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CHAPTER I
INTRODUCTION TO THE STUDY

Patient-reported outcomes, commonly referred to as PROs, are one of the most valuable
tools in assessing general health status of patients, health-related quality of life, functional levels,
and symptoms (Abrams, 2017; Acquadro et al., 2003; Bingham et al., 2017). Understanding the
patient’s perspective of their own functional and symptomatic levels is important for clinicians
for several reasons (Acquadro et al., 2003). PROs have been considered invaluable for
understanding the impact of a disease on patients, guiding treatment decisions, evaluating
treatment efficacy, and interpreting clinical outcomes (Acquadro et al., 2003; Bingham et al.,
2017; Wu et al., 2013). More and more electronic patient record systems are beginning to
incorporate the collection of patient-reported outcomes (PROs) for the purpose of clinical care
and health-related research (Wu et al., 2013).

Evolution of Patient Reported Outcomes

There are multiple ways to measure health status, which can include perspectives from
the physician or the patient. The field of health status assessment originated approximately 30
years ago (McHorney, 1999). Historically, health status has been assessed through the clinician’s
vantage point; however, the vantage point began to shift, with the patient’s perspective gaining
traction in the field of health care research (McHorney, 1999; Wu et al., 2013). Patient-reported
outcomes refer to the patient’s perspective of their outcome and their own assessment of

themself, rather than the assessment of the patient by the physician. Terms such as health status



and health-related quality of life (HRQOL) were used to refer to patient outcomes, and in the
1990s, the measurement of these concepts began to rapidly evolve (Wu et al., 2013). It was not
until 2001 that the term patient-reported outcomes was first proposed by the Food and Drug
Administration (FDA). The FDA and the PRO Harmonization Group worked collaboratively to
define PROs to include any outcome based on data provided by patients or patient proxies, as
opposed to data provided from other sources (Acquadro et al., 2003). In fact, research that seeks
to compare effectiveness of different treatments has commonly utilized data sources such as
administrative and billing data like current procedural terminology codes, clinical physician-
reported data, and medical records (Wu et al., 2013). Although these data sources have been
commonly used throughout clinical research, the patient’s perspective is often missing from the
assessment. This can be especially misleading for physicians since they need to understand the
patient’s assessment of their own limitations in order to determine the most appropriate
intervention.

Throughout the latter half of the 20th century, PROs evolved at a rapidly increasing rate.
Prior to the 1960s, health status was often measured by single-item measures, that were reported
from the physician’s perspective, such as Karnofsky’s Performance Status Scale (Karnofsky et
al., 1948), which is a single item measure of functional status on an 11-point scale, with 11
representing no evidence of disease and zero representing death (Karnofsky et al., 1948;
McHorney, 1999). Single item measures can be especially problematic when attempting to
estimate reliability since internal consistency cannot be measured when there is only one item
(Cronbach, 1951; Lucas & Donnellan, 2012).

In the 1970s, more generic outcome measures with multi-item subscales began to emerge.

In fact, from 1970 to 1981, 12 different generic outcome measures were developed (McHorney,



1999). It was not until the 1980s that the focus shifted to condensed general health measures in
order to increase clinical efficiency, while also remaining cost-effective for large-scale clinical
trials and population-based outcomes research (McHorney, 1999). This is the era in which the
term “short-form” (SF) first appeared, and from which the commonly used SF-12 Health Survey
(Ware et al., 1996) was derived in an attempt to fully measure two domains of general health,
including physical and mental, while maintaining brevity (McHorney, 1999; Ware et al., 1996).
In the very early days, disease-specific measures were reserved for diseases with very severe
effects, such as cancer and osteoarthritis (Karnofsky et al., 1948; Steinbrocker et al., 1949).
However, during the 1980s and 1990s there was another shift from focusing on general health
measures to focusing on disease-specific and body region-specific measures (McHorney, 1999).
Disease- and region-specific measures are necessary because general health measures are less
sensitive to change following disease- and region-specific interventions (Bergner et al., 1981).
These types of measures contribute a unique component to the complex composition of the
patient continuum of care and recovery.

Disease- and body region-specific instruments are often used to help patients understand
their functional limitations, guide decision-making for treatment, and provide documentation of
changes in functional improvements or declines, which can help increase overall patient
outcomes (van Cranenburgh et al., 2012). The World Health Organization (WHO) has sought to
define disability, impairment, and functional limitations, with functioning referring to all body
functions, activities, and participation, while disability seems to encompass impairments, activity
limitations and participation restriction. The WHO has shifted away from this idea and has
moved toward the thinking that individuals can have a reduction in health and thereby experience

some increment of disability (World Health Organization, 2002). However, these terms are still



used interchangeably, which may be due to the fact that the word disability was previously used
to describe and measure health status. The Center for Disease Control (CDC) has defined
disability as “any condition of the body or mind (impairment) that makes it more difficult for the
person with the condition to do certain activities (activity limitation) and interact with the world
around them (participation restrictions)” (Center for Disease Control and Prevention, 2020, pp1).
According to the WHO and CDC, impairment refers to one’s body structure or function
(physical or mental), and disability represents how functional limitations affect an individual’s
life (Center for Disease Control and Prevention, 2020; World Health Organization, 2002).
Previous research that has developed a sociomedical model of disability also supports this idea
that functional limitations present in daily life as disability (Verbrugge & Jette, 1994). Therefore,
foot and ankle activity level is considered a scale to measure activity or functional limitations
due to an impairment, which is one piece of a person’s perceived disability.

PROs that are region-specific are essential to measure the value and efficacy of
conservative and surgical interventions (Abrams, 2017). In order to properly assess whether
medical treatment was beneficial to the patient, it is crucial to measure changes in function, pain,
and activity level (Abrams, 2017). By recording these measurements prior to treatment and
throughout the process of recovery, deficits in function and symptoms of pain can be identified,
enabling the physician to tailor medical care on an individual basis. When deciding which
treatment option may be the most appropriate, there are a variety of factors that influence patient
outcome, including a patient’s own impression of their functional disability, burden of the
disease, symptoms and treatment response (Bingham et al., 2017). PROs also facilitate better

communication between physician and patient, allowing physicians to manage patient



expectations by discussing the patient’s priorities and realistic outcomes prior to and following
intervention (Abrams, 2017; Pogorzelski & Millett, 2017; Stiiber et al., 2010).

Orthopaedic Patient Reported Outcome Measures

For each area of specialization within the medical field, various patient reported outcome
measures have been developed. In the field of orthopaedics, various instruments have been
utilized, including some general and some anatomically specific. These evaluative instruments
are used to measure an individual’s change in function and activity level over time following
treatment for foot and ankle injuries (Budiman-Mak et al., 2006; Button & Pinney, 2004; Carcia
et al., 2008; Chen et al., 2012; Farrugia et al., 2010; Goldstein et al., 2010; Golightly et al., 2014;
Herron, 2006; C. E. Hiller et al., 2006; Hung et al., 2013; Hunt et al., 2014; Hunt & Hurwit,
2013; Martin et al., 2005; McKeown et al., 2019; Muller & Roddy 2009; Niki et al., 2005;
Ortega-Avila et al., 2019; Ponkilainen et al., 2020; Richter et al., 2018; Richter et al., 2006;
Riskowski et al., 2011; Sadjadi et al., 2014; Sierevelt et al., 2018; Veltman et al., 2017; Yusuf et
al., 2019; Zwiers et al., 2018). Aspects of lower extremity musculoskeletal injury that have been
identified as most important to patients, and therefore most influential following intervention,
include the patient’s perception of their own functional limitations and disability, which is why
quantifying deficits at the patient level is imperative. A very common evaluative instrument
includes the region-specific, non-disease-specific outcome measure of foot and ankle function,
the Foot and Ankle Ability Measure (Martin et al., 2005). The FAAM is comprised of an
Activities of Daily Living (ADL) subscale and a Sports subscale, for which scores are reported
as a percentage, with 100% representing no disability and 0% representing complete disability.
Scores based on these instruments have shown evidence of excellent reliability and validity when
measuring ankle function; however, this instrument does not measure activity level (Matheny et

al., 2020). Additionally, the other two most commonly reported region-specific outcome



measures include the Foot Function Index (FFI) and the Foot and Ankle Outcome Score
(Sierevelt et al., 2018). The FFI consists of three subscales including pain, disability, and activity
limitations in the past two weeks (Budiman-Mak et al., 2006), while the FAOS consists of 42
items that comprise five subscales including pain, symptoms, activities of daily living, sport and
recreation, and foot- and ankle-related quality of life (Roos et al., 2001). There are many more
outcome measures that have been documented in the foot and ankle literature; however, there is
no region-specific instrument that measures activity level in the foot and ankle.

Many different individuals with a large range of ages, with a large variety of orthopaedic
forefoot, hindfoot, and ankle injuries and/or disorders, including arthritis, trauma, fusion, sprain,
arthroplasty, arthroscopy, tendon, cartilage, infection, dislocation, paralysis, tumors,
arthropathies, circulation disorders, and many more, are seen clinically by orthopaedic surgeons
(Garratt et al., 2018; Golightly et al., 2014; Hung et al., 2019; Hunt et al., 2014; Niki et al.,
2005). It is important to note that while many athletes are examined by orthopaedic surgeons, not
all patients who are seen by orthopaedic surgeons are elite level athletes, or even athletes for that
matter, and many injuries are not due to trauma (Garratt et al., 2018; Hung et al., 2019; Hunt et
al., 2014; Niki et al., 2005). However, it is still very important for physicians to understand a
patient’s activity level, whether that be a lower level or a higher level. Understanding a patient’s
activity level is a clear indication of how the patient is progressing through the continuum of
care. Activity level is a benchmark used by physicians to gauge where the patient is in the
recovery process (Brophy et al., 2014). Patient activity level is imperative to inform physician
assessment and to ascertain whether the patient has returned to their expected and/or desired
activity level. This information can then be communicated to the patient, which has the potential

to empower and encourage the patient or identify lags early in the recovery process (McHorney,



1999). Understanding how the patient compares to others with similar demographics, who have
undergone a similar intervention, yields information that can also be used to tailor individual
follow-up care and recommendations for supplementary treatments, such as physical therapy,
prosthetics, pain-relieving or biologic injections, or additional surgical interventions.

An evaluative instrument that serves as a measure of activity level in the knee is the
Tegner activity scale which is a numerical scale with each level (range 0 — 10) representing
specific activities (Tegner & Lysholm, 1985; Tegner et al., 1986, 1988). An elite athlete is
considered to have an activity level of a 10, a collegiate athlete is expected to have a value of 9, a
recreational athlete may have an activity level within the 4 to 6 range, and sick leave from work
or disability pension due to knee problems is considered to have a value of zero (Briggs,
Steadman, et al., 2009b). Each level, 0 through 10, has a list of activities or sports that represent
each activity level. The Tegner activity scale was originally developed as a lower extremity scale
to measure activity level in patients with anterior cruciate ligament (ACL) injuries of the knee
(Tegner & Lysholm, 1985; Tegner et al., 1986, 1988). Reliability and validity of Tegner scores
were assessed in several different disease-specific samples with various knee pathologies (Briggs
et al., 2006; Briggs, Lysholm, et al., 2009a). Results have shown good evidence of reliability and
validity in patients with knee pathologies that were surgically treated (Briggs et al., 2006).
Although this scale has performed well in the knee, there are several limitations in its use. The
Tegner activity scale is commonly used in the knee, not the foot and ankle. Although originally
developed as a lower extremity instrument to measure activity level in patients with ACL injuries
of the knee (Tegner et al., 1986) it is unclear whether the instrument is effective in measuring
ankle-based activity level. The Tegner scale has been used for patients with foot and ankle

injuries due to the lack of other instruments available for outcome measurement. The Tegner



activity scale is a one response item aimed to measure the latent construct of foot and ankle
activity. When measuring a construct, it is necessary to ensure that the construct is being
measured in its entirety, which is very difficult to accomplish with a single item (McHorney,
1999; Rousson et al., 2002). Since the Tegner activity scale is a single item, assessment of
internal consistency cannot be performed. Therefore, reliability would need to be measured using
test-retest, which is not as accurate in terms of measurement due to learner effect, nor is it cost or
time effective (McHorney, 1999; Rousson et al., 2002). Foot and ankle activity is a complex
construct that is comprised of various components. An activity scale that consists of multiple
items, rather than a single item that lacks sufficient breadth of content to describe activity level
effectively, could decrease measurement error and thereby increase reliability. When utilizing
any instrument, it is crucial to have good evidence of reliability and validity, in order to ensure
that the construct is consistently being measured, and that the instrument is measuring the correct
construct (Messick, 1989). Additionally, the Tegner activity scale has items in the upper portion
of the scale that would never be used unless studying an elite population, which is rare in the
majority of foot and ankle practices. Therefore, the upper 25% of response options on the Tegner
scale may never be selected in most clinical practices. This is very problematic when using the
Tegner scale as a criterion variable, with the goal of making inferences based on those responses.
Therefore, it is necessary to develop an instrument that can consistently and effectively measure
activity level in the foot and ankle within a more typically functioning adult population rather

than a combined population including elite athletes.



Therefore, the primary reasons a foot and ankle activity level assessment is needed is:

e Activity level is a benchmark to document patient recovery and what patient can
and cannot do in terms of activities of daily living and recreation. Currently, there
is no instrument that measures this construct.

e The Tegner activity scale was designed for use in individuals with anterior
cruciate ligament injuries of the knee, not injuries of the foot and ankle. The
Tegner activity scale is a one-item measure meaning that scores cannot be
rigorously tested for psychometric properties, and the scores most likely have
higher measurement error since the instrument is only one item. The scale is
European, so it would require multiple modifications for clarity and
comprehension and would require additional testing which does not make logical
sense to do since the instrument would remain a one-item measure with
potentially high measurement error. With all of these issues it makes logical sense
to develop an instrument to specifically measure foot and ankle activity level.

Normative Values

When developing and utilizing an instrument to assess activity level in patients with foot
and ankle pathologies, it is important to first determine normative values in the population of
interest (Dingemans et al., 2017; Matheny et al., 2020; Pinsker & Daniels, 2011). Normative
values are defined as the random sample of individuals from the general population of the United
States from whom scale scores are derived, which was previously defined by the American
Academy of Orthopaedic Surgeons (Hunsaker et al., 2002). By first determining normative
values and assessing reliability and validity of scores in the normal, healthy population, these

scores can serve as a reference group for physicians, consequently improving the interpretation
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of scores (Dingemans et al., 2017; Giesinger et al., 2019; Hunsaker et al., 2002; Matheny et al.,
2020; Pinsker & Daniels, 2011). While comparing baseline and post-treatment scores is
imperative to evaluate treatment efficacy, scores from a normal, healthy population must also be
determined in order to effectively define abnormal scores and to document full recovery (Sallay
& Reed, 2003; Schneider & Jurenitsch, 2016a, 2016b). Additionally, to determine a realistic
outcome for an individual patient, it is important to first establish normative values for
commonly reported outcomes measures so that physicians may be better prepared to counsel
patients about appropriate and realistic expectations, based on population characteristics, such as
age, body mass index (BMI), and gender, as well as other factors including previous surgery
(Matheny et al., 2020). With normative data serving as a reference, medical practitioners will be
able to assess whether baseline outcome measurements, as well as follow-up measurements,
differ from population norms, and whether the patient has returned to a “normal” level after
treatment based on their specific characteristics (Hunsaker et al., 2002).

There has been increased attention regarding normative values for patient-reported
outcomes, which may be due to the benefits that are realized when physicians can relay
normative data values to their patients (Mancuso et al., 2001, 2003). A previous study reported
the importance of shared decision-making in the medical care and treatment process (Henn et al.,
2011). Younger patients who had shoulder injuries have been shown to have increased
expectations of surgical intervention when compared to older patients, specifically in the number
of expectations, as well as in the areas of nighttime pain relief, improved ability to exercise or
participate in sports, and improved ability to interact with others (Henn et al., 2011). Other
studies that have focused on hip arthroplasty have shown that patients with worse preoperative

function, males, and older individuals tend to have higher expectations of following treatment
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(Mancuso et al., 2003). Yet a study that determined expectations of patients with knee injuries
revealed that patient expectations differed by diagnosis, patient characteristics, and
demographics, as well as function (Mancuso et al., 2001). These studies underscore the need to
determine baseline values in ankle outcomes instruments.

Normative values have been established for a variety of other outcomes scores that have
previously been documented in the musculoskeletal literature (Hunsaker et al., 2002). Over the
past decade, normative data have been recognized as a fundamental element in the interpretation
of patient reported outcomes. In 2016, normative values for the American Orthopedic Foot and
Ankle Society (AOFAS) ankle-hindfoot, midfoot and hallux, and lesser toes clinical rating
system were determined. Results revealed that normative values differed based on population
differences, such as age and gender (Schneider & Jurenitsch, 2016b). However, the AOFAS
scores have previously demonstrated poor psychometric properties in patients who have been
treated for foot and ankle injuries, especially in terms of a high ceiling effect, making
interpretation of the scores quite ambiguous (Donnenwerth & Roukis, 2012; Pinsker & Daniels,
2011). In 2011, normative values for the Visual Analogue Scale Foot and Ankle were also
established (Stuber et al., 2011). The American Academy of Orthopaedic Surgeons (AAOS)
Outcomes Studies Committee, in collaboration with the Council of Musculoskeletal Specialty
Societies and the Council of Spine Societies, conducted a study to determine normative values in
11 specific outcomes instruments that were developed by AAOS, which demonstrates the
emphasis on establishing normative values by the orthopaedic community (Hunsaker et al.,
2002). In fact, AAOS acknowledges the extreme importance of normative values in order to
determine whether patients treated for specific conditions have returned to, or at least come

closer to, normative ranges of functioning (Hunsaker et al., 2002).
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Psychometric Assessment of Instruments’ Scores

Assessing evidence of reliability and validity is a crucial step in the development of a
new instrument used to assess PROs (Abrams, 2017; Boone, 2016; Burton & Mazerolle, 2011;
Cappelleri et al., 2014; Cronbach, 1951; DeVellis, 2006; Embretson & Reise, 2013; Embretson,
1985; Hays et al., 2000; Messick, 1989; Smith, 2001; Tennant et al., 2004; Wolfe & Smith,
2007; Zanon et al., 2016). In order to conduct these assessments, classical test theory (CTT) has
commonly been used. CTT is based on the principle that the observed score is partitioned into
the true score plus error, such that X = T + E, meaning [observed score = true + error].

CTT encompasses a set of concepts and methods that have been used to develop and
assess many health-related instruments. Procedures that are associated with CTT include
calculating Cronbach’s alpha coefficient for an estimate of internal consistency reliability, test
re-test reliability or sensitivity, dimensionality assessment, correlation analyses with other
measures and more (DeVellis, 2006). Although newer measurement approaches have been
developed, CTT remains popular for several reasons. Advantages of CTT include familiarity of
basic concepts and accessibility of software that is capable to perform procedures, relatively
straightforward mathematical computations, use with relatively smaller samples, and the
underlying model fits certain types of instruments fairly well, such as Likert-type items that are
aggregated (Cappelleri et al., 2014). However, there are also limitations to using CTT, such that
CTT has difficulty in differentiating between common themes across items that are of
importance to the researcher and other themes that are not of importance, such as similar
wording for multiple items (DeVellis, 2006). Methods and procedures that are CTT-based do not
generally involve rigorous scrutiny of item characteristics, which can make interpretations
difficult, especially if there is differential sensitivity at the center of the scale (DeVellis, 2006).

In addition, parameter estimates that are produced using CTT methods are dependent on



13

characteristics of the sample being used for the analysis. In other words, different samples with
different examinee characteristics and variability will most likely yield different item
characteristics, limiting generalizability, which may be the greatest disadvantage (DeVellis,
2006).

A more modern alternative to CTT that has been found useful in the development of
orthopaedic outcome instruments is the Rasch rating scale model, which is a specialized form of
item response theory (Andrich, 1978b; Rasch, 1980; Tennant et al., 2004; Wright & Masters,
1982). Rasch analysis is a probabilistic mathematical technique that is used to assess
psychometric properties of outcome measures. The Rasch model has two main principles that are
1) the easier the item on the scale, the more likely that the item will be chosen or “passed,” and
2) the higher the ability or trait level a person possesses, the more probable the person will
“pass” or endorse an item compared to a person with a lower ability or trait level (Tennant et al.,
2004). The scale of interest is measured in terms of item difficulty and generates estimates of
locations of individual items (item difficulty) and ability level along a common interval-level
scale (log-odds). Rasch assumes unidimensionality of either a single, primary domain or of each
subdomain if the construct is multidimensional, where unidimensionality is the extent to which
items measure a single construct and is a fundamental requirement of construct validity; item
difficulty, which is the relative difficulty of the items when compared to one another; and person
separation, which is the extent to which items distinguish between distinct levels of functioning
(Tennant et al., 2004). Properties of the Rasch model can be extended to fit graded responses
such as Likert-type items. The model accounts for response options not equally spaced in terms
of ability and is able to identify poorly functioning items. Additionally, the calibration of the

items within a scale is independent of the persons used to calibrate the instrument and vice versa.
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In addition, patients and items are calibrated on the same underlying metric trait, which increases
generalizability across samples. The model is also capable of examining differential item
functioning (DIF), which can tell researchers whether a scale works in the same way, regardless
of the sample or group being assessed (Tennant et al., 2004).

The Rasch Model

The Rasch model was originally developed for use in the education field, and was first
introduced into the field of health and medicine in the late 1980s (Rasch, 1980). Specifically,
physical therapists adopted the approach since the field of physical therapy is very well suited for
the application of Rasch modeling in terms of language compatibility when discussing ability
and difficulty. Since that time, the Rasch model has become the gold standard in assessing
psychometric properties of quality of life instruments (Anselmi et al., 2015; Tennant et al.,
2004). Previous studies have also utilized the Rasch model to assess psychometric properties of
scores from various orthopaedic instruments in the ankle, knee, and shoulder joints (Budiman-
Mak et al., 2006; Budiman-Mak et al., 1991; Conaghan et al., 2007; Franchignoni et al., 2010;
Hamilton et al., 2015; C. E. Hiller et al., 2006; A. M. Keenan et al., 2007; Ko et al., 2009; Lin et
al., 2009; Matheny et al., 2020; McPhail et al., 2014; Muller & Roddy, 2009; Ponkilainen et al.,
2020; Sadjadi et al., 2014; Woodburn et al., 2012).

Study Purpose and Research Questions

The purpose of this proposed study was to develop a Foot and Ankle Activity Level Scale
(FAALS) that will serve as a clinical tool for foot and ankle practitioners, including surgeons,
physicians, nurses, and physical therapists. To develop this instrument and assess psychometric
properties including reliability and validity, the Rasch model was utilized in a normal population.
The instrument development process for this study was comprised of various phases. First, items

for the proposed foot and ankle activity scale were developed by drawing upon knowledge from
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content experts in the field of foot and ankle orthopaedics. The assumption of unidimensionality,
which is required to conduct a Rasch analysis, was tested using a principal component analysis
(PCA) to assess factor structure. Initial psychometric assessment, including reliability and
validity, of the proposed foot and ankle score was conducted using the Rasch model. Evidence of
reliability of responses to the scale was assessed using person and item reliability. Evidence of
validity was assessed using mean square infit and outfit values that are indicative of acceptable
or poorly fitting items. Wright item person maps and category response curves were assessed to
identify poorly fitting items and assess person ability and item discrimination. Discrimination
and sensitivity of the proposed scale was assessed by examining person separation.
Discrimination was also assessed by examining mean differences in activity scale scores between
sub-populations known to have differences in terms of previous ankle surgery status and body
mass index (BMI) by utilizing a multiple linear regression analysis to account for extraneous
variables. Evidence of validity was also supported by examining convergent and divergent
validity by conducting a Pearson correlation to determine whether scores from the SF-12 PCS
and MCS are correlated with scores from the proposed foot and ankle activity scale. Final item
reduction and refinement of items was then conducted using the Rasch model.
The overarching research question was: Do scores from the proposed ankle activity scale
demonstrate acceptable psychometric properties?
Research Questions:
Ql Does the proposed ankle activity level scale meet the assumptions of the Rasch
model and demonstrate acceptable psychometric properties?
a. Does the proposed ankle activity level scale meet the assumption of
unidimensionality?
b. Does the proposed ankle activity level scale demonstrate good evidence of
person and item reliability with acceptable values?

c. Does the proposed ankle activity scale demonstrate acceptable evidence of
validity?
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i.  Mean square infit and outfit values will lie within acceptable limits.
it.  Wright-item person maps will reflect an acceptable range of ability
and difficulty.

Q2  Based on correlations between scores from the proposed ankle activity level scale
and SF-12, FAAM and Tegner scores, is there evidence of convergent and
divergent validity?

a. Are the scores from the proposed ankle activity level scale positively
correlated with scores from the Short-Form 12 (SF-12) physical component
summary, FAAM ADL and Sport subscales, and Tegner scores, which will
provide evidence of convergent validity?

b. Are the scores from the proposed ankle activity level scale minimally
correlated with scores from the Short-Form 12 (SF-12) mental component
summary, which will provide evidence of divergent validity?

Q3 Does the proposed ankle activity level scale demonstrate acceptable evidence of
discrimination?

a. Will the person separation index be above the minimal threshold of 2.0?

b. Will there be a statistically significant difference between:

iii. Individuals who have undergone previous ankle surgery compared to
those who have not undergone previous ankle surgery?

iv. Individuals who have a normal BMI compared to individuals who
have a BMI indicating obese or morbidly obese?

Q4  What are the defined thresholds of ankle activity level using a standard setting
procedure?

Study Significance

Development of an ankle activity scale that can fully capture the construct of ankle
activity, while remaining concise, for the purposes of clinical applications, is imperative to allow
physicians to understand the functional limitations their patients possess. Activity level is a
benchmark used by physicians to gauge where the patient is in the recovery process (Brophy et
al., 2014). By understanding how patients perceive their ankle activity level, physicians will be
better equipped to tailor post-treatment care and rehabilitation programs. PROs that are region-
specific are essential to measure the value and efficacy of conservative and surgical interventions
(Abrams, 2017; Acquadro et al., 2003; Bingham et al., 2017; Brophy et al., 2014; McHorney,
1999; Wu et al., 2013). Since there is no region-specific measure for ankle activity level, it was
important to develop the instrument, and fulfill this need for medical practitioners and patients

alike. This tool will help physicians and other practitioners identify patient progress, as well as



17

any physical functioning delays, throughout the continuum of care, not only on the patient’s
individual timeline, but also compared to other individuals who have similar characteristics and
who have undergone similar treatment. Essentially, the activity scale developed for this
dissertation will serve as a gauge by which to evaluate patients as they heal and attempt to return
to desired activity levels. Determining normative values and assessing reliability and validity of
scores in the normal, healthy population, will allow these scores to serve as a reference group for
physicians, consequently improving the interpretation of scores (Dingemans et al., 2017;
Giesinger et al., 2019; Hunsaker et al., 2002; Matheny et al., 2020; Pinsker & Daniels, 2011).
The Rasch model is appropriate for development of an ankle activity level instrument because
foundationally the Rasch model supports and requires a progression of simple to difficult
activities that are then able to be ordered (Andrich, 1978a, 1978b; Bond & Fox, 2015). This
progression facilitated an activity scale with specific levels that were then defined. By utilizing
the Rasch model to develop this proposed ankle activity level instrument and perform
psychometric assessments, this need was fulfilled in an effective and rigorous manner.

Chapter I Summary

Patient-reported outcomes are a cornerstone of the complex recovery process following
treatment of ankle injuries. Although PROs have evolved over the decades, there is still a lack of
an instrument that allows physicians and other medical practitioners to quickly and effectively
assess activity level. Activity level is a unique outcome measure that is essential in
understanding where exactly an individual lies on the spectrum of recovery. Developing an ankle
activity level scale that incorporates rigor and brevity and is beneficial in clinical application will
help to fill that gap in preoperative and postoperative assessment. To develop an ankle activity
level instrument, normative values first needed to be established. By first assessing reliability

and validity of activity scores in the normal, healthy population, these scores can serve as a
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reference group for physicians (Dingemans et al., 2017; Giesinger et al., 2019; Hunsaker et al.,
2002; Matheny et al., 2020; Pinsker & Daniels, 2011). To accomplish this task, various
approaches exist, including classical test theory and item response theory, which is a more
modern approach. Rasch, which some refer to as a special case of IRT, has several advantages
over classical test theory, including the ability of the Rasch model to account for person ability
and item difficulty. Person and item parameters are considered fully separable in Rasch’s family
of models, which is very advantageous for generalizability. Previous studies have successfully
developed instruments utilizing the Rasch model. In fact, Rasch analysis is increasingly used for
examination of psychometric properties of health outcome measures and the development of
health-related instruments (Boone, 2016; Boone et al., 2014). Instrument development is a
complex process that requires many steps; however, there is extraordinary value in the clinical
application of this proposed ankle activity level instrument.

In Chapter 2, more in-depth information about IRT and the Rasch model, including
foundational aspects, common models, and their corresponding parameters, is discussed.
Application of the Rasch model as it applies to survey development and reliability and validity
assessment is also addressed in Chapter 2, as well as how to interpret Rasch model results and
commonly used graphics. Chapter 3 includes a detailed plan of how a new foot and ankle activity
scale was developed in terms of methodology and materials. Chapter 4 includes the results for all
phases of the study, while Chapter 5 includes a detailed discussion of the results, as well as

conclusions, limitations of the study, and future implications.
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CHAPTER 11
BACKGROUND AND LITERATURE REVIEW
In this chapter, the fundamentals of item response theory (IRT), and how those ideas
relate to the Rasch model are discussed. This discussion included common IRT models and the
corresponding parameters. In addition, advantages of IRT over conventional methods by which
to measure reliability and validity, such as classical test theory, are also discussed. A more in-
depth discussion of the Rasch model is also discussed, as well as common Rasch model
applications, Rasch model ideology, the model itself along with its parameters, and the various
methods and tools with which to assess data fit to the Rasch model. Commonly used graphics to
assess data fit to the Rasch model are also exemplified. In addition, previous applications of the
Rasch model used in the field of orthopaedics are discussed.

Item Response Theory

While the Rasch model is fundamentally different than item response theory in various
ways that are discussed later in this chapter, understanding IRT is still very beneficial. To better
understand the basis of the Rasch model, additional information regarding IRT is helpful. Item
response theory is a more modern approach to psychometric assessment than classical test theory
and is a set of mathematical models that describe the relationship between an individual’s ability
(or trait) and how that individual responds to items on the scale. In fact, invariance of item and
ability parameters is the foundation of IRT, and has been considered the primary advantage over
CTT (Hambleton et al., 1991). This relationship can be described by a probability curve that is a

monotonically increasing function called the item characteristic curve (ICC) which is unique to
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IRT (Hambleton et al., 1991; Nguyen et al., 2014). In this context, monotonicity refers to the
idea that as an individual’s trait level increases, so does the probability of endorsing an item
(Nguyen et al., 2014). As an individual’s ability increases, so does the probability that the
individual endorses or passes the item.

In IRT, the parameter denoted as theta (6), which is measured on the x-axis, represents an
individual’s ability or trait level. Higher values of 4 indicate that an individual has greater levels
of the underlying trait, or greater ability. The y-axis represents the probability that an individual
will endorse an item, or pass an item, which is scaled from 0.0 to 1.0 since probability is
bounded between 0.0 and 1.0.

Parameters

There are three primary IRT parameters that may be included in different combination for
various models. These parameters include item difficulty (), item discrimination (a), and
guessing (c), and serve as the foundation of IRT. Each parameter is described below.

Item Difficulty

Item location is synonymous with item difficulty. This parameter is symbolized as b, and
in a dichotomous model, is the point on the ability scale where the probability of a correct
response is equal to .5 (Hambleton et al., 1991). As the value of b increases, the examinee must
have a greater ability on the underlying latent trait in order to have a 50% (or greater) chance of
choosing the correct response. This implies that examinees must have greater trait ability in order
to choose the correct response. In other words, item difficulty (b) denotes the “proficiency at
which about 50% of the examinees are expected to answer the item correctly” (DeMars, 2010, p.
5). The general range of b lies between -2.0 and +2.0, on a standardized scale with a mean = 0

and standard deviation = to 1.0, with -2.0 representing very easy items and +2.0 representing
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very difficult items (Hambleton et al., 1991). In one-parameter models, this is the only
parameter, and it is assumed that all items are equally discriminating (Hambleton et al., 1991).
Discrimination

The discrimination parameter is referred to as the slope parameter, which is denoted by a,
and is used to determine how well items discriminate against different levels of the latent trait.
This parameter “indicates how steeply the probability of a correct response changes as the
proficiency or trait increases” (DeMars, 2010, p. 5). Parameter a is proportional to the slope at
the point 6 = b. Steeper slopes indicate higher discrimination. Since the probability of an
examinee’s choosing the correct response should increase as ability increases, the general range
of a lies between 0.0 and 2.0 on a standardized scale with a mean = 0 and standard deviation = to
1.0 (Hambleton et al., 1991). In a two-parameter model, the parameters include both b and a,
indicating that all items are not equally discriminating, while still taking into account item
difficulty. Higher discrimination indicates that a particular item is able to differentiate between
individuals with a high trait ability versus those with a lower trait ability (DeMars, 2010).
Therefore, the higher a discrimination value for an item, the more effective the item is at
determining which individuals have higher or lower levels of the trait, which is useful in
understanding, for example, who may have higher versus lower ankle ability.
Pseudo-Chance-Level

The pseudo-chance-level is the third parameter which is often referred to as the guessing
parameter or the lower asymptote parameter, and is denoted by ¢ (DeMars, 2010; Hambleton et
al., 1991). Parameter ¢ accounts for the probability of individuals who have a low ability on the
latent trait (¢) answering the item correctly (Hambleton et al., 1991). When an examinee has a

low ability, but still answers the item correctly, some may refer to this as guessing. This
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parameter is generally used in testing situations where the test-taker may guess the correct
answer, rather than for instruments that measure affective traits since there is no correct or
incorrect answer. The guessing parameter is also applicable for aptitude or achievement tests.
Often in instruments that contain multiple choice responses, an item may contain response
options that are meant to distract and are easily eliminated as a potentially correct response, or an
item may contain well-designed distractors that logically seem like the correct choice, and will
consequently be selected by the examinee. This may actually allow an examinee with low ability
to eliminate possibly incorrect responses (easily eliminated) or choose the distractor since it may
seem like a logical choice, which could consequently increase or decrease this parameter to a
value greater or lower than what it would be with random chance, respectively (DeMars, 2010).
It is for this reason that some authors contest the naming of the ¢ parameter as the guessing
parameter (Hambleton et al., 1991). In a three-parameter model, parameters b, a, and ¢ are
included, which account for item difficulty, person ability or trait level, and guessing.

The first two parameters (a and b) are commonly used in healthcare research. Parameter ¢
is much less commonly used since there is no correct answer when measuring an affective trait.
Depending on the data, one-, two-, and three-parameter IRT models can be used to determine
reliability and validity of scores from a particular instrument. Each of these models’
appropriateness depends directly on the type of instrument being evaluated, and context of
instrument application (Hambleton et al., 1991). A fourth parameter has been mentioned in the
literature; however, its applicability has been limited (Loken & Rulison, 2010). The fourth
parameter has been suggested for use when accounting for the possibility that a respondent who
has a high ability may occasionally incorrectly answer an item with low difficulty (Liao et al.,

2012; Loken & Rulison, 2010). The first two parameters are meant to capture responses that
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reflect the examinee’s true ability, while the third parameter is meant to capture responses to
items that are considered guesses, and the fourth parameter may account for incorrect responses
that may be due to anxiety, carelessness, or distraction (Liao et al., 2012; Loken & Rulison,
2010). The fourth parameter is most commonly used in the context of computer-adaptive testing
and requires a very large sample size which may limit its application (Culpepper & Culpepper,
2016; Yen et al., 2012). The relationship between parameters can be seen in a simple example of

an ICC in Figure 1.

Figure 1

Item Characteristic Curve

Probability of Endoresement

Theta (6)

Note: Item Characteristic Curve Example for a Dichotomous Item (Nguyen et al., 2014)

The discrimination parameter, also referred to as the slope parameter, is denoted by a and, as
described above, is used to determine how well items discriminate against different levels of the
latent trait. The steepness in the slope or a, indicates how the probability of selecting a correct

response changes as the individual’s ability of the underlying trait increases (DeMars, 2010).



24

Also, as previously discussed, parameter b represents item difficulty and is often referred to as
item location. The “location on the latent trait where the probability of endorsing an item is 50%
is referred to as parameter b” (Nguyen et al., 2014, p. 25). To find the position of b, we find the
predicted probability of 50% since this is a dichotomous model and draw a straight line over to
the ICC, and then draw a line downwards to the x-axis. This position of b represents the
difficulty level of the item. We can see that as ability (€) increases, so does the probability of
endorsing the correct response (y-axis).

ICCs are helpful when examining data with dichotomous response options; however,
polytomous data can also be examined using IRT. Polytomous models may also be referred to as
graded response models (GRMs), rating scale models, or partial credit models (PCMs). Instead
of ICCs, category response curves (CRCs) can be generated, with a unique curve for each
response option (Hambleton et al., 1991; Nguyen et al., 2014). An example of CRCs can be seen

in Figure 2.
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Figure 2

Category Response Curve
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Note. Example of category response curve for PHQ-9, Item #2. Based on this figure, at a trait
level of 1.0, which is seen as 8 on the x-axis, the probability of endorsing the second response is
approximately 60%, while endorsement of response 3 and 4 has probability of 6% and 2%,
respectively.
Initial Development

IRT was initially developed by Allan Birnbaum, Fred Lord, and Melvin Novick, and
documented in Lord and Novick’s classic textbook (Birnbaum, 1957, 1958a, 1958b; Embretson
& Reise, 2013; Lord, 1953, 1969; Lord et al., 2008). In the 1950s, Lord (1953) laid the
groundwork for the work by Allan Birnbaum in the 1950s. Fred Lord was actually employed by
Educational Testing Services (ETS), which explains why IRT is very well connected to testing

and is considered the gold standard in test development (Embretson & Reise, 2013).
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Advantages of Item Response Theory
Compared to Classical Test Theory

Since the 1960s, IRT has emerged as the standard in testing psychometric properties
(Hambleton et al., 1991). As indicated in Chapter 1, there are various disadvantages of using
CTT compared to IRT. When using CTT, an individual’s characteristics, such as person ability
on the latent trait, cannot be separated from the instrument’s characteristics. This is especially
problematic and means that the item parameters, including difficulty and discrimination, are
dependent on the characteristics of the sample, which actually limits generalizability (DeVellis,
2006; Hambleton et al., 1991). Conversely, examinees’ ability estimates depend on the particular
sample of items used in the instrument or test. Another shortcoming of CTT is that the standard
error of measurement is assumed to be the same for all individuals. This is an unrealistic
assumption, since individuals differ in ability, and their scores will therefore most likely differ in
measurement error as well. With IRT, the standard error of measurement differs across scores,
but is generalizable across populations (Embretson & Reise, 2013). In addition, CTT is test
oriented rather than item oriented, making it difficult to predict how individuals will perform on
a given item (DeVellis, 2006). In instrument development, this concept is important because IRT
allows for a much richer description of the performance of each item, which allows us to see
which items are performing well, and which items need improvement. This concept facilitates
overall improvement of the instrument as a whole (DeVellis, 2006; Embretson & Reise, 2013;
Hambleton et al., 1991; Nguyen et al., 2014). Other advantages of IRT include the fact that
scores from shorter instruments or tests can be more reliable than from longer tests, and test
scores can be compared across multiple forms even when forms are not parallel, or in other
words, when test difficulty levels vary between persons (Gulliksen, 2013). In IRT, optimal test

scores are still able to be produced from mixed item formats and change scores are able to be
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compared even when baseline scores differ (Embretson & Reise, 2013). Overall, IRT has distinct
advantages over classical psychometric assessment methods, that allow researchers increased
flexibility due to more realistic assumptions.

Models and Assumptions

There are several IRT models that are commonly used. Models differ based on type and
number of response choices, as well as number of parameters. Models may be dichotomous or
polytomous in nature, and most commonly have one, two, or three parameters. There are a
variety of models that are subsumed under IRT, with each model predicting the probability that a
specific individual will give a specific response to a specific item. All of these models are based
on measuring a person’s ability () relative to parameters that were previously discussed.

The primary assumptions of all IRT models are that the data are unidimensional and that
the instrument administration was not speeded (Hambleton et al., 1991). Unidimensionality
refers to the idea that an instrument is designed to measure only one construct. If there are
multiple subscales or subdomains, these must be measured individually (Hambleton et al., 1991).
For example, if seeking to measure ankle activity only, one would not use wording for items that
also tested vocabulary comprehension. This would most likely result in incorrect examinee
responses not based on ankle ability, but rather the examinee’s lack of ability with vocabulary.
Additionally, speeded refers to the idea that a test is limited to a certain amount of time to
complete. This could also present an issue because an examinee may choose an incorrect
response due to being hurried, rather than being due to their specific latent trait ability. Local
independence is also assumed, meaning that responses to one item are not related to responses to
other items, after accounting for the latent trait ability. In other words, it is possible to meet the

local independence assumption when examinees’ responses are related across items, as long as
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the related responses are due to their ability only (Hambleton et al., 1991; Nguyen et al., 2014).

Additionally, constant or variant discrimination is an assumption that is dictated by data type and
appropriateness, and reflected in model selection. Different models account for either constant or
variant discrimination (Hambleton et al., 1991). Below are the most commonly used IRT models.

One-Parameter Logistic (I-PL)
Model

This model is the most widely used IRT model, and is also the simplest (Hambleton et

al., 1991),

eDa(6-by)
1+ePa0-b;)

P;(6) = i=12,., (1)
Where,
P;(6) is the probability that a randomly chosen individual with ability 8 endorses item i

or chooses the correct response

b; the item 7 difficulty parameter

e is the exponential function whose value is 2.718

Da is a scaling factor equal to 1.702 and is fixed to the same value for all items in the
1-PL model

This model is used when scores on items within an instrument are dichotomous. This
model predicts the probability of an item being endorsed from the interaction between individual
ability, P;(0), and the item parameter b;, which is referred to as the difficulty parameter. The
scaling factor D minimizes the difference between the normal and logistic distribution functions

and therefore makes the logistic function as close to the normal ogive function as possible
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(Camilli, 1994). In the 1-PL model, the a parameter from D, which is a scaling factor equal to
1.702, is fixed to the same value for all items in the 1-PL model. Overall, IRT models the
difficulty of the item with the ability of the person. In this model, it is assumed that item
difficulty is the only item characteristic that influences an individual’s response choice. The
primary assumption of this model, which sets it apart from the other IRT models, is that all items
are assumed to discriminate equally, although there is no value of discrimination specified
(Hambleton et al., 1991). Although the 1-PL model is restrictive in its assumption that
discrimination is equal among all items, this model may still be useful in applications such as
simple tests that can be completed with ease, or tests that are constructed from a test bank of
items that are all similar in nature (DeMars, 2010). Sample size requirements have been reported
as low as N =150 and as high as N =300, depending on instrument length (DeMars, 2010;
Goldman & Raju, 1986; Guyer & Thompson, 2011; Sahin & Anil, 2017).

Two-Parameter Logistic (2-PL)
Model

This model is based on the cumulative normal distribution. The 2-PL model has one
additional element than the 1-PL model, a;, which is the item discrimination parameter. The
discrimination parameter is what allows an IRT model to determine which items are most able to
detect differences in the ability of respondents, and therefore, an instrument with high
discrimination is desirable (DeMars, 2010). For example, an item with high discrimination will
mostly provide information for individuals whose ability estimates are close to the item’s
difficulty, whereas an item with a moderate level of discrimination will tend to provide
information across a wider range of ability levels, though not as much information as the highly
discriminating item has around the narrow ability range. The 2-PL IRT model can be useful in a

variety of situations, especially to identify items with steep slopes or high discrimination in order



30

to categorize individuals based on ability level. For example, a 2-PL IRT model may be
appropriate to identify students who have command of course material versus those who do not;
to differentiate between individuals who have low or minimal depression and those who have
higher levels of depression; or to distinguish between individuals who exhibit high risk of suicide
versus low risk of suicide. The a; parameter is allowed to vary by item, whereas in the 1-PL
model, parameter a is fixed to be equal for all items. By allowing discrimination to vary by item,
items that have higher or lower discrimination values are able to be identified. Items with steeper
slopes are often used to separate individuals based on ability level, such as high and low
proficiencies (Hambleton et al., 1991) This is reflected in the 2-PL model by the subscript i in
the a; parameter (DeMars, 2010; Hambleton et al., 1991). The a; parameter is proportional to the
slope of the ICC at the point b; on the ability scale. High values of a; create very steep ICCs,
while low values of a; result in less steep ICCs which increase gradually as a function of ability.
Steeper slopes are considered more useful when categorizing and separating individuals by
ability levels (Hambleton et al., 1991). Equation 2 represents the 2-PL model. Suggested sample
sizes have been estimated at approximately N = 500 to N = 750, depending on the number of
items the instrument contains (Goldman & Raju, 1986; Sahin & Anil, 2017; Thissen & Wainer,

1982; Tsutakawa & Soltys, 1988)

eDai(Q—bi)

P;(6) = TrDab) i=12, .., 2)

Where,
P;(6) is the probability that a randomly chosen individual with ability 8 endorses item i

or chooses the correct response
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a; the item i discrimination parameter which is not fixed and is able to vary for all
items

b; the item i difficulty parameter

e is the exponential function whose value is 2.718

D is a scaling factor equal to 1.702

Three-Parameter Logistic (3-PL)
Model

The 3-PL model has one additional element than the 2-PL model, ¢;, which is the item
pseudo-chance-level parameter sometimes referred to as the guessing parameter as discussed
earlier. Some contend that the term “guessing” is incorrect since incorrect response choices are
often incorrect, but attractive (Lord, 1974). The c; is included in the model to account for
potential guessing of responses, which equates to performance at the low end of the ability
continuum and is most commonly used in the context of testing with correct and incorrect
answers. However, the guessing parameter is not used too often with instruments that do not
have a defined set of correct answers, such as measures of affective traits. The c; assumes values
that are generally smaller than if an individual had guessed to answer the item (Hambleton et al.,
1991). By assuming smaller values, the probability of endorsing a correct response is restricted,
specifically when the ability of the respondent approaches -co. By accounting for the pseudo-
chance parameter, items that examinees have used “guessing” to answer hold less weight, and
therefore the information obtained from those items have less information which is reflected in a
lower information item function peak as compared to other peaks from other items in which
guessing was not used. Items that were answered with guessing indicate that an individual has a

lower ability on the underlying trait, and that the difficulty of the item is greater than the ability
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(DeMars, 2010). Applications of a 3-PL model may include any type of test where examinees
may use guessing to answer an item, such as tests with multiple-choice responses and aptitude
tests. It is also important to remember that since estimating three parameters, this model requires
a large sample size and is dependent on the number of items. Sample sizes of N =750 to N =
1,000 have been suggested to reduce bias of estimation and therefore produce more accurate
results (De Ayala, 2013; Sahin & Anil, 2017; Tsutakawa & Johnson, 1990). Equation 3 displays

the 3-PL model.

eDai(B—bi) .
P@)=ci+(1—c)= T7oDa@ ) i=12,.., 3)

+
Where,
P;(6) is the probability that a randomly chosen individual with ability 8 endorses item i

or chooses the correct response

a; the item 7 discrimination parameter which is not fixed and is able to vary for all
items
b; the item i difficulty parameter
Ci the item i pseudo-chance-level parameter
e is the exponential function whose value is 2.718
D is a scaling factor equal to 1.702
Graded Response Model

This model is utilized for polytomous data with response choices that can be ordered,
such as a Likert-type scale with five possible response options (Hambleton et al., 1991). The
graded response model (GRM) is an extension of the two-parameter logistic model. This model

derives the probability of a response for a specific item within an instrument as a function of
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latent trait ability (¢) and the item parameters (Le, 2013). There is an additional term, which is
subscript £, in by, which indicates the category (DeMars, 2010). In the GRM, there are multiple
b-parameters because there are ordered categories which are referred to as thresholds. The
threshold represents the point at which examinees have an equal probability of choosing either a
lower or higher category than a specified £. In this model, thresholds are not fixed to equal
interval widths between items (DeMars, 2010). In the GRM items are compared based on -1
dichotomous categories, where k represents the number of ordered categories for an item. For
example, if there are five category responses such as in a 5-point Likert-type scale, and responses
are coded 0 to 4, comparisons would be made for the following: 0 vs. 1-4; 0-1 vs. 2-4; 0-2 vs. 3-
4; 0-3 vs. 4, which in turn creates four dichotomous comparisons or thresholds. The probability
of examinees choosing the lowest category or any of the higher categories is equal to 1 and the
probability of scoring in or above category k of item i is also equal to 1; therefore, the threshold
parameter for category 0 is not estimated (Zanon et al., 2016). The graded response model was
first developed by Samejima (1969) and has one additional assumption than the one-, two-, and
three-parameter models, and that is response choices can be ordered (Hambleton et al., 1991;
Samejima, 1969; Samejima et al., 1997). In this model, discrimination varies across items and
between response categories (Nguyen et al., 2014; Samejima, 1969; Samejima et al., 1997). This
model is more flexible compared to the 1-PL model in that each item allows for separate
discrimination and category response parameters to be estimated (Nguyen et al., 2014). This type
of flexibility makes this model ideal in terms of model fit for patient-reported outcomes (Nguyen
et al., 2014). Sample size requirements have been reported to be between N = 250 to N = 500
(Reise & Yu, 1990; Sahin & Anil, 2017); however, other factors such as number of items, group

allocation for ratio such as in randomized controlled trials, group effects, and number of
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categories play a major role in minimum sample size requirements (Doostfatemeh et al., 2016).

Equation 4 displays the graded response model.

eDai(e—bik)

Pix(0) = —szmb0 “4)

Where,

P (0) is the probability of scoring in or above (*) category k of item i

a; the item i discrimination parameter which is not fixed and is able to vary for all
items
by the category boundary or threshold for category & of item i
e is the exponential function whose value is 2.718
D is a scaling factor equal to 1.702
Rasch Model Overview
Background and Guiding
Principles

In 1960, a new family of models was developed by a Danish man named Georg Rasch. In
his pioneering work, Rasch (1960) developed a logistic model that was initially used to develop
new measures of reading and tests for use in the Danish military. The guiding principle of the
Rasch model is that:

A person having a greater ability than another person should have the greater probability

of solving any item of the type in question, and similarly, one item being more difficult

than another means that for any person the probability of solving the second item is the

greater one. (p. 117)
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Rasch measurement theory was developed to address an important question that classical test
theory was unable to answer, which was: What is the likelihood that an individual with a specific
ability level of a particular underlying trait can get a specific instrument item with a defined
difficulty level, correct? The Rasch model is capable of answering this question in terms of
probability, since it is “a mathematical formula for the probability of success (P) based on the
difference between a person’s ability (B) and an item’s difficulty (D)” (Bond & Fox, 2015, p.
370). The Rasch model models item responses, and not the sum total responses as in classical
test theory (Green & Frantom, 2002). The underlying trait or construct is thought of as a linear
continuum, which allows for person ability level and item difficulty to be assessed and mapped
using the same metric units, which is a log-scale (Bond & Fox, 2015). A unique and defining
characteristic of the Rasch model is that person and item parameters are considered fully
separable in Rasch’s family of models, which have also been extended to fit polytomous data
over the years. This idea of separating person and item parameters is referred to as specific
objectivity (Bond & Fox, 2015; Rasch, 1980). The Rasch model allows persons to be ordered or
ranked along a continuum, according to their ability, while items are also able to be ranked
according to their difficulty. Difficult items can be defined as items that are not answered
correctly or endorsed as often as other items, which is often referred to as endorsability when
describing attitudinal or subjective constructs that utilize ordinal or interval-level responses such
as a Likert-type scale. Since there is no correct answer per se, we consider an individual who
selects a particular response as “endorsing” that response. Ability can be defined by the number
of items that an individual has endorsed with more difficult items requiring greater ability on the
latent construct (Bond & Fox, 2015). For example, individuals who have greater ankle ability

will most likely be able to endorse more strenuous measures of activity, such as running for one
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mile, as compared to individuals with lower ankle ability who may only be able to endorse
walking for one mile. This concept is illustrated below (Figure 3).
Figure 3

Rasch Measurement Model
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Note. Visualization of Rasch measurement model on a continuum (logit scale) for person ability
and item difficulty (Ruiz-Menjivar, 2016).

For the purpose of the example in Figure 3, this is a three-item test with five participants.
Both person ability and item difficulty are mapped on the same continuous scale, which is
measured on the log-scale or in logits. Persons with lower trait ability can be found on the left
side of the scale or continuum, while participants with greater trait ability can be found towards
the right side on the scale. This is the same concept for easier versus more difficult items. Items
or questions that require lower trait ability for endorsement can be found on the left side of the
scale, whereas items that require higher trait ability can be found on the right side of the scale.
Participant B has a very low trait ability, and is therefore more likely to endorse question 2, but

not question 3 or 1, since question 2 is further to the left on the continuum compared to the other
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items/questions. Participant C on the other hand, has a very high trait ability, and has a high
likelihood of endorsing all three questions, which is reflected in the participant’s and item’s
position on the continuum (far right). In terms of ability, the idea is that any participant who has
a high trait ability will not only be expected to answer the most difficult items, but will also be
expected to endorse any items that are considered less difficult than the most difficult item
(Green & Frantom, 2002).

Rasch versus Item Response
Theory

The Rasch model possesses the same general advantages that IRT models possess over
classical test theory approaches, including the most important advantage which is the fact that
both models allow for modeling of person ability and item difficulty along a continuum
(DeMars, 2010). The Rasch model is considered a more modern approach to testing
psychometric properties, as is item response theory, when compared to classical test theory
(DeMars, 2010; Nguyen et al., 2014); however, there are both similarities and great differences
between these families of models (Andrich, 2004). While Rasch (1960) was developing a new
test theory in 1960, Lord and Novick (1969) and Birnbaum (1958b) were also developing a new
test theory. There are two longstanding perspectives regarding IRT and Rasch models (Andrich,
2004). One perspective is that the Rasch model is a special case of item response theory, while
the other perspective is that the Rasch model is foundationally different than item response
theory models (Andrich, 2004). To this day, controversy remains regarding these vantage points
(Wright, 1992).

Wright (1992) debated the inherent differences between the Rasch model proposed by
Georg Rasch (1960) and the various IRT models proposed by Alan Birnbaum (1957; Lord et al.,

2008). Wright contended that the Rasch model defines measures, while the Birnbaum IRT
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models imitate data (Wright, 1992). Wright was referring to the idea that the Rasch model is
based on a theory about the instrument and the items that comprise the instrument. Whereas IRT
focuses on fitting data to a model and improving fit by adding parameters, the idea behind the
Rasch model focuses on utilizing data from an instrument that will fit the theory or structure of
the model, and is therefore viewed as a definition of measurement (Boone et al., 2014). While
this difference may seem quite nuanced, many Rasch proponents contend that the Rasch model
provides a deeper application of theory, thereby providing a more stable foundation and better
justification for using the model (Boone et al., 2014).

While the Rasch model and the 1-PL model are quite similar mathematically, there is one
distinct difference. In the 1-PL IRT model, discrimination values are the same across items,
which supports additivity and construct stability, but those values are not specified. In the Rasch
model, discrimination values are also the same across items; however, discrimination values are
all equal to a value of 1.0. In IRT models that incorporate a discrimination parameter, such as the
2-PL and 3-PL, items that have the highest discrimination parameters are considered the most
useful and valuable items (Masters, 1988). This is distinctly different from the Rasch model, in
that items with unusually high discrimination values are thought to be problematic due to
potential bias that may be present in unusually highly discriminating items (Masters, 1988). An
example of how this bias may present itself is if there were two sets of students, group A and
group B. Group B has been taught the material to answer item 3, but group A has not learned the
material. Since these two groups are being tested as the same group, this item may appear highly
discriminating; however, it would not necessarily be due to the ability of Group B, but rather the
instruction or lack thereof for group A. So truly, the opportunity to learn is what would be

reflected, and not the ability level of the latent construct (Masters, 1988). For discrimination
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values in the Rasch model context, the amount of departure from 1.0 (above or below) is a
measure of misfit of the data to the Rasch model. Discrimination values that are greater than 1.0
may indicate that the item actually discriminates between high and low performers more than
expected for an item of that specific difficulty, while values less than 1.0 indicate that the item
discriminates between high and low performers less than expected for an item of that specific
difficulty (Linacre & Wright, 2000). However, in IRT, departures above 1.0 indicate an
exceptional instrument item, while lower discrimination values are interpreted as items that are
less desirable. This is the distinct difference between Rasch and IRT. In fact, this concept relates
back to the idea that data or items of an instrument with a specific structure are chosen to fit the
Rasch model, rather than fitting data to the model by adding parameters as in IRT. In Rasch, the
average mean of the estimated discriminations should equal 1.0, and all items theoretically
should be equally discriminating with the ideal value of 1.0 (Linacre & Wright, 2000).

Advantages of Rasch in the Context
of Instrument Development

There are many advantages of the Rasch model over other classical methods. The Rasch
model is not dependent upon sample characteristics, like classical methods, meaning the results
are more generalizable (Boone, 2016; Boone et al., 2014). In addition, item difficulty and person
ability can be accounted for as separate parameters, allowing for separation between person
characteristics and item characteristics. This is very important not only for interpretation
purposes, but specifically in instrument development. This key feature allows instrument
developers to identify poorly functioning items and improve items within the instrument, while
avoiding confounding information such as person characteristics. Rasch analysis also allows for

instrument items to be assessed by difficulty, meaning that items can be assessed to determine
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whether the instrument contains enough items that require high and low trait abilities to capture
all abilities and attain acceptable separation.

Compared to IRT specifically, the Rasch model is a simple model that is based on theory.
This foundation in theory allows researchers to not only rely on statistical fit, but also rely on
sound theory for justification of its use and application (Boone et al., 2014; Wright, 1992).
Additionally, the Rasch model requires a minimum sample size of 100 participants, while most
other IRT models require more than 100 participants (DeMars, 2010; Goldman & Raju, 1986;
Green & Frantom, 2002; Guyer & Thompson, 2011; Sahin & Anil, 2017)
Suitable Data for Rasch

Data that are suitable for the Rasch model include dichotomous response choices or
polytomous response choices, such as a Likert-type scale. Modified versions of the Rasch
dichotomous model have been developed to accommodate polytomous data, such as Likert-type
scales with ordered response choices as discussed earlier. Examples of these scales include the
rating scale model, the partial credit model, and the many facets model. These models are based
on using ordinal or interval-level data. Data that are dichotomous, ordinal, or interval-level in
nature may present problems when conducting a reliability or validity analysis that uses classical
test theory techniques due to a lack of normality. However, the Rasch model avoids this potential
problem by modeling probabilities that are on a log-odds scale and using scalar constants that
minimize the difference between the normal and logistic distribution functions, therefore making
the logistic function as close to the normal ogive function as possible. Since both person ability
and item difficulty are measured in log-odds on a continuum, the measurement of ordinal or
interval-level data can be derived from the relationship between the probability of a correct

response reflected in the data and other attributes including person ability and item difficulty, as
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long as the attributes increase in the same fashion that the probability of a correct response
increases (Bond & Fox, 2015). The idea is that the best predictor of an underlying trait is the
relationship between person ability and item difficulty. The flexibility of the Rasch model,
coupled with its parsimony, make this model an attractive option when assessing psychometric
properties of scores from an instrument that utilizes dichotomous, ordinal, or interval-level data.
The Rasch Family of Models
The Rasch Dichotomous Model

This is the simplest of the Rasch models and was developed by Rasch (1980). This model
very closely resembles the 1-PL IRT model; however, there are some stark differences (Linacre,
2005). Although both the Rasch model and the 1-PL IRT model include only the difficulty
parameter and assume all items discriminate equally, as discussed above, the 1-PL model does
not specify a discrimination value (Hambleton et al., 1991). In the Rasch model, a discrimination
value of 1.0 is set for all items (Bond & Fox, 2015). Additionally, the Rasch model requires that
the data fit the model in order to generate invariant, interval-level measures of items and persons,
making it prescriptive. The 1-PL model however, dictates that a model be chosen based on the fit
of the data, making the model inherently descriptive (Bond & Fox, 2015). Sample size
requirements have been estimated at around 100 participants (Green & Frantom, 2002).

The Rasch dichotomous model is denoted below (Equation 5) using notation consistent

with Bond and Fox (2015):

1
Pui(ni = 3-.00) = Ty (5)

Where,
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Pi(xp = é, D) is the probability of individual # on item i scoring a correct (x = 1)

response rather than incorrect (x = 0) response, given the

individual’s ability B» and item difficulty D;

B, person ability on the latent trait

D; the item i difficulty parameter

e the exponential function whose value is 2.718
Rating Scale Model

A popular Rasch model, that is an extension of the Rasch dichotomous model, is the
Rasch rating scale model (RSM) which is designed for use with polytomous data, such as Likert-
type scales. The RSM expresses “the probability of any person choosing any given category on
any item as a function of the agreeability of the person n (B») and the endorsability of the entire
item i (D) at the given threshold & (Fx)” (Bond & Fox, 2015, p. 350; Wright & Masters, 1982).
This model was originally developed by Andrich (1978a, 1978b) and Andersen (1972), and is
considered constrained compared with the partial credit model due to the requirement that all
items possess the same number of response options, and all items of the instrument have the
same thresholds, leading to the set of items being structured in the same manner (Bond & Fox,
2015; Linacre, 2000). This means that there is equal discrimination across all items and that a
single set of categorical location parameters is estimated for all items (Nguyen et al., 2014). The
Rasch RSM has one extra feature over the Rasch dichotomous model which is that it provides
one set of rating scale thresholds which is common to all items of the scale (Bond & Fox, 2015).
As previously discussed, the Rasch dichotomous model produces person estimates and a

difficulty threshold estimate for each item, as does the Rasch RSM. The term threshold
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represents “the level at which the likelihood of failure to agree or to endorse a given response
category (below the threshold) turns to the likelihood of agreeing with or endorsing the category
(above the threshold)” (Bond & Fox, 2015, p. 373). The term rating scale refers to a particular
format in which item response choices increase in the level of the variable (Bond & Fox, 2015).
For example, an item may ask how difficult it is to walk for 10 minutes, with response choices
including (in reverse order): very difficult, somewhat difficult, neutral, somewhat easy, very
easy. Other response choices may include strongly disagree, agree, neutral, agree, strongly agree.
Sample size requirements for polytomous data reported from various simulation studies have
been suggested a range from N = 100 to N = 500 depending on the effect size and the number of
test items (Alexandrowicz & Draxler, 2015; Hagell & Westergren, 2016; Smith et al., 2008a).

The Rasch rating scale model is denoted below in Equation 6 using notation consistent

with Bond and Fox (2015):
(Bn—D;—Fp)
Prik = T—@D=FD (6)
Where,
Pk is the probability of individual » endorsing category response k of item 7, given

the individual’s ability B» and item difficulty D; for each item threshold &

B, person ability on the latent trait
D; the item 1 difficulty parameter for the entire item
F the difficulty of the threshold for category &

e the exponential function whose value is 2.718
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Partial Credit Model

This model was first developed by Masters (1982) and is considered part of the Rasch
family of models. This model has been described as a version of the RSM model where threshold
estimates and the number of thresholds are not constrained, and are free to vary from item to
item (Bond & Fox, 2015). In this model, discrimination is equal across all items and each item
has a separate category location parameter that is estimated (Nguyen et al., 2014). Therefore, the
partial credit model allows each item to possess its own rating scale structure in terms of number
of response categories (Bond & Fox, 2015). This model is ideal when categories have a different
number of response categories or where some responses warrant partial credit for certain
response choices, such as multiple choice tests where although a response may be considered
incorrect for that particular test, the response may still indicate some knowledge; hence “partial
credit” (Linacre, 2000); or essay responses that may warrant partial credit, respectively (Bond &
Fox, 2015). The amount of partial correctness varies across responses, depending on which
response is chosen (Linacre, 2000). Sample size requirements for polytomous data suitable for
the partial credit model have been reported from various simulation studies and range from N =
250 to N =500 depending on the number of the test items (Alexandrowicz & Draxler, 2015;
Hagell & Westergren, 2016; Smith et al., 2008a)

The Rasch partial credit model for category probabilities is denoted below in Equation 7

using notation consistent with Bond and Fox (2015):

e(Bn—Dik)

Where,
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PLixk is the probability that a randomly chosen individual » with ability B endorses

response category k of item i

B, the ability of individual » along the latent trait

e the exponential function whose value is 2.718

Di the item i difficulty parameter for threshold &
Many Facets Model

This model allows for the most flexibility compared to the other Rasch models. The
primary tenet of Rasch is that person ability and item discrimination are the primary aspects that
systematically influence persons’ scores; however, the many facets Rasch model also allows
researchers to account for other factors that may influence scores. Some appropriate instances for
use of this model may include if facets are defined as the method by which the instrument was
administered, time of day the instrument was administered, individual raters, or even tasks within
the item itself. If there are inherent differences in facets relating to methodological issues with
instrument administration or there is a lot of variability in the conditions in which the test was
taken, researchers may find the many facets model useful (Bond & Fox, 2015). To do so, a
“difficulty facet” which is the additional influential factor, is calibrated based on severity of the
facet, which is represented with parameter C;.

The Rasch many-facets model is denoted below in Equation 8 using notation consistent
with Bond and Fox (2015):

o(Bn=D;=F=C))

Phix = 1+e®n-Di-Fr-Cp 3
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Where,

Pk is the probability of individual # on item i scoring a correct (x = 1) response rather
than incorrect (x = 0) response, given the individual’s ability B, and item
difficulty D: for each item threshold &

B, person ability on the latent trait

D; the item i difficulty parameter

F the difficulty of the threshold for category &

G the severity of the rater j

e is the exponential function whose value is 2.718

The Rasch model is commonly used for various applications. In the field of orthopaedics
and beyond, Rasch measurement theory has been used for psychometric assessment, instrument
development, and differential item functioning. The Rasch model has become an accepted, if not
preferred, way to develop and assess health-related instruments (Anselmi et al., 2015; Boone,
2016; Christensen et al., 2013).

Psychometric Assessment
and Model Fit

Evidence of reliability and validity of scores from the new ankle activity scale will be
determined utilizing the Rasch measurement model, specifically using the rating scale model
(Andrich, 1978b), which can be used for polytomous data, such as Likert scale items, when all
response categories remain consistent across items. Fit of the data to the Rasch model is assessed
through various fit statistics unique to the Rasch model. To identify misfitting items, outfit mean-

square (MNSQ) and infit MNSQ statistics are assessed. Infit and outfit mean-square statistics are
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y* statistics divided by their degrees of freedom, with an expected value of 1.0 (Linacre, 2002).
Formulas for infit and outfit statistics can be seen below.

We quantify item fit by item infit and outfit. Both are aggregates of the model residuals,
with departures from 1.0 representing lesser fitting items. The observed response x,,; of
person n on item i can be 0 or 1 when referring to a dichotomous scale or measure.
The standardized residual z» shown in Equation 9 is the difference between the observed
response x» and the probability of the expected response Pxi, which is then divided by the

expected binomial standard deviation,

Zni = Nz ©)

where the expected response variance I/,,; is calculated as

Whi = Pni(1 - Pni) (10)

Infit Formula:

Zg(xni_Pni)z

Infit =
Zg Wi

(1)

Outfit Formula:

N2

Outfit = =10 (12)
N
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The expected value of both infit and outfit is equal to 1.0. The value of 1.0 is considered
ideal and can be interpreted as a perfect fit of the data to the model. When mean square values
are greater than the expected value of 1.0, underfit or misfit is present, while values less than 1.0
represent overfit. Outfit MNSQ statistics describe the fit of items on the extremes (high, low) of
the scale. MNSQ outfit is considered an outlier-sensitive fit statistic that is based on the chi-
square statistic. Outfit MNSQ is more sensitive to unexpected observations by persons on items
that are relatively very easy or very hard for the person. Infit MNSQ statistics describe the fit of
items in the middle of the scale and MNSQ infit is considered to be an inlier-pattern-sensitive fit
statistic that is based on the chi-square statistic, with each observation weighted by its statistical
information (model variance). Outfit MNSQ is more sensitive to unexpected patterns of
observations by persons on items. High mean-square infit/outfit are generally considered a
greater threat to measurement validity than low mean-squares (Wright et al., 1994).
Mean-squares are used to demonstrate the amount of randomness or distortion of the
measurement system and range from zero to positive infinity. An ideal value of 1.0 can be
interpreted as observed variance equals expected variance with acceptable values ranging from .5
to 1.5 or 1.7, although various authors have proposed slightly different ranges of acceptable
values (Wright et al., 1994). When infit and outfit MNSQ values are low (i.e., less than .5),
redundancy in the responses may be present, indicating model overfit; however, no harm is done
(Gustafsson, 1980; Martin-Lof, 1974). Values greater than 1.0 indicate unpredictability or noise
in the data, which may be indicative of model underfit, which is considered more harmful. When
values are greater than 2.0 for a patient, the patient may actually belong to a different population
than the other patients within the sample, or perhaps the patient does not have the appropriate

reading level or ability to complete the instrument accurately or honestly. When values are
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greater than 2.0 for an item, that specific item may be confusing to the patients or have poor
wording (Linacre, 2002; Messick, 1989; Smith, 2001).

Person reliability is an estimate of reliability unique to the Rasch model. Some contend
that person reliability for the Rasch model is analogous to the Cronbach’s o (Fisher, 1997). The
person reliability index represents the replicability of the ordering of persons if a similar, parallel
set of items were administered to the same sample (Wright & Masters, 1982). To have
acceptable person reliability it is necessary to have well-functioning items that target the
appropriate ability estimates and items that capture a large enough range of abilities in order to
ensure that there is the classic Rasch hierarchy of items, or activity levels in this case (Bond &
Fox, 2015). High person reliability indicates that some individuals will consistently score high
and some individuals will consistently score low (Bond & Fox, 2015). Person reliability uses
estimates on the logit scale rather than raw scores for each person to calculate reliability (Fisher,
1997). Person separation, which is the ability of the scale to discriminate among different groups
of individuals, is determined by the person separation index (PSI), with higher values indicating
greater discrimination. It is necessary to have enough space between person abilities, which
would demonstrate that there are multiple distinct person abilities. Person separation is an
indication of the reproducibility of person ability ordering and essentially how efficiently the
items of an instrument can separate out person abilities. Values above 2.0 have been deemed
acceptable and can be interpreted as the measure being capable of separating respondents into
two distinct groups (Wright & Masters, 1982). Similar to person reliability, item reliability
represents the replicability of the ordering of items if a similar sample were administered the
same items (Bond & Fox, 2015; Wright & Masters, 1982). High item reliability means that some

items are more difficult than others, indicating that there is a hierarchy of item activity levels
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with a wide difficulty range, which is desired. Item separation is used to verify the item hierarchy
(Linacre, 2020). Specifically, item separation values of 3.0 that the instrument has enough
separation to identify two or more distinct difficulty levels. Higher values indicate a greater
range of items that capture a larger variety of abilities.

Various figures including Wright item-person maps, test information functions, category
probability curves, and item characteristic curves are also produced in order to assess evidence of
validity. Wright maps allow researchers to quickly identify strengths and weaknesses of scores
from an instrument, based on logits of the item-person distribution (Boone, 2016). Wright maps
plot persons on the left (or top) of the map and item difficulty on the right side (bottom) of the

map. An example of a Wright item person map can be seen in Figure 4 (Sick, 2008).

Figure 4
Wright Item Person Map
Persons 3 Items
greater ability Item 8 more difficult
Person 6
2
Ifem 7
Person S '
Person | Person3 Item S Item &
7 wim
Person U /ol ltem3 Item 4
Person 2
-2 jtem 2
less ability =L Item 1 easier

Note. Example of Wright item person map displaying organization of item difficulty and person

ability on same scale (Sick, 2008).
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The greater the person measure, the greater that person’s ability. Items are plotted by difficulty,
with the most difficult items located near the top of the map. The higher the item is placed on the
map, the greater the difficulty level of the item. Since persons and items are plotted on the same
linear scale, instrument item distribution, while accounting for person ability, can be assessed by
comparing the mean person measure and the mean item measure (Boone, 2016). Essentially, an
ideal item-person map should reflect the theorized order of difficulty, with little redundancy, and
capture persons with various levels of ability (Cappelleri et al., 2014). The shape may resemble a
normally distributed histogram for both items and persons. The item-person map can then be
used as evidence that is likened to content validity (Cappelleri et al., 2014).

Item information function is a function of ability, and refers to the amount of information
yielded by the test itself, given a certain ability level (Frey, 2018). For every item within an
instrument, a value for item information is given. Item information identifies the ability at which
the item functions most effectively, and therefore provides the greatest amount of information
(Frey, 2018). An example of item information for four items can be seen in Figure 5. To find the
ability level at which item 1 one functions best, we find the peak and can see that it equates to
approximately -1.5, which is a lower ability level. Items 1 and 2 have a lower difficulty level
than items 3 and 4, based on where the item information peak lies. To determine which item
provides the most information, we can look at the peak of the item information function and see

that item 1 has a value of approximately .45, which is higher than the other items.



52

Figure 5
Example of Item Information for Four Items
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Note. The amount of information can be seen on the y-axis, which indicates how informative an

item is, while ability of the trait can be seen on the x-axis (Frey, 2018).

Test information function (TIF) is similar to item information function, except TIF demonstrates
how much information the entire instrument or test yields as a whole. TIF is also measured
relative to ability, and serves as an estimate of instrument or test precision of the estimator of
ability (Frey, 2018). Test information function is the sum of all of the item information functions
and can be used to predict the accuracy to which we can measure any value of the latent ability,
which is ankle activity level in this case. Information and precision of the score can be
determined using test information functions. In practice, the test information function should
peak at the most clinically important cut-point, which may be considered the sample mode, while
the width may be considered the range of scores. If an item has a large discrimination value, the

curve may be tall and narrow, representing a narrow range with high precision. If an item has a
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low discrimination value, the curve may be short and wide, representing a broader range with
lower precision. Some authors recommend information values of 10 or greater with standard
errors (SEs) less than .5. The thought behind this general rule of thumb is that a test information
function value of 10 has an approximate SE of .31, which corresponds to a reliability coefficient
of .90 (Embretson & Reise, 2013). Generally, a horizontal line may be considered the ideal
shape; however, this is not always the case or even possible, depending on the purpose of the
instrument (Cappelleri et al., 2014). An example of test information function can be seen in
Figure 6. The test information function indicates that the instrument would most reliably measure
the latent trait at an ability (0) of 1.0, which is visualized at the highest peak, which is above the
average ability indicated by zero (Frey, 2018).

Figure 6

Test Information Function

1.5 A

Information

Note. Test information function is denoted in the solid line while items 1 — 4 are denoted by the

dashed lines.
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Category probability curves, also referred to as category response curves for polytomous
data, visualize the probability of observing each ordered category according to the Rasch model.
Ideally, we would expect to observe the same probabilities for each of the five possible responses
per item. Ideal category response curves for items on a measure of ankle functioning, for
example, will reflect response options for each item that are monotonically related to the ankle
ability, and each response option is likely to be selected at some differing range of the underlying
construct (ankle activity level). Category probability curves are used to indicate ordered
thresholds, which is a key characteristic of rating scales, since response choices should follow a
hierarchical order (Khadka et al., 2012). In addition, these curves also provide insight as to
which responses are most often selected by respondents, with smaller standard deviations
indicating more even widths of curves, meaning that respondents are choosing categories equally
(Khadka et al., 2012). Ideally, we want to see category probability curves that have appropriately
ordered responses, with even widths, with a large width or measurement, indicating greater
measurement coverage of the latent construct (Khadka et al., 2012). An example of category

probability curves for a four point Likert scale can be seen in Figure 7 (Khadka et al., 2012).



Figure 7

Category Probability Curves
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Note. Category probability curves with four response categories, with 1 representing “not at all”

and 4 representing “a lot.” The y-axis represents the probability of a response category being

selected, while the x-axis represents ability of the latent construct. Since there are four response

categories, there are three thresholds. These thresholds are spaced evenly, have a small standard

deviation, and have a good range of ability (Khadka et al., 2012).

The Rasch Model Applications

Rasch analysis is increasingly used for examination of psychometric properties of scores

obtained from health outcome measures (Boone, 2016; Boone et al., 2014). Instrument

development is a complex process and utilizes a multi-faceted approach. After developing the

instrument items, a pilot study should be conducted to collect initial data for the first assessment.
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Data should be checked for the assumption of unidimensionality, which can be tested using a
principal component analysis (PCA) as previously suggested (Andrich, 1978b). Next, a Rasch
analysis can be performed, and model fit can be assessed. By looking at the Wright item-person
map, items can be ordered or ranked in terms of difficulty and person ability. This will help to
ensure that the instrument is capturing a variety or range of items that represent high and low
traits of the latent construct. By assessing MNSQ infit and outfit statistics, poorly functioning
items can be identified and flagged for removal, which will further refine the new instrument.
Following refinement, a second wave of data should be collected, and a Rasch analysis can be
conducted to determine whether the new instrument has been refined enough to produce
acceptable psychometric properties.

Secondary Assessment: Differential
Item Functioning

Rasch analysis with a focus on Differential Item Functioning (DIF) is increasingly used
for examination of psychometric properties of health outcome measures among many other
applications of Rasch analysis (Andrich, 1978a, 1978b; Hagquist et al., 2017). DIF is often used
to determine whether differences in measurement exist between two different groups, such as
patient groups who represent preoperative and postoperative patients, or males and females, etc.
This concept is also referred to as measurement bias. Measurement bias has been commonly
defined as differences in the way a test item functions across demographic groups that are
matched on the attribute measured by the test or the test item (Hagquist et al., 2017). Modeling
DIF is often thought of as a “group x item location” interaction, meaning that item location is
dependent upon group membership. If the interaction is significant, the latent variable may be
defined differently based on group membership, which is problematic for reasons previously

discussed (Cauffman & Maclntosh, 2006).
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Rasch Model Applications in
Orthopaedic Instrument
Development

The Rasch model has been recognized for its great potential and application in the field
of health care and medicine (Aryadoust et al., 2019). In fact, the Rasch model has been
considered the gold standard in health-related instrument development (Anselmi et al., 2015;
Tennant et al., 2004). Application of the Rasch model in the health care field for the
development of mobility instruments has increased from only one in 1987 to 48 in 2007
(Belvedere & de Morton, 2010). A key advantage in utilizing Rasch modeling to develop
instruments that assess activity, function, or mobility is that there is a clear hierarchical
progression of abilities for these constructs, so items can be structured as such. Since the
structure of the scale and the data for these types of constructs are considered additive, the Rasch
model is very appropriate (Belvedere & de Morton, 2010). This also applies to orthopaedic
research, which is a subset of health care research.

There is a wide variety of health-related and orthopaedic instruments that have utilized
the Rasch model for psychometric assessment (Aryadoust et al., 2019; Balalla et al., 2019;
Balsamo et al., 2014; Belvedere & de Morton, 2010; Bravini et al., 2017; Budiman-Mak et al.,
2006; Christensen et al., 2019; Comins et al., 2008, 2018; Conaghan et al., 2007; Franchignoni et
al., 2010, 2012; Hamilton et al., 2015; C. Hiller et al., 2006; Hung et al., 2016; Hunnicutt et al.,
2019; Kallinger et al., 2019; A.-M. Keenan et al., 2007; Kersten et al., 2014; Ko et al., 2009;
Korenevskiy et al., 2016; Lin et al., 2009; Matheny & Clanton, 2020; Moreton et al., 2012, 2015;
Muller & Roddy, 2009; Niama Natta et al., 2019; Nishigami et al., 2017; Oude Voshaar et al.,
2017; Perera et al., 2020; Perruccio et al., 2008; Ponkilainen et al., 2020; Repo et al., 2017;

Sadjadi et al., 2014; Smith et al., 2010; Smith et al., 2008b; Tennant et al., 2004; Turner et al.,
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2017; Vrotsou et al., 2016; Wang et al., 2017, 2018, 2020; Warholak et al., 2011; Woodburn et
al., 2012; Yorke et al., 2012; Yuksel et al., 2018). The Rasch model has been applied to foot and
ankle instruments, as well as other joint-specific instruments, in different ways, including
developing instruments, revising instruments, and assessing psychometric properties of
instruments. As time progresses, the Rasch model has become more and more commonly used
due to its advantages over classical methods (Belvedere & de Morton, 2010; Budiman-Mak et
al., 2006; Comins et al., 2008).

The Cumberland Ankle Instability Tool (CAIT) was developed, using the Rasch model,
to measure functional ankle instability in bilateral injuries in 236 individuals from the normal
population (C. Hiller et al., 2006). Two items were shown to have unacceptable fit statistics,
indicating the potential need for removal. The Wright item-person map revealed a nice range of
items and person ability resembling a bell curve on either side, demonstrating good evidence of
validity. Hiller et al.’s (2006) study demonstrated the strengths of the Rasch model in that poorly
functioning items are able to be identified and removed, if necessary, to improve internal
validity.

Budiman-Mak et al. (1991, 2006) first developed a Foot Function Index (FFI) using
classical test theory methods in 1991 in order to measure the impact of foot pathology on foot
function. In 2006, the FFI was revised using the Rasch model. The developers of the FFI cited
shortcomings of classical test theory as their reasoning, further justifying improvements in the
instrument utilizing more modern techniques that allowed assessment of individual items
(Budiman-Mak et al., 2006). The end result was a revised instrument that was much more
efficient at measuring the construct of foot function. In fact, some original items were removed

that were found to be poorly fitting by the Rasch analysis and were then able to be replaced by
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better fitting items. Although the Rasch model was not used in the original development of the
FFI, it was used in the extensively revised version, which provided an incredible amount of
improvement in the composition and structure of the instrument (Budiman-Mak et al., 2006).
Another instrument that used the Rasch measurement model for revisions was the Knee injury
and Osteoarthritis Outcome Score (KOOS), which is comprised of five subscales (Comins et al.,
2008). This scale is another scale that was originally developed using CTT; however, this
instrument was also re-assessed using the Rasch model (Comins et al., 2008). Although the
KOOS was not re-assessed by its original developers, as the FFI was, another group of
researchers assessed the KOOS, citing the same shortcomings of CTT (Comins et al., 2008). All
five subscales were analyzed as separate constructs in order to adhere to the assumption of
unidimensionality. Upon analysis, the Rasch model revealed that only two of the five subscales
supported use in the intended target population of patients who underwent anterior cruciate
ligament (ACL) reconstruction at 20 weeks status-post (Comins et al., 2008). These findings
support the use of the Rasch measurement model as a more rigorous assessment of psychometric
properties of orthopaedic instruments that are used to assess function and activity.

There are many ankle scores that have utilized to Rasch model to assess evidence of
reliability and validity. In 2020 the Foot and Ankle Ability Measure (FAAM), which is an
instrument that was designed to assess ankle function, was re-assessed using the Rasch
measurement model in patients who underwent surgery for a variety of ankle pathologies
(Matheny & Clanton, 2020). The FAAM was originally developed using item response theory
(Martin et al., 2005); however, the FAAM had not been assessed in a surgical population.
Findings revealed two poorly functioning items out of the original 21 items for the activities of

daily living subscale and acceptable fit of all items for the sport subscale (Matheny & Clanton,
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2020). Reliability was high for both subscales. Recommendations were made to consider
removal of the two items to help improve internal consistency of responses to the FAAM
(Matheny & Clanton, 2020). The Rasch model is helpful in identifying items as acceptable or
poorly functioning, allowing researchers to modify scales based on data fit. Since there are
multiple ways to assess fit with Rasch analysis, researchers can feel confident in decision-
making and scale modification. Another instrument that was assessed using the Rasch
measurement model is the Foot Posture Index which was originally intended to quantify
variation in the position of the foot easily and quickly in a clinical setting(Keenan et al., 2007). A
Rasch analysis was performed on a sample of 143 individuals with varying foot types. Findings
demonstrated poor fit for two of the eight items, which was indicated by mean-square values and
an overall significant chi-square test. Upon removing the two problematic items, the Foot
Posture Index revealed acceptable internal validity of scores (Keenan et al., 2007). A similar
study was conducted for the Manchester Foot Pain and Disability Index (FPDI) using a Rasch
analysis to assess psychometric properties of scores in 149 adults aged 50 years or greater
(Muller & Roddy, 2009). The FPDI is comprised of three subscales including function, pain, and
appearance. Results revealed that the function and pain subscales had acceptable fit; however,
the appearance subscale was unable to be tested since there were too few non-extreme scores
reported from participants. This study highlights the importance of rigorous psychometric
assessment (Muller & Roddy, 2009). Although some instruments have been used for a very long
period of time since their original development, it is still important to assess psychometric
properties of scores over time. Since the FPDI was tested again, problems were revealed that
may not have otherwise surfaced if psychometric properties were not assessed again. In 2020

psychometric properties of scores from the modified Gait Efficacy Scale (¢GES) were assessed
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using the graded-response Rasch model (Perera et al., 2020). The eGES is comprised of nine
items; however, after performing the Rasch analysis, researchers discovered that two items could
be removed, while maintaining similar, acceptable psychometric properties as the nine-item
scale. An additional Rasch analysis was performed to determine how many more items could be
removed to reduce responder burden, with results showing that three items could remain with
minimal effect on psychometric properties (Perera et al., 2020). Studies like this highlight the
utility of the Rasch measurement model. Reducing responder burden is important, since
participants are more likely to complete the entire questionnaire when less burden is placed on
them.

The Rasch model has demonstrated its utility in scale development with specific attention
paid to item assessment, allowing instrument developers to identify acceptable items that provide
a large amount of information, as well as poorly functioning items that do not fit the model and
should therefore be removed to improve internal consistency. The Rasch model has also proven
useful in re-assessing instruments that were originally developed using CTT methods. Although
CTT has been incredibly useful over the years, contributing to the assessment and improvement
of psychometric properties, the Rasch model has demonstrated its superior capabilities in
assessing individual items, as well as person ability.

Chapter II Summary

The Rasch model has been applied to assess psychometrics in numerous ways, with the
most common including instrument development, instrument revision, simply assessing
psychometric properties to document internal consistency and reliability, and to determine
differential item functioning. The Rasch model offers advantages over CTT methods, making it a
popular choice in the field of orthopaedics. The Rasch model is based on theory and therefore

provides sound justification for its use when the data are deemed appropriate (Masters, 1988). In



62

orthopaedics, and specifically regarding foot and ankle activity instruments, there is a clear
hierarchy of activity that lends its structure perfectly to the Rasch model. The Rasch model also
requires a relatively small sample of approximately 100 participants. In addition, the Rasch
model facilitates improvements and optimization in instruments by allowing developers to
identify both items that provide the greatest amount of information, and also items that have poor
fit and should be removed (Bond & Fox, 2015). This reduction in poorly fitting items also helps
reduce respondent burden, which is important for our participants, and valuable in a clinical
setting where time is often limited (Perera et al., 2020). Overall, the Rasch measurement model
is a simple model that allows researchers to separately assess items within an instrument and
person ability. This helps to improve an instrument’s overall internal consistency and therefore
improve accuracy in measurement of the latent construct of interest which is of course the
primary goal.

Chapter 3 includes a detailed plan of how a new foot and ankle activity scale was
developed using the Rasch measurement model in terms of methodology and materials. There

were three phases of data collection discussed in detail.
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CHAPTER III
METHODOLOGY

Through this study I sought to develop a new foot and ankle activity scale instrument that
may be applied in the field of orthopaedic patient-reported outcomes and research. The primary
purpose of this study was to develop an instrument that will be used to measure patient-reported
activity level in the normal population, and eventually be used to measure activity level
following an ankle or foot injury, as well as following surgical treatment for an ankle or foot
injury. The scores from this instrument were tested for acceptable psychometric properties,
including reliability and validity, utilizing the Rasch measurement model. Since instrument
development entails multiple rounds of data collection, this study was also comprised of multiple
phases of data collection. Specifically, three rounds of data collection from three different
samples of participants are included. Details for each phase are explained below.

Phase 1

The overall goal of the first phase of data collection was to establish the breadth and
depth of the construct, ankle activity level, and operationally define this construct. In order to
accomplish this task, initial content domain was identified through a detailed literature review
regarding foot and ankle activity level, which I have already provided in Chapter 2. I also drew
from my experience in the field of ankle orthopaedic outcomes research over the past decade.
The literature review is considered the foundational step in instrument development that allows
the researcher to operationally define the construct of interest (Gable & Wolf, 1993). Next, an

expert panel was interviewed, using knowledge regarding ankle activity level from the literature
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review as prompts to start the conversation. After conducting interviews, all data were
aggregated to develop an initial pool of items. Following item generation, the original expert
panel was asked to assess items based on content appropriateness and difficulty, a reading expert
was then asked to assess items based on appropriate reading level, and two stakeholders from the
normal population were asked to conduct think-aloud protocols to identify any issues with
interpretability or usability. These steps within phase 1 are discussed in greater detail below.
Sample

Sample 1 was comprised of various stakeholders in the orthopaedic ankle and foot field. I
have various contacts in the field of orthopaedics whom I asked to participate in the study via
phone call and email. Specifically, there were three ankle and foot orthopaedic surgeons, two
orthopaedic researchers, and one ankle and foot physical therapist who comprised the expert
panel. The surgeons have a combined 65 years in orthopaedic surgery and treatment. The
researchers have a combined experience of 60 plus years in outcomes and survey research. The
ankle and foot physical therapist has over 12 years of experience in ankle and foot physical
therapy. The ankle and foot literature review was then used to inform questions that were posed
to stakeholders during interviews. The goal was to include at least five stakeholders in order to
effectively capture content and variability of the domain, which was accomplished (Zamanzadeh
et al., 2015). This content expert panel was used to help determine the breadth and depth, and
operationally define, the construct of ankle activity level. This process has also been referred to
as a Delphi process (McPhail et al., 2014). A reading expert was asked to assess readability of
items for a seventh-grade reading level to improve comprehension among all participants. The
reading expert was asked to flag any items that may require a reading ability above the seventh

grade. Two stakeholders from the normal population were asked to conduct a think-aloud
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protocol via Zoom to identify and items that may be difficult for the normal population to
interpret due to clarity or usability issues. These stakeholders from the normal population had no
more than “some college with no degree” in order to represent the majority of the United States
population who is 25 years or older ("Educational Attainment in the United States: 2019," 2020).
This study was approved by the institutional review board at the University of Northern
Colorado. Each individual provided consent prior to participation in the study.

Data Collection and Procedures

Step 1: Define Construct and
Content Domain

An expert panel was comprised and included various experts in the orthopaedic
community as detailed above. The interview process was a semi-structured interview with a
more conversational and collaborative focus. These interviews more resembled colleagues
discussing a familiar topic in their common field. Interviews were essential to fully and
effectively understand content domain and to generate instrument items (Gable & Wolf, 1993;
Tilden et al., 1990; Zamanzadeh et al., 2015). Interviews included a variety of questions
dependent upon the type of expert and their clinical and professional experiences (i.e., surgeon,
researcher, physical therapist). A sample of questions can be found in Appendix A. The goal of
conducting the interviews was to have participants discuss ankle activity level from their
perspective in order to ensure the breadth and depth of the content domain was captured, while
filling in any gaps that may have been missed in the initial literature review.

Interviews. Interviews lasted approximately 45 to 60 minutes. Interviews were
conducted via telephone and video conference (Zoom). It is important to note that some
individuals previously expressed their desire to participate as a content expert, and some of these

individuals know one another very well and have an established relationship with one another.
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The community of ankle orthopaedics is quite small, and many experts either know each other or
know of one another.

Information from the interviews was recorded electronically. I typed the ideas and
thoughts of each interviewee in an electronic document at the time of the interview. This allowed
me to construct a list of activities, and essentially items, that the interviewees felt represents the
construct of ankle activity level. This type of interaction was more of a collaborative effort,
which was the goal. I created an electronic summary of ankle activity level activities that were
captured from each interview. Each interviewee was labeled with a number and recorded in my
electronic research journal. The information from the interviews was aggregated and used to
confirm or deny the use of items that I had already generated from the literature review, as well
as to generate new items to address the identified gaps and incorporate content expert input.
These steps helped to capture ankle activity level effectively and completely (Gable & Wollf,
1993). The goal was to generate a minimum of 30 to 50 items in order to operationally define the
affective characteristic (Gable & Wolf, 1993; Green & Frantom, 2002).

Step 2: Initial Item Generation and
Orthopaedic Expert Assessment

Initial items were generated by pulling from the literature review, including other foot
and ankle items (Martin & Irrgang, 2007; Martin et al., 2005) and aggregated data from the
expert panel collected through interviews to ensure good content coverage. I then constructed a
questionnaire that was reviewed by an expert survey methodologist for item clarity, and then
distributed to the expert panel via email, which included the complete list of items from the pool.
I asked the experts a variety of questions that address construct representativeness and difficulty
level to perform the tasks described in each item using a 5-point Likert scale. Question 1 was

used to rate the items with respect to the extent that the items describe ankle activity level. This
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allowed experts to quantify the intensity with which the item represents the construct (Gable &
Wolf, 1993). Question 2 allowed experts to quantify the difficulty level of the tasks indicated by
each item to ensure that items with a wide range of ankle activity levels were included to fully
capture the construct. A Likert-type scale was used to assess difficulty. Although ranking of all
items in terms of content domain representativeness and difficulty has been suggested (Gable &
Wolf, 1993), the cognitive processing it would have required to rank the large number of items
(101 items) would have been incredibly overwhelming for participants, and may not have
actually reflected accurate information (Alwin & Krosnick, 1985; Dillman et al., 2014; Smyth et
al., 2018). For question 3, I requested that experts only rank their top 10 items for high,
moderate, and low activity levels to avoid overwhelming cognitive processing. A question was
also included to ensure participants could leave any desired comments or suggestions. The
questionnaire can be seen in Appendix B.

All data from questionnaires were evaluated. If an item was not considered to represent
the construct of ankle activity level (question 1) by at least 75% of orthopaedic experts, the item
was flagged as a poor item, and was further assessed in the initial factor structure assessment in
Phase 2. If determined to be a misfitting item in Phase 2, the item was removed prior to Phase 3.
For question 2 regarding difficulty level, the majority of responses determined the level of
difficulty as decided by the panel of experts. For example, if three of five experts deemed item
one as extremely difficult, that item was considered to be an item that requires the highest ankle
ability, and therefore the highest ankle activity level. Although much of this initial process of
item generation was based on judgement, the categorizing of items based on content
appropriateness and difficulty has been shown to be an effective empirical procedure and is

commonly used in item generation (Gable & Wolf, 1993). I removed items that were deemed
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inappropriate in terms of content representativeness and difficulty by the majority of the expert
orthopaedic panel as described above, and a revised list of items was distributed in the next step.
Step 3: Readability Assessment

The newly revised item pool was distributed to the reading expert and she was asked to
assess readability for a seventh-grade reading level via a questionnaire that was distributed via
email (Appendix C). The goal of this assessment was to improve comprehension of items among
all participants who are from the normal population. The reading expert was asked to flag any
items that may require a reading ability above the seventh grade, and these items were modified
according to her recommendations. The idea was to have an easy to moderate reading
comprehension to facilitate reading comprehension by all participants. Previous studies have
shown that the average American has a seventh to eighth grade reading ability (Kirsch, 1993). In
other marginalized or vulnerable populations, such as minorities, those living in poverty,
homeless, and those older than 65 years, reading comprehension may be lower (Calderén et al.,
2016).
Step 4: Cognitive Interviewing

After the readability of all items was assessed and items were modified, a revised item
pool was distributed to two stakeholders who were from the normal population. The two
individuals were asked to perform a think-aloud protocol via Zoom. Think-aloud protocols have
been deemed useful in gaining insight into an individual’s thought process, which can be helpful
when trying to understand why a particular item may not be functioning the way it was intended
(Prior et al., 2011; Van Someren et al., 1994). As the individuals were performing the think-

aloud protocol, I took notes, and then asked them about items that seemed to present
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interpretability issues or had clarity issues. I used that information to improve the item or remove
the item if necessary.

Phase 2

Following Phase 1, the revised pool of items was tested in the normal population, which
comprised the second sample. This second sample was used to pilot the newly generated items
and had a sample size of 100 participants which is the minimum sample required for the Rasch
analysis (Green & Frantom, 2002). Average age was 46.0 years (SD = 17.8), and average BMI

was 27.3 (SD = 6.4). Sociodemographics can be seen in Table 1.



Table 1

Sociodemographic Characteristics of Phase 3 Data

Characteristic n %
Gender
Female 260 51.5
Male 245 485
Level of Education
Less than high school degree 19 3.8
High school graduate (high school diploma or equivalent) 191 378
Some college but no degree 34 6.7
Associate degree in college (2-year) 104  20.6
Bachelor's degree in college (4-year) 36 7.1
Master's degree 12 2.4
Doctoral Degree or Professional degree (JD, MD) 3 0.6
Race
American Indian or Alaska Native 24 4.8
Asian 58 11.5
Black or African American 91 18.0
Black or African American, American Indian or Alaska Native 3 0.6
Native Hawaiian or Pacific Islander 8 1.6
Other 50 9.9
White 271 53.7
Income
Less than $10,000 44 8.7
$10,000 to $19,999 60 119
$20,000 to $29,999 73 14.5
$30,000 to $39,999 55 109
$40,000 to $49,999 49 9.7
$50,000 to $59,999 34 6.7
$60,000 to $69,999 28 5.5
$70,000 to $79,999 23 4.6
$80,000 to $89,999 10 2.0
$90,000 to $99,999 6 1.2
$100,000 to $149,999 76 15.0
$150,000 or more 47 93
Region
Midwest 89 17.6
Northeast 90 17.8
South 228  45.1
West 98 19.4
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The data collected from this sample served as the pilot data in which to identify items with the
best fit to the Rasch model, and therefore, the best items that captured the construct of activity
level. The data also served to identify poorly functioning items, which were subsequently
flagged for removal.

Sample

The defined target population was adults, 18 years of age and older in the general public.
A variety of individuals with a large range of ages and orthopaedic ailments are seen by foot and
ankle orthopaedic surgeons as previously discussed; therefore, it was important to sample the
normal population. Individuals who are considered part of the normal population of the United
States were included as participants in this study. For the purpose of this study, normal was
defined as was done previously by the American Academy of Orthopaedic Surgeons (AAOS),
which is the random sample of individuals from the general population of the United States from
whom scale scores are derived (Hunsaker et al., 2002). Participants who have had previous foot
or ankle surgery, as well as participants who have not had previous surgery, were included.
Individuals were only excluded if they were not at least 18 years old. A convenience sampling
method that stratified participants by age, gender, ethnicity, education, income (a proxy for
socioeconomic status) and region in the United States was used to capture a sample that was
representative of the general population based on these six demographics.
Data Collection Procedures

The newly generated items that comprised the survey questionnaire were administered
via email through the web-based survey platform Qualtrics (Drive Provo, Utah). The
questionnaire also included demographics such as age, sex, height, weight, pregnancy status in

order to account for above average body mass index (BMI) in pregnant women, previous ankle
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surgery status and laterality, previous ankle injury status and laterality, previous knee surgery
status and laterality, previous knee injury status and laterality, and previous and current Covid-19
status. Commonly used foot and ankle outcome scores have been reported to have different
normative values based on age, sex, BMI, previous ankle injury, and previous ankle surgery
status which is why these variables were included in the study (Matheny et al., 2020). No
information identifying people who completed the survey was included. All participants
provided consent prior to participation in the study. The average time to complete the survey was
approximately 15 minutes.
Instrumentation

The questionnaire included items for the new ankle activity scale instrument and
demographic items as discussed above, as well as commonly reported outcomes measures used
in the foot and ankle, including a measure of general physical and mental health, the Short-Form
12 (SF-12) Physical Component Summary (PCS) and Mental Component Summary (MCS)
scores (Ware et al., 1995), the FAAM ADL and Sport scales (Martin et al., 2005), and the
Tegner activity scale (Tegner & Lysholm, 1985; Tegner et al., 1986). (Appendix D).
Foot and Ankle Ability Measure

A common measure of foot and ankle function is the Foot and Ankle Ability Measure
(FAAM; (Martin & Irrgang, 2007; Martin et al., 2005). The FAAM is comprised of two
subscales: the activities of daily living subscale (ADL) and the sport subscale. The ADL subscale
consists of 21 questions that pertain to various functional activities one would encounter in
normal daily activity. The sport subscale contains eight questions pertaining to different
activities that are related to sport participation. Each question is based on a Likert type rating

scale, with a possibility of 0 to 4 points per question, for a total of 84 possible points for the ADL
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subscale and 32 possible points for the sport subscale. Anchor points include no difficulty at all
(4), slight difficulty (3), moderate difficulty (2), extreme difficulty (1), and unable to do (0). N/A
(not applicable) is also an option for each question on the FAAM Sport Subscale.

Participants were given the following instructions: “Please answer every question with
one response that most closely describes your condition within the past week. If the activity in
question is limited by something other than your foot or ankle, mark N/A.” The Foot and Ankle
Ability Measure scores are recorded as a percentage of 84 points. The Foot and Ankle Ability
Measure Sport scores are recorded as a percentage of 32 points. The Foot and Ankle Ability
Measure Total score is recorded as a percentage of 116 points (Hale & Hertel, 2005). A previous
study of patients who underwent surgical treatment for an ankle injury (n=456) reported
excellent reliability and validity of FAAM ADL and Sports subscale scores utilizing the Rasch
measurement model (Matheny & Clanton, 2020). A systematic review that examined patient-
assessment instruments designed for patients with chronic ankle instability (39 articles, 17
instruments) also found the FAAM to be a useful instrument to quantify chronic ankle instability
and reported Cronbach’s alpha coefficients for the ADL and the sport subscale scores to be .98
and .96, respectively (Eechaute et al., 2007). These values have been deemed to be within an
acceptable range for the orthopaedic literature (Martin & Irrgang, 2007; Martin et al., 2005).
Previous studies revealed good psychometric properties, evidence for good reliability and
validity for these scores, providing evidence to support the use of this instrument in the
assessment of foot and ankle injuries (Martin & Irrgang, 2007; Martin et al., 2005).

Tegner Activity Scale
Participants were given the following instructions: “Please choose ONE of the following

that best describes your current activity level.” The scale ranges from 0 to 10, with 10
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representing an elite athlete and 0 representing disability leave at work. The Tegner activity scale
was designed as a lower extremity scale to utilize in individuals with foot, ankle, or knee
problems (Tegner & Lysholm, 1985; Tegner et al., 1986, 1988). Most commonly, the score has
been used in knee outcomes research; however, Tegner and Lysholm, the original developers of
the scale, intended use of the scale among lower extremity problems (Briggs, Lysholm, et al.,
2009; Briggs, Steadman, et al., 2009). Briggs, Lysholm, et al. (2009) reported test-retest intra-
class correlation coefficients for scores on the Tegner activity scale to be .80 in patients who
underwent an anterior cruciate ligament reconstruction. demonstrating reliability estimates to be
above the commonly accepted value of .70 in orthopaedic literature. Previous studies have also
demonstrated good psychometric properties for use of this score in the knee; however, no study
has addressed psychometric properties of scores from this instrument in the ankle (Briggs,
Steadman, et al., 2009).

Short-Form 12 (SF-12)

This instrument is a general measure of health comprised of two subscales: the Physical
Component Summary (PCS) and the Mental Component summary (MCS; (Tucker et al., 2016;
Ware et al., 1995). The two subscales indicate general physical health and general mental health,
which are standardized with a mean of 50 and a standard deviation of 10 in the general
population. The SF-12 has 12 questions that measure eight health domains: physical functioning,
role-physical, bodily pain, general health, vitality, social functioning, role-emotional, and mental
health. The scale of items was created using a Likert-type scale with different standardized
scores for the PCS and MCS. The scores are computed and range from 0 to 100, where a zero
score indicates the lowest level of health measured by the scales and 100 indicates the highest

level of health. The SF-12 PCS and MCS scores were included in this study in order to provide
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evidence of convergent and divergent validity which has been commonly done in previous
studies that sought to assess other foot and ankle instruments (Martin & Irrgang, 2007; Richter et
al., 2006). The SF-12 PCS and MCS, as well as the SF-36 PCS and MCS, which is an older,
longer version of the SF-12, have been shown to be moderately (PCS) and weakly (MCS)
correlated to other foot and ankle functional scores (Martin & Irrgang, 2007; Martin et al., 2005;
Matheny et al., 2020; Richter et al., 2006). In addition, the SF-12 had often been collected to
assess activity limitations in foot and ankle orthopaedic samples before other more specific and
appropriate measures were developed (Herron, 2006; Richter et al., 2006). While specific foot
and ankle functional instruments have since been developed, traditionally, SF-12 scores are still
collected in other studies for comparison purposes (Martin & Irrgang, 2007). In the general
population, the test-retest reliability coefficient of scores from the SF-12 PCS was .89 and the
test-retest reliability coefficient of scores form the SF-12 MCS .76 in a general United States
population (n=2,329) To assess evidence of validity, F-statistics, which represent a ratio of the
amount of separation either between groups or between assessments over time relative to the
within-group variance, were compared to those of the SF-36, a general health instrument that has
been commonly used prior to the development of the SF-12. From the F-statistics, an RV
coefficient, which is a multivariate generalization of the squared Pearson correlation coefficient,
was produced. The RV coefficient for each test represents empirical validity of SF-12 scores
relative to the SF-36. For all tests based on criterion variables defining differences in physical
health, statistical conclusions based on the SF-12 PCS agreed with the SF-36 PCS 30 out of 36
times, indicating that the SF-12 PCS was able to measure the same construct of physical health

that was originally measured using the 36 questions from the SF-36 PCS. Additionally, RV
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coefficients ranged from .43 to .93 in a large sample of individuals with various severity levels of
heart conditions (Ware et al., 1995, 1996, 2008).
Data Analysis
Assumptions

For sample 2, pilot data for the new instrument were analyzed using the Rasch
measurement model. An exploratory factor analysis of observed responses using principal
components analysis (PCA) as the extraction procedure was first conducted to test for
unidimensionality, which is an assumption of the Rasch model (Bond & Fox, 2015; Lafave et al.,
2016). PCA has been recommended to assess unidimensionality (Bond & Fox, 2015; Christensen
et al., 2013). Unidimensionality in this study’s context means that the items are only measuring
ankle activity level or that they are measuring foot and ankle activity level as a unitary trait with
no subdomains. A forced-factor extraction for one factor was used to identify any poorly fitting
items with lower structure coefficients. Cumulative variance was assessed to determine whether
there was a dominant first factor. Previous studies have recommended 75% of variance on the
first factor is desired; however, reasonable values may be closer to 50% (Henson & Roberts,
2006). A scree plot was also produced to assess unidimensionality. Structure coefficients were
assessed for strength. Any item that had a low coefficient (less than .30 to .40) was flagged as
misfitting or poorly performing. Items that have coefficients less than .30 to .40 may indicate
poorly performing items (Costello & Osborne, 2005; Henson & Roberts, 2006; Howard, 2015).
SPSS version 25.0 (Chicago, Illinois) software was used for this portion of the analysis. A PCA
of the Rasch standardized residuals was also conducted to further investigate unidimensionality
and assess whether a single latent trait explained the majority of the variance in the data (Lo

Martire et al., 2017; Muller & Roddy, 2009; Smith, 2002). Cumulative variance was assessed,
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with values greater than 50% considered acceptable (Franchignoni et al., 2013; Linacre, 2000).
Standardized residual correlations were also assessed to identify items with excessive co-
variation, with values greater than .7 indicating potential multidimensionality (Linacre, 1998;
Linacre & Wright, 2000). To perform this portion of the analysis, WINSTEPS version 4.0.1
(Beaverton, Oregon) was used. Misfitting items were assessed again in Phase 3 and removed if
they were still considered to have poor fit.
Reliability

Person reliability was assessed. Possible reliability estimates range from 0 to 1.0, with
higher values indicating greater internal consistency reliability. Values above .80 have been
deemed acceptable (Linacre, 2020). Person reliability uses estimates on the logit scale rather than
raw patient scores for each person to calculate reliability (Fisher, 1997). Person separation was
also assessed, with acceptable values greater than 2.0, which was also discussed in Chapter 2.
Item reliability was assessed. Values above .90 have been deemed acceptable (Linacre, 2020).
Item separation was assessed, with values above the recommended threshold of 3.0 indicating
acceptable item hierarchy or item difficulty range (Linacre, 2020). To perform this portion of the
analysis, WINSTEPS version 4.0.1 (Beaverton, Oregon) was used.
Validity

Items were tested for fit by utilizing the Rasch measurement model, specifically using the
rating scale model (RSM; Andrich, 1978a, 1978b), which can be used for polytomous data, such
as Likert scale items, when all response categories remain consistent across items. To identify
misfitting items, outfit MNSQ and infit MNSQ statistics were assessed, with acceptable values
between 1.5 and .5, which was also described in Chapter 2. WINSTEPS version 4.0.1

(Beaverton, Oregon) was used to perform this portion of the analysis.
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Various figures including Wright item-person maps, test information function, category
probability plots, and item characteristic curves were produced to assess evidence of validity of
scores from the new ankle activity scale. The ideal shape of a Wright map may resemble a
normally distributed histogram for both items and persons. Wright item-person maps were
assessed and considered as an additional piece of evidence for validity assessment, in addition to
infit and outfit statistics. A test information function was generated for the new ankle activity
scale. The information function is the sum of all of the item information functions and can be
used to predict the accuracy to which we can measure any value of the latent ability, which is
ankle activity level in this case. A cut-point of 10 with a standard deviation of .5 was used to
assess test information, with recommended values of 10 or greater with standard errors (SE) less
than .5 (Embretson & Reise, 2013). Category probability plots were generated and assessed.
Ideal category response curves for items reflect response options for each item that are
monotonically related to the ankle activity level, and each response option is likely to be selected
at some differing range of the underlying construct (ankle activity). To perform this portion of
the analysis, WINSTEPS version 4.0.1 (Beaverton, Oregon) was used.

Based on MNSQ infit and outfit statistics, Wright item-person maps, category response
curves, and test information, individual items and overall instrument performance was assessed
as a whole, for evidence of validity. Each of these pieces of information plays a role in
determining how responses to the instrument are performing. Therefore, all information was
carefully assessed, items were flagged for redundancy, and misfitting items were removed.

Phase 3

After identifying and/or removing poorly functioning items from the instrument derived

from Phase 2, the new subset of items was tested in the normal population, which comprised the
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third sample. This third sample was used to assess factor structure and psychometric properties

of scores from the new instrument. Phase 3 addressed research questions one, two, and three.

Sample

The defined target population was identical to sample 2. The sample size was N = 505,
which exceeded the recommended minimum sample size of 300 participants (Clark & Watson,
1995). Although 100 participants is the minimum sample required for Rasch analysis, it was
important to capture more individuals to better represent the normal population (Green &
Frantom, 2002). The same stratified convenience sampling method from sample 2 was employed
using Qualtrics (Drive Provo, Utah).
Data Collection

The survey was identical to the survey administered in sample 2. The questionnaire was
administered via email through the web-based survey platform Qualtrics. No information
identifying people who completed the survey was included. Expected time to complete the
survey for participants was approximately 10 to 15 minutes.
Data Analysis

Phase 3 sample data were analyzed by following all of the steps that were outlined and
included for Phase 2. All data were assessed for unidimensionality and reliability and validity of
scores from the ankle activity level instrument using the same criteria as Phase 3. The primary
goal of this phase was to create a unidimensional measure of foot and ankle activity level.
Unidimensionality was assessed at the beginning of the Phase 3 analysis for all 77 items, and
again after final item reduction. Final item reduction was conducted based on MNSQ infit and

outfit statistics, which also provided further evidence of unidimensionality, as well as Wright
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item-person maps, category response curves, and test information. All figures that were
generated in Phase 2 were also generated in Phase 3. Wright item-person maps were assessed for
redundancy of well-fitting items. Items that were well-fitting, but redundant, were removed with
the intent to retain a variety of items that required different physical movements (i.e., stairs,
balance, sports, exercise, walking, etc.) rather than one type of physical movement (i.e., balance
only). Ability levels that had three items grouped at the same level were assessed first as
previously recommended (Green & Frantom, 2002). Ability levels that had two items grouped at
the same level were assessed next. Redundant items that had the greatest deviation from 1.0 for
infit values were removed first. Following final item reduction, a subsequent Rasch analysis was
conducted to determine improvements in psychometric properties. WINSTEPS version 4.0.1
(Beaverton, Oregon) was used to perform this portion of the analysis.

After the final structure of the ankle activity level scale was determined, descriptive
statistics including means, standard deviations, skewness, and kurtosis were examined (Table 2).

Table 2

Descriptive Statistics for FAALS Percentage

N 505
Mean 67
Standard Deviation 22
Minimum 5
Maximum 100
Skewness -0.63

Kurtosis -0.16
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Additionally, correlations between scores on the new ankle activity level instrument and FAAM
subscale scores, SF-12 subscale scores, and Tegner activity level scores were conducted to assess
convergent and discriminant validity using the Pearson product moment correlation coefficient.
Positive, linear correlations of .6 and above were considered as evidence of convergent validity,
and weak correlations of .2 and below were considered as evidence of divergent validity
(Matheny et al., 2020; Matheny & Clanton, 2020). A multiple linear regression analysis was
conducted to assess discrimination and determine mean differences in activity level scores
between individuals who have had previous ankle surgery and those who have not, as well as
between those with a normal BMI and those who are considered obese or morbidly obese. Since
BMI and previous surgery are factors that affect foot and ankle function, a multiple linear
regression analysis was utilized to adjust for each of those factors (Matheny et al., 2020).
Assumptions of multiple linear regression were tested, including linearity, the mean of residuals
is equal to zero, homoscedasticity of residuals, independence of residuals, and normal
distribution of residuals. Multicollinearity was also assessed. Residual plots, histograms, and a
quantile-quantile (QQ) plot were produced to assess assumptions. To assess multicollinearity,
variance inflation factor (VIF) and condition indices were produced. Generally accepted values
of VIF are less than or equal to 10.0, and condition indices are ideally less than 15 to 30
(Chatterjee & Hadi, 2015). Significance level was set at an alpha of .05 for all statistical tests.
Software used for this portion of the analysis was SPSS version 25.0 (Chicago, Illinois).
Normative values, including means and standard deviations of the FAALS aggregate
percentages, for BMI (normal versus overweight/obese), previous ankle surgery, age category

(<25, 25 — 30 and >40) and sex were documented since these variables have been shown to
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affect ankle function. The age and BMI categories were used since they have been shown to be
meaningful in the foot and ankle in a clinical setting (Matheny et al., 2020).

Phase 4

Standard Setting and Instrument
Item Structure

To answer research question four, a criterion-referenced standard setting procedure was
used to determine thresholds for assigning activity levels in a hierarchical fashion. This provided
a simple clinical assessment tool for ankle and foot practitioners. Responses for all items were
structured as five-point Likert-type responses, on a scale of zero to four, with zero representing
no ability on the activity and four representing the highest ability on the activity.

There are various standard-setting procedures that are commonly used including holistic
standard setting which entails judgement from experts who examine the instrument as a whole
rather than by focusing on individual items. Judges provide a passing standard estimate and the
results are then averaged to determine a final cut score for passing (Kellow & Wilson, 2008).
Another commonly used standard setting procedure is the content-based basic Angoff method
which entails assembling a panel of judges who are presented with instrument items. The judges
are then asked to think of a reference group of 100 individuals comprised of those who are
considered “minimally acceptable,” “borderline,” or “barely proficient” in the construct of
interest and estimate the number of people who should answer each item correctly. Truly what
the judges are doing is estimating the probability of success, which is then equated to a cut-score
for passing by averaging all the judges’ reported probabilities or percentages. There are also
other modified versions of this method (Kellow & Wilson, 2008). Another procedure, the
bookmark method, is a performance-based standard setting procedure that relies on a

combination of empirical data and expert judgement (Beretvas, 2016; Cizek & Bunch, 2007).
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This criterion-referenced method is founded on item-mapping and requires output that allows
difficulty to be rank-ordered from lowest to highest item difficulty, such as based on the Rasch
model and other IRT models. A booklet of items is then created, starting with the easiest item on
the first page and the most difficult item on the last page. Experts are then given the booklet and
asked to place a bookmark between thresholds. The thresholds would then represent the
transition points at which the ankle ability level changes in terms of clinical significance and
would then represent activity levels for the FAALS. After the first round of bookmark
placement, experts are allowed to discuss bookmark placement in a small group. The small
groups of experts will then rectify any thresholds/levels that have not reached a consensus. In the
final round, all experts are allowed to discuss findings, and final modifications will be made to
reach a consensus (Kellow & Wilson, 2008).

It is important to note that most standard setting procedures are based in educational
assessments, where there are correct and incorrect answers to items (Cella et al., 2014; Kellow &
Wilson, 2008; Lewis & Cook, 2020). However, the construct for this study, ankle activity level,
is not based on correct and incorrect answers, but rather varying physical abilities, which makes
applying many of these standard setting procedures difficult for health-outcomes measurement.
A study that measured physical function in cancer patients using the Patient-Reported Outcomes
Measurement System (PROMIS) used a modified version of the bookmark method. Item
responses were originally calibrated using a graded-response model and derived scores were
transformed to a T-score metric from previously collected PROMIS score data from the normal
population. Modifications were based on item and response structure, with varying levels of
physical function that were identified based on the distribution of the scores (Cella et al., 2014;

Rothrock et al., 2019).
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For the current study, a modified version of the bookmark method was utilized. This
method combines the Rasch output that utilizes logits to order items in terms of difficulty, as
well as recommendations from experts in the field of interest (Kellow & Wilson, 2008). The
finalized list of 22 items was disseminated to the orthopaedic experts, and they were asked to
confirm or deny the order of difficulty of the items based on the Rasch analysis. If experts
disagreed with the order of items, they were asked to re-order items. To determine a final order
of items, the majority of expert input was utilized. For example, if four experts decided that Item
21 was more difficult than Item 22, then Item 21 would move to the higher difficulty level and
Item 22 would move to the next highest difficulty level. If there were any ties for item placement
majority, the order of that item would default to the order of items from the Rasch analysis. For
example, if Item 1 had three votes to remain Item 1, and Item 1 also had three votes to be moved
and re-ordered as Item 2, Item 1 would remain in its original placement as Item 1 as determined
by the Rasch analysis. If item placement was tied for two different placements that did not
include the original placement, experts would be asked to vote again and come to consensus. For
example, if Item 6 had two votes to be re-ordered as Item 8§, two votes to be re-ordered as Item 9,
one vote to be re-ordered as Item 5, and one vote to reordered as Item 6, all experts would be
asked to come to consensus amongst themselves. After activity levels were determined, raw
point and percentage ranges were determined in order to assign activity levels for each
participant. Point ranges for activity level categorization was dependent on the number of items
assigned to each activity level, with each item being worth a possible four points each.

Chapter 111 Summary

This chapter has outlined the four phases of development for the ankle activity level
instrument. The goal of Phase 1 was to establish the breadth and depth of the ankle activity level

construct, operationally define this construct, generate items, and assess items for various
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characteristics including content appropriateness, level of difficulty, readability and
interpretability, by drawing on various expert judgements and opinions. The goal of Phase 2 was
to pilot the pool of generated items in the normal population that were developed in Phase 1. The
data from Phase 2 was used to identify item fit using the Rasch model. Poorly functioning items
were then then flagged for removal to improve the instrument. The goal of Phase 3 was to assess
psychometric properties of scores from the new ankle activity level instrument by addressing
each of the study hypotheses. First the assumption of unidimensionality was tested, then
reliability was assessed, including item and person reliability. Next, evidence of validity was
determined by assessing mean square infit and outfit values and Wright-item person maps. In
addition, convergent and divergent validity of scores were examined by conducting a Pearson
correlation between the new ankle activity level scores and the SF-12 PCS and SF-12 MCS,
respectively. Separation of groups, or discrimination, was also assessed by determining the
person separation index, and conducting a multiple linear regression analysis to examine
differences in activity level scores between individuals who have undergone previous ankle
surgery compared to those who have not undergone previous ankle surgery, as well as between
individuals who have a normal BMI compared to individuals who have a BMI indicating obese
or morbidly obese. After assessing all psychometric properties of scores from the new ankle
activity level instrument, a standard setting procedure was applied in Phase 4, in order to assign
activity levels to corresponding items and scores. By completing all of these procedures and
steps, the goal was to develop a simple ankle activity level instrument that can be used in a
simplistic manner, in a clinical setting by various foot and ankle practitioners to quickly and

accurately assess ankle activity level. Study results are presented is Chapter 4.
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CHAPTER IV
RESULTS

Data were recorded and analyzed in four phases as outlined in Chapter 3. The purpose of
Phase 1 was to define the construct of ankle activity level and complete item generation for the
ankle activity level scale. The purpose of Phase 2 was to pilot the items generated in Phase 1 and
flag poorly performing items for item reduction. The purpose of Phase 3 was to finalize item
selection and test sensitivity and convergent and divergent evidence of validity of the ankle
activity level scale. The purpose of Phase 4 was to finalize difficulty order of items and
determine thresholds for activity levels of the ankle activity level scale.

Phase 1

Interviews with six experts in the orthopaedic community were conducted in order to
develop a representative list of items that represent the construct of ankle activity level. Item
generation resulted in a list of 101 items. After reviewing the orthopaedic expert panel’s
description of items in terms of content representativeness and difficulty, 20 items were
removed, retaining 81 items total. The reading expert suggested reading comprehension levels
above the seventh grade for 31 items and adjustments were made to accommodate a seventh-
grade reading level for these items. The reading expert also helped determine the most
appropriate wording for all 81 items. Two individuals from the normal population identified
ambiguity or clarity issues with four items. These items were removed due to severe clarity

issues, leaving a total of 77 items (Appendix E).
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Phase 2

There were 100 participants included in the pilot analysis of the 77 items for the new
ankle activity scale. The initial PCA of observed responses revealed that there was a lack of
unidimensionality, which was expected with the large number of items. The cumulative variance
on the first factor was 51.7%, which was slightly above the previously defined acceptable
threshold of 50%, with nine factors having an Eigenvalue greater than 1.0 (Table 3).

Table 3

Eigenvalues and Total Variance Explained by Factor

Component Eigenvalue Percent Variance
1 39.8 51.7
2 6.6 8.6
3 23 3.0
4 2.2 2.9
5 1.6 2.1
6 1.6 2.0
7 1.4 1.8
8 1.2 1.5
9 1.0 1.3

The scree plot below also demonstrated the lack of unidimensionality, with the bend (elbow) in

the scree plot at three (Figure 8).
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Figure 8
Scree Plot: Phase 2 Data (Pilot), 77 items
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By assessing the component matrix, there were no items that had a coefficient with a value less

than the established threshold of .40 (Table 4).



Table 4

Component Matrix for Phase 2 Data (Pilot) 77 Items

Items Component 1
AAS STAIRS3 .82
AAS DAILY11 .82
AAS DAILY12 .82
AAS CUTTING3 .81
AAS SPORT3 .81
AAS STAIRS6 .80
AAS CUTTING2 .80
AAS STAIRSS8 .80
AAS DAILY10 78
AAS STAIRS4 79
AAS STAIRSI 79
AAS EXERCISE2 79
AAS SPORT7 79
AAS SPORT6 78
AAS STAIRS2 78
AAS CUTTINGS 78
AAS DAILY9 78
AAS EXERCISEI 77
AAS SPORTS 77
AAS STAIRSS 77
AAS DAILY16 .76
AAS EXERCISE3 .76
AAS WALK4 .76
AAS WALKS 75
AAS EXERCISE4 75
AAS WALKS 75
AAS WALK?7 75
AAS CUTTING4 75
AAS WALKG6 75
AAS CUTTINGI 75
AAS DAILYS 74
AAS SPORT?2 74
AAS BALANCEI12 74
AAS DAILY1 .73
AAS SPORTI11 .73
AAS BALANCE9 .73
AAS SPORTS 72
AAS DAILY2 72
AAS DAILYS 71
AAS WALK3 71

AAS DAILY15 71



Table 4, continued

Items Component 1
AAS SPORTI13 71
AAS RUNI1 71
AAS BALANCE3 71
AAS DAILY3 71
AAS BALANCEI10 .70
AAS BALANCE2 .70
AAS STAIRS7 .70
AAS BALANCES .70
AAS BALANCEI11 .70
AAS SPORT4 .70
AAS DAILY13 .68
AAS RUN4 .68
AAS EXERCISES .68
AAS SPORT9 .67
AAS SPORT14 .67
AAS SPORTI2 .66
AAS BALANCEI] .66
AAS DAILY4 .66
AAS SPORTI .66
AAS SPORTI10 .66
AAS BALANCE4 .66
AAS SPORTIS .66
AAS RUNS .66
AAS BALANCE7 .65
AAS WALK2 .65
AAS RUN2 .65
AAS SPORTI16 .64
AAS DAILY14 .63
AAS BALANCEG6 .62
AAS BALANCES .62
AAS DAILY6 .62
AAS WALKI .60
AAS RUN3 .59
AAS SPORT17 .59
AAS SPORTIS8 .55

90

The Rasch analysis was conducted with all 77 items. The observed cumulative variance from the

PCA of the Rasch residuals was 62.5% and the expected cumulative variance was 63.6%, which

are very similar values, and are above the acceptable threshold of 50%, providing evidence of

unidimensionality and indicating that the data fit the Rasch model. There were seven
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standardized residual inter-item correlations that were greater than the threshold of .7, indicating
a lack of local independence or unidimensionality. Person reliability was .95 and person
separation was 4.15, which were both above the recommended thresholds. Item reliability was
.98 and item separation was 6.81, which were also both above the recommended thresholds.
Three items had mean-square infit values greater than or equal to the recommended threshold of
1.50, indicating poor fit. Ten items had mean-square outfit values greater than or equal to the
recommended threshold of 1.50, indicating poor fit. Overall, there were 11 items that indicated

poor fit for both infit and outfit values (Table 5).



Table 5

Mean-square Infit and Qutfit: Phase 2 Data, 77 Items

Item Infit MNSQ Outfit MNSQ
AAS RUN3 1.77* 1.67*
AAS RUN4 1.54%* 1.39
AAS BALANCES 1.50%* 1.82%
AAS BALANCEG6 1.47 1.78*
AAS SPORTI 1.43 1.18
AAS WALKI 1.40 2.02%
AAS SPORT9 1.40 1.45
AAS RUN2 1.39 1.28
AAS SPORTI18 1.34 1.54*
AAS SPORTI10 1.30 1.14
AAS SPORT?2 1.29 1.09
AAS SPORTI14 1.28 1.29
AAS BALANCE9 1.27 1.54*
AAS SPORT17 1.27 1.25
AAS RUNS 1.27 1.16
AAS SPORT4 1.23 1.55%
AAS WALK2 1.22 1.52%
AAS BALANCE3 1.19 1.42
AAS BALANCES 1.18 1.90*
AAS BALANCE7 1.17 2.31*
AAS BALANCE2 1.16 1.29
AAS SPORTI16 1.15 1.04
AAS BALANCE4 1.13 1.47
AAS SPORTS 1.13 1.12
AAS DAILY 14 1.13 1.07
AAS CUTTINGI 1.11 0.83
AAS RUNI1 1.09 1.01
AAS STAIRS2 1.09 0.81
AAS STAIRSI1 1.08 1.05
AAS SPORTS 1.08 1.04
AAS SPORTI15 1.07 1.04
AAS SPORTI3 1.02 0.92
AAS WALKS 1.01 0.87
AAS WALK4 1.00 0.77
AAS CUTTING2 0.99 0.79
AAS CUTTINGS 0.98 0.95

AAS DAILY6 0.97 1.04



Table 5, continued

Item Infit MNSQ Outfit MNSQ
AAS STAIRS7 0.97 0.82
AAS DAILYS 0.96 1.05
AAS BALANCEI 0.96 1.02
AAS WALKS 0.96 0.90
AAS DAILY7 0.91 0.68
AAS DAILY12 0.90 0.73
AAS SPORT6 0.89 0.90
AAS STAIRS8 0.88 0.88
AAS DAILY9 0.88 0.79
AAS EXERCISES 0.87 0.94
AAS SPORTI2 0.87 0.79
AAS CUTTING4 0.87 0.69
AAS EXERCISEI1 0.87 0.67
AAS WALK3 0.87 0.64
AAS EXERCISE4 0.85 0.83
AAS DAILY3 0.84 0.81
AAS DAILYS 0.83 0.70
AAS SPORT7 0.82 0.90
AAS STAIRS3 0.81 0.84
AAS DAILY11 0.81 0.79
AAS STAIRSS 0.79 0.95
AAS STAIRS6 0.79 0.81
AAS EXERCISE3 0.79 0.78
AAS SPORT3 0.79 0.75
AAS DAILY13 0.79 0.51
AAS DAILY15 0.78 0.75
AAS WALK?7 0.78 0.73
AAS SPORTI1 0.78 0.71
AAS DAILY4 0.77 0.52
AAS BALANCEI0 0.76 1.07
AAS STAIRS4 0.75 0.79
AAS EXERCISE2 0.75 0.74
AAS CUTTING3 0.75 0.66
AAS DAILY10 0.74 0.85
AAS DAILY16 0.73 0.71
AAS DAILY1 0.70 0.92
AAS WALKS6 0.66 0.53
AAS DAILY2 0.63 0.68

*Values above acceptable threshold
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The Wright item-person map was then assessed for multiple items plotted at the same level of
difficulty (Figure 9). This map demonstrates redundancy in the instrument where triplicate items
are found at the same difficulty level. This map also shows a lack of extremely difficult items.
The most difficult item that is included in the scale is AAS SPORT18, which represents
“Completing a half-marathon in 2 hours or less (9.2 minutes per miles).” Although the map
shows a lack of difficult items, the map may be more indicative of an abundance of individuals
with extremely high abilities, especially since the ability levels that seem to be lacking items are
at approximately 3 to 6 standard deviations above the average ability level. This will be

discussed further in Chapter 5.



Figure 9

Wright Item Person Map: Phase 2 Data (Pilot)
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Difficulty levels that had multiple items at the same difficulty level were identified for
redundancy and denoted for future removal. Many difficulty levels had two and three items
grouped together. These items were flagged and then reassessed for redundancy during Phase 3.
Test information function was visualized to assess evidence of validity (Figure 10). Test
information was approximately 75, which was greater than the acceptable threshold of 10, as
previously defined, and the shape was tall and narrow which is generally indicative of high
precision for the instrument in the middle ability range and provides some evidence of validity.
Figure 10

Test Information Function for Phase 2 Data (Pilot)
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Category probability plots and item characteristic curves were also produced to assess evidence
of validity. Each item of the ankle activity level scale has a corresponding category probability
plot and an item characteristic curve, which were extremely similar for all items. An example of
a category probability plot and item characteristic curve, using item 1, is visualized (Figures 11

and 12, respectively). Category probability plots were similar for all items. Based on step
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calibrations of Andrich threshold, all categories were ordered and increased monotonically, as
demonstrated by item 1. The category measure, which represents the average ability estimate in
logits was -2.11 for persons who chose response category 0, -0.87 for category 1, -0.05 for
category 2, 0.83 for category 3, and 2.26 for category 4. This will be discussed further in Chapter

5.

Figure 11

Category Probability Curves for Item 1 of Phase 2 Data (Pilot)
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Figure 12

Item Characteristic Curve for Item 1 of Phase 2 Data (Pilot)
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The item characteristic curve demonstrates that as person ability increases, so does the
probability of endorsing an item (Figure 12). A Wright item person histogram was also produced
(Figure 13). This histogram also demonstrates the lack of more difficult items at six to seven

standard deviations above the mean.
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Figure 13
Wright Item Person Histogram: Phase 2 Data (Pilot)
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After evaluating all of the results, the 11 misfitting items were removed leaving 66 items
available.
Phase 3
Rasch Analysis
There were 505 participants included in the phase 3 analysis of the 66 items for the new
ankle activity scale. The PCA revealed that there was a lack of unidimensionality, which was
still expected with a large number of items. The cumulative variance on the first factor was
53.5%, which was above the acceptable threshold of 50%, with seven factors having an

Eigenvalue greater than 1.0 (Table 6).



Table 6

Eigenvalues and Total Variance: Phase 3 Data

Component Eigenvalue Percent Variance
1 53.5 535
2 8.7 62.2
3 3.1 65.3
4 2.5 67.9
5 2.1 69.9
6 2.0 71.9
7 1.8 73.7

The scree plot below still demonstrated a lack of unidimensionality (Figure 14).

Figure 14
Scree Plot: Phase 3 Data, 66 items
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As seen in the initial PCA in the pilot data, the component matrix was produced by forcing a
one-factor solution which contained no items that had a coefficient with a value less than the

established threshold of .40 (Table 7).
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Table 7

Component Matrix: Phase 3 Data, 66 Items

Items Component 1
AAS STAIRS3 .83
AAS DAILY12 .83
AAS DAILY11 .83
AAS CUTTING3 .81
AAS STAIRS6 .81
AAS CUTTING2 .81
AAS SPORT3 .81
AAS DAILY10 .80
AAS STAIRS4 .80
AAS STAIRSS .80
AAS STAIRSI 79
AAS EXERCISE2 79
AAS STAIRS2 79
AAS SPORT7 .79
AAS DAILY9 78
AAS CUTTINGS 78
AAS SPORT6 78
AAS EXERCISE1 78
AAS STAIRSS 7
AAS DAILY16 7
AAS EXERCISE3 7
AAS SPORTS 7
AAS WALKA4 .76
AAS DAILYS .76
AAS EXERCISE4 75
AAS CUTTING4 75
AAS CUTTINGI1 75
AAS WALKS 75
AAS WALKS 75
AAS WALKY7 75
AAS WALKG6 74
AAS SPORT2 74
AAS DAILY1 74
AAS BALANCEI2 73
AAS SPORTI11 73
AAS DAILY2 72

AAS DAILYS 72
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Table 7, continued

Items Component 1
AAS SPORTS 72
AAS DAILY15 72
AAS DAILY7 72
AAS DAILY3 71
AAS WALK3 71
AAS SPORTI13 71
AAS STAIRS7 71
AAS RUNI1 .70
AAS BALANCEIO0 .70
AAS BALANCE 11 .69
AAS BALANCE3 .69
AAS BALANCE2 .69
AAS DAILY13 .69
AAS EXERCISES .68
AAS SPORTI14 .67
AAS SPORT9 .67
AAS DAILY4 .67
AAS SPORTI12 .66
AAS SPORTI1 .66
AAS SPORTI10 .66
AAS SPORTI15 .66
AAS BALANCEI1 .65
AAS RUNS .64
AAS BALANCE4 .64
AAS SPORTI16 .64
AAS RUN2 .64
AAS DAILY14 .63
AAS DAILY6 .63
AAS SPORT17 .58

Therefore, the Rasch analysis was conducted with all 66 items. The observed cumulative
variance from the PCA of the Rasch residuals was 66.9% and the expected cumulative variance
was 68.2%, which are similar values, and provide evidence of unidimensionality and indicate
that the data fit the Rasch model. There were six standardized residual inter-item correlations

that were greater than the threshold of .7, indicating a lack of local independence or
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unidimensionality. Person reliability was .95 and person separation was 4.27, which were both
above the recommended thresholds of .80 and 2.0, respectively. Item reliability was 1.00 and
item separation was 16.89, which were also both above the recommended thresholds of .90 and
3.0, respectively. One item had a mean-square infit value greater than or equal to the
recommended threshold of 1.50, indicating poor fit. Three items had mean-square outfit values
greater than or equal to the recommended threshold of 1.50, indicating poor fit. There were no
items with infit values less than .50. Overall, there were four items that indicated poor fit for both

infit and outfit values (Table 8).
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Table 8

Mean-square Infit and Outfit: Phase 3 Data, 66 Items

Item Infit MNSQ Infit ZSTD  Outfit MNSQ  Outfit ZSTD
AAS SPORTI10 1.52% 6.75 1.45 4.38
AAS BALANCE4 1.47 6.26 1.63% 6.08
AAS RUNI1 1.42 5.74 1.28 3.09
AAS SPORTI 1.41 4.02 1.15 0.99
AAS RUN2 1.37 5.08 1.39 3.83
AAS BALANCE3 1.35 4.49 1.66* 5.42
AAS BALANCEI1 1.29 3.23 1.28 1.83
AAS CUTTINGI 1.28 3.61 1.15 1.38
AAS RUNS 1.25 3.48 1.21 2.08
AAS BALANCE2 1.25 3.37 1.57*% 5.19
AAS SPORTI16 1.24 3.41 1.23 2.24
AAS SPORT?2 1.22 2.66 1.08 0.66
AAS SPORTI13 1.21 3.15 1.06 0.76
AAS DAILY6 1.20 1.74 0.94 -0.27
AAS SPORT17 1.20 2.60 1.21 1.77
AAS BALANCEI10 1.19 242 1.37 2.97
AAS SPORT9 1.19 2.85 1.09 1.01
AAS SPORTI5 1.19 2.68 1.10 1.09
AAS CUTTINGS 1.17 2.29 1.00 0.08
AAS SPORTI2 1.15 221 1.11 1.16
AAS SPORTS 1.13 1.60 0.97 -0.21
AAS SPORT14 1.12 1.76 1.01 0.12
AAS BALANCEI11 1.09 1.32 1.38 3.80
AAS WALKS 1.07 1.03 1.10 1.16
AAS DAILY 14 1.07 0.68 1.73 3.27
AAS SPORTS 1.06 0.89 1.00 0.09
AAS CUTTING4 1.05 0.60 1.00 0.04
AAS WALK4 1.04 0.59 0.94 -0.49
AAS DAILYS 1.04 0.59 1.17 1.51
AAS STAIRS7 1.03 0.37 1.69 3.82
AAS DAILY4 1.03 0.34 0.92 -0.41
AAS EXERCISES 1.03 0.49 1.18 1.91
AAS CUTTING2 1.00 -0.01 0.85 -1.42
AAS DAILYS 1.00 0.01 0.73 -1.96
AAS WALK3 0.98 -0.19 0.84 -1.03
AAS DAILY16 0.98 -0.25 1.13 1.35
AAS SPORTI1 0.98 -0.27 0.88 -1.49
AAS BALANCEI12 0.97 -0.38 1.01 0.16
AAS STAIRSS 0.96 -0.48 0.82 -1.65
AAS DAILY13 0.96 -0.36 0.77 -1.25
AAS DAILY12 0.95 -0.65 0.77 -2.41

AAS EXERCISEI 0.95 -0.62 0.86 -1.06



Table 8, continued

Item Infit MNSQ  Infit ZSTD  Outfit MNSQ Outfit ZSTD
AAS WALKS 0.94 -0.93 0.99 -0.10
AAS DAILY?2 0.94 -0.54 0.71 -1.83
AAS WALK?7 0.93 -1.06 1.00 0.07
AAS DAILY15 0.93 -0.74 0.92 -0.49
AAS EXERCISE3 0.93 -1.08 0.94 -0.63
AAS WALKG6 0.92 -1.14 1.03 0.30
AAS DAILY3 0.92 -0.85 0.78 -1.37
AAS SPORT7 0.89 -1.66 0.84 -2.02
AAS DAILY7 0.88 -1.18 0.59 -2.47
AAS EXERCISE4 0.87 -2.16 0.96 -0.40
AAS SPORT6 0.87 -2.05 0.85 -1.75
AAS STAIRS4 0.86 -1.98 0.88 -1.12
AAS STAIRSS 0.86 -1.82 0.91 -0.71
AAS EXERCISE2 0.85 -2.16 0.79 -2.18
AAS CUTTING3 0.84 -2.35 0.82 -1.69
AAS STAIRSI 0.81 -2.38 0.72 -2.06
AAS DAILY1 0.79 -2.19 0.61 -2.56
AAS DAILY11 0.79 -3.00 0.69 -2.92
AAS SPORT3 0.78 -3.55 0.83 -1.84
AAS DAILY10 0.77 -2.85 0.64 -2.76
AAS STAIRS2 0.74 -3.03 0.65 -2.51
AAS STAIRS6 0.73 -4.16 0.77 -2.41
AAS DAILY9 0.72 -3.62 0.79 -1.47
AAS STAIRS3 0.69 -5.11 0.72 -3.25

The four poorly fitting items, which were based on mean-square infit values greater than 1.5,
were removed and the Rasch analysis was performed again on the remaining 62 items. Person

reliability was .95 and person separation was 4.26, which were both above the recommended
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thresholds. Item reliability was 1.00 and item separation was 17.51, which were also both above

the recommended thresholds. There were no misfitting items after removing the four poorly

fitting items and re-running the Rasch analysis (Table 9).
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Table 9

Mean-square Infit and Qutfit: Phase 3 Data, 62 Items

Item Infit MNSQ  Infit ZSTD Outfit MNSQ  Outfit ZSTD
AAS RUNI1 1.45 6.12 1.31 3.40
AAS SPORTI 1.44 4.27 1.19 1.19
AAS RUN2 1.40 5.43 1.43 4.12
AAS BALANCEI1 1.36 3.86 1.40 2.56
AAS CUTTINGI 1.32 4.06 1.18 1.73
AAS RUNS 1.28 3.85 1.24 232
AAS BALANCEI10 1.27 3.34 1.55 4.25
AAS SPORT2 1.25 2.90 1.11 0.89
AAS SPORTI16 1.25 3.49 1.24 231
AAS SPORTI13 1.24 3.53 1.08 1.00
AAS SPORT9 1.22 3.20 1.12 1.36
AAS DAILY6 1.21 1.78 0.97 -0.06
AAS SPORT17 1.21 2.76 1.25 2.03
AAS CUTTINGS 1.20 2.64 1.03 0.36
AAS SPORTI15 1.20 2.82 1.11 1.17
AAS BALANCEI11 1.17 242 1.55 5.30
AAS SPORTI12 1.17 242 1.13 1.32
AAS SPORTS 1.16 1.98 0.99 -0.01
AAS SPORTI14 1.14 2.02 1.03 0.33
AAS WALKS 1.10 1.47 1.14 1.60
AAS DAILY 14 1.09 0.82 1.79 3.39
AAS CUTTING4 1.08 0.97 1.03 0.32
AAS SPORTS 1.08 1.20 1.02 0.30
AAS DAILYS 1.07 0.99 1.24 2.04
AAS WALK4 1.06 0.84 0.95 -0.38
AAS STAIRS7 1.06 0.67 1.74 4.09
AAS EXERCISES 1.06 0.97 1.22 2.34
AAS DAILY4 1.05 0.51 0.96 -0.21
AAS BALANCEI2 1.03 0.51 1.09 1.10
AAS CUTTING2 1.02 0.34 0.89 -1.11
AAS DAILYS 1.00 0.05 0.73 -1.90
AAS DAILY16 1.00 0.06 1.15 1.57
AAS SPORTI11 1.00 0.06 0.89 -1.26
AAS WALK3 0.99 -0.03 0.85 -0.94
AAS WALKS 0.98 -0.28 1.04 0.47
AAS STAIRSS 0.98 -0.20 0.85 -1.42
AAS WALKY7 0.96 -0.55 1.05 0.66

Table 9, continued




Item Infit MNSQ  Infit ZSTD Outfit MNSQ  Outfit ZSTD
AAS DAILY12 0.96 -0.54 0.77 -2.42
AAS DAILY13 0.96 -0.30 0.79 -1.13
AAS EXERCISEI 0.96 -0.43 0.87 -1.04
AAS WALKS6 0.95 -0.71 1.09 0.81
AAS DAILY2 0.95 -0.46 0.72 -1.72
AAS DAILY15 0.95 -0.58 0.95 -0.30
AAS EXERCISE3 0.95 -0.70 0.98 -0.22
AAS DAILY3 0.92 -0.83 0.79 -1.28
AAS SPORT7 0.92 -1.22 0.86 -1.70
AAS SPORT6 0.90 -1.50 0.88 -1.39
AAS EXERCISE4 0.89 -1.77 0.99 -0.13
AAS STAIRS4 0.88 -1.67 0.91 -0.77
AAS STAIRSS 0.88 -1.59 0.96 -0.33
AAS EXERCISE2 0.88 -1.76 0.82 -1.93
AAS DAILY7 0.87 -1.24 0.60 -2.40
AAS CUTTING3 0.86 -2.02 0.86 -1.28
AAS STAIRSI 0.81 -2.27 0.73 -1.98
AAS SPORT3 0.81 -2.99 0.88 -1.36
AAS DAILY1 0.80 -2.08 0.62 -2.44
AAS DAILY11 0.80 -2.81 0.71 -2.72
AAS DAILY10 0.78 -2.68 0.65 -2.69
AAS STAIRS2 0.75 -2.96 0.66 -2.38
AAS STAIRS6 0.75 -3.79 0.80 -2.04
AAS DAILY9 0.73 -3.43 0.84 -1.10
AAS STAIRS3 0.71 -4.65 0.75 -2.89

Next, the Wright item-person map from the 62 item Rasch analysis was assessed for multiple
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items plotted at the same level of difficulty in order to identify redundancy in items (Figure 15).
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Figure 15
Wright Item Person Map: Phase 3 Data, 62 Items
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Based on the Wright item person map, redundancy in items was revealed, with two and three
items grouped together at various ability levels (Figure 16). There was still a lack of more
difficult items as demonstrated by the map. Next, redundant items from the scale were removed
based on infit values. Ability levels that had three items grouped at the same level were assessed
for redundancy first, as this has been previously recommended (Green & Frantom, 2002).
Redundant items that had the greatest deviation from 1.0 for infit values were removed first. This

process was repeated three more times, leaving 35 items in the scale (Table 10).
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Table 10

Mean-square Infit and Qutfit: Phase 3 Data, 35 items

Item Infit MNSQ  Infit ZSTD  Outfit MNSQ  Outfit ZSTD
AAS DAILY6 1.32 2.67 1.11 0.58
AAS SPORT17 1.23 2.98 1.19 1.50
AAS SPORTI16 1.23 3.24 1.20 1.89
AAS SPORTI13 1.20 2.97 1.05 0.59
AAS CUTTING2 1.18 2.35 1.04 0.39
AAS SPORT9 1.14 2.13 1.04 0.43
AAS DAILY4 1.14 1.43 1.10 0.63
AAS DAILY2 1.10 1.03 0.85 -0.83
AAS BALANCEI12 1.10 1.48 1.15 1.73
AAS WALKS 1.08 1.25 1.12 1.39
AAS SPORTI14 1.07 1.11 0.95 -0.46
AAS SPORTI12 1.07 1.08 0.99 -0.13
AAS DAILY12 1.07 0.99 0.87 -1.33
AAS WALK4 1.04 0.52 0.94 -0.47
AAS DAILY16 1.04 0.56 1.12 1.28
AAS DAILY8 1.03 0.36 0.81 -1.31
AAS SPORTS 1.02 0.33 0.93 -0.77
AAS DAILY15 1.02 0.21 1.00 0.03
AAS DAILY13 1.02 0.19 0.96 -0.13
AAS WALK3 1.00 0.01 0.92 -0.46
AAS EXERCISES 1.00 0.06 1.10 1.14
AAS CUTTING3 0.99 -0.16 1.17 1.56
AAS STAIRSS 0.98 -0.27 1.08 0.73
AAS WALKS 0.97 -0.41 1.02 0.25
AAS SPORT6 0.97 -0.42 0.95 -0.52
AAS EXERCISEI 0.97 -0.39 0.86 -1.13
AAS STAIRS4 0.96 -0.58 1.03 0.29
AAS SPORTI1I1 0.96 -0.56 0.85 -1.82
AAS WALK7 0.94 -0.86 1.02 0.21
AAS WALKS6 0.94 -0.83 1.10 0.94
AAS EXERCISE3 0.93 -1.10 0.96 -0.39
AAS STAIRSI 0.88 -1.39 0.83 -1.20
AAS EXERCISE2 0.86 -2.13 0.79 -2.33
AAS EXERCISE4 0.83 -2.74 0.89 -1.35
AAS DAILY9 0.82 -2.29 0.95 -0.33

There were no items that had unacceptable values for infit or outfit statistics, indicating no items
were misfitting (Table 10). Person reliability was .93 and person separation was 3.76, which

were both above the recommended thresholds. Item reliability was 1.00 and item separation was
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19.29, which were also both above the recommended thresholds. The Wright item-person map

revealed redundancy with two items grouped together at various ability levels (Figure 16).

Figure 16

Wright Item Person Map: Phase 3 Data, 33 Items
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Items from the scale were removed based on redundancy. Ability levels that had two items
grouped at the same level were assessed. Redundant items that had the greatest deviation from
1.0 for infit values were removed first. If infit values from the redundant items were equal, outfit

values were then assessed. After this process, there were 22 items remaining (Table 11).



Table 11
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Final 22 Items for Phase 3: Highest to Lowest Difficulty

Item

Label

AAS SPORT 17
AAS SPORT 16
AAS SPORT 14

AAS EXERCISE 5

AAS SPORT 11
AAS BALANCE 12

AAS EXERCISE 4

AAS WALK 8
AAS SPORT 6
AAS WALK 5

AAS EXERCISE 3

AAS DAILY 16
AAS DAILY 12

AAS CUTTING 3
AAS STAIRS 5

AAS EXERCISE 1

AAS DAILY 9
AAS DAILY 8

AAS DAILY 15

AAS DAILY 2
AAS DAILY 13
AAS DAILY 6

Completing a half-marathon
Rock climbing or bouldering outdoors
Competitive sports like martial arts or boxing
Moderate to heavy exercise for 1 hour with no breaks (may
include running at a medium to fast pace or heavy use of a
fitness machine such as a treadmill or elliptical)

Competitive sports like basketball, soccer, lacrosse, or
tennis
Standing or walking for an entire 8-hour workday
Moderate to heavy exercise for 30 minutes with no
breaks (may include running at a medium to fast pace or
heavy use of a fitness machine such as a treadmill or
elliptical)
Walking up a steep hill
Moderate cycling for 30 minutes, some hills
Walking 5 miles at your normal pace
Moderate exercise for 15 minutes with no breaks (may
include running at an easy to medium pace or moderate use
of a fitness machine such as a treadmill or elliptical)

Heavy household work (such as mowing the grass, raking
leaves, weeding, moving furniture)
Running a short distance (such as to catch a bus, chase
after a child)
Turning quickly or making quick sideways movements
(cutting)

Squatting to pick up something off of the floor
Light exercise for 15 minutes with no breaks (may include
walking or light use of a fitness machine such as a
treadmill or elliptical)

Putting on pants while standing
Getting into or out of the bathtub
Moderate household work (such as vacuuming flat
surfaces, mopping, carrying in shopping bags)
Stepping down from curbs
Walking to the end of the driveway to get the mail
Getting on and off the toilet

The PCA of observed responses revealed a cumulative variance on the first factor of 55.4%

which was consistent with the initial PCAs in Phase 2 and Phase 3, and the component matrix



115

had no coefficients less than .60. The observed cumulative variance from the PCA of the Rasch

standardized residuals was 72.1% and the expected cumulative variance was 72.9%, providing

evidence of unidimensionality and indicating that the data fit the Rasch model. There were no
standardized residual inter-item correlations that were greater than the threshold of .7, further
indicating unidimensionality. None of the 22 items had unacceptable values for infit or outfit

statistics, indicating no items were misfitting (Table 12).

Table 12

Mean-square Infit and Qutfit Values: Phase 3 Data

Item Infit MNSQ  Infit ZSTD  Outfit MNSQ  Outfit ZSTD
AAS DAILY6 1.28 2.37 1.13 0.67
AAS SPORTI16 1.28 3.93 1.23 2.20
AAS WALKS 1.20 2.86 1.24 2.74
AAS SPORTI14 1.21 2.95 1.08 0.91
AAS SPORT17 1.17 2.26 1.13 1.11
AAS WALKS 1.05 0.82 1.15 1.80
AAS CUTTING3 0.99 -0.10 1.14 1.37
AAS DAILY2 1.11 1.13 0.85 -0.79
AAS BALANCEI12 1.07 1.02 1.09 1.15
AAS STAIRSS 0.98 -0.29 1.06 0.59
AAS SPORTI11 1.06 0.99 0.95 -0.52
AAS DAILY12 1.05 0.66 0.86 -1.52
AAS DAILY16 1.01 0.12 1.05 0.60
AAS DAILY13 1.03 0.28 1.01 0.13
AAS _SPORT6 1.00 -0.05 0.95 -0.54
AAS DAILY8 0.99 -0.03 0.79 -1.49
AAS DAILY15 0.99 -0.12 0.99 -0.02
AAS EXERCISEI 0.99 -0.14 0.86 -1.23
AAS DAILY9 0.78 -2.88 0.98 -0.11
AAS EXERCISES 0.90 -1.55 0.96 -0.43
AAS EXERCISE3 0.85 -2.22 0.91 -1.01
AAS EXERCISE4 0.73 -4.52 0.75 -3.46

Person reliability was .92 and person separation was 3.39, which were both above the

recommended thresholds. Item reliability was 1.00 and item separation was 20.17, which were
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also both above the recommended thresholds. Although there was some indication of redundancy
in the instrument as indicated by the Wright item person map (Figure 16), all triplicate
redundancy was eliminated, and this was the final step in item reduction since 22 items is
considered a reasonable length for a foot and ankle activity instrument (Martin & Irrgang, 2007,
Martin et al., 2005). After each step of item reduction, person reliability and person separation
decreased. When 22 items were remaining, person reliability was .02 points above the minimum
acceptable value, which supported the completion of item reduction at this step. Additionally, 22
items still provide some flexibility to remove items if necessary when tested in a surgical

population, which will be discussed further in Chapter 5.



Figure 17

Wright Item Person Map: Phase 3 Data, 22 Items
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Test information function demonstrates that the ankle activity level instrument has high
precision, with a value greater than the acceptable threshold of 10 (Figure 18).
Figure 18

Test Information Function for Phase 3 Data

Test Information Function
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Measure on latent variable

The category probability plots were similar for all items. Based on step calibrations of Andrich
threshold, all categories were ordered and increased monotonically, as demonstrated by item 1

(Figure 19). The category measure, which represents the average ability estimate in logits was -
2.46 for persons who chose response category 0, -1.06 for category 1, -0.07 for category 2, 1.02

for category 3, and 2.65 for category 4.
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Figure 19

Category Probability Curves for Item 1 of Phase 3 Data
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Measure relative to item difficulty

The item characteristic curve demonstrates that as person ability increases, so does the
probability of endorsing an item (Figure 20).
Figure 20

Item Characteristic Curve for Item 1 of Phase 3 Data
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The item characteristic curve demonstrates that as person ability increases, so does the probability
of endorsing an item. The Wright item person histogram reinforces the gap in items at the upper
difficulty level where there are individuals who have no items at their ability level (Figure 21).
Figure 21

Wright Item Person Histogram: Phase 3 Data
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Evidence of Convergent and
Divergent Validity Analysis

A Pearson correlation was estimated between scores on the foot and ankle activity level
instrument and scores from other commonly used outcome measures to determine whether there
was evidence of convergent and divergent-related validity (Table 13). The FAAM ADL
subscale, FAAM Sport subscale, Tegner activity scale, and the SF-12 PCS scores had
correlations with the foot and ankle activity level scale scores above the previously defined

threshold of .60, demonstrating evidence of convergent validity. The SF-12 MCS scores had a
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low correlation with the FAALS , less than the previously defined threshold of .20,
demonstrating evidence of divergent validity (Table 13).
Table 13

Pearson Correlation of FAALS with Common Foot and Ankle Measures

Variable 1 2 3 4 5 6

1. Foot and Ankle Activity Level Scale -

2. FAAM ADL 86%* -

3. FAAM Sport BT7FE 85H*

4. Tegner Activity Scale O1F* 48k S]** -

5. SF-12 PCS JTEE O JTER T41RE 0 48%Fx

6. SF-12 MCS 2% de** .07 .08 .02 -
*p<.01
**p<.001

Multiple Linear Regression
Analysis

A multiple linear regression analysis was performed to determine whether the ankle
activity level instrument was sensitive enough to detect differences in different groups based on
body mass index and previous ankle surgery status, which have been well-established to affect
function. The dependent variable used in the regression analysis was the foot and ankle activity
level raw score. When the ankle activity level scores served as the criterion variable none of the
multiple linear regression assumptions were violated including normality, homoscedasticity,
linearity, independence, correct model specification, and that all variables are measured without
error, based on visualization of a normal probability plot and a histogram of residuals which

were included in Appendix F. There was no evidence of collinearity in the regression model as
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indicated by the variance inflation factor and tolerance values. There were two cases that were on
the cusp of being considered an outlier, with standardized residuals of -3.07 and -3.00. These
cases were retained in the analysis since they were extremely close to the threshold of three
standard deviations above or below the mean. The overall model was significant, indicating that
only 13% of the variance in the ankle activity scale was explained by the model which included
BMI and previous ankle surgery status as predictor variables, F' (2, 502) = 38.31, p <.001, R’ =
.13. Both variables were statistically significant according to the t-statistics (Table 14).

Table 14

Multiple Linear Regression with FAALS as Dependent Variable

Estimate  SE 95% CI t p
LL UL
Fixed effects
Intercept 90.39 3.71  83.10 97.68 2436 <.001
BMI -1.02 A3 -1.28 -.76 -7.69 <.001
Previous Ankle Surgery * -9.01 2.64 -14.19 -3.82 -3.41 .001

Note. # 0 = no previous surgery, 1 = previous surgery.
Therefore, as BMI increases, FAALS scores decrease. Specifically, for every one-unit increase in
BMLI, there was a 1.02 average point decrease in FAALS scores while adjusting for previous
ankle surgery status, 7 (502) = - 7.69, p <.001. Individuals who had previous ankle surgery had
on average 9.01 points fewer than those who did not have previous ankle surgery while adjusting
for BMI, ¢ (502) = - 3.41, p <.001. Overall, the ankle activity level scale demonstrated sensitivity
to differences in cohorts based on BMI and previous ankle surgery status. Normative values for

BMI, previous ankle surgery, dichotomized age (<40, >40), and sex can be found in Table 15.



123

Table 15

Normative Values Based for FAALS Aggregate Percentage

Demographic Variable FAALS
M SD
BMI
Normal 733  18.6
Overweight or Obese 63.2 23.1

Previous Ankle Surgery

Yes 56.7 24.1

No 68.5 213
Sex

Males 703 214

Females 64.1 22.1
Age

<25 769 149

25-39 73.5 19.2

>40 61.6 23.0

Phase 4

The purpose of this phase was to finalize the order of item difficulty, determine the
thresholds for each activity level, and determine the number of clinically relevant activity levels

(thresholds). Orthopaedic experts determined the order of difficulty for the 22 items from Phase
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3 and identified four activity levels based on the 22 items ankle activity level instrument. (Table

16).
Table 16
Final 22 Items: Highest to Lowest Difficulty
Activity
Item Label Level
22 Completing a half-marathon 4
21 Rock climbing or bouldering outdoors 4
20 Competitive sports like martial arts or boxing 4
19 Moderate to heavy exercise for 1 hour with no breaks (may 4
include running at a medium to fast pace or heavy use of a
fitness machine such as a treadmill or elliptical)
18 Competitive sports like basketball, soccer, lacrosse, or tennis 4
17 Standing or walking for an entire 8-hour workday 3
16 Moderate to heavy exercise for 30 minutes with no 3
breaks (may include running at a medium to fast pace or heavy
use of a fitness machine such as a treadmill or elliptical)
15 Walking up a steep hill 3
14 Moderate cycling for 30 minutes, some hills 3
13 Walking 5 miles at your normal pace (may include treadmill or 3
elliptical use)

12 Moderate exercise for 15 minutes with no breaks (may include 3
running at an easy to medium pace or moderate use of a fitness
machine such as a treadmill or elliptical)

11 Heavy household work (such as mowing the grass, raking 2
leaves, weeding, moving furniture)

10 Running a short distance (such as to catch a bus, chase after a 2
child)

9 Turning quickly or making quick sideways movements 2
(cutting)

8 Squatting to pick up something off of the floor 2
7 Light exercise for 15 minutes with no breaks (may include 2
walking or light use of a fitness machine such as a treadmill or
elliptical)

6 Putting on pants while standing 1
5 Getting into or out of the bathtub 1
4 Moderate household work (such as vacuuming flat surfaces, 1
mopping, carrying in shopping bags)

3 Stepping down from curbs 1
2 Walking to the end of the driveway to get the mail 1
1 Getting on and off the toilet 1
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Every orthopaedic expert recommended at least two items to be re-ordered in terms of difficulty;
however, after aggregating all results based on majority input, there was no change in item
difficulty order as compared to the original order of item difficulty based on the Rasch analysis
results. There was one item that did not reach majority, which was Item 11: Heavy household
work (such as mowing the grass, raking leaves, weeding, moving furniture). Experts were split in
a two versus two decision to place Item 11 one placement above, as Item 12; however, when
there was a tie, the tie was broken by referring to the Rasch results. Therefore, no item placement
changed based on orthopaedic expert recommendations. Overall, the item difficulty as defined by
the Rasch analysis was upheld by the six orthopaedic experts. Based on a 0-point to 4-point
Likert-type scale, raw points and percentages were assigned to each activity level (Table 17).
Anchor points were no difficulty (4), slight difficulty (3), moderate difficulty (2), extreme
difficulty (1), and unable to do (0). Each range of scores is based on the total possible points. For
example, for Level 1 there are six items that can have 24 possible total points if an individual
chooses “No Difficulty” which is worth 4 points for each item. Percentages of the raw FAALS
scores were calculated for easy clinical interpretation.

Table 17

Raw Points and Percentages to Assign Activity Levels

Activity Level ~ Point Range for Each Activity Level ~ Percent for Each Activity Level

4 69 - 100 points 78% - 100%
3 45 - 68 points 51% - 77%
2 5 - 44 points 28% - 50%

1 0 - 24 points 0% -27%




126

Based on the scoring algorithm described, activity level was assigned based on points for each
participant (Table 18).
Table 18

Activity Level Frequencies for FAALS Scores

Activity Level Frequency Percent
4 30 6
3 85 17
2 203 40
1 187 37

The majority of participants were assigned to the two lowest levels of activity. This may indicate
the need for two additional activity levels towards the lower half of the score to further delineate
between activity levels within current levels 1 and 2.

Chapter IV Summary

This study has shown the progression of developing a new instrument to measure foot
and ankle activity level in the normal population in the United States. Instrument items were
developed and tested through multiple rounds of data collection and analyses using the Rasch
measurement model. There were 101 items, initially, for the FAALS. After multiple rounds of
data collection and item reduction, the foot and ankle activity level instrument had 22 remaining
items. The foot and ankle activity level scores had acceptable levels of person and item reliability
and separation, demonstrating evidence of reliability and validity. These values indicate that the
foot and ankle activity level instrument is consistent in its ability to measure activity level and is

also able to delineate between three or more ability levels.
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In addition, there was evidence of convergent and divergent validity for the foot and
ankle activity level instrument. In fact, all proposed measures, including the FAAM ADL,
FAAM Sport, the Tegner activity scale and the SF-12 PCS were all significantly correlated with
the foot and ankle activity level scores. The Tegner activity scale had the lowest correlation with
the new instrument’s scores, which may be a function of the Tegner being a single item measure
and potentially having more measurement error, since instruments with very few items tend to
have greater measurement error than instruments with more items. The SF-12 MCS had a
correlation less than .2 with the foot and ankle activity level scores, which was expected, and
demonstrated evidence of divergent validity.

The multiple linear regression analysis showed that there was a significant difference in
foot and ankle activity level scores in BMI groups and people who have had previous ankle
surgery and those who have not. People with a normal BMI had higher foot and ankle activity
level scores than those who were overweight or obese. People who had previous ankle surgery
had significantly lower higher foot and ankle activity level scores than those who did not have
ankle surgery. These results demonstrated sensitivity of the foot and ankle activity level
instrument. Overall, psychometric properties of the FAALS were very good; however, there
seemed to be a lack in extremely difficult items to match the high abilities of some of the
participants in the sample. This may be due to the fact that some participants over-reported their
abilities.

The purpose of Phase 4 was to finalize the order of item difficulty and the number of
activity levels for the foot and ankle activity level instrument. In the end, there were 22 items
with four activity levels. The Rasch analysis and orthopaedic expert recommendations for item

difficulty did not differ after aggregating expert recommendations, demonstrating agreement
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between the data driven procedure of the Rasch analysis and the more subjective assessment by

experts in the field.



129

CHAPTER V
DISCUSSION AND CONCLUSIONS

Through this study I sought to develop a tool that would allow physicians and medical
providers an easy and quick way to measure foot and ankle activity level in a clinical setting,
since there was not an instrument that has been developed to specifically do so. The first step in
developing a foot and ankle activity level instrument was to assess the proposed items in a
normal population to establish normative values and assess psychometric properties. There were
four phases of this study. The goal of the Phase 1 was to generate items for the FAALS, and
operationally define the construct by utilizing expert input. The goal of Phase 2 was to pilot the
items for the new instrument and identify poorly functioning items that could be removed in
Phase 3. The goal of Phase 3 was to confirm item reduction from the pilot data in Phase 2 and
finalize items included for the scale. The purpose of Phase 4 was to develop an aggregate score
from the 22 items and define score ranges and activity levels based on expert input. The idea is
to produce an activity level scale that can be used as an aggregate score from which an activity
level is assigned for easy, quick clinical application. Chapter 5 will include a summary of study
findings, as well as a comparative literature discussion of results, score interpretations, issues

that arose in the study, limitations, future research, study implications and conclusions.
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Study Summary

This study demonstrated acceptable psychometric properties of scores from the FAALS.
The Rasch analysis revealed that 66 instrument items had acceptable mean-square infit and outfit
values. Therefore, items were removed based on redundancy, which left 22 remaining items that
comprised the foot and ankle activity level instrument and supported the assumption of
unidimensionality as stated in research question 1. Person reliability was .92 and person
separation was 3.39, which were both above the recommended thresholds. Item reliability was
1.00 and item separation was 20.17, which were also considered acceptable. Scores from the new
instrument had high internal consistency. These findings support research question one with
confirmation. Other patient-reported outcomes were significantly correlated to the FAALS which
provided additional evidence of validity and the SF12 MCS had a low correlation with the
FAALS which answers research question 2 with confirmation. In addition, the FAALS
demonstrated sensitivity, with at least three different ability groups according to person
separation that were able to be identified through multiple linear regression analysis which
answers research question 4 with an affirmative response. Previously defined demographic and
surgical factors, including BMI and previous ankle surgery status were significant predictors of
FAALS aggregate scores indicating sensitivity among groups. In Phase 4 of this study, research
question 4 was addressed. The order of items for the foot and ankle activity level instrument
remained the same as the Rasch analysis recommendations, and experts recommended four
activity levels, with the majority of individuals assigned to activity levels 1 and 2.

Comparative Literature Discussion

The final item reduction of the instrument left 22 items. All items had infit and outfit values that
were very close to the desired and expected value of 1.0, indicating minimal measurement error

and evidence of validity. This seemed to be a good stopping point for item reduction for several
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reasons. First, other foot and ankle instruments, such as the FADI and FAAM, are very similar in
length to the foot and ankle activity level instrument, and do not seem to be overwhelming to
participants in terms of length (Martin & Irrgang, 2007; Martin et al., 2005). In the foot and
ankle activity level instrument, each time an item is removed, person reliability is reduced.
Person reliability was .92 with 22 items, therefore, removing any further items may decrease
person reliability below the acceptable threshold.

However, the Wright item person map revealed a lack of very difficult items to
correspond with the upper ability levels of the sample with higher abilities. This may be due to
the fact that this study was conducted in a normal population. In addition, perhaps participants
overestimated their abilities, or perhaps some individuals have exceptional activity levels. In
order to determine whether additional items, with even greater difficulty levels, should be added
to the instrument, it was important to understand whether delineating between individuals with
activity levels greater than the most difficult item was of clinical relevance. After speaking to
various orthopaedic surgeons from the expert panel, it was determined that additional items with
difficulty greater than running a half marathon was not very important in the clinical setting.
Although there were very difficult items included in the initial total item pool, such as
completing a full marathon and competitive sport participation in hockey or powerlifting for
example, it was difficult to retain these types of items, based on fit, in a normal population.
Perhaps those more difficult items would be more helpful in an elite athlete population, but for
every day clinical usage, additional difficult items may not be useful. With 22 items, there is still
some flexibility to reduce items, if necessary, for the surgical population. Flexibility in

instrument development is imperative for successful finalization of items.
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In this study, the foot and ankle activity level scores performed how they were
hypothesized to perform, meaning that the new instrument’s scores were significantly correlated
to scores from other patient reported outcome measures that in some way measure physical
function. These findings are similar to a study that examined normative values for the FAAM
ADL in a normal population of 284 participants. The correlation between FAAM ADL and SF-
12 PCS was significant at .46, and the correlation between the FAAM Sport and SF-12 PCS was
significant at » = .52 (Matheny et al., 2020). The FAAM ADL and SF-12 MCS, as well as the
FAAM Sport and SF-12 MCS were not significantly correlated, with correlations of » = .07 and r
= -.01 respectively (Matheny et al., 2020). In this current study, scores from the foot and ankle
activity scale had a correlation of » = .77 with the SF-12 PCS and r = .12 with the SF-12 MCS.
Although there are slight differences in correlation values between the previous study and the
current study, the overall correlation trend between the criterion variables (FAAM and FAALS)
and the SF-12 component summaries is very similar and supports the hypotheses of this study
(Martin et al., 2005; Matheny et al., 2020).

The multiple linear regression analysis revealed that the foot ankle activity level
instrument was sensitive enough to decipher between demographic groups that have been
established to have distinct differences in function. In this study, the foot and ankle activity level
scores were significantly different based on BMI and previous surgery status. In a previous study
of normal participants, those who had a normal BMI had significantly higher FAAM ADL and
FAAM Sport scores than those who were overweight or obese (Matheny et al., 2020). In
addition, those who had previous surgery had approximately 8 points higher for the FAAM ADL
and 15 points higher for the FAAM Sport scores (Matheny et al., 2020). In the current study,

those who had previous ankle surgery had approximately 10 points less on the FAALS than
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those who did not have previous ankle surgery. This difference is in alignment with previous
study results (Matheny et al., 2020).

The orthopaedic experts determined that there were four levels of activity for the foot and
ankle activity level instrument based on the 22 items. In the current study, person separation was
3.39, which indicated that there were at least three groups of ability for activity level, which
supports expert recommendations of four activity levels. The frequencies of activity levels
indicated that the majority of participants were assigned to activity Levels 1 and 1 (77%)
indicating that there may be a need for further delineation of activity levels in the lower half of
the foot and ankle activity level instrument. It will be important to pilot this new instrument in a
surgical population to confirm whether or not to increase the number of activity levels towards
the lower end of the scale. Although the Rasch analysis identified a lack of extremely high item
difficulty, it seems that the upper end of the scale performed quite well in assigning activity
levels since only 6% of participants were categorized as a Level 4, which is the highest activity
level.

Score Interpretations

Interpretations for the foot and ankle activity level scores are based on aggregate scores
solely for ease of interpretability and clinical application per the recommendation of the
orthopaedic experts. Although the Rasch model produces Rasch logits, aggregate scores are
much better understood in the orthopaedic outcomes. Previous commonly used ankle specific
measures, such as the FAAM ADL, the FAAM Sport, and the FADI are recommended to be
interpreted as aggregate scores even though item response theory was used to develop those
instruments. The foot and ankle activity level instrument was developed to eventually be utilized
in a clinical setting; therefore, creating a clear and simple way of interpreting the scores was

quite important for clinical application. As the foot and ankle activity level instrument is tested in
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the surgical population, it may be necessary to improve or change the process by which
thresholds for activity levels are determined, especially if the instrument eventually progresses to
administration via computer adaptive testing (CAT).

Study Issues

There were several issues that arose during this study. The first issue that arose was the
quality issue with pay-for data collection. The data for this study were collected by a data
collection agency, Qualtrics. Qualtrics claimed to have a very short time period required for data
collection, while also being able to stratify responses by six different demographic variables that
were discussed earlier in Chapter 3. When I first examined the data, I found that some
participants had various responses that did not make logical sense. For example, if a participant
states that they have no difficulty walking up four flights of stairs, but they have extreme
difficulty walking up one flight of stairs, this participant provided non-sensical data and was
therefore removed. Although Qualtrics has some quality control measures that are meant to
control for participants who may complete the survey too quickly, there were not any quality
control measures that accounted for non-sensical answers. There was approximately one-third of
the pilot data that was removed and re-collected after implementing nine quality control
measures that checked for illogical responses. This whole quality control process also increased
the length of time necessary to collect all of the data by approximately eight weeks. Discovering
this issue in the pilot data collection phase was paramount in having a smooth data collection
process for the main study data collection (N = 505). In the future, recommendations would be,
that if researchers use a pay-for data collection service such as Qualtrics, it will be important to
think about what type of quality control measures can be implemented and to also account for a

much longer period of time for data collection.
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Another issue that arose is that there were too many well-fitting items, which made item
reduction a much longer, more complicated process. There was a large number of items that
were originally generated (101); however, there is an expectation that with the first round of item
reduction, at least 50% of the items will be removed based on mean-square infit and outfit
statistics (Bond & Fox, 2015; Chiu et al., 2020; Christensen et al., 2013; A. M. Keenan et al.,
2007; Martin et al., 2005). However, in this study, after items were removed based on expert
recommendations and assessment, there were 77 items remaining. From there, item reduction
utilizing the Rasch mean-square infit and outfit values only helped to reduce an additional 11
items, leaving 66 remaining. It was necessary to develop a systematic process for item reduction
since conventional methods of poor fit assessment could not be used after 66 items. In order to
reduce enough items to encourage use of the instrument in a clinical setting, it was necessary to
remove a large number of additional items. Redundancy in items in an instrument, although not
too detrimental (Linacre, 2002), can create other problems, such as survey fatigue, which, in
turn, can lead to missing data (Lafave et al., 2016). In order to reduce items, location on the
Wright item person map that indicated two or more items at the same difficulty level was
assessed. At ability levels with triplicate items, items were removed based on the mean-square
infit values of the three items, and the item with the greatest deviation above or below 1.0 was
removed. If all items were the same distance away from 1.0 for infit, outfit was assessed, and the
item with the greatest deviation above or below 1.0 was removed. This process also increased the
average time it takes for item reduction, which should be accounted for when developing an
outcomes instrument.

Limitations

There are several limitations of this study. After completing item reduction and the final

Rasch analysis of the Phase 3 data, there was an over-abundance of well-fitting items. The goal
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of phase 1, which included item generation, was to generate 30 to 50 items with the ultimate goal
of reducing items by approximately half; however, 101 items were generated from Phase 1.
Starting item reduction with nearly double the items may have complicated the process of item
reduction; however, it was necessary to include all items from the orthopaedic experts. Since the
goal was to develop an instrument that has between 15 and 25 items, it makes logical sense that
item reduction would be a longer process. It was unexpected that so many of the items would
perform well in terms of mean-square infit and outfit statistics; therefore, items were evaluated
not only based on threshold infit and outfit values as previously discussed in Chapters 3 and 4,
but also item infit and outfit values were also compared to one another when at the same
difficulty level.

Although there were too many well-fitting items, results indicated that there may not be
enough items that were very difficult. When looking at the abilities of the sample and the
difficulty of the items, there seems to be a gap at the upper end of the items, starting at around
three standard deviations above the mean as seen on the Wright item person bar (Figure 21). The
ability levels of the sample seem to expand up to 7 standard deviations above the mean. Perhaps
this sample was exceptionally active.

A convenience sample was utilized for this study. Quota sampling was implemented for
six categories, including age, sex, race, region, income, and educational level, to most represent
the “normal” adult US population. However, quotas obtained based on region of the United
States were somewhat inaccurate, with an over-representation of the Southern and region by
approximately 7%, leaving a slight under-representation of the Midwest and Western regions of
approximately 3% each. Even with the addition of quotas based on sociodemographics, this

sample was a convenience sample and may introduce some bias.
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Future Research

As with most first studies that seek to develop a new instrument, there are future steps
that can be taken to further this research and further refine the instrument. This foot and ankle
activity level instrument should be assessed in the surgical population. Since this is a tool
targeted for use in a foot and ankle surgical population, it would be useful to determine whether
the scores from the new instrument exhibit acceptable psychometric properties. Two of the
orthopaedic experts have already committed to completing this study for the next step in further
testing this instrument in a surgical population.

In order to truly determine whether more difficult items should be included, the foot and
ankle activity level instrument should be tested for acceptable psychometric properties in the
surgical population. This will allow the FAALS instrument to be re-assessed to confirm that the
items selected are the most appropriate for patients who are going to or have undergone foot or
ankle surgery. It is also important to recognize whether including more difficult items into the
instrument would be useful from a clinical perspective. For example, if a patient is able to
complete a half marathon, does it matter to an orthopaedic surgeon whether the patient can
complete a full marathon? When two of the orthopaedic experts were asked this question, they
both agreed that in terms of clinical treatment and postoperative care, there is no difference in
treatment at this level of activity, therefore, it is unnecessary to distinguish between higher
activity level. Perhaps including additional, more difficult items would be more useful in an elite
or professional population; however, the normal population was the target population for this
study.

Once the foot and ankle activity level instrument’s scores have been tested in the foot and
ankle surgical population, it will be important to perform a differential item functioning analysis

that can determine whether measurement bias in the foot and ankle activity level instrument
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exists for preoperative and postoperative patients. Although it is expected to see the average
scores differ between the two groups, it is also expected that the instrument items will be
interpreted in the same way. Eventually, the foot and ankle activity level instrument should be
tested for differential item functioning for preoperative and postoperative patients who
underwent foot or ankle surgery. This research would aid in providing evidence of reliability and
validity of the foot and ankle activity level scores and help to understand whether the activity
level instrument is defining activity level differently based on group membership. Results from
this research would allow medical providers, specifically foot and ankle orthopaedic
practitioners, feel confident in using the foot and ankle activity level instrument to assess
patients.

Study Implications

Through this study, I completed the first step in developing a foot and ankle activity level
assessment instrument to be used in individuals suffering from foot and ankle injuries and
disorders. The first step in this instrument’s development entailed developing and examining its
use in a normal population. Assessing normative values has become an integral part of the
interpretation of patient reported outcomes, with the largest international foot and ankle
organization prioritizing the establishment of normative values for a variety of foot and ankle
outcome measures in a normal population (Hunsaker et al., 2002). By first understanding
normative values of patient reported outcomes in a clinical setting, physicians and medical
providers can determine whether patients treated for specific conditions have returned to
normative ranges of functioning. This type of information is invaluable for physician-patient
communication which facilitates shared decision-making in the patient’s medical care and
treatment (Henn et al., 2011; Mancuso et al., 2001, 2003). Previous studies have shown that

PROs differ based on demographic characteristics (Schneider & Jurenitsch, 2016b). By
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determining normative values for PROs based on demographic factors, physicians can truly
understand expected values and apply that information in the patient consultation process when
describing expected outcomes. The next step would be to assess the instrument in a surgical
population, since the foundational work of establishing normative values and assessing
instrument performance in a normal population has been completed.

By developing the FAALS instrument, physicians are able to assess activity level for foot
and ankle specific activities. Activity level pertaining to the foot and ankle is important for
clinical assessment and serves as a benchmark to approximate a patient’s position in the
continuum of care. Often during clinical assessment, physicians and surgeons utilize short
outcome measures that are easily and quickly completed and interpreted. The FAALS aggregate
score is comprised of 22 items with a percentage assigned for activity, while an actual level is
assigned based on the aggregate score. The activity level instrument will allow physicians to
quickly assess a patient’s baseline score, as well as their progress following treatment. It is likely
that with 22 items, foot and ankle activity level will be more accurately measured with the
FAALS as indicated by the psychometric assessment, than compared to the Tegner scale that is
only one item and may inherently have greater measurement error. FAALS scores can be
rigorously tested for reliability and validity, which is not the case for one item measures such as
the Tegner scale.

Conclusions

Through this study I developed a new 22-item foot and ankle activity level scale that will
allow practitioners to quickly assess activity level, based on four activity levels, in patients.
There was acceptable evidence of psychometric properties, including reliability and validity, of
foot and ankle activity level scores in the normal population. In addition, the new activity level

instrument demonstrated sensitivity in its ability to measure activity level between groups with
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known functional differences, such as BMI and previous ankle surgery. Convergent and
divergent validity of foot and ankle activity level scores were also shown. Orthopaedic
practitioners can feel confident in using the foot and ankle activity level instrument to assess
activity level in the normal population. Further research is necessary to determine clinical

application in the foot and ankle surgical population.
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APPENDIX B
INTERVIEW QUESTIONS AND PROMPTS

What do you look for in terms of activities and ability when conducting a physical
examine on a patient?

How do you judge a patient’s activity level? Are there any activities that they must be
able to perform to be considered high functioning? Moderately functioning? Low
functioning?

What are the minimal activity requirements for patients to be considered sedentary with
minimal function?

What type of questions do ask patients when questioning them about their activities
regarding their ankle?

a. Are these questions more related to activities of daily living? Sport participation?
When you ask patients about activities that they are able to perform, do you ask about
frequency?

Does the amount of pain a patient has when performing an activity play a role in your

assessment of their activity level, or is it solely based on activities performed?
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APPENDIX C
PANEL OF ORTHOPAEDIC EXPERTS’ QUESTIONNAIRE

Q1. There are many different activities that represent ankle activity level. The goal of this
question is to determine whether the bolded item effectively represents ankle activity level. In

evaluating each item, please ask yourself: How well does this item represent ankle activity level?

Very Poor Poor Average Good Excellent
1 2 3 4 5
1. Walking (1 mile) O @)
2. Running (1 mile) O @) @) @) @)

Q2. The next set of questions is related to different activities that can be affected by ankle
function. The goal is to have a variety of ankle activities that are representative of a wide
range of ankle activity levels. Please rate the level of difficulty it would take to perform

each of the following activities, with I representing the easiest level and 5 representing

the most difficult level.

Very Easy Easy Moderate Difficult Very Difficult
1 2 3 4 5
1. Walking (1 mile) O O O O O
2. Running (1 mile) O O O O O

Q3. Do you have any other comments or suggestions?



Ql.

Q2.
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APPENDIX D
READING EXPERTS’ QUESTIONNAIRE

This set of questions is related to reading level. The goal is to have items that are able to
be understood by all adults who would complete the survey. Please rate the level of
reading difficulty, with I representing the easiest reading level and 5 representing the
most difficult reading level.

Very Easy Easy Moderate Difficult Very Difficult

1 2 3 4 5

. Walking (1 mile) O

. Running (1 mile) O @) @) @) @)

Do you have any other comments or suggestions?
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APPENDIX E
ANKLE ACTIVITY LEVEL QUESTIONNAIRE

CONSENT Project Title: Development of a New Ankle Activity Level Instrument Using the
Rasch Model for Orthopaedic Clinical Application Purpose and Description: The primary
purpose of this research study is to collect responses for questions that will make up a new
ankle activity level scale and determine which questions are the best suited for this new
scale. Some questions are very similar or repetitive, but please answer all of the
questions. As a participant you will participate in a 10 to 15 minute survey. Survey questions
will be asked about your physical activities that involve the use of your foot/ankle in daily living,
as well as at work, and in sport. Demographic questions will be asked about you and your
previous foot, ankle, and knee injuries. ~ All attempts to maintain confidentiality will be made
by keeping all data stored on a password-protected computer with no identifying information
being recorded. IP addresses of participants will not be collected when participating in the online
survey, thus there will be no linking of participants to their answers. Confidentiality of data
collected online can only be offered to the point of Qualtrics data storage and safety
policies. The researcher will be the only person who has access to the login information to
Qualtrics. Digital responses will only record your responses. The results of the survey will not be
reported individually but compiled as grouped data.  There are no foreseeable risks to
participating in this study beyond those that occur in natural conversation about your current
ankle and foot ability. You may feel anxious or frustrated responding to how you feel about your
current ankle and foot ability. There is no benefit to you other than the potential to allow
researchers to determine a baseline measure of ankle activity level. There is no cost to
participate beyond the time you spend completing this survey. Participation is voluntary. You
may decide not to participate in this study and if you begin participation, you may still decide to
stop and withdraw at any time. Your decision will be respected and will not result in loss of
entitled benefits. Having read the above and having had an opportunity to ask any questions,
please complete the survey if you would like to participate in this research. By completing the
survey you give your permission to be included as a participant in this study. You may keep this
form for future reference. If you have any concerns about your selection or treatment as a
research participant, please contact the Nicole Morse, UNC Research Compliance Manager,
Office of Sponsored Programs, 25 Kepner Hall, University of Northern Colorado Greeley, CO
80639; 970-351-1910, nicole.morse@unco.edu. You may keep this form for future reference.
Researcher: Lauren Matheny, M.P.H., Principal Investigator, Department of Applied
Statistics and Research Methods Phone: 419-410-9443 E-mail: lauren.matheny@unco.edu
Research Advisor: Dr. Susan Hutchinson, faculty, Department of Applied Statistics and
Research Methods, phone: 970-351-1643 e-mail:susan.hutchinson@unco.edu

Q Agree to participate
O Don't agree
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AGE What is your age?

GENDER What is your sex?

O Male
O Female

Q48 What is the highest level of school you have completed or the highest degree you have
received?

Q Less than high school degree

High school graduate (high school diploma or equivalent including GED)
Some college but no degree

Associate degree in college (2-year)

Bachelor's degree in college (4-year)

Master's degree

©C 000 O0O0

Doctoral degree

O Professional degree (JD, MD)

Q50 Are you Spanish, Hispanic, or Latino or none of these?

QO Yes
O None of these
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Q52 Choose one or more races that you consider yourself to be:

White

Black or African American

American Indian or Alaska Native

Asian

Native Hawaiian or Pacific Islander

Other

Q54 Information about income is very important to understand. Would you please give your
best guess?Please indicate the answer that includes your entire household income in (previous
year) before taxes.

QO Less than $10,000
$10,000 to $19,999
$20,000 to $29,999
$30,000 to $39,999
$40,000 to $49,999
$50,000 to $59,999
$60,000 to $69,999
$70,000 to $79,999
$80,000 to $89,999
$90,000 to $99,999
$100,000 to $149,999
$150,000 or more

000000 O0O0O0

O

Q56 In which state do you currently reside?

V¥ Alabama ... I do not reside in the United States
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Height and weight are very important to our study so please report as accurately as
possible. Thank You.
How would you like to answer questions about height and weight?

Q Feet, Inches and Pounds

O Centimeters and kilograms

What is your height in feet and inches?
Feet
Inches

What is your weight in pounds?

What is your height in centimeters?

What is your weight in kilograms?

Do you currently have any foot or ankle injuries?

O Yes
O No

Have you had any previous foot or ankle injuries?

O Yes

O No
What YEAR did your most recent ankle injury occur? If you can't remember exactly, please

estimate.
Year

Have you had any previous foot or ankle surgeries?

O Yes
O No

What YEAR did your most recent ankle surgery occur? If you can't remember exactly, please
estimate.
Year
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Q150 Do you currently have any knee injuries?
Q Yes
O No

Have you ever had knee surgery?

O Yes
O No

What YEAR did your most recent knee surgery occur? If you can't remember exactly, please

estimate.
Year

Have you ever been diagnosed with Covid-19?

O Yes
O No

Do you currently have Covid-19?

O Yes
O No

Are you currently pregnant?

O Yes
O No
O Not Applicable

These questions ask about your PHYSICAL FUNCTIONING in relation to your FOOT and
ANKLE. Some questions are intentionally similar to others, but please answer ALL questions
to the best of your ability. If you do not participate in some activities, please answer the question
based on how much difficulty you believe you would have in performing the activities.

In the last week how much difficulty have you had in performing the following activities due to
your foot or ankle?



WALKING

No Difficulty

Walking on
flat, even o)
surfaces

Walking on

uneven
surfaces (1.e. Q
your yard, a

dirt trail)

Walking 1
block at your o)
normal pace

Walking 1
mile at your Q
normal pace

Walking 5
miles at your O
normal pace

Walking
short

distances
uphill

Walking long
distances Q
uphill

Walking up a
steep hill

Same instructions as previous set of questions.

Slight
Difficulty

O

Moderate
Difficulty

O

Extreme
Difficulty

o

182

Unable to do

These questions ask about your PHYSICAL FUNCTIONING in relation to your FOOT and
ANKLE. Some questions are intentionally similar to others, but please answer ALL questions
to the best of your ability. If you do not participate in some activities, please answer the question
based on how much difficulty you believe you would have in performing the activities.

In the last week how much difficulty have you had in performing the following activities due to



your foot or ankle?

RUNNING

No Difficulty

Running 1
mile at a
comfortable
pace

Please select

Slight
Difficulty for Q
this question

Running 5
miles at a
comfortable
pace

Running 10
miles at a
comfortable
pace

Running 100
meters as fast
as you can
(109 yards)

Running 400
meters as fast
as you can Q
(about a
quarter mile)

Slight
Difficulty

o

Moderate
Difficulty

O

Extreme
Difficulty

O

183

Unable to do
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Same instructions as previous set of questions.

These questions ask about your PHYSICAL FUNCTIONING in relation to your FOOT and
ANKLE. Some questions are intentionally similar to others, but please answer ALL of the
questions to the best of your ability. If you do not participate in some of the activities, please
answer the question based on how much difficulty you believe you would have in performing the
activities.

In the last week how much difficulty have you had in performing the following activities due to
your foot or ankle?

BALANCE



Standing for
15 minutes
without
leaning on
anything

Standing for
1 hour
without
leaning on
anything

Going up on
your tip toes
on both feet
without
holding on to
anything

Going up on
your tip toes
on one foot
without
holding on to
anything

Going up on
your tip toes
on one foot
while holding
on to
something

Standing
with your
knees straight
(locked, not
bent)

No Difficulty

Slight
Difficulty

Moderate
Difficulty

Extreme
Difficulty

185

Unable to do



Standing
without
losing
balance for
10 minutes
without
holding on to
or leaning on
anything

Standing for
20 minutes
without
holding on to
or leaning on
anything

Please select
Moderate
Difficulty for
this question

Standing for
an hour
without

holding on to
or leaning on
anything

Balancing on
one foot for
10 seconds
without
holding on to
anything

Balancing on
one foot for
60 seconds

without
holding on to
anything

Standing or
walking for
an entire 8-
hour
workday

186
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Same instructions as previous set of questions.

These questions ask you about your PHYSICAL FUNCTIONING in relation to your FOOT
and ANKLE. Some questions are intentionally similar to others, but please answer ALL
questions to the best of your ability. If you do not participate in some activities, please answer
the question based on how much difficulty you believe you would have in performing the
activities.

In the last week how much difficulty have you had in performing the following activities due to
your foot or ankle?

STAIRS, CLIMBING, SQUATTING



Walking up 1
flight of
stairs at your
normal pace

Walking
down 1 flight
of stairs at
your normal
pace

Walking up 4
flights of
stairs at your
normal pace

Walking
down 4
flights of
stairs at your
normal pace

Squatting to
pick up
something
off of the
floor

Standing up
from a
kneeling
position

Standing up
from a sitting
position in a
chair

Climbing a
ladder

No Difficulty

Slight
Difficulty

O

Moderate
Difficulty

O

Extreme
Difficulty

O

188

Unable to do
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Same instructions as previous set of questions.

These questions ask you about your PHYSICAL FUNCTIONING in relation to your FOOT and
ANKLE. Some questions are intentionally similar to others, but please answer ALL questions to
the best of your ability. If you do not participate in some activities, please answer based on how
much difficulty you believe you would have in performing the activities.

In the last week how much difficulty have you had in performing the following activities due to
your foot or ankle?

SIDE TO SIDE MOVEMENTS, CUTTING, PIVOTING

Slight Moderate Extreme

Difficulty Difficulty Difficulty Unable to do

No Difficulty
Stopping
quickly while
running or
jogging
Jumping up

and down on o) o) Q QO o)
both feet

O Q O O O

Turning
quickly or
making quick
sideways
movements
(cutting)

Stopping
quickly

Jumping in

the air and

landing on
both feet
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Same instructions as previous set of questions. These questions ask you about your PHYSICAL
FUNCTIONING in relation to your FOOT and ANKLE. Some questions are intentionally
similar to others, but please answer ALL questions to the best of your ability. If you do not
participate in some activities, please answer based on how much difficulty you believe you
would have in performing the following activities. In the last week how much difficulty have you
had in performing the following activities due to your foot or ankle?

DAILY ACTIVITIES
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Slight Moderate Extreme

No Difficulty Difficulty Difficulty Difficulty

Unable to do

Stepping up
on curbs Q Q Q Q Q

Stepping

down from o) o) O o) o)
curbs

Getting out
of a car Q QO O O QO

Putting on
shoes while
sitting (not Q Q Q Q Q

slip-ons)

Putting on
shoes while
standing (not Q Q Q Q Q

slip-ons)

Getting on

and off the o) o) o) o) o)
toilet

Getting into

or out of the Q Q Q Q Q
shower

Getting into

or out of the o) o) o) o) o)
bathtub

Putting on

pants while o) O Q o) O
standing

Bending over

and picking Q Q Q Q Q
up 5 pounds

Carrying a
laundry
basket up a Q Q Q Q Q
flight of
stairs



Running a
short distance
(such as to
catch a bus,
chase after a

child)

Walking to
the end of the
driveway to
get the mail

Light
household
work (such as
dusting)

Please select
Extreme
Difficulty for
this question

Moderate
household
work (such as
vacuuming
flat surfaces,
mopping,
carrying in
shopping
bags)

Heavy
household
work (such as
mowing the
grass, raking
leaves,
weeding,
moving
furniture)
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Same instructions as previous set of questions. These questions ask you about your PHYSICAL

FUNCTIONING in relation to your FOOT and ANKLE. Some questions are intentionally
similar to others, but please answer ALL questions to the best of your ability. If you do not
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participate in some activities, please answer based on how much difficulty you believe you
would have in performing the following activities.

In the last week how much difficulty have you had in performing the following activities due to
your foot or ankle?

EXERCISE



Light
exercise for
15 minutes

with no
breaks (may
include
walking or
light use of a
fitness
machine such
as a treadmill
or elliptical)

Light
exercise for
30 minutes

with no
breaks (may
include
walking or
light use of a
fitness
machine such
as a treadmill
or elliptical)

Moderate
exercise for
15 minutes

with no
breaks (may
include
running at an
easy to
medium pace
or moderate
use of a
fitness
machine such
as a treadmill
or elliptical)

No Difficulty

Slight
Difficulty

Moderate
Difficulty

194

Extreme

Difficulty Unable to do
Q Q
Q Q
Q Q
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Moderate to
heavy
exercise for
30 minutes
with no
breaks (may
include
running at a QO Q O o) o)

medium to
fast pace or
heavy use of
a fitness
machine such
as a treadmill
or elliptical)

Moderate to
heavy
exercise for
1 hour with
no breaks
(may include
running at a

medium to Q Q Q Q Q
fast pace or
heavy use of
a fitness
machine such
as a treadmill
or elliptical)

Same instructions as previous set of questions. These questions ask you about your PHYSICAL
FUNCTIONING in relation to your FOOT and ANKLE. Some questions are

intentionally similar to others, but please answer ALL questions to the best of your ability. If you
do not participate in some activities, please answer based on how much difficulty you

believe you would have in performing the activities. In the last week how much difficulty have
you had in performing the following activities due to your foot or ankle?

SPORTS, PHYSICAL AND RECREATIONAL ACTIVITIES



Slight

No Difficulty Difficulty

Recreational
activities or
sports like
throwing bean o) Q
bags, corn
hole or
horseshoes

Recreational

activities or
sports like O @)
bowling or

shuffleboard

Recreational

activities like o) Q
hiking

Recreational

sports or

activities like Q Q

golf or
swimming

Light cycling
for 15 minutes
or less, no
hills

Moderate
cycling for 30
minutes, some

hills

Moderate
Difficulty

Extreme
Difficulty
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Unable to do



Recreational
sports or
activities like
basketball,
soccer,
lacrosse,
tennis,
badminton,
throwing and
catching a
frisbee,
racquetball, or

pickleball

Recreational
sports or
activities like
hockey, alpine
skiing,
snowboarding,
snowshoeing,
waterskiing,
wakeboarding

Please select
No Difficulty
for this
question

Recreational
sports or
activities like
martial arts,
mixed-martial
arts, boxing,
kickboxing, or
CrossFit

Recreational
sports or
activities like
yoga or
Pilates
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Competitive
sports like

basketball,
soccer,

lacrosse, or
tennis

Competitive
sports like

hockey, alpine
skiing,
snowboarding,
snowshoeing,
Or Cross-
country skiing

Competitive
sports like

baseball or
softball

Competitive
sports like

martial arts or
boxing

Competitive
sports like

powerlifting
or CrossFit

Rock climbing
or bouldering
outdoors

Completing a
half-marathon

Completing a
half-marathon
in 2 hours or
less (9.2
minutes per
miles)

198
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TEGNER Please choose ONE of the following that best describes your current activity level:

QO Level 10: Competitive sports (Soccer, Football, Rugby (national elite))

O Level 9: Competitive sports (Soccer, Football, Rugby (lower divisions), Hockey,
Wrestling, Gymnastics)

QO Level 8: Competitive sports (Racquetball, Squash, Track and Field, Alpine Skiing)

Q Level 7: Competitive sports (Tennis, Athletics (running), Handball, Basketball,
Motocross, Cross Country Track), Recreational sports (Soccer, Football, Squash, Athletics
(jumping), Track

O Level 6: Recreational sports (Tennis, Handball, Basketball, Alpine Skiing, Jogging
S5x/week)

O Level 5: Work (heavy labor), Competitive sports (Cycling, Cross-Country Skiing)
Recreational sports (Jogging on uneven ground 2x/week)

O Level 4: Work (moderately heavy labor (truck driving, etc.)) Recreational sports
(Cycling, Cross-Country Skiing, Jogging on even ground 2x/week)

O Level 3: Work (light labor), Comp & Rec sports (Swimming), Hiking, Backpacking

QO Level 2: Work (light labor), Walking on uneven ground possible but impossible to
backpack or hike

Q Level 1: Work (light labor), Walking on even ground possible

O Level 0: Sick leave or disability pension because of ankle problems

Please answer every question with one response that most closely describes your physical
ability within the past week. We realize some questions are repetitive, but please answer every
question.

Because of your foot and ankle how much difficulty do you have with:



Standing

Walking on even
ground

Walking on even
ground without
shoes

Walking up hills

Walking down
hills

Going up stairs

Going down
stairs

Walking on
uneven ground

Stepping up and
down curbs

Squatting

Coming up on
your toes

Walking Initially

Walking 5
minutes or less

Select Unable to
Do for this
question

Walking
approximately
10 minutes

Walking 15
minutes or more

Home
responsibilities

No
Difficulty

Q

o

Slight
Difficulty

Q

o

Moderate
Difficulty

Q

o

Extreme
Difficulty

O

O

200

Unable to
Do

O
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Activities of

daily living o o o Q Q
Personal care o) Q QO Q o
Light to
moderate work
(standing and O O O Q Q
walking)
Heavy work
(pushing/pulling,
climbing, o O O Q Q
carrying)
Recreational
O] O] O] ©) o

activities
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Please answer every question with one response that most closely describes your physical
ability within the past week. We realize some questions are repetitive, but please answer every
question.

Because of your foot and ankle how much difficulty do you have with:

Slight Moderate Extreme

Difficulty Difficulty Difficulty Unable to do

No Difficulty

Running o) o) Q o)
Jumping o Q o Q

Landing Q Q Q Q

Squatting and
stopping
quickly (i.e.
stopping Q Q Q O O
quickly
during
running)

Cutting or
lateral or side
to side
movements

Low-impact
activities

Ability to
perform
activities
with your
normal
technique

Ability to
participate in
your desired
sport as long
as you would

like



203

These next questions ask for your views about your health, how you feel and how well you are
able to do your usual activities. Answer questions by selecting the one response that most
closely describes your condition. If you are unsure about how to answer a question, please give
the best answer you can.

In general, would you say your health is:

O Excellent
O Very Good
O Good

Q Fair

QO Poor

The following two questions are about activities you might do during a typical day. Does your
health now limit you in these activities? If so, how much?

Moderate activities, such as moving a table, pushing a vacuum cleaner, bowling, or playing
golf:

Q Yes, limited a lot
Q Yes, limited a little
QO No, not limited at all

Climbing several flights of stairs:

Q Yes, limited a lot
Q Yes, limited a little
Q No, not limited at all

During the past 4 weeks, have you had any of the following problems with your work or other
regular daily activities as a result of your PHYSICAL health?

Accomplished less than you would like:

O Yes
O No
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Were limited in the Kind of work or other activities:

O Yes
O No

During the past 4 weeks, have you had any of the following problems with your work or other
regular daily activities as a result of any EMOTIONAL problems (such as feeling depressed or
anxious)?

Accomplished less than you would like:

O Yes
O No

Didn't do work or other activities as carefully as usual:

QO Yes
O No

During the past 4 weeks, how much did PAIN interfere with your normal work (including both
work outside the home and housework)?

O Not at all

O A little bit
O Moderately
Q Quite a bit
O Extremely

The next three questions are about how you feel and how things have been with you during the
past 4 weeks. For each question, please give the one answer that comes closest to the way you
have been feeling.



How much of the time during the past 4 weeks....

All of the Most of
time the time
Have you
felt calm
and Q Q
peaceful?
Did you
have a lot of Q o)
energy?
Have you
felt
downhearted O o
and blue?

A good bit
of the time
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Some of  Alittleof = None of

the time the time the time
o Qo Qo
Q Q Q
Q Q Q

During the past 4 weeks, how much of the time has your physical health or emotional
problems interfered with your social activities (like visiting friends, relatives, etc.)?

QO All of the time

QO Most of the time
O Some of the time
QO A little of the time
O None of the time

BORN What year were you born?

ZIP What is your zip code?

DIFFICULT QUESTIONS Were there any questions that were unclear or difficult to

understand? If so, which ones and why?

COMMENTS Do you have any other comments or feedback about the survey?
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APPENDIX F

REMAINING 77 ITEMS WITH LABELS

Table Appendix E

Remaining Items for Rasch Analysis (77 items)

Item Label Item

AAS Balance 1 Standing for 15 minutes without leaning on anything

AAS Balance 2 Standing for 1 hour without leaning on anything

AAS Balance 3 Going up on your tip toes on both feet without holding on to
anything

AAS Balance 4 Going up on your tip toes on one foot without holding on to
anything

AAS Balance 5 Going up on your tip toes on one foot while holding on to
something

AAS Balance 6 Standing with your knees straight (locked, not bent)

AAS Balance 7 Standing without losing balance for 10 minutes without holding

AAS Balance 8

AAS Balance 9
AAS Balance 10

AAS Balance 11

AAS Balance 12
AAS Cutting 1
AAS Cutting 2
AAS Cutting 3
AAS Cutting 4
AAS Cutting 5
AAS Daily 1
AAS Daily 2
AAS Daily 3
AAS Daily 4
AAS Daily 5
AAS Daily 6
AAS Daily 7
AAS Daily 8
AAS Daily 9
AAS Daily 10
AAS Daily 11

on to or leaning on anything

Standing for 20 minutes without holding on to or leaning on
anything

Standing for an hour without holding on to or leaning on anything
Balancing on one foot for 10 seconds without holding on to
anything

Balancing on one foot for 60 seconds without holding on to
anything

Standing or walking for an entire 8-hour workday

Stopping quickly while running or jogging

Jumping up and down on both feet

Turning quickly or making quick sideways movements (cutting)
Stopping quickly

Jumping in the air and landing on both feet

Stepping up on curbs

Stepping down from curbs

Getting out of a car

Putting on shoes while sitting (not slip-ons)

Putting on shoes while standing (not slip-ons)

Getting on and off the toilet

Getting into or out of the shower

Getting into or out of the bathtub

Putting on pants while standing

Bending over and picking up 5 pounds

Carrying a laundry basket up a flight of stairs



AAS Daily 12

AAS Daily 13
AAS Daily 14
AAS Daily 15

AAS Daily 16

AAS Exercise 1

AAS Exercise 2

AAS Exercise 3

AAS Exercise 4

AAS Exercise 5

AAS Run 1
AAS Run 2
AAS Run 3
AAS Run 4
AAS Run 5
AAS Sport 1

AAS Sport 2
AAS Sport 3
AAS Sport 4
AAS Sport 5
AAS Sport 6
AAS Sport 7

AAS Sport 8
AAS Sport 9

AAS Sport 10
AAS Sport 11

Running a short distance (such as to catch a bus, chase after a
child)

Walking to the end of the driveway to get the mail

Light household work (such as dusting)

Moderate household work (such as vacuuming flat surfaces,
mopping, carrying in shopping bags)

Heavy household work (such as mowing the grass, raking leaves,
weeding, moving furniture)

Light exercise for 15 minutes with no breaks (may include
walking or light use of a fitness machine such as a treadmill or
elliptical)

Light exercise for 30 minutes with no breaks (may include
walking or light use of a fitness machine such as a treadmill or
elliptical)

Moderate exercise for 15 minutes with no breaks (may include
running at an easy to medium pace or moderate use of a fitness
machine such as a treadmill or elliptical)

Moderate to heavy exercise for 30 minutes with no breaks (may
include running at a medium to fast pace or heavy use of a fitness
machine such as a treadmill or elliptical)

Moderate to heavy exercise for 1 hour with no breaks (may
include running at a medium to fast pace or heavy use of a fitness
machine such as a treadmill or elliptical)

Running 1 mile at a comfortable pace

Running 5 miles at a comfortable pace

Running 10 miles at a comfortable pace

Running 100 meters as fast as you can (109 yards)

Running 400 meters as fast as you can (about a quarter mile)
Recreational activities or sports like throwing bean bags, corn hole
or horseshoes

Recreational activities or sports like bowling or shuffleboard
Recreational activities like hiking

Recreational sports or activities like golf or swimming

Light cycling for 15 minutes or less, no hills

Moderate cycling for 30 minutes, some hills

Recreational sports or activities like basketball, soccer, lacrosse,
tennis, badminton, throwing and catching a frisbee, racquetball, or
pickleball

Recreational sports or activities like hockey, alpine skiing,
snowboarding, snowshoeing, waterskiing, wakeboarding

Recreational sports or activities like martial arts, mixed-martial
arts, boxing, kickboxing, or CrossFit

Recreational sports or activities like yoga or Pilates
Competitive sports like basketball, soccer, lacrosse, or tennis
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AAS Sport 12

AAS Sport 13
AAS Sport 14
AAS Sport 15
AAS Sport 16
AAS Sport 17
AAS Sport 18

AAS Stairs 1
AAS Stairs 2
AAS Stairs 3
AAS Stairs 4
AAS Stairs 5
AAS Stairs 6
AAS Stairs 7
AAS Stairs 8
AAS Walk 1
AAS Walk 2
AAS Walk 3
AAS Walk 4
AAS Walk 5
AAS Walk 6
AAS Walk 7
AAS Walk 8

Competitive sports like hockey, alpine skiing, snowboarding,
snowshoeing, or cross-country skiing

Competitive sports like baseball or softball
Competitive sports like martial arts or boxing
Competitive sports like powerlifting or CrossFit

Rock climbing or bouldering outdoors

Completing a half-marathon

Completing a half-marathon in 2 hours or less (9.2 minutes per
miles)

Walking up 1 flight of stairs at your normal pace
Walking down 1 flight of stairs at your normal pace
Walking up 4 flights of stairs at your normal pace
Walking down 4 flights of stairs at your normal pace
Squatting to pick up something off of the floor
Standing up from a kneeling position

Standing up from a sitting position in a chair

Climbing a ladder

Walking on flat, even surfaces

Walking on uneven surfaces (i.e. your yard, a dirt trail)
Walking 1 block at your normal pace

Walking 1 mile at your normal pace

Walking 5 miles at your normal pace

Walking short distances uphill

Walking long distances uphill

Walking up a steep hill
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APPENDIX G
MULTIPLE LINEAR REGRESSION ASSUMPTIONS

Figure A.
Histogram of Foot and Ankle Activity Level Scores.

Histogram
Dependent Variable: AAS_RAW
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Figure B.

Normal Probability Plot of Foot and Ankle Activity Level Scores.
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