. In-
terviews were also conducted with 2 patients from
Hamilton, Ontario and 9 patients from London, Ontario
and all patients had a diagnosis of osteopenia or osteopor-
osis. All interviews lasted between 1 to 1.5 h and were
recorded and notes were taken. Analytic memos were cre-
ated based on digital recordings and notes. Memos were
coded into the following categories: 1) no problem with
the item; 2) minor misunderstanding with the item; and 3)
item unclear. Items marked “minor misunderstanding”
were reworded, while those marked “unclear” were elimi-
nated, reworded or integrated with another question.

Focus groups
Focus groups are “informal discussions among selected
individuals about a specific topic” [34] and can be used
to follow up on issues revealed during cognitive inter-
views or used as a standalone protocol to generate ideas
through group discussion [32]. Focus groups are typic-
ally more open-ended and less structured than cognitive
interviews and can help elicit a greater range of
responses. In this paper, focus groups were used to elicit
respondents’ understanding, opinions, and views within
the context of discussion and debate with other [34].
Two focus groups were held, one at McMaster University

and the other at the University of Western Ontario, with 8
and 12 graduate students enrolled in the department of
Rehabilitation Science and Physical Therapy, respectively.
The majority of students were enrolled in a Ph.D. program.
During the focus group, students were given a paper copy
of the questionnaire and instructed to read each item and
give their thoughts regarding the relevance, clarity and
importance of each question. They were also asked to
verbalize their thoughts about each item and whether it
was in the correct domain. Although a digital recorder was
not used, notes were taken during each focus group
session.

Results
The PEQ underwent 8 rounds of revisions from various
expert groups. Table 1 summarizes major amendments
in Additional file 2: Appendix B.

Content validity results
All content validity (CVI and CVR) calculations were
from the fifth version (6 domains, 35 questions) of the
PEQ.

I-CVI Results (relevancy of individual items)
The I-CVI calculations for the relevancy of each item
are in Table 2 (Additional file 2: Appendix B). Thirty-
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one items (89%) were marked as relevant and the I-CVIs
ranged from 0.50 to 1.00. Twenty-two items had an I-
CVI = 1.00, nine a score of 0.83, two a score of 0.67, and
two a score of 0.50. The majority of items were consid-
ered relevant, with the exception of four questions: one
on safety of the facility, one on support, and two about
feedback.

S-CVI Results (relevancy of the overall questionnaire)
The S-CVI/UA = 0.63 and the S-CVI/Ave = 0.91. The
Universal Agreement is calculated by adding all I-CVI’s
equal to 1.00 (22 items) divided by 35, while the Average
takes the sum of all I-CVI (31.81) divided by 35. Overall,
the Universal Agreement method demonstrates moder-
ate content validity while the Average approach shows
high content validity of the PEQ.

Kappa
Although CVI is extensively used to estimate content
validity, Wynd et al. suggested that due to chance agree-
ment this index does not consider the possibility of in-
flated values, and instead suggested a kappa statistic in
addition to CVI be calculated [31]. Kappa provides the
degree of agreement beyond chance, as is calculated
using the following formula: K = (I-CVI – Pc)/ (1- Pc),
where Pc = [N!/A!(N-A)!]* 0.5N [16]. In this formula Pc
= the probability of chance agreement; N = number of
experts; and A = number of experts that agree the item
is relevant. Kappa values above 0.74 are considered ex-
cellent, between 0.60 to 0.74 good and 0.40 to 0.59 fair.
Kappa calculations are in Table 3 (Additional file 2: Ap-
pendix B).

CVR results
The CVR was generated for each item. Items that were
marked not essential had a CVR < 0.99 (this value is
based on the total number of experts, N = 6, and the nu-
merical values of the Lawshe table) [35]. Nonessential
items can be eliminated, but in this case were not.
Twenty-two items out of 35 were marked not essential.
Table 4 (Additional file 2: Appendix B) shows a sample
of instrument items and the CVR calculations. Thirteen
items had a CVR of 1.00, two a score of 0.67, seven a
score of 0.66, four a score of 0.33, five a score of 0.00,
three a score of – 0.33, and one a score of −0.66. The
average CVR value was 0.53.

Clarity Results (individual items and overall questionnaire)
Clarity was calculated using 6 raters on a 3-point Likert
Scale (1 = not clear, 2 = somewhat clear, 3 = very clear).
Average clarity scores for individual items ranged from
2.33 to 3.00 with five items (14%) considered very clear.
Five items had an average clarity score of 3.00, ten a
score of 2.83, twelve a score of 2.67, three a score of 2.5,

and five a score of 2.33. The overall clarity score of the
fifth version of the PEQ was 2.69.

Questionnaire refinement results
Version one and two (three-member panel)
There were two rounds of evaluations; in the first round,
items were reworded for clarity and moved to more suit-
able domains. Two open-ended questions were added to
include more information that may not have been cap-
tured through closed survey questions. These questions
asked respondents to list up to three factors that would
help them to exercise more often and up to three factors
that prevented them from exercising more often. In the
second round, one panel member suggested including
several additional items regarding patient progression
and feedback since patient perspective is important to
be considered in an exercise program and enjoyment is
both a predictor and an outcome of physical activity par-
ticipation [36]. Members of the panel unanimously voted
to include an additional domain regarding participant’s
feedback and progress, so a sixth domain and 3 add-
itional items were added. These three additional ques-
tions asked participants how they would like to receive
feedback on their progression, the type of feedback they
would like to receive and how often they would like to
receive feedback. The third version of this questionnaire
comprised 6 domains and 42 questions (40 categorical
and 2 open-ended items).

Version three, four and five (Delphi panel and patients
cognitive interviews from Hamilton)
The Delphi Panel underwent three rounds of refinement.
In the first round, two questions on pain and one item
on mobility were eliminated since the committee felt the
items were adequately measured by other questions.
One question regarding the type of exercise facility was
moved from section two (access to an exercise facility)
and combined with a question in section four (exercise
preferences). In the second round, 2 out of the 39 items
were removed because members felt respondents would
not be able to answer questions about their DEXA and
T-scores. One item regarding fractures was removed and
turned into a sub-item question in section six. In the
third round, two additional questions were added to sec-
tion 5 about feedback and tracking. The panel thought it
would be important to ask participants how they would
like to track their exercise progress and if they would
like to give feedback about the exercise program.
Patients diagnosed with osteopenia or osteoporosis

also reviewed the fifth version of the questionnaire. Two
patients from Hamilton, Ontario were recruited from
the St. Joseph’s HealthCare’s Charlton Campus. One fe-
male with osteoporosis and one male with osteopenia
suggested two additional questions for sections four and
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six, one on exercise times and the other on weather as a
facilitator or barrier to exercise. The questionnaire was
then updated to the sixth version (6 domains with 39
questions).

Version six (graduate student focus group + clinicians
enrolled in the ph.D stream)
Two focus groups were held, one at McMaster
University (n = 8) and the other at the University of West-
ern Ontario (n = 12). Students at McMaster University
were predominantly female (75%) and at the University of
Western Ontario mostly male (66%). Both focus groups
gave feedback on wording and terms consistency suggest-
ing patients might confuse the terms “exercise” and “work-
out” or “survey” and “questionnaire”. It was recommended
to use one term but not both. It was also suggested to use
patient friendly terminology. Students suggested terms
such as “exercise movement”, “fracturing a bone”, “access
to an exercise facility” and “limited range of movement” be
reworded. Students agreed that the font and spacing
of sentences were adequate and the use of underlin-
ing was well done. They also believed all questions
were appropriate and well worded with minor
changes in terminology.
One-on-one interviews with clinicians in the Ph.D.

stream (n = 4) were all females. All graduate students
reviewed the sixth version of the questionnaire (6 do-
mains with 37 questions) and were inquired to open an
envelope and briefly look at each page of the survey.
Subsequently, they were inquired to describe their initial
impression and comment on the layout, response op-
tions, and overall flow of the questionnaire. Next, re-
spondents were asked to go over each survey item and
comment on its clarity, relevance, and importance. All
participants stated the font, spacing, and length was ac-
ceptable however, specific item revisions were required.
One proposed that the phrase, “if applicable, check any
AIDS or DEVICES that you usual use…” should be
changed to “if applicable, please check any mobility
AIDS or DEVICES that you usual use.” Others suggested
examples or additional words within parenthesis be
added after items to clarify or define answer choices. For
example in question 7, “I have a safe place to exercise”,
the phrase “e.g. proper space to exercise, dry and clean
floors, good lighting, etc.” was included in parenthesis
after the question. They also suggested including, in par-
enthesis, after each question the following options: 1)
“check ALL that apply”; or 2) “check only one answer” to
clarify how many answers respondents could mark. Add-
itional barriers to exercise were also suggested such as
“poor quality of sleep” and “not liking exercise”. Items
were added as sub-categorical answers to existing ques-
tions. One question regarding self-confidence was re-
moved and turned into a sub-item question and another

in section two about exercise safety was removed since
most clinicians felt it was already measured by a previ-
ous question.

Version seven and eight (patient cognitive interviews)
Nine patients, five females and four males, from London,
Ontario, were recruited from the Hand and Upper Limb
Clinic (HULC) at St. Joseph’s Health Care Centre and all
had a history of fractures. There were two rounds of
judgment. Five patients assessed the seventh version of
the questionnaire. Participants stated the instructions
were simple and easy to understand and that items were
clear but answer choices needed additional words or
phrases. A few participants felt some questions were not
applicable to them, and the inclusion of a “Not Applic-
able” category was important. Patients also found it diffi-
cult to complete section three, exercise goals. The
questionnaire initially asked patients to rank the follow-
ing goals in order of importance from 1 to 7, where 1
was the most important and 7 the least important. An-
swers were broad, with some patients ranking their goals
from 1 to 7 and others ranking all goals with the same
number. One participant thought he could only use the
numbers 1 and 7 to rank. Section three was restructured
to a 4-point Likert Scale (not important, somewhat im-
portant, very important, not applicable) and an open
ended question that asked participants what their most
important goal was, was added. The eighth version was
then submitted for a second round of judgment. Four
patients reviewed the eighth version of the question-
naire; there were no significant changes, with patients
commenting on changes that were not applicable to the
majority of people.
After compiling all advice from experts, the final ver-

sion of the PEQ had 6 domains with 38 items, 35 close
ended and 3 open-ended questions (see Additional file 3:
Appendix C).

Readability grade levels
Readability levels were calculated for the eighth version
of this questionnaire. The Flesch-Kincaid Grade Level
and SMOG Index were calculated electronically (http://
www.readabilityformulas.com/free-readability-formula-
tests.php) and rate how easily sentences in the tool can
be read and understood. The Flesch-Kincaid Grade level
was 5.8 indicating it is easy to read and can be
understood by an average 11-year old student. The
SMOG Index was 6.9 demonstrating a seventh grade
reading level.

Discussion
This study developed and provided content validation of
the Personalized Exercise Questionnaire (PEQ) that
assesses multiple domains relating to the facilitators,
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barriers, and patient preferences in relation to exercise.
Although the questionnaire was developed with the
osteoporosis population as a primary target, the majority
of items are not specifically related to osteoporosis
suggesting that the questionnaire may be useful in a var-
iety of other populations upon further validation.
The PEQ provides a unique self-report tool to assist

with assessment of factors that may support or hinder
the adoption and maintenance of regular exercise. Since
it is well-known that adherence to exercise, physical ac-
tivity, or home-based therapeutic exercise is problematic,
it is the intention that the PEQ might support assess-
ment of facilitators, barriers, and personal preferences in
groups of people or be used to develop more personal-
ized exercise recommendations for individuals to ultim-
ately increase exercise participation. An article by
Crombie et al. found the levels of knowledge about spe-
cific health benefits of exercise were high, yet the major-
ity of older adults did not participate in any physical
activity. The authors suggest national campaigns to en-
courage exercise and physical activity [13], however, per-
suading individuals with barriers to exercise may be
difficult. Thus strategies to increase activity levels must
include identifying the facilitators, barriers and patient
preferences to an exercise program and compiling these
factors using the PEQ to encourage participation.
The most common method for measuring content val-

idity is calculating the Item-level CVI (I-CVI), however,
an alternative, unacknowledged method to measure con-
tent validity is Scale-level CVI (S-CVI), which can be
calculated using S-CVI/UA or S-CVI/Ave. The two ap-
proaches can lead to different values, making it difficult
to draw the proper conclusion about content validity
[37]. I-CVI measures the content validity of individual
items while the S-CVI calculates the content validity of
the overall scale. Most papers report the I-CVI or the S-
CVI but not both. This paper considered both the I-CVI
and the S-CVI since the S-CVI is an average score that
can be skewed by outliers. The number of experts (n =
6) was considered adequate for content validation as the
number of raters ranges from a minimum of 3 to a
maximum of 10 [16, 30]. An I-CVI of 0.78 or higher is
considered excellent. The I-CVIs of all items in the PEQ
ranged from 0.50 to 1.00 with only four items having an
I-CVI less than 0.78. This supports the conclusion that
individual items were important and relevant to measur-
ing the facilitators, barrier and patient preferences to an
exercise program. The minimum acceptable S-CVI is
considered to be any value between 0.80 to 0.90 [30, 37].
Two values were calculated: S-CVI/UA and S-CVI/Ave.
The Universal Agreement approach suggested the over-
all content validity of the PEQ was moderate (S-CVI/
UA = 0.63), while the Average method suggested high
content validity (S-CVI/Ave = 0.91). Although the

Universal Agreement method only considers items that
have an I-CVI of 1.00 and may be considered more
comprehensive than the Average approach, this method
may be underestimating content validity of the overall
questionnaire since the likelihood of achieving 100%
agreement in all items decreases when the number of
experts increases. The alternative and less constricted
method is the S-CVI/Ave approach that may be overesti-
mating content validity since the numerator in the
Average technique will always be greater than the
numerator of the Universal Agreement approach if I-
CVI values are not all equal to 1.00. For this reason both
the S-CVI/UA and the S-CVI/Ave were calculated and
the true overall content validity of the PEQ may be
somewhere in-between.
A less common way to calculate content validity is to

use the CVR approach. This method determines how
many raters mark an item as essential. Thirty-one items
had a positive CVR value indicating at least half the
raters considered the items to be essential, with an over-
all suboptimal content validity score, CVR = 0.53. It is
possible that raters did not understand the item since
only 14% of questions were considered very clear. Items
were marked relevant indicating they were directly re-
lated to the topic but due to poor clarity raters may not
have clearly understood what the item was measuring
resulting in a low CVR score. The next step in instru-
ment develop was to improve the item clarity using
qualitative evaluations. Quantitative methods strongly
supported individual items in the PEQ, and the use of
cognitive interviews and focus groups were used to fur-
ther refine the clarity of the language.
The complexity of doing numerous rounds of cogni-

tive interviews and focus groups was to decide what in-
formation was relevant and when information was no
longer considered important in tool development. The
goal of cognitive assessments and subsequent revisions
was to reach a point where there was sufficient evidence
of no problems with item comprehension; at this point
saturation has been achieved. Overall, the PEQ benefited
from multiple consultations and iterative revision, which
contributed to substantial changes in the types of items,
concepts, wording, response options, and the overall
structure of the questionnaire. Lack of clarity, misinter-
pretation, and ambiguity of items were the primary rea-
sons for instrument modifications. It became clear that
multiple iterations were essential since repeat consulta-
tions with people who had previously seen early versions
had additional recommendations. There is no clear indi-
cation of the optimal number of revisions required to be
certain that a measure is well developed [38]. However,
the concept of saturation applies in iterative feedback
when no recommendations being made are considered
useful or that multiple respondents can agree upon. The
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PEQ underwent three additional rounds of revisions
with a heterogeneous interview sample until feedback
was not applicable to the majority. Content validity cal-
culations (CVI and CVR) were not necessary to be mea-
sured again in the final version of the PEQ since content
validity of individual items was excellent. Furthermore,
rigorous qualitative research provided evidence of high
content validity of the overall PEQ by reaching satur-
ation through interviews with multiple experts.
Understanding factors affecting exercise adherence

measured across multiple domains may help develop tar-
geted interventions that may increase the quality and de-
livery of physical activity programs. This tool has
potential applications in both the research setting and in
clinical practice. Investigators can use this tool to survey
their population of interest and use this information to
inform decision-making about the type, frequency, and
location of the exercise for the majority. The goal of de-
signing an exercise program in research is to encourage
individuals to continue the program long after the inter-
vention has finished. Identifying an exercise program
that increases muscle and bone mass, catered towards
patient needs, will be one way of increasing exercise ad-
herence. This tool can also help clinicians identify and
design better exercise prescriptions for individual clients.
It is important for healthcare providers to identify their
patients’ facilitators, barriers, and exercise goals before
giving specific recommendations since understanding
these factors may result in better and more effective ex-
ercise prescriptions.

Limitations
With any preliminary questionnaire there were some
limitations to its design. The limitations of this study in-
clude: (1) potential lack of generalizability; (2) risk of
using a self-reported measure; and (3) length of the
questionnaire. Although the PEQ was designed for
people with osteoporosis it may be applicable in elderly
populations, but its generalizability to other clinical pop-
ulations is unknown and must be tested. Secondly, with
all self-reported measures there is a risk of recall bias or
inflated answers to reflect lower impediments to exer-
cise. The questionnaire also takes about 20 to 30 min to
complete.

Conclusion
The PEQ is the first instrument that assesses the facilita-
tors, barriers and preferences to exercise in people with
osteoporosis. The design of this questionnaire used a
mixed-method approach to select items necessary to
understand the facilitators, barriers, and preferences to
exercise. The PEQ showed high content validity of indi-
vidual items (I-CVI range: 0.50 to 1.00) and moderate to
high content validity of the overall questionnaire (S-

CVI/UA = 0.63; S-CVI/Ave = 0.91). Through qualitative
methods, clarity of items was refined. Future physical ac-
tivity or exercise interventions could benefit from using
this tool to leveraging the facilitators and limiting the
barriers to exercise to increase adherence to an exercise
program.
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question (how clear the wording is); 3) the essentiality of each question (how
necessary the question is); and 4) recommendations. (PDF 751 kb)

Additional file 2: Appendix B. Content validity results. Describes the 8
rounds of revisions. Table 1 summarizes the major amendments to the PEQ;
Table 2 the I-CVI calculations; Table 3 kappa scores; Table 4 CVR values. Major
revisions to the PEQ are also described in detail in this appendix. (DOCX 104 kb)

Additional file 3: Appendix C. The Personalized Exercise Questionnaire
(PEQ). The PEQ was designed to identify possible facilitators and barriers
to exercise in patients with osteopenia and osteoporosis. There are 6
domains (support network, access, goals, preferences, feedback and
tracking, and barriers) and 38 questions. (PDF 121 kb)

Abbreviations
BMD: Bone Mineral Density; CVI: Content Validity Index; CVR: Content Validity
Ratio; EBBS: Exercise Benefits/Barriers Scale; I-CVI: Item Content Validity Index;
OA: Osteoarthritis; PEQ: Personalized Exercise Questionnaire; S-CVI: Scale
Level Content Validity Index; S-CVI/Ave: Scale Level Content Validity Index/
Average; S-CVI/UA: Scale Level Content Validity Index/Universal Agreement

Acknowledgments
I would like to thank my supervisor, Dr. Joy MacDermid, for all her dedication and
guidance during this Master’s thesis. Dr. MacDermid allowed me to take charge of
this project and grow as a researcher and as an individual, while providing advice
along the way. I would also like to thank my supervisory committee members, Dr.
Jonathan Adachi and Dr. Karen Beattie, for their knowledge and insight throughout
this research project. In addition, I am appreciative to Drs. Adachi and MacDermid
for allowing me to attend their clinic to recruit patients for cognitive interviews.
Without their support and help this project would not be possible. I would also like
to thank the study participants and Dr. Naomi Fink for their time and contribution
in providing their input toward this questionnaire and Margaret Lomotan at
McMaster University for her continuous operational support.

Funding
This study was funded by CIHR FRN 122070. Isabel Rodrigues was supported
by CIHR FRN 122070 and 137,148. Joy C MacDermid was supported by a
CIHR Chair in Gender, Work and Health and the Dr. James Roth Research
Chair in Musculoskeletal Measurement and Knowledge Translation during
the conduct of this study.

Availability of data and materials
Data sharing not applicable to this article as no datasets were generated or
analysed during the current study.

Authors’ contributions
IR was responsible for developing the study design, the questionnaire, ethics
submissions as well as the drafting the manuscript and incorporating feedback.
JMD helped refine early versions of the questionnaire, edited the manuscript,
and recruit participants for cognitive interviews. JA and KB provided feedback
during the committee meetings to improve the clarity of the questionnaire and
review and refine the manuscript. JMD assisted drafting all versions of the
questionnaire, provide editorial assistance with the manuscript preparation, and

Rodrigues et al. BMC Musculoskeletal Disorders  (2017) 18:540 Page 8 of 9

dx.doi.org/10.1186/s12891-017-1914-5
dx.doi.org/10.1186/s12891-017-1914-5
dx.doi.org/10.1186/s12891-017-1914-5


recruit participants for cognitive interviews. All authors read and approved the
final manuscript.

Ethics approval and consent to participate
This study was been reviewed by the Hamilton Integrated Research Ethics
Board (HiREB) and granted a waiver by Janice Sancan, a research ethics
officer, since it was considered the initial stage for future research of the
PEQ. The HiREB is responsible for ensuring that participants are informed of
the risk associated with the research, and that participants are free to decide
if participation is right for them. Verbal consent was obtained from all
knowledge and field experts and no sensitive information collected.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1McMaster University School of Rehabilitation Science, 1400 Main Street Wm,
IAHS 308, Hamilton, ON L8S 4K1, Canada. 2Department of Kinesiology,
Waterloo University, 200 University Ave W, BMH 1100A/1102, Waterloo, ON
N2L 3G1, Canada. 3Department of Medicine, McMaster University, 25
Charlton Ave. E Room 501, Hamilton, ON L8N 1Y2, Canada. 4St. Joseph’s
Healthcare Hamilton, 25 Charlton Ave. E Room 501, Ontario, Hamilton L8N
1Y2, Canada. 5Department of Medicine, McMaster University, 25 Charlton
Ave. E Room 501, Hamilton, ON L8N 1Y2, Canada. 6Hand and Upper Limb
Center Clinical Research Lab, 930 Richmond, St. London, ON N6A 3J4,
Canada.

Received: 16 June 2017 Accepted: 14 December 2017

References
1. Kanis JA, Melton LJ, Christiansen C, Johnston CC, Khaltaev N. The diagnosis

of osteoporosis. J Bone Miner Res. 1994;9(8):1137–41.
2. Cheung AM, Detsky AS. Osteoporosis and fractures: missing the bridge? J

Am Med Assoc. 2008;299:1468–70.
3. Fahy AS, Wong F, Kunasingam K, Neen D, Dockery F, Ajuied A, et al. A

review of hip fracture mortality — why and how does such a large
proportion of these elderly patients Die ? Surg Sci. 2014;5:227–32.

4. Nikander R, Sievänen H, Heinonen A, Daly RM, Uusi-rasi K, Kannus P.
Targeted exercise against osteoporosis : a systematic review and meta-
analysis for optimising bone strength throughout life. BMC Med. 2010;8:47.
doi:10.1186/1741-7015-8-47.

5. Osteoporosis Canada. Osteoporosis Facts & Statistics. 2016.
6. Hamilton CJ, Swan VJD, Jamal SA. The effects of exercise and physical activity

participation on bone mass and geometry in postmenopausal women : a
systematic review of pQCT studies. Osteoporosis Int. 2010;21(1):11–23.

7. Bassey EJ. Exercise for prevention of osteoporotic fracture. Age Ageing.
2001;30(Suppl4):29–31.

8. Dishman R. Advances in exercise adherence. Champaign: Kinetics, Human;
1994. p. 49.

9. De Kam D, Smulders E, Weerdesteyn V. Exercise interventions to reduce fall-
related fractures and their risk factors in individuals with low bone density :
a systematic review of randomized controlled trials. Osteoporos Int.
2009;20(12):2111–25.

10. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and
physical fitness: definitions and distinctions for health-related research.
Public Health Rep. 1985;100(2):126–31.

11. Sun F, Norman IJ, While AE. Physical activity in older people: a systematic
review. BMC Public Health. 2013;13:449.

12. Sechrist KR, Walker SN, Pender NJ. Development and psychometric evaluation
of the exercise benefit/barriers scale. Res Nurs Health. 1987;10(6):357–65.

13. Crombie I, Irvine I, Williams B, McGinnis AR, Slane PW, Alder EM, McMurdo M.
Why older people do not participate in leisure time physical activity : a survey
of activity levels, beliefs and deterrents. Age Ageing. 2004;33(3):287–92.

14. Stein KF, Sargent JT, Rafaels N. Intervention research. Establishing Fidelity of the
independent variable in nursing clinical trails. Nurs Res. 2007;56(1):54–62.

15. Armstrong TS, Cohen MZ, Eriksen L, Cleeland C. Content validity of self-
report measurement instruments: an illustration from the development of
the brain tumor module of the M.D. Anderson symptom inventory. Oncol
Nurs Forum. 2005;32(3):669–76.

16. Zamanzadeh V, Ghahramanian A, Rassouli M, Abbaszadeh A, Alavi- H. Design
and implementation content validity Study : development of an instrument for
measuring patient-centered communication. J Caring Sci. 2015;4(5):165–78.

17. Rodrigues IB, Armstrong JJ, Adachi JD, MacDermid JC. Facilitators and
barriers to exercise adherence in patients with osteopenia and osteoporosis:
a systematic review. Osteoporos Int. 2017;28(3):735–45.

18. Baert V, Gorus E, Mets T, Bautmans I. Motivators and barriers for physical
activity in older adults with osteoporosis. J Geriatr Phys Ther. 2015;38:105–14.

19. Callaghan S. Focus group report: physical activity and women 55–70.
Ottawa, Ontario: Canadian Association for the Advancement of Women and
Sport and Physical; 2007.

20. Hellstern LM. The management training program: An intervention aimed at
increasing exercise participation and exercise adherence (unpublished
master dissertation). Edmonton, Alberta: University of Alberta; 1999.

21. Wocken KM. Exercise adherence in older adults (National Conference of
undergraduate research). Minneapolis, Minnesota: University of Minnesota; 2013.

22. Dobson F, Bennell K, French S, Nicolson P, Klaasman R, MA H, et al. Barriers
and facilitators to exercise participation in people with hip and / or
synthesis of the literature using behavior change theory. Am J Phys Med
Rehabil. 2016;95(5):372–89.

23. Rodrigues I, Missiuna C, Macdermid JA. Theoretical perspective on
exercise adherence and osteoporosis using the theory of planned
behavior and the social cognitive theory. Critical Rev Physical Rehab
Med. 2016;28:37–49.

24. Stone DH. Design a questionnaire. BMJ. 1993;307(6914):1264–6.
25. Vasudevan V, Rimmer JH, Kviz F. Development of the barriers to physical

activity questionnaire for people with mobility impairments. Disabil Health J.
2015;8(4):547–56.

26. Collins D. Pretest survey instruents: an overview of cognitive methods. Qual
Life Res. 2003;12(3):229–38.

27. Saw SM, Ng TP. The design and assessment of questionnaires in clinical
research. Singap Med J. 2001;42(3):131–5.

28. Carmines, E. G., & Zeller, R. A. (1979). Reliability and validity assessment (Vol. 17).
Sage publications.

29. Shi J, Mo X, Sun Z. Content validity index in scale development. Zhong Na Da Xue
Xue Bao Yi Xue Ban. 2012;37(2):152–5. doi:10.3969/j.issn.1672-7347.2012.02.007.

30. Yamada J, Stevens B, Sidani S, Watt-Watson J, De Silva N. Content validity of a
process evaluation checklist to measure intervention implementation fidelity of
the EPIC intervention. Worldviews Evidence-Based Nurs. 2010;7(3):158–64.

31. A.Wynd C, Schmidt B, Schaefer MA. (2003). Two quantitative approaches for
estimating content validity. West J Nurs Res 25(5):508–518.

32. Haeger H, Lambert AD, Kinzie J, Gieser J. Using cognitive interviews to
improve survey instruments. New Orleans: Association for Institutional
Research; 2012.

33. Daugherty, S., Harris-Kojetin, L., Squire, C., Jaël, E., & Harris-Kojetin, L. (2001).
Maximizing the quality of cognitive interviewing data: an exploration of
three approaches and their informational contributions. Proceedings of the
annual meeting of the American Statistical Association.

34. Wilkinson S. Focus group methodology: a review. Int J Soc Res Methodol.
1998;1(3):181–203.

35. Lawshe CH. A quantitative approach to content validity. Pers Psychol.
1975;28(4):563–75.

36. Mullen SP, Olson EA, Phillips SM, Szabo AN, Wójcicki TR, Mailey EL, et al.
Measuring enjoyment of physical activity in older adults: invariance of the
physical activity enjoyment scale (paces) across groups and time. Int J Behav
Nutri Phys Activity. 2011;8:103. doi:10.1186/1479-5868-8-103

37. Polit DF, Beck CT. The content validity Index : are you sure you know what ’
s being Reported ? Critique and recommendations. Res Nurs Health.
2006;29(5):489–97.

38. Patrick DL, Burke LB, Gwaltney CJ, Leidy NK, Martin ML, Molsen E, et al. Content
validity— establishing and reporting the evidence in newly developed
patient-reported outcomes ( PRO ) instruments for medical product
Evaluation : ISPOR PRO good research practices task force Report : part 2 —
assessing respondent understanding. Journal. Value Health. 2011;14(8):978–88.
Available from: doi:10.1016/j.jval.2011.06.013

Rodrigues et al. BMC Musculoskeletal Disorders  (2017) 18:540 Page 9 of 9

http://dx.doi.org/10.1186/1741-7015-8-47
http://dx.doi.org/10.3969/j.issn.1672-7347.2012.02.007
http://dx.doi.org/10.1186/1479-5868-8-103
http://dx.doi.org/10.1016/j.jval.2011.06.013

	Development and validation of a new tool to measure the facilitators, barriers and preferences to exercise in people with osteoporosis
	Citation of this paper:

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Step one: Instrument design
	Content and Domain Specification & Item Generation
	Instrument construction

	Step two: Judgmental evidence (content validity)
	Content validity
	Cognitive interviews
	Focus groups

	Results
	Content validity results
	I-CVI Results (relevancy of individual items)
	S-CVI Results (relevancy of the overall questionnaire)
	Kappa
	CVR results
	Clarity Results (individual items and overall questionnaire)

	Questionnaire refinement results
	Version one and two (three-member panel)
	Version three, four and five (Delphi panel and patients cognitive interviews from Hamilton)
	Version six (graduate student focus group + clinicians enrolled in the ph.D stream)
	Version seven and eight (patient cognitive interviews)
	Readability grade levels


	Discussion
	Limitations

	Conclusion
	Additional files
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

