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Measurement of disability is crucial to many aspects of the rehabilitation process including 

capturing individual level changes, evaluating treatment effectiveness, and making policy 

decision, and administration costs. Many condition-specific self-reported instruments were 

developed over the past three decades to meet the need for assessment of disability resulting 

from back pain. However, these existing back pain disability measures have considerable 

limitations in terms of measurement precision and comprehensiveness. In order to overcome 

these limitations, precise measures should have the tremendous number of items either covering 

the wide range of ability traits or matching items to person ability closely. However, it is 

impossible to achieve the goals under the conventional classical test theory framework. 

Therefore, the aims of this study are to create precise disability measures with adequate 

measurement precision. 

The study consisted of the following three steps to accomplish the goals; 1) investigating 

the item level psychometrics of the ICF Activity Measure will be determined by using Rasch 

analysis (one-parameter Item  Response Theory model),  2) creating three short forms of the 

ICFAM based on the item level psychometrics, 3) comparison of three measures in terms of 

relative precision; the Computer Adaptive Testing (CAT) measure of the ICFAM, the three 10-
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item short form measures of the ICFAM, and the Oswestry Back Pain Disability Questionnaire 

(ODQ) measure as a most popular conventional back pain disability instrument.  

Three constructs of the ICFAM and three 10-item short forms of the ICFAM were found to 

have a multidimensional construct. However, some findings still implicate the possibility of sub-

constructs of essentially unidimensional construct. The item difficulty hierarchical order did not 

reflect the hypothetical hierarchy based on the MET values except walking/moving construct. 

The empirical hierarchy fairly well follows either a clinical feature of back pain or motor control 

theory. The three IRT-based short forms with adequate breadth were created based on item-level 

psychometric properties. These were applied to 42 back pain and 42 non-back pain groups as 

well as the CAT of the ICFAM and the ODQ. The CAT outperformed the short forms and the 

ODQ except walking/moving construct, while the short forms outperformed the ODQ in terms of 

precision. The results may implicate that researchers/clinicians should be encouraged to use the 

CAT measure of the ICFAM, since it is precise and efficient measure. The IRT-based short 

forms of the ICFAM may be an alternative, when computer systems are not readily available. 
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CHAPTER 1 
THE IMPORTANCE OF PRECISELY MEASURING DISABILITY FOR BACK PAIN 

Introduction 

Disability measurement is crucial in capturing clinical changes, evidence-based 

rehabilitation practice, administration of disability management, and policy making process. 

Over the past three decades, the need for assessment of disability resulting from back pain has 

grown. This is due to the fact that back pain is the most common cause of activity limitation in 

our society (1). This need has prompted extensive research on self-report outcome measure of 

function and disability resulting from back pain (2-22). To date, nearly 82 back-related condition 

specific disability instruments have been introduced (23). Most, if not all of these instruments 

appear in peer reviewed journals and show adequate psychometrics (e.g., good reliability, 

validity, and responsiveness). However, only a few outcome measures have been widely used 

and commonly accepted for disability measures for back pain (10,23-27). 

Despite the myriad of back pain outcome measures available, selecting an optimal 

disability measure is a prevailing challenge. This stems from the need to carefully consider the  

preferences of investigators or clinician when choosing a measure (25). While published 

measures have adequate psychometric properties, they may or may not be sensitive to all severity 

groups or to the actual improvements that result from clinical interventions. Because these 

instruments are developed to target the “average” person, they tend to be more sensitive at the 

center than at the extremes (e.g., low and high levels of disability) of the ability range (28). For 

example, while the Oswestry Back Pain Disability Questionnaire (ODQ), is often considered as a 

gold standard, it demonstrates ceiling effects (i.e., persons with high ability) when it is 

administered to persons with minimal impairments (29,30) and floor effects (i.e., person with 
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low ability) when it is administered to persons with severe impairments (31,32). Therefore, the 

ODQ often fails to precisely measure the disability of back pain across the full range of ability.  

Imprecise measurement, especially ceiling effects result in type II errors. That is, the 

number of false-negatives is large among those scoring in the upper extreme of the instrument 

(28). Furthermore, it is impossible to measure improvement in health status over time for those 

in the ceiling (i.e., those able to complete all items without difficulty or scoring high initially). 

These problems in measurement precision are partly due to the fixed number of items included 

on instruments. Thus, these instruments do not have adequate breadth for the underlying 

construct being measured (33). This leads to ceiling and/or floor effects and subsequently, failure 

to capture small but potentially significant increments of improvement across the full ranges of 

the construct (11, 34). 

Measurements may also be the result of using items that do not closely match to the ability 

of the population of interest (35). Deficits in precision occur when easy items are administered to 

high ability populations (e.g., administering items measuring basic ADLs to elite athletes) and 

difficult items are administered to low ability populations (e.g., administering items measuring 

ability to lift heavy objects to individuals with severe back pain). Furthermore, since individuals 

are asked to respond all items on an instrument regardless of how they respond to previous items 

(i.e., asked if they can lift 10 pounds after responding that they cannot lift 5 pounds) and 

regardless of the relevance of the items to the individual (i.e., asking individual with no 

movement in legs if they can walk a mile), respondent burden and administration costs are 

increased. Unfortunately, test-level statistics provide little insight in regards to how to eliminate 

these limitations. These limitations are a function of characteristics of the Classical Test Theory 

(CTT) model.  
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Despite the popularity and widespread use of instruments developed using the CTT model, 

existing disability measures have numerous shortcomings (36). In general, disability instruments 

created under the CTT paradigm yield total scores obtained by adding individual item responses. 

These scores provide only a general sense of a person’s ability level (i.e., disability level) and 

often fail to provide detailed item level psychometrics (i.e., no detail information is provided 

about how an individual performs on each item). First, the total score is dependent on the items 

chosen to represent the underlying construct  (test-dependent) (37). That is, respondents will 

have lower scores on difficult items and higher scores on easier items while their ability remains 

the same. Second, the test scores obtained from a sample cannot be compared across different 

samples (sample-dependent) (37,38). That is, test statistics such as coefficient alpha for the 

estimate of reliability or correlations for estimates of vary from sample to sample (i.e., sample 

dependent). Third, test scores are non-linear summed scores, which yield ordinal raw scores (39). 

These ordinal scores may be insensitive to changes at the extremes of the scale (39).  

Item Response Theory (IRT) and Computer Adaptive Testing (CAT) 

In contrast to the CTT, Item Response Theory (IRT) focuses on the psychometric 

properties of the items making up instrument instead of the instrument as a whole (40, 41). By 

estimating the probability that a respondent will select a particular rating for an item, item 

difficulty and person ability (or disability) can be placed on the same linear continuum. Thus, 

IRT model allows “connecting” individuals’ responses to items at their ability level (40,42). 

Estimates of person ability (or disability) on an underlying construct obtained using IRT methods 

are invariant regardless of the items used (i.e., test free measurement), whereas under the CTT 

paradigm, person scores vary depending on the difficulty of the instrument (41). Furthermore, 

item difficulty estimates derived from the IRT analyses are independent of the ability of the 

sample (i.e., sample free measurement), while test statistics in CTT are dependent on the sample 
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taking the test. In addition, the Rasch model (one-parameter IRT model) can linearly transform 

raw scores (typically used in analyses based on CTT) into equal interval measures (34). These 

advantages of IRT allow for the creation of invariantly calibrated large item banks that can more 

precisely discriminate individuals’ ability levels and thus, capture smaller increments of change. 

In order to achieve the goal of measurement precision, a disability measure should have 

items covering the full range of the underlying construct and capturing the small increments of 

changes (36). With optimal measurement precision, one can theoretically yield measures of equal 

precision at all levels of the underlying construct, thus achieving what has been termed 

equiprecise measurement (43). That is, the measure is capable of measuring a wide range of 

disability from the least able (or most disabled) to the most able (or least disabled). Unlike the 

existing “fixed” disability assessments that require all the items of an instrument, equiprecise 

measurement fosters item selection determined by disability level. For example, when measuring 

the physical function of a person with mild back pain, items would be chosen which closely 

match the ability of this individuals (i.e., more difficult items would be chosen). Similarly, when 

measuring the physical function of a person with severe back pain, items will be chosen that 

closely match the severely impaired person. These two persons will be measured on the same 

physical-function scale with different sets of items (34). 

While IRT methodologies provide the means for generating and linking person ability and 

item difficulty calibrations, Computer Adaptive Testing (CAT) methods promise a means for 

administrating items in a way that is both efficient and precise  (28,34,36,44-48). Studies have 

shown that CAT improves test efficiency maintaining adequate precisions with fewer items than 

the full test. Six to 7 items have been shown on average to achieve a standard error of ability 

estimates of 0.3 (44,49-53). The CAT often requires a testing algorithm which defines iterative 
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processes with a set of rules specifying the test questions to be administered to respondents. This 

includes procedures for item selection, ability estimation, and termination criteria. By selectively 

administering items that are matched to the ability level of the individuals, measurement 

efficiency can be accomplished without the loss of precision provided by the full item bank. For 

example, when measuring the disability of a person with mild back pain, items would be chosen 

that matched the mildly impaired ability. Similarly, when measuring the disability of a person 

with more severe back pain, a different set of items would be chosen that match that individual’s 

severely impaired ability. With this technology, a small number of items can be selected from the 

item bank which are most relevant and targeted to a person of a particular ability (34). IRT in 

combination with CAT has recently become an alternative to conventional fixed-format 

disability measurement (25,36). 

Physical Function CAT and ICFmeasure.com 

In order to measure the impact of back pain on individuals, the use of World Health 

Organization’s (WHO) International Classification of Functioning, Disability and Health (ICF) 

framework is useful. The ICF describes health and health status in terms of functioning and 

disability (54). The conceptual model describes three domains of functioning and disability, 

which are body function and structure; activities as a whole person; participation as a whole 

person in a social context. Disability therefore involves dysfunction at one or more levels of 

impairments, activity limitations and participation restrictions influenced by environmental and 

personal factors. Despite attempts to clarify whether disability assessment should focus on how 

much difficulty or how frequent one performs an activity, disability measures can be organized 

along the single construct of daily functioning such as activities of daily living (ADLs) (55). 

Disability may be assessed in terms of physical function or activity limitation because most 

individuals with back pain are restricted in their daily functioning (56). Accordingly, the newly 
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created ICF Activity Measure (ICFAM-ICFmeasure.com) embraced the ICF framework as a 

conceptual basis of measuring a person’s physical ability. 

The ICFAM development was funded by the National Institute of Disability and 

Rehabilitation Research (NIDRR). The primary goal of the research was to develop an efficient 

and precise measurement system based on the activity domain of the International Classification 

of Functioning, Disability and Health (ICF). Equiprecise measurement, covering across the 

entire range of a construct, was applied to activities involving movement, moving around and 

daily life tasks as defined by the activity domain of the ICF. Based on applying the Rasch model 

(one-parameter IRT model) on the activity domain, the ICFAM with 264 question item bank was 

developed. With CAT methods, these questions are selectively administered to respondents from 

a large item bank. Furthermore, the measure is now accessible worldwide through the web 

(http://icfmeasure.phhp.ufl.edu/). 

Short Forms of Back Pain Disability 

While both CAT and IRT framework have considerable advantages in terms of efficiency 

and precision of measurement, fixed short forms have been primarily used to achieve 

measurement efficiency, especially in the absence of computer technology. Accordingly, the 

efficient measurement is achieved by reducing the number of items of a larger instrument to 

relieve administration and respondent burden (28,35). Despite achieving measurement efficiency 

with fewer items, loss of precision became an issue when developing a short form from its full 

instrument (15,36,44-46). Not surprisingly, several studies have reported that CAT measures 

outperform fixed short form versions of assessments in terms of measurement precision (57-59). 

It should be noted that the CAT method often faces challenges, such as financial or technological 

requirements, for many settings (59). This leads researchers and healthcare professionals to seek 

practical measures to overcome those challenges. A goal of this study is to compare CAT and 

http://icfmeasure.phhp.ufl.edu/�
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fixed short form versions of the ICFAM, to determine which achieves optimal precision required 

in clinical settings and research. 

Several methods have been applied to develop short forms from their full tests. CTT 

methods include the deletion of items with low item-total score correlation and with the least 

impact on the overall internal consistency of the tests (60). Several studies have recently 

developed short forms using the IRT framework (46,58,61). These studies involve selecting 

items that are most frequently administered items in CAT administration, have high test 

information, or show broad item difficulty coverage. Using IRT framework, items that show 

poor item fit statistics or similar calibrations also can be deleted. Deleting items with fit statistics 

and having similar item calibrations while maintaining instrument measurement quality. 

Recently, investigators created short forms from an IRT-based item pools and confirmed that 

short form scores are nearly as precise as the CAT scores in different diagnostic groups (44,46). 

Several short forms evolved from generic health status measures under the CTT framework such 

as the Physical Function (PF)-10 (8) and PF-12 PCS (Physical Component Summary) from the 

Short Form (SF)-36 of the Medical Outcome Scale (MOS). These particular short forms have 

been applied to back pain populations to assess the impact of back pain on quality of life. Short 

forms have also been created from condition specific back pain instruments (62) such as the 24-

item Roland-Morris Disability Questionnaire (RMDQ) (6,7) from 136-item the Sickness Impact 

Profile and the 18-item PF-18 (14) from the multiple instruments, which include the Oswestry 

Disability Index, the RMDQ, and the PF-10. 

Existing Self-Report Back Pain Disability Measures 

Self-reported outcome measures are generally classified as generic or condition-specific 

measure (28,35). Generic measures often include global ratings of health status as well as ratings 

of multi dimensional status of health-related quality of life. These instruments often measure a 
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broad spectrum of health concepts and are intended to provide scores that are sensitive to disease 

severity. By contrast, condition-specific measures are designed to assess the aspects of health 

status affected by certain disease pathology and view the attribution of symptom and functional 

limitations to a specific condition (25). Thus, in contrast to generic measures, condition-specific 

measures are likely to be sensitive to treatment and natural history of a specific disease or 

condition. 

Although generic measures were not primarily designed to assess the specific conditions, 

two instruments, the Sickness Impact Profile (SIP) and the Physical Function scale (PF-10) have 

been applied to chronic back pain. The SIP was originally developed  and validated as a measure 

of sickness-related behavioral dysfunction consisting of 189 items in 14 categories (63). With 

few revisions, the final version of the SIP was developed as a behavioral-based measure of health 

status for use in a variety of chronic diseases (62). The PF-10 is a subscale of the SF-36 that 

measures physical functioning, which assesses limitations in a variety of physical activities. 

Other versions of PF-10, such as a general population version PF-12 PCS (Physical Component 

Summary) and specific low back version Physical Functioning (PF)-18 (14) have been developed. 

Among patients with back pain, studies report adequate psychometric properties for these two 

instruments (4, 8, 15, 64-66). 

As disease specific measures for back pain, the Roland-Morris Disability Questionnaire 

(RMDQ), the Quebec Back Pain Disability Scale (QBDS), and the Oswestry Back Pain 

Disability Questionnaire (ODQ) are the most widely accepted instruments.  The RMDQ consists 

of 24 items of daily physical activity from the Sickness Impact Profile. In contrast to the SIP, the 

RMDQ is short, simple to complete, and readily understood by patients (7). The QBDS consists 

of 20 items of a comprehensive view of person’s disability for back pain, which adopted the 
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World Health Organization’s International Classification of Functioning, Disability and Health 

(ICF) as a conceptual model to select test items relevant to ICF activity and participation 

domains (10,67). One of unique features about the QBDS is that it measures only physical 

function domain, while most instruments appear to assess more than one domain within the 

assessment (67). All of them appear to have good psychometric properties supported by many 

studies (7, 23, 68-72). 

The Oswestry Back Pain Disability Questionnaire as a Gold Standard 

The Oswestry Back Pain Disability Questionnaire (ODQ) was first introduced by John 

O’Brien in 1976 and further developed by Fairbank and colleagues in 1980 (29,73,74). The ODQ 

consisted of 10 items assessing the level of pain and interference with personal care, physical 

activities (i.e., lifting, walking, sitting, and standing, sleeping, sex life, social life, and traveling. 

Its several validated versions have also been published omitting a single item (i.e., sex life or 

social life) (75) or replacing ‘sex life’ item with employment/homemaking item (13). The ODQ 

and its revised versions have been proved to be much more sensitive to patients with severe 

symptoms, while they also appear to be occasionally responsive to those with minor symptoms 

(29). The ODQ, whether in the original or revised versions, remains a salient measure of 

condition-specific disability with good validity and reliability (3, 13, 23, 24, 29, 30, 73, 74). The 

ODQ is one of the most widely accepted back pain-specific instruments (25, 30, 76, 77). It is 

presently considered as the “gold standard” in the assessments of back pain (29) because of its 

many advantages such as popularity, internally consistent scale, good reliability and 

responsiveness to clinical change. In numerous studies, the ODQ and the revised versions of it 

are recommended as a standardized measure of physical function in individuals with back pain 

(3, 13, 14, 23, 25, 29, 30, 32, 70, 73, 74, 76-79). 



23 

Despite the popularity of ODQ in health care, there have been a few concerns about several 

of its measurement properties. The ODQ is shown to be the multidimensional construct. Physical 

function and pain item as separate construct (30,80) and lacks of sensitivity to reliably 

discriminate individuals in particular ranges of the scale due to “gaps” between test items (e.g., 

none of items were available a gap between “standing” and “lifting” on item difficulty 

hierarchical order) for the underlying continuum (30). The lack of breadth may lead to 

inadequate sensitivity at the extremes of the scale. Not surprisingly, the developers of ODQ and 

researchers indicate that the instrument is better at detecting change only in a specific disability 

level due to its substantial measurement imprecision (3, 29, 73, 74, 77). Despite these limitations, 

the ODQ remains a leading back pain disability instrument in health care 

(3, 13, 14, 23, 29, 30, 32, 70, 73, 74, 77-79).  

CAT, Short Form, and Existing Back Pain Measure in Measurement Precision  

Although the psychometric property in CTT paradigm such as reliability, validity, or 

responsiveness, are well-known and rigorous criteria to select a proper outcome measure, the 

properties may not be sufficient in terms of measurement precision and efficiency. Numerous 

studies have found that Computer Adaptive Testing (CAT) improves both in measurement 

precision and efficiency relative to the full test (41, 43, 48, 50, 52, 53, 57-59). Several studies 

report that CAT measures are highly correlated with other instruments measuring same construct 

and require fewer number of items with an average 6 items to reach the ability estimation (81-84). 

The construction of fixed short forms is a conventional approach of achieving measurement 

efficiency, which reduces the burden of respondent and administration (44, 46). Despite the loss 

of some precision, short forms have been shown to be valid and practical for use in outcome 

measurement (34, 44-46). The purpose of this study is to determine; 1) the item level 

psychometrics of the ICFAM in chronic back pain population and three short forms, 2) how the 



24 

ICFAM items respond differently across different diagnostic group versus chronic back pain, 3) 

compare the relative precision of the person measure of computer adaptive ICFAM versus short 

forms and the Oswestry Back Pain Disability Questionnaire. 

Research Question 1 

What are the psychometric properties of the computer adaptive ICF activity measure 

(ICFAM) in terms of positioning/transfer, lifting/pushing, and walking/moving constructs 

associated with individuals with low back pain? 

• Hypothesis: The ICF activity measure for back pain (ICFAM) will demonstrate a 

unidimensional construct for each construct. 

• Hypothesis: Item level psychometric properties of the ICFAM will demonstrate item 

difficulty hierarchy empirically versus hypothetically derived. 

Research Question 2 

What are the psychometric properties of newly generated short forms of 

positioning/transfer, lifting/carrying, and walking/moving? 

• Hypothesis 2.1:  The ICFAM short forms will demonstrate a unidimensional construct 

for each of the three constructs respectively (positioning/transfer, lifting/carrying, and 

walking/moving). 

• Hypothesis 2.2:  The ICFAM short forms will show acceptable item level psychometrics 

(item fit, person separation, item-person match, logical item difficulty hierarchy relative 

to metabolic equivalents). 

• Hypothesis 2.3:  The ICFAM short forms will show a precision distribution (information 

function) that is similar to that of the entire item bank but will show overall lower 

precision than the entire item bank across the breath of the measure. 
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Research Question 3 

How precise are the ICF activity CAT measures and the IRT-based ICFAM short form 

measures relative to the Oswestry Back Pain Disability Questionnaire (ODQ)? 

• Hypothesis 3.1: The relative precision of the ICFAM CAT measures are superior to the 

ICFAM short forms. 

• Hypothesis 3.2: The relative precision of the short form measures are superior to that of 

the Oswestry Disability Questionnaire. 
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CHAPTER 2 
THE PSYCHOMETRICS OF THE ICF ACTIVITY MEASURE FOR BACK PAIN 

Introduction 

Back pain is one of the most common health problems that affect activity limitation in a 

age group younger than 45 years in the United States, the second most frequent reason for 

physician visit, the third most common cause of surgical interventions, and the fifth-ranking 

cause of admission to hospital (85). Its lifetime incidence and annual prevalence estimated of 

general population are about 70–80% and 15–45% respectively (85). The impact of chronic back 

pain on the US work force is remarkably significant. According to the U.S. Bureau of Labor 

Statistics, there were 63% back related injuries for a total 4.2 million nonfatal occupational 

injuries reported in 2005 (86). The estimated annual cost incurred by back pain was $20 billion 

to 50 billion in 2004 (87). Recently, not only is the population vulnerable to back pain, but 

people age 65 and older are also the fastest–growing back pain population. It is a leading source 

of health care expenditures and financial compensation for a temporary or permanent disability 

(88, 89). That is, about three in four people experience back pain at sometime in their life and 

almost half of population suffer from back pain every year. Many individuals do not recover and 

remain with limitations in activity and physical functioning, which may further lead to the 

chronic condition of the limitation.   

In order to monitor the health status of back pain population, a precise measure of 

disability resulting from back pain is essential. Traditionally, investigators and clinicians have 

used disability instruments based on test-level psychometrics such as reliability (38,90). 

However the reliability values which are widely accepted as a criterion for good measurements 

varies from sample to sample (90, 91). That is, reliability values obtained with one sample are 

not necessarily reflective of reliability values from other samples. In addition, test scores 



27 

obtained from disability measures are always dependent on selection of assessment tasks from 

the underlying construct being measured. These scores will exhibit lower scores on difficult tests 

and higher scores on easy tests, while the respondents’ ability remains the same. Moreover, 

existing conventional instruments frequently exhibit inadequate breadth for the wide range of 

underlying construct because these are developed to target the average persons for whom the 

instruments are designed (28). Along with the breadth of measurement, these instruments also 

often show a lack of precision in which the items of the instruments do not closely match to the 

ability of individuals. For example, this precision problem may appear when “lifting 25 pounds 

weight” item (i.e., difficult item) is administered to individuals of low ability who cannot 

perform “lifting 1 pound weight” item (i.e., easy item) or  when an easy item is administered to 

individuals of high ability. Similarly, it may happen when an easy test is administered to 

individuals of high ability or a difficult test is administered to individuals of low ability. 

The ICF Activity Measure (ICFAM) was developed to create an efficient and precise 

measurement system based on the activity dimension of International Classification of 

Functioning, Disability and Health (ICF). The ICF by World Health Organization (WHO) 

provided the conceptual framework and classification system for developing items used in the 

study. Equiprecise measurement (i.e., measurement across the entire range of a construct) was 

applied to activities involving movement, moving around and daily life tasks as defined by the 

activity dimension of the ICF. By applying Item Response Theory (IRT) and Computer Adaptive 

Testing (CAT) methods, Velozo and colleagues (41) created ICFAM, which is a web-based 

computer adaptive survey system. The administrative core of the instrument allows setting a 

wide range of functions, including initial theta value (i.e., directing the initial question that most 

closely matches the ability level of the respondent) and standard error (i.e., for terminating the 
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test). The questions are targeted to individuals at their ability level requiring only 5-10 questions 

per construct to reach at a final measure of person ability. In addition, immediate results are 

provided to the respondents/clinician in the form of graphs and summary statistics. 

The ICFAM consists of 6 constructs; positioning/transfers, lifting/carrying, fine hand, 

walking/climbing, wheelchair/scooters, and self care activities measuring activity limitations. 

While the ICFAM was designed for individuals with upper extremity deficits, lower extremity 

deficits, spinal cord injury and back pain, the focus of this study is only on back patients. To 

comprehensively cover the extensive activity limitations of chronic back pain population, there 

are three constructs that are particularly relevant to individuals with back pain. We identified the 

ICFAM constructs for this study by two criteria; 1) the most frequently cited as deficit constructs 

for back pain and relevance of activity for individuals with back pain and 2) 

positioning/transfers, lifting/carrying, and walking/moving.  

The purpose of this study is to investigate the item-level measurement qualities of the 

ICFAM with a sample of patients with back pain. Factor analysis and the Rasch model (one -

parameter IRT model) was used to investigate the following measurement qualities of three 

constructs of the ICFAM; 1) unidimensionality, 2) item-level psychometrics, and 3) the 

hierarchical order of item difficulty (hypothetical versus empirical). Unidimensionality refers to 

measuring a single dominant construct even while multiple attributes are being measured 

(39,92). This property is a basic assumption of measurement theory that allows combining the 

items to obtain a total score for an assessment and the validity of interpretations based on a total 

score (93). Rasch analysis was used to scrutinize the data at the item-level including item 

difficulty and rating scale structure. These item parameters are invariant whichever subgroups of 

sample are used (sample-free). Rasch analysis also provides person-item match map, which 
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places both person ability and item difficulties on the same linear continuum. This map can 

reveal ceiling and floor effects and other “gaps” where items difficulty calibrations do not match 

person ability estimates (40). In addition, the person-item match map also can provide insight on 

construct validity (i.e., supporting that “staying in a kneeling position on both knees for 10-20 

minutes” item is more challenging than “staying in a lying position on back for 1 hour” item). A 

hierarchy of item difficulty continuum refers to a possible logical progression in which relevant 

items of a unidimensional construct are arrayed from easy to difficult (93). The empirically 

derived hierarchy of item difficulties based on Rasch analysis can be compared the 

hypothetically derived hierarchy of activities based on Metabolic Equivalent (MET). 

Methods 

Research Participants 

The data used in this study was retrieved from a research that developed the ICFAM 

funded by the National Institute of Disability and Rehabilitation Research (NIDRR). The 

developmental research was approved by the Institutional Review Board of the University of 

Florida (Approved by IRB # 568-2000). Through 1) focus group presentation with test items, 2) 

professional panel consultations, 3) cognitive interviewing, and 4) paper-pencil version filed test 

with 255 items for different diagnostic groups, the study was conducted to develop the ICFAM 

with 264 items measuring activity limitation. Three hundred twelve individuals with 3 diagnostic 

groups (i.e., low back pain, lower extremity, and upper extremity injury) who completed the 

paper-pencil version test were selected for this study. 

Instrumentation 

In effort to capture limitations in activities, the ICFAM was designed with 6 constructs 

(positioning/transfers, gross upper extremity, fine hand, walking/moving, wheelchair/scooters, 

and self care activities). Three constructs (103 total items) of the ICFAM (56 items for 
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positioning/transfer, 27 items for lifting/carrying and 20 items for walking/moving construct) 

were chosen for this study. The three constructs with examples of items are presented in the 

Table 2-1. Items difficulties for the items exemplified for each construct in the Table 2 are listed 

in descending order from the most difficulty to the easiest. Response categories for these items 

consist of four choices; 1) a lot of difficulty, 2) some difficulty, 3) no difficulty, and 4) have not 

done. If participants have not performed the activity for the past 30 days, unable to perform the 

activity, require the help/assistance of another person, or your doctor told you not to do the 

activity, they are instructed to answer ‘have not done’. This response category ‘have not done’ is 

regarded as missing value in the analysis. 

Rasch Rating Scale Model 

Rasch rating scale model is generalization of the dichotomous Rasch model and 

sometimes referred to as the polytomous Rasch model. It was derived by Andrich (1978) (94). 

The Rasch rating scale model can be explained by a probability equation:  ln (Pnik/Pni(k-1)) = Bn– 

Di – Fk . The left side of the equation is the logarithmic function (ln is the natural logarithmic 

which uses e = 2.718 as the base). Pnik is the probability that person n, encountering item i would 

be observed in category k. By taking the probability of passing rating category k (Pnik) divided by 

the probability of passing one less rating category k-1 (Pni(k-1)), it computes the odds ratio of 

passing the rating category from k rated to k-1 level. The log transformation then turns ordinal 

level data into interval level data where the probability of passing the rating scale at the next 

higher level can be a conjoint measurement of the person ability (Bn), item difficulty (Di), and 

the step category between the rating categories Fk. The unit of measurement that results when the 

Rasch model is used to transform raw scores into log odds ratios on a common interval scale is 

the “logits” (95). 
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Data Analysis 

Several studies have shown that dimensionality cannot be determined by solely by fit 

statistics (96,97). Thus prior to the application of Rasch analysis to the items of the ICFAM, 

confirmatory factor analysis (CFA) using MplusTM (Muthén & Muthén, Los Angeles, CA, 

version 4.21) was conducted to determine the goodness of fit of the items to the 3 factor model 

of the ICFAM (n=312). In addition, CFA were conducted to determine a goodness of fit of the 

items to one factor model for the ICFAM and one factor model for each construct of the ICFAM. 

The following criteria were used to determine goodness of fit to the one and multi factor model; 

1) the p-value of chi square > 0.05 indicating a significant fit, 2) comparative fit index (CFI) and 

Tucker-Lewis Index (TLI) 1.0 indicating the closer to 1.0, the better the fit, 3) root mean square 

error of approximations (RMSEA) < 0.06, and 4) weighted root mean square residual (WRMR) 

< 0.01 (98,99). 

Traditionally, exploratory factor analysis (EFA) has been used to explore the possible 

underlying structure of a set of interrelated variable without any preconceived structure on the 

outcome (100). In this study, we conducted EFA on the construct of the ICFAM, if the CFA 

failed to confirm the unidimensionality of each construct to further investigate the potential 

factor structure. EFA was performed using MplusTM (Muthén & Muthén, Los Angeles, CA, 

version 4.21). We used the unweighted least squares method for estimators, varimax rotation 

following the initial factor extraction, and replaced missing data with with mean values. Criteria 

to determine the number of retaining factors were; 1) Kiser’s eigenvalues greater than 1, 2) 

factors accounting for greater than 5% of the variance, and 3) scree test where the slope changes 

substantially in the factor versus eigenvalue graph (101). A criterion of greater than 0.46 was 

used as a significant factor loading (102).  
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Rasch analysis with rating scale model using Winsteps computer program (103, 104) was 

conducted to determine the model fit as well as the item level psychometrics of the ICFAM for 

back pain patients. Rasch model (i.e., one-parameter IRT model) is the most robust of the IRT 

models in which stable and accurate item parameters such as fit statistics could be obtained with 

relatively small sample size (105). The Winsteps program produces goodness of fit statistics for 

each item and person, which were used to identify items that did not fit the unidimensional 

Rasch model. Items with infit and outfit mean square (MnSq) presented greater than 1.4 and 

smaller than 0.6 indicate misfit, which means that the items were responded erratically relative to 

other items (95,106). The erratic pattern of response may indicate that the item might be 

measuring a different construct or the item needs further clarification. Infit means inlier-sensitive 

or information-weighted fit, which is more sensitive to the pattern of responses to items targeted 

on the person, while outfit means outlier sensitive fit, which is more sensitive to the pattern of 

responses to items with difficulty far from a person (107). Rasch analysis also provides point 

measure correlation coefficients as an immediate check that the item-level scoring accords with 

the latent variable. A negative correlations coefficient may indicate reversed survey item. The 

point measure correlations should be > 0.3 or better (108). 

Rasch analysis also provides person separation (SR) values, which identifies whether items 

are effective in separating individuals into distinct ability levels. The SR provides an indication 

of the number of statistically significant strata into meaningful categories (e.g., low, medium, 

and high ability back pain groups). The formula used to calculate is SR = (4Gp+1)/3, where 

“Gp” represents the person separation. Person separation is an index of the sample standard 

deviation in terms of standard error units and person separation reliability (analogous to 
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Cronbach’s α) is the proportion of observed sample variance that is not attributable to 

measurement error (104). 

The item-person map detailing an empirically derived hierarchy produced by Rasch 

analysis was compared a hypothetically derived item difficulty hierarchy based on Metabolic 

Equivalents (METs). The MET system provides the energy cost of physical activities as 

multiples of resting metabolic rate (RMR) (109-112). Although there is an evidence that the 

MET may be inaccurate in estimating energy expenditure for people of different body weights 

and fat percentages, it is a universally accepted concept to express energy expenditure for 

various physical activities (112). In addition, the American College of Sports Medicine has 

recently defined light, moderate, and vigorous physical activity based on specific MET levels 

(113). The MET system is used by many researchers and clinicians to identify and prescribe 

physical activities. For items with no corresponding MET values, estimates were determined by 

inspecting values for similar activities. For example, since there was no exact matching MET 

value for the item  “walking on carpeting”  as estimate value was determined by  examining the 

value for a similar activity “household walking”, which has a MET value of 2.0. This 

hypothetical hierarchy based on MET values was compared to the empirical hierarchy of item 

difficulty of the short forms was determined with the Rasch analysis. Rasch analysis provides 

item difficulty estimates in logits.  The order of difficulty of items based on these estimates was 

compared to the hypothetical hierarchy based on MET values. Support for the hypothetical 

hierarchy might be found if “staying in a kneeling position on both knees for 10-20 minutes”, a 

higher MET value activity, also has a higher logits value than “staying in a lying position on 

back for 1 hour”, a lower MET value activity. Additionally, the comparison of item difficulty 
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and person ability (i.e., item-person map) can be used to determine whether or not the items of 

each construct cover the range of person ability (i.e., no gaps, ceiling or floor effects). 

Results 

The demographic and clinical features of two groups of the study participants are presented 

in Table 2-2. The three diagnostic groups include low back pain (n=101), lower extremity 

(n=108), and upper extremity impairment groups (n=103). The average age is 50±17.6 and 

48±17.3 years for the combined and back pain group, respectively. Almost one third of the back 

pain group reported having the problem (i.e., back pain) for more than a year suggesting a 

chronic condition. 

The results of the CFA failed to confirm the three constructs of the ICFAM. Table 2-3 

represents the five indices for the three factor model of the ICFAM. None of five indices for 

goodness of fit test reached the criteria of model fit, while only Tucker-Lewis Index (TLI) was 

approximate to its criterion (0.907)  

Positioning/Transfer Construct 

CFA did not confirm one factor model for positioning/transfer constructs (Table 2-3). 

None of the indices for the goodness of fit test reached its criterion. To further explore the factor 

structure of positioning/transfer, exploratory factor analysis (EFA) was conducted (Table 2-4). 

We retained eleven factors based on a criterion of eigenvalue greater than 1, four factors based 

on a criterion of variance greater than 5%, and 3 factors based on a criterion of the scree test. 

These factors accounted for 76%, 60%, and 53% of total variance, respectively. We extracted 4 

factors to further investigate the interpretability of the factor loadings. 

Items loaded onto factors that contained items which appeared to be activities with staying 

in upright position/shifting weight/changing position, staying in seated position/bending/shifting 

weight/changing position, staying lying and standing position, and moving yourself in various 
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positions (factor loadings greater than 0.46 are bolded) (Table 2-5). Most of items loaded onto 

factor 1 (20 of 56 items) and factor 2 (19 of 56 items), while twelve items onto factor 3 and 

eleven items onto factor 4. Of these items, 7 items loaded onto more than one factor (factorial 

complex) while 2 items did not load onto any factors. Items related to “staying in a standing for 

longer than 1 hour, kneeling, and squatting position…..” , “changing position from…..” , and 

“moving yourself…..” had a tendency to load onto factor 1. Items related to “staying seated 

…..”, “shifting weight…..”, and few items of “changing position …..” had tendency to load onto 

factor 2, while “staying in a lying position…..” had a tendency to load onto factor 3. Items of 

“moving yourself into/out of bathtub……” had tendency to load onto factor 4 while “moving 

yourself from mattress/sitting/floor to…..” had tendency to cross load onto factor 1 and factor 4. 

Table 2-8 presents item measures, error, infit/outfit statistics, and point measure correlation 

coefficients for 56 items. The result shows that 54/56 items showed adequate infit/outfit statistics 

and point measure correlations for 56 items; two items slightly exceeded the fit statistics criterion 

of mean square of 1.4. All items exhibited adequate infit/outfit statistics except “lying down 

stomach 2-4 hours” and ” moving into bathtub to take shower” (items presented in bold) (1.44 

/1.41 and 1.49/1.52, respectively). In addition, all 56 items showed adequate point measure 

correlations distributing from 0.32 and 0.73. 

Items of positioning/transfer construct were effective in differentiating individuals with 

chronic back pain into 6 statistically distinct levels of person ability. Person separation index 

(person standard deviation in calibration error units) was 4.52, defining 6.36 statistically 

meaningful levels of disability (person separation ratio). These items also showed good person 

separation reliability (analogous to Cronbach’s α) at 0.95.  
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Table 2-8 also presents the item difficulty hierarchy, which displays the most difficult 

items at the top of table and the easiest item at the bottom. Items least likely to be endorsed with 

a high rating (i.e., the most difficult items) were “kneeling 10-20 minutes” and ”lying stomach 5-

8 hours”, while items most likely to be endorsed with a low rating (i.e., the easiest items) were 

“change position standing to sitting chair” and “shift lying in bed”. That is, these individuals 

with chronic back pain demonstrated greater difficulties in maintaining postures for a prolonged 

time (i.e., “lying on stomach 5-8 hours” items was at 1.49 logits) than shifting or changing 

postures (i.e., “changing position squatting to standing” and “shifting lying in bed items” were at 

0.43 and -1.69 logits, respectively). Item difficulty calibrations match person ability measures 

fairly well on Positioning/transfer construct (Figure 2-1). The items of each construct at their 

average measure are listed to the right side of each map, with the easiest items at the bottom of 

map and the most difficult items at the top. “M” to the left/right of the vertical lines represents 

the average person measure and item measure, respectively, while “S” and “T” to the vertical 

line represents 1 and 2 standard deviation, respectively. The map showed a relative normal 

distribution of individual abilities ranging between-2.0 and 4.0 logits. The person ability 

distribution also showed no apparent ceiling or floor effects. The average item difficulty and 

average person ability were virtually identical with item difficulty 0.06 ±0.93 logits lower than 

average person ability. 

A hypothetically derived hierarchy of activity based on MET values (33,37,39) is 

compared with an empirically derived hierarchy of item difficulty. Empirical evidence based on 

Rasch analysis did not support the difficulty hierarchy based on MET levels. As energy cost 

measure of physical activities, MET level for “lying down on back 5-8 hours” item is 1.0 MET, 

while “changing standing to sitting in chair” item is 2.0METs. In our empirical hierarchy of item 
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difficulty, “lying down on back 5-8 hours” item was one of the most difficult items and 

“changing standing to sitting in chair” item was the easiest item for the individuals with chronic 

back pain (see Figure 2-1). 

Lifting/Carrying Construct 

The result of the CFA did not confirm one factor model for lifting/carrying construct 

(Table 2-3). None of indices for the goodness of fit test reached the criteria, while only Tucker-

Lewis Index (TLI) was approximate to its criterion (0.932). To further explore the factor 

structure of Lifting/carrying construct, EFA was conducted. We retained six factors based on a 

criterion of eigenvalue greater than 1, four factors based on a criterion of variance greater than 

5%, and three factors based on a criterion of scree test (Table 2-4). These factors based on each 

criterion accounted for 78%, 69%, and 54% of total variance, respectively. We extracted four 

factors to further investigate the interpretability of the factor loadings. 

Items loaded onto factors that contained items which appeared to be activities with lifting 

light objects, lifting heavy objects, carrying/pushing/pulling, and carrying infants/toddler (Table 

2-6). Items loaded onto factor 1 (9 of 27 items), factor 2 (8 of 27 items), factor 3 (8 of 27 items) 

and factor 4 (6 of 27 items). Four items loaded onto more than one factor (factorial complex). 

Items of lifting objects 10 pounds or heavier had tendency to load onto factor 1. Items of 

carrying 5 to 10 pounds for 25 feet and pulling and pushing had tendency to load onto factor 2. 

Items of lifting objects 5 pounds or less had tendency to load onto factor 3, while items of 

carrying 10 pounds up/down stairs and infants/toddlers had tendency to load onto factor 4. 

Table 2-9 presents item measures, error, infit/outfit statistics, and point measure 

correlations for 27 items. Twenty of twenty-seven items showed an acceptable infit/outfit with 

seven items with slightly high infit/oufit statistics (carrying toddler on shoulders, on back, and on 

hip, carrying infant in arm, carrying 10 pounds up/down one flight of stairs, pushing a shopping 
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cart, and carrying one pound 25 feet) and one item with low infit/outfit statistics (lifting 10 

pounds waist to shoulder). The item “carrying infants in arm” item significantly misfit on both 

infit/outfit criteria (presented in bold) (1.95 and 1.89). In addition, all 27 items showed adequate 

point measure correlations distributing from 0.40 to 0.79. 

Items of lifting/carrying construct are effective in differentiating individuals with back pain 

into 5 statistically distinct levels of person ability. Person separation index was 3.67, defining 

5.23 statistically meaningful levels of disability. These items also showed good person separation 

reliability (Cronbach’s α), which was 0.93.  

Table 2-8 presents the item difficulty hierarchy of lifting/carrying construct. The least 

likely items to be endorsed with high rating (i.e., the most difficult item) were “carrying toddler 

on the shoulder” and “carrying toddlers on back” with similar item difficulty calibrations (2.82 

and 2.73 logits, respectively). In addition, items most likely to be endorsed with low rating (i.e., 

the easiest items) were “pulling open refrigerator door” and “carrying 1 pound for 25 feet” (-2.99 

and – 2.15 logits, respectively). That is, individuals with back pain are more likely to have 

difficulties with carrying toddler related activities than pulling related activities. 

Item difficulty calibrations matched person ability measures fairly well on lifting/carrying 

construct (Figure 2-2). The item-person map shows a relative normal distribution of individual 

abilities ranging from -3.0 and 5.0 logits. The person ability distribution also showed no apparent 

ceiling or floor effects. The average item difficulty was 0.31±1.31 logits lower than average 

person ability. 

Empirical evidence based on Rasch analysis supported the difficulty hierarchy based on 

MET levels. Since only a few items of lifting/carrying construct correspond to activities of MET 

level, we attempted detailing the comparisons with estimated values. The estimated MET level 
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for “lifting 25 pounds shoulder to above head”,” lifting 25 pounds floor to waist”, and “carrying 

25 pounds for 25 feet” was about 3.0 METs.  The item of “pulling wet laundry out from washing 

machine” item was estimated at about 2.0 METs. In our empirical hierarchy of item difficulty, 

the above 3 items of lifting/carrying construct were among the difficult items and pulling wet 

laundry out from washing machine” item was among easy items for the individuals with back 

pain. 

Walking/Moving Construct 

The result of the CFA only partially confirmed the one factor model for walking/moving 

construct (Table 2-3). Comparative Fit Index (CFI) and Tucker-Lewis Index (TLI) of the indices 

were marginally adequate (0.960 and 0.978, respectively). To further explore the factor structure 

of lifting/carrying construct, EFA was conducted. We retained three factors based on a criterion 

of eigenvalue greater than 1, three factors based on a criterion of variance greater than 5%, and 

two factors based on a criterion of scree test (Table 2-4). These factors based on each criterion 

accounted for 70%, 65%, and 54% of total variance, respectively. Based on these results, we 

extracted three factors to further investigate the interpretability of the factor loadings. 

Most items loaded onto factors that contained items which appeared to be activities with 

walking/stepping, climbing/walking, and climbing/running/jogging (Table 2-7). Ten items 

loaded onto factor 1; a 6 items had tendency to load onto factor 2 and 5 items loaded onto factor 

3. Walking related items except “walking one mile” item and stepping related items had 

tendency to load onto factor 1. Four climbing related items and two walking-related items had 

tendency to load onto factor 2, while two climbing-related items, running and jogging items had 

tendency to load onto factor 3. Two items (walking 4-8 blocks without stopping and walking one 

mile without stopping) loaded onto more than one factor (factorial complex). 
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Table 2-10 also presents item measures, errors, infit/outfit statistics, and point measure 

correlations for the 20 items. Fifteen items showed an acceptable infit/outfit, while 5 items 

showed high infit/outfit (jogging one mile, running one block, climbing up or down, stepping 

onto or off a bus, and stepping into or out of an elevator). Of these items, “jogging one mile” and 

“running one block” items significantly misfit on both infit/outfit criteria (presented in bold, 

1.56/2.34 and 1.80/2.16, respectively). In addition, all 20 items showed adequate point measure 

correlations distributing from 0.44 to 0.79. 

Items of walking/moving construct were effective in differentiating individuals with back 

pain into almost 5 statistically distinct levels of person ability. Person separation index was 3.44, 

defining 4.92 statistically meaningful levels of disability. These items also showed good person 

separation reliability (Cronbach’s α), which was 0.92. 

Table 2-9 also presents the item difficulty hierarchy of walking/moving construct. Items 

least likely to be endorsed with high rating (i.e., the most difficult item) were “jogging one mile” 

and “running one block” with similar item difficulty calibrations (3.17 and 2.54 logits, 

respectively). In addition, items most likely to be endorsed with low rating (i.e., the easiest 

items) were “walking on grass” and “walking on carpet” -1.92 and -2.38 logits, respectively). 

That is, individuals with back pain are more likely to have difficulties with jogging/running 

related activities than walking on grass/carpet. 

Item difficulty calibrations matched person ability measures fairly well on walking/moving 

construct (Figure 2-2). The item-person map shows a relative normal distribution of individual 

abilities ranging from -3.0 and 5.0 logits. The person ability distribution also showed 8 

individuals in the ceilings but no floor effect. The average item difficulty was 0.43±1.39 logits 

lower than average person ability. 
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Empirical evidence generated by Rasch analysis supports the hypothetically derived 

hierarchy based on MET levels. The hierarchy of walking/running activities for MET system is 

primarily determined by speed (33,37,39), while our empirical hierarchy of item difficulty is 

determined by its conceptual difficulties such as challenges of distance or environments. The 

most challenging items in our empirical hierarchy, such as “jogging one mile” and “running one 

block”, match with the vigorous activity (> 6.0 METs) category in METs. In addition, 

moderately challenging items in our empirical hierarchy, such as most climbing related items, 

matched with moderate activity in METs ranging from 3.0 METs to 6.0 METs. Moreover, the 

least challenging items in our empirical hierarchy clearly match the light activity (< 3.0 METs) 

category in METs. That is, empirically derived item difficulty hierarchy of walking/moving 

construct of the ICFAM is similar to the activity hierarchy of associated MET levels. 

Discussion 

Summary of Result 

While CFA failed to confirm the unidimensionality of the ICFAM for the 

positioning/transfer, lifting/carrying and walking/moving construct, overall, the item level 

psychometrics of the ICFAM showed good measurement qualities as determined by the fit 

statistics, item difficulty hierarchy, and person separation reliability. Since the hypothesized 

single factor structure did not provide a good fit of data, exploratory factor analysis was 

conducted to further investigate the factor structure of three constructs. EFA suggested multi-

factor solution for the three constructs. The majority of the items for each of the three constructs 

fit the Rasch rating scale model. Items of three constructs of the ICFAM were effective in 

separating individuals with back pain into statistically meaningful disability groups. One of the 

three constructs, the walking/moving construct, presented an empirical hierarchy of item 

difficulty that supported the hypothetical hierarchy of activity based on MET values. These 
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findings may implicate that the association between the multifactor models of physical activity 

domain and the empirical hierarchical order of item difficulty needs further investigation. 

Unidimensionality 

CFA failed to confirm the unidimensionality of each construct of the ICFAM. Therefore, 

EFA was used to explore the factor structure of each of the three constructs. The EFA revealed 

four factor solution for positioning/transfer, four factor solution for lifting/carrying, and three 

factor solution for walking/moving construct. Several possible reasons might account for the 

failure to support unidimensionality. First, although all constructs of the ICFAM were 

theoretically generated, they might differ from their practical dimensionality (96,97). A few 

latent traits for each construct were identified by EFA as follows. For positioning/transfer 

construct, EFA showed that there is a tendency to separate the construct into four potential latent 

traits, which could be labeled as 1) staying in upright position (standing, kneeling, and 

squatting)/shifting weight (in kneeling and squatting)/changing position (sitting to kneeling to 

squatting to standing), 2) staying in seated position/bending/shifting weight (in chair and 

standing)/changing position (lying to sit to standing), 3) staying lying and standing position, and 

4) moving yourself in various positions. For lifting/carrying construct, EFA showed that there is 

tendency to separate the construct into four latent traits, which could be labeled as 1) lifting light 

and heavy objects, 2) carrying/pushing/pulling, and 3) carrying infants/toddler. For 

walking/moving construct, EFA showed that there is a tendency to separate the construct into 

three different latent traits, which could be labeled as 1) walking/stepping, 2) climbing/walking, 

and 3) climbing/running/jogging. These findings may suggest that the theoretically generated 

construct of the ICFAM instrument have multidimensional structures. Further investigation 

would be necessary to ascertain the dimensionality.  
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Second, although unidimensionality is a requisite assumption for IRT approaches the 

concept of unidimensionality remains obscure. Reckase (1985) indicates that no measures are 

purely unidimensional (114) and McHorney (2004) states that there is no single test available to 

check the unidimensionality (8). However, in many cases, studies can be justified by applying 

“essential unidimentionality”, which involves minimizing methodological or trivial dimensions 

(115). Box and Draper (1987) state that all models are essentially wrong, but only some of them 

are useful. That is, although a statistical model violates its assumptions, the model may be still 

useful (116). Thus, unidimensionality may be a quantitative ideal that can only be approximated 

(39). Future research should take into account the influence multidimensionality on measuring 

individuals.  That is, how robust are the IRT models to multidimensionality. 

Rasch Model Fit 

In regards to the fit statistics obtained from Rasch analysis, none of items misfit 

significantly except “carrying infant in arms” in the lifting/carrying construct and “jogging one 

mile” and “running one block” in the walking/moving construct. These fit statistics are a 

measure of observed variance over expected variance. For the positioning/transfer construct, all 

items showed adequate infit/outfit statistics and fit to the Rasch rating scale model. For the 

lifting/carrying construct, infit/outfit statistics of “carrying infant in arms” showed that this item 

was showing 95%–89 % more variance than expected. That is, individuals with low disability 

(i.e., high ability) had a tendency to score low or high ratings on the item. Furthermore, 56% - 

73% of the respondents scored the rating of “have not done”, which is the lowest rating. While 

we assumed that “have not done” responses were due to individuals not being able to do a task, 

this may not have been the case for the “carrying infant in arms” item.  The increased variance 

on this item may have resulted from a lack of opportunity to do this task and not due to an ability 

or inability to perform the task.  For the walking/moving construct, infit/outfit statistics of 
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“jogging one mile” and “running one block” were 1.56/2.34 and 1.80/2.16, respectively. Since 

these two items are among the most difficult items, individuals with low disability (i.e., high 

ability) were likely to score either low or high ratings. The bimodal distribution of responses 

might have resulted due to a lack of observations (the middle categories) and lead to the large 

observed variances for this item. Similar to the “carrying infant in arms” item, nearly 73% of 

individuals on “running one block” and 68% of individuals on “running one block” responded 

with the lowest rating (“have not done”).  

The Hierarchy of Item Difficulty Calibration and Physical Activity 

For the constructs of positioning/transfer and lifting/carrying, an empirical evidence of 

hierarchical order of item difficulty based on Rasch analysis did not support the hierarchical 

order of physical activity based on MET values. For the positioning/transfer construct, for 

example, the relevant MET value of “lying down on back 5-8 hours” was 1.0 MET, while 

“changing standing to sitting in chair” was 2.0 METs. That is, “changing standing to sitting in 

chair” would be a more challenging activity than “lying down on back 5-8 hours” in terms of the 

MET value because the changing posture activity would require more energy to perform than the 

lying down activity. However, the opposite order of the hierarchy was found in this study. That 

is, in our item difficulty hierarchy, “lying down on back 5-8 hours” was more challenging item 

than “changing standing to sitting in chair”. This finding reflects a clinical profile of back pain in 

which, in general, maintaining a particular activity is more difficult than changing position. By 

contrast, for the lifting/carrying construct in which individuals with back pain often report 

limitations, there was empirical evidence to support the hypothetical order of activity based on 

METs. The empirical order generated by Rasch analysis was differentiating three items (lifting 

25 pounds shoulder to above head, lifting 25 pounds floor to waist, and carrying 25 pounds for 

25 feet), while relevant the MET values of the three items were the same (i.e., 3 METs). The 
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MET value of “pulling wet laundry out from washing machine” was found as 2.0 METs. This 

item is less challenging than the three items not only in empirical hierarchy but also in the MET 

value. 

As we hypothesized that findings in the item difficulty hierarchy of the walking/moving 

construct was that the empirical hierarchy of item difficulty reflected the hypothesized hierarchy 

of activities based on MET values. In our empirical hierarchy generated through Rasch analysis, 

an individual with low back pain who is having difficulty on average difficulty item such as 

“climbing down one flight of stairs” would be expected to have more difficulty on “climbing up 

or down a 6-foot ladder” (more difficult than “climbing down one flight of stairs”). Similarly, an 

individual with low back pain who is capable of “climbing down one flight of stairs” would be 

expected to be more capable of “step up or down a standard curb” (easier than “climbing down 

one flight of stairs”). This logical pattern is similar to that of hypothetical activity hierarchy 

based on the MET values (33,37,39). That is, the empirical hierarchy of walking related activities 

may correspond to the hypothesized activity hierarchy based on physiological energy 

expenditure using the METs. The similarity of these two hierarchies may allude to areas of 

unexplored research. Future research investigating associations between self report measures and 

physiological measures could be indicated, however, previous studies of this type have 

demonstrated weak correlations between physiological functioning and self report health status 

(8,115). 

Limitations and Future Implications 

Several limitations in the present study include sample size, homogeneity of the sample 

and dimensionality. The sample size was small to perform confirmatory and exploratory factor 

analysis. In order to obtain useful results, studies suggest that the minimum number of subjects 

should be at least five observations per item (117) or the larger of five times the number of 
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variables (118). Since the ICFAM instrument includes 56, 27, 20 items for three construct, 

respectively, a sample size larger than 280 would be recommended. Thus, in the present study, 

we used the combined group consisting of individuals with three different diagnoses to meet the 

criterion because the sample size of back pain group (n=101) was not sufficient for factor 

analysis techniques. These findings may indicate the need for use of multidimensional models to 

adequately describe the dimensionality of physical function. In addition, the present study 

attempted simple comparisons between item difficulty and MET value from the compendium of 

activity. Therefore, there is a need for future studies to investigate the constructs of the ICFAM 

more in detail, particularly a study by measuring the METs on relevant activity for the items of 

the walking/moving construct. 
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Table 2-1.  Examples of items for three constructs of the ICFAM 
Constructs Examples of items Item difficulty  

positioning/ 

transfers 

(56 items) 

1.staying in a kneeling position on both knees for 10-20 
minutes (while making only minor adjustments) 

1.47 

2.staying in a lying position on your back for 5-8 hours (while 
making only minor adjustments) 

1.06 

3.staying in a standing position for 1-2 hours (while making 
only minor adjustments) 

.64 

4. moving yourself out of a bathtub after taking a bath .25 

5.changing position from standing to kneeling .12 

6.bending at the waist while standing for 1-5 minutes (for 
example, reaching for something in the trunk of a car) 

-.25 

7.staying in a lying position on your back for 1 hour (while 
making only minor adjustments) 

-.45 

8.changing position from lying on your back to sitting (for 
example, lying in your bed to sitting on the edge of your bed) 

-.06 

9.changing position from standing to sitting in a chair -1.15 

10.shifting your weight while lying in your bed -1.69 

lifting/ 

carrying 

(27 items) 

1.carrying a toddler on your shoulders 2.84 

2.carrying a toddler on your back (for example, piggyback) 2.69 

3.lifting 25 pounds (for example, large bag of dog food or cat 
litter) from shoulder height to above your head with your 
hand(s)and arm(s) 

1.77 

4.lifting 25 pounds (for example, large bag of dog food or cat 
litter) from floor to waist height with your hand(s)and arm(s) 

1.18 

5.carrying 25 pounds (for example, large bag of dog food or cat 
litter) in your hand(s) and arm(s) 25 feet (for example, from car 
to front door) 

.89 

6.Lifting 10 pounds (for example, bag of groceries or 12-pack 
of soft drinks) from waist height to shoulder height with your 
hand(s)and arm(s) 

.35 

7.lifting 5 pounds (for example, bag of sugar or large telephone 
book) from shoulder height to above your head with your 
hand(s) 

-.31 

8.pulling open a heavy door (for example, 
department/convenience store door) 

-.86 

9.lifting 1 pound (for example, a can of soup) from waist height 
to shoulder height with your hand(s) 

-2.00 

10.pulling open a full-size refrigerator door -2.43 
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Table 2-1.  Continued 
Constructs Examples of items Item difficulty  

walking/ 

climbing 

(20 items) 

1.Running one block 2.51 

2.climbing up or down a 6-foot ladder 1.28 

3.climbing up or down a 3-step stool .65 

4.climbing down one flight of stairs .11 

5.walking 4-8 blocks (about 1/2 mile) without stopping .17 

6.walking 2-4 blocks (about 1/4 mile) without stopping -.43 

7.walking in a crowded place (for example, outdoor 
marketplace, shopping mall) 

-.77 

8.walking within your home/living environment -1.31 

9.stepping up or down a standard curb -1.55 

10.walking on carpeting -2.00 
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Table 2-2.  Demographic information of research participants 

Characteristics 3 Diagnostic Combined 
Group n=312 

Back Pain Group 
n=101 

Age 
 < 20 14     (4.5) 5   (5.0)
 21 – 30  34   (10.9) 12 (11.9)
 31 – 40  42   (13.5) 15 (14.9)
 41 – 50 56   (17.9) 2 (23.8)
 51 – 65  84   (26.9) 19 (18.8)
 > 65 66   (21.2) 20 (19.8)
 Missing 16     (5.1) 6   (5.9)
 Mean ± SD   50.25 ± 17.6   48.14 ± 17.3
Gender  
 Female 159   (51.0) 65 (64.4)
 Male 133   (42.6) 31 (30.7)
 Missing 20     (6.4) 5   (5.0)
Education  
                    Elementary 8    (0.2) 0   (0.0)
 Middle/Junior High 20    (6.2) 3   (3.0)
 High School 131  (42.0) 34 (33.7)
 Technical 25    (8.0) 8   (7.9)
 College 101  (32.2) 33 (32.7)
 Graduate 53  (17.0) 23 (22.8)
Race/Ethnic  
 African American 44   (14.1) 19 (18.8)
 Hispanic American 17     (5.4) 7   (6.9)
 American Indian 1     (0.3) 1   (1.0)
 White, not Hispanic origin 232   (74.4) 68 (67.3)
 Asian/Pacific Islander 5     (1.6) 1   (1.0)
 Other 9     (2.9) 3   (3.0)
 Missing 4     (1.2) 2   (2.0)
Years that has had related problems  
 Less than a year 50  (16.0) 7   (6.9)
 1 through < 4 years 51  (16.4) 20 (19.8)
 More than 4 years 35  (11.3) 59 (58.4)
 Missing 32  (10.3) 15 (14.9)
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Table 2-3.  Demographic information of research participants 
INDICES 

(CRITERION) 
THREE CONSTRUCTS POSITIONING/TRANSFER LIFTING/CARRYING WALKING/MOVING 

3-FACTOR MODEL 1-FACTOR MODEL 1-FACTOR MODEL 1-FACTOR MODEL 
CHI-SQUARE 1814.065 1554.932 936.447 359.304 
DF 128 60 30 24 
P-VALUE (> 0.05) .000 .000 .000 .000 
CFI (> 0.95) .741 .667 .880 .960 
TLI (> 0.95) .907 .872 .932 .978 
RMSEA (< 0.06) .205 .310 .327 .220 
WRMR (< 0.1) 2.994 3.954 4.387 2.842 

 

 

 

Table 2-4.  Number of retaining factors for the ICFAM 
Criteria Positioning/Transfer Lifting/Carrying Walking/Moving 

Eigenvalue ( >1) 11 6 3 
Variance ( >5%) 4 4 3 
Scree test 3 3 2 
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Table 2-5.  Factor structure of positioning/transfer construct following EFA 
POSITIONING/TRANSFER F1 F2 F3 F4 

1) staying in a lying position on your favorite side for 1 hour  .004 .505 .347 .032

2) staying in a lying position on your favorite side for 2-4 hours  .018 .437 .538 .047

3) staying in a lying position on your favorite side for 5-8 hours  .099 .375 .596 .133

4) staying in a lying position on your back for 1 hour  .088 .414 .517 -.037

5) staying in a lying position on your back for 2-4 hours  .131 .320 .676 -.013

6) staying in a lying position on your back for 5-8 hours  .159 .188 .751 .046

7) staying in a lying position on your stomach for 1 hour  .153 -.092 .628 .503

8) staying in a lying position on your stomach for 2-4 hours  .163 -.085 .753 .421

9) staying in a lying position on your stomach for 5-8 hours  .189 -.082 .783 .400

10) staying in a seated position for 10-20 minutes .049 .593 .297 -.140

11) staying in a seated position for 30-60 minutes  .094 .570 .423 -.127

12) staying in a seated position for 1-2 hours  .072 .444 .544 -.070

13) staying in a seated position for 3-4 hours  .113 .246 .651 .053

14) staying in a standing position for 10-20 minutes  .370 .560 .278 -.044

15) staying in a standing position for 30-60 minutes  .446 .417 .362 -.017

16) staying in a standing position for 1-2 hours  .503 .296 .469 .027

17) staying in a standing position for 3-4 hours  .502 .208 .515 .080

18) staying in a kneeling position on both knees for 5-10 minutes  .648 .222 .216 .066

19) staying in a kneeling position on both knees for 10-20 minutes  .661 .119 .305 .088

20) staying in a squatting position for 1-2 minutes .672 .140 .171 .076

21) staying in a squatting position for 3-5 minutes  .634 .077 .267 .051

22) bending at the waist while standing for 1-5 minutes .335 .596 .137 .045

23) bending at the waist while standing for 5-10 minutes .363 .429 .248 .137
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Table 2-5.  Continued 
POSITIONING/TRANSFER F1 F2 F3 F4 

1) shifting your weight while lying in bed .178 .675 .165 .247

2) shifting your weight while sitting in a chair with armrests .166 .712 .064 .192

3) shifting your weight while sitting in a chair without armrests .248 .593 .147 .218

4) shifting your weight while standing .302 .604 .061 .049

5) shifting your weight while kneeling on both knees .751 .203 .092 .176

6) shifting your weight while squatting .808 .179 .088 .195

7) rolling over from your back to your side .118 .677 .165 .211

8) rolling over from your stomach to your side .200 .230 .293 .534

9) changing position from sitting to lying down .096 .739 .119 .153

10) changing position from lying on your back to sitting .136 .731 .169 .174

11) changing position from lying on your side to sitting .135 .723 .146 .234

12) changing position from standing to sitting in a chair .251 .613 .113 .177

13) changing position from sitting in a chair to standing .371 .592 .141 .194

14) changing position from kneeling to sitting on the floor .800 .159 .050 .341

15) changing position from sitting on the floor to kneeling .811 .139 .058 .325

17) changing position from kneeling to standing .824 .217 .102 .147

16) changing position from standing to kneeling .815 .202 .065 .150

18) changing position from squatting to kneeling .836 .104 .012 .308

19) changing position from kneeling to squatting .844 .112 .027 .307

20) changing position from standing to squatting .813 .171 .041 .214

21) changing position from squatting to standing .812 .175 .052 .206

1) while scooting yourself up/back into a chair .129 .567 .006 .385

2) while scooting yourself along a couch .142 .556 .016 .422
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Table 2-5.  Continued 
POSITIONING/TRANSFER F1 F2 F3 F4 

9)  moving yourself from sitting on a chair to sitting on the floor .524 .315 .103 .496

11) moving yourself from a low mattress/futon to the floor .490 .232 .087 .624

10) moving yourself from sitting on the floor to sitting on a chair .534 .328 .117 .518

12) moving from the floor to a low mattress/futon .498 .222 .110 .628

13) moving yourself while sitting on your bed, scooting along the edge of your bed .152 .513 .038 .359

14) moving yourself while lying on your bed, scooting up in your bed .131 .582 .105 .357

15) moving yourself into a bathtub to take a bath .224 .163 .132 .750

16) moving yourself out of a bathtub after taking a bath .241 .157 .153 .740

17) moving yourself into a bathtub to take a shower .248 .239 -.006 .555

18) moving yourself out of a bathtub after taking a shower .256 .248 -.006 .525
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Table 2-6.  Factor structure of lifting/carrying construct following EFA 
LIFTING/CARRYING F1 F2 F3 F4 

1) lifting 1 pound from floor to waist height with your hand(s) .083 .317 .671 .157

2) lifting 1 pound from waist height to shoulder height with your hand(s) .184 .208 .805 .070

3) lifting 1 pound from shoulder height to above your head with your hand(s) .286 .134 .720 .120

4) lifting 5 pounds from floor to waist height with your hand(s) .350 .362 .622 .143

5) lifting 5 pounds from waist height to shoulder height with your hand(s) .526 .291 .625 .050

6) lifting 5 pounds from shoulder height to above your head with your hand(s) .570 .161 .589 .131

7) lifting 10 pounds from floor to waist height with your hand(s) and arm(s)? .566 .371 .429 .212

8) lifting 10 pounds from waist height to shoulder height with your hand(s) and arm(s) .733 .264 .386 .182

9) lifting 10 pounds from shoulder height to above your head with your hand(s) and arm(s) .734 .189 .379 .246

10) lifting 25 pounds from floor to waist height with your hand(s) and arm(s) .721 .315 .160 .267

11) lifting 25 pounds from waist height to shoulder height with your hand(s) and arm(s) .854 .158 .104 .275

12) lifting 25 pounds from shoulder height to above your head with your hand(s) and arm(s) .792 .062 .114 .326

15) carrying 1 pound in your hand(s) 25 feet (for example, from car to front door) -.077 .567 .484 .175

16) carrying 5 pounds in your hand(s) 25 feet .092 .593 .516 .196

17) carrying 10 pounds in your hand(s) and arm(s) 25 feet .338 .584 .338 .264

18) carrying 25 pounds in your hand(s) and arm(s) 25 feet .603 .351 .149 .377

19) carrying 10 pounds (for example, bag of groceries) up one flight of stairs .282 .293 .158 .494

20) carrying 10 pounds (for example, bag of groceries) down one flight of stairs .299 .278 .120 .480

21) carrying an infant cradled in your arms .127 .120 .118 .753

22) carrying a toddler on your hip .172 .082 .126 .785

23) carrying a toddler on your shoulders .200 -.010 .074 .864

24) carrying a toddler on your back (for example, piggyback) .247 -.031 .068 .823

1) pulling open a full-size refrigerator door .073 .550 .177 -.046
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Table 2-6.  Continued 
LIFTING/CARRYING F1 F2 F3 F4 

2) pushing open a heavy door (for example, department/convenience store door) .267 .732 .124 -.008

3) pulling open a heavy door (for example, department/convenience store door) .271 .710 .116 .026

4) pushing a shopping cart .107 .627 .155 .158
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Table 2-7.  Factor structure of walking/moving construct following EFA 

 

WALKING/MOVING F1 F2 F3 

1) walking within your home/living environment .802 .236 .124

2) walking 2-4 blocks (about 1/4 mile) without stopping .662 .416 .271

3) walking 4-8 blocks (about 1/2 mile) without stopping .570 .462 .360

4) walking one mile without stopping .411 .470 .474

5) walking on carpeting .836 .092 .062

6) walking on grass .832 .178 .130

7) walking on gravel .649 .262 .223

8) walking over small obstacles on the floor (for example, toys, shoes) .662 .282 .165

9) walking in a crowded place (for example, outdoor marketplace, shopping mall) .690 .382 .178

1) climbing down one flight of stairs .412 .802 .193

2) climbing up one flight of stairs .388 .787 .231

3) climbing down two flights of stairs .291 .789 .353

4) climbing up two flights of stairs .259 .776 .396

5) climbing up or down a 3-step stool .371 .442 .503

6) climbing up or down a 6-foot ladder .284 .387 .551

7) stepping up or down a standard curb .672 .370 .138

8) stepping onto or off a bus .320 .376 .463

9) stepping into or out of an elevator .499 .250 .165

10) running one block .088 .214 .840

11) jogging one mile .064 .139 .838
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 Table2-8.  Fit statistics for positioning/transfer construct 
Items Measure (Logits) Error Infit MnSq ZSTD Outfit MnSq ZSTD Correlation

kneeling 10-20 minutes                     1.59  .15  .97   -.1  .87   -.6 .61

lying stomach 5-8 hours                    1.49  .14 1.32   2.0 1.36   1.8 .47

lying stomach 2-4 hours                    1.22  .13 1.44   2.8 1.41   2.2 .40

standing 3-4 hours                         1.16  .13  .98   -.1 1.02    .2 .59

lying back 5-8 hours                       1.14  .13 1.02    .2 1.02    .2 .54

lying side 5-8 hours                        .88  .13 1.11    .8 1.14    .9 .47

seated 3-4 hours                            .85  .13  .98   -.1 1.10    .7 .47

change position kneeling to squatting       .82  .13 1.11    .8 1.00    .1 .61

shift squatting                             .81  .13  .95   -.3  .88   -.8 .67

shift kneeling                              .78  .12 1.06    .5 1.00    .0 .61

kneeling 5-10 minutes                       .77  .13 1.21   1.6 1.13    .9 .58

squatting 3-5 minutes                       .74  .12 1.36   2.6 1.33   2.2 .55

change position squatting to kneeling       .71  .12 1.22   1.7 1.14   1.0 .62

standing 1-2 hours                          .67  .12  .82  -1.5  .86  -1.0 .63

moving floor to low mattress/futon          .66  .12  .99   -.1  .94   -.4 .67

moving low mattress/futon to floor?         .61  .12 1.17   1.4 1.06    .5 .69

bending waist 5-10                          .60  .12  .94   -.5  .99    .0 .53

lying stomach 1 hour                        .59  .12 1.47   3.3 1.45   2.9 .47

change position sitting floor to kneeling   .54  .12  .91   -.7  .87   -.9 .66

change position kneeling to standing        .51  .12  .69  -2.7  .66  -2.8 .67

change position kneeling to sitting floor   .45  .12  .94   -.4  .91   -.7 .71
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Table 2-8.  Continued 
Items Measure (Logits) Error Infit MnSq ZSTD Outfit MnSq ZSTD Correlation

change position squatting to standing       .45  .12  .83  -1.4  .79  -1.6 .65

lying back 2-4 hours                        .41  .12 1.03    .3 1.04    .4 .50

moving sitting floor to sitting chair       .38  .12  .74  -2.2  .73  -2.2 .65

moving out bathtub taking a bath            .37  .12 1.35   2.6 1.33   2.3 .54

seated 1-2 hours                            .26  .12  .96   -.3 1.06    .5 .42

lying side 2-4 hours                        .25  .12 1.12   1.0 1.27   1.9 .32

moving into bathtub take bath               .25  .12 1.51   3.7 1.49   3.3 .55

change position standing to squatting       .23  .12 1.01    .1  .94   -.4 .68

squatting 1-2 minutes                       .23  .12 1.40   2.9 1.33   2.3 .58

change position standing to kneeling        .14  .12  .87  -1.0  .83  -1.3 .73

moving sitting chair to sitting floor       .04  .12  .90   -.8  .87  -1.0 .66

standing 30-60 minutes                     -.05  .12  .86  -1.1  .82  -1.4 .58

bending waist 1-5 minutes                  -.15  .12  .83  -1.4  .86  -1.1 .58

rolling stomach to side                    -.22  .12 1.30   2.2 1.32   2.1 .49

lying back 1 hour                          -.37  .13 1.20   1.5 1.33   2.2 .43

moving out bathtub taking a shower         -.40  .13 1.50   3.4 1.51   3.1 .48

seated 30-60 minutes                       -.45  .13  .88   -.8 1.03    .3 .40

moving into bathtub take shower            -.51  .13 1.49   3.2 1.52   3.1 .53

lying side 1 hour                          -.56  .13  .82  -1.3  .80  -1.4 .43

change position lying back to sitting      -.66  .13  .59  -3.5  .65  -2.6 .51

shift sitting chair without armrests       -.80  .13  .94   -.4  .90   -.6 .55
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Table 2-8.  Continued 
Items Measure (Logits) Error Infit MnSq ZSTD Outfit MnSq ZSTD Correlation

moving lying bed, scooting up in bed       -.84  .14  .84  -1.1  .83  -1.0 .50

change position sitting chair to standing  -.85  .14  .47  -4.5  .54  -3.5 .60

change position lying side to sitting      -.85  .14  .57  -3.5  .58  -3.1 .61

rolling back to side                       -.94  .14  .67  -2.5  .75  -1.6 .53

standing 10-20 minutes                    -1.00  .14  .74  -1.9  .71  -1.9 .60

moving sitting bed scooting edge of bed   -1.04  .14 1.09    .6 1.16   1.0 .49

shift lying in bed                        -1.12  .14  .59  -3.1  .58  -2.8 .60

scooting along a couch                    -1.16  .15  .88   -.7  .82  -1.0 .54

change position sitting to lying down     -1.32  .15  .79  -1.4  .81  -1.1 .54

shift while standing                      -1.38  .16 1.11    .7 1.06    .4 .48

scooting up/back into chair               -1.41  .16  .95   -.3  .83   -.9 .58

seated 10-20 minutes                      -1.46  .16  .88   -.7  .96   -.1 .42

shift sitting chair with armrests         -1.46  .16  .60  -2.8  .65  -2.0 .57

change position standing to sitting chair -1.62  .17  .87   -.7  .89   -.5 .50
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Table 2-9.  Fit statistics for lifting/carrying construct 
Items Measure (Logits) Error Infit MnSq ZSTD Outfit MnSq ZSTD Correlation

carrying toddler on shoulders                2.82   .19 1.45    2.0 1.68   1.7   .43

carrying toddler on back                    2.73  .19 1.34   1.6 1.45  1.3  .50

carrying toddler on hip                     1.79  .15 1.56   3.2 1.28  1.2  .56

lifting 25 pounds shoulder to above head    1.74  .15  .84  -1.0  .76 -1.1  .71

carrying infant in arms                     1.62  .14 1.95   5.1 1.89  3.5  .46

lifting 25 pounds waist to shoulder         1.34  .14  .74  -2.0  .75 -1.4  .73

lifting 25 pounds floor to waist            1.19  .13  .70  -2.4  .76 -1.4  .73

carrying 10 pounds down one flight stairs   1.16  .14 1.43   2.7 1.57  2.8  .56

carrying 10 pounds up one flight stairs     1.01  .13 1.26   1.8 1.45  2.4  .59

carrying 25 pounds 25 feet                   .96  .13  .75  -1.9  .72 -1.8  .74

lifting 10 pounds shoulder to above head     .77  .13  .64  -3.0  .60 -2.8  .79

lifting 10 pounds waist to shoulder          .44  .13  .59  -3.6  .56 -3.4  .79

lifting 10 pounds floor to waist             .21  .13  .89   -.8  .86  -.9  .69

lifting 5 pounds shoulder above head        -.18  .13  .89   -.8  .80 -1.2  .70

carrying 10 pounds 25 feet                  -.41  .14  .77  -1.7  .68 -2.0  .72

lifting 5 pounds floor to waist             -.58  .14  .80  -1.5  .85  -.8  .68

lifting 5 pounds waist to shoulder          -.64  .14  .68  -2.4  .63 -2.3  .72

pulling wet laundry out washing machine    -.72  .14  .86   -.9  .91  -.4  .62

lifting 1 pound shoulder to above head     -1.01  .15 1.21   1.3 1.08   .4  .57

pulling open a heavy door                  -1.07  .15  .86   -.9  .85  -.6  .58

lifting 1 pound floor to waist             -1.42  .16 1.13    .8 1.27  1.1  .55
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Table 2-9.  Continued 
Items Measure (Logits) Error Infit MnSq ZSTD Outfit MnSq ZSTD Correlation

pushing open a heavy door                  -1.42  .16  .81  -1.1  .72 -1.2  .61

carrying 5 pounds 25 feet                  -1.47  .16  .76  -1.5  .77  -.9  .62

pushing a shopping cart                    -1.85  .18 1.54   2.5 1.31  1.0  .41

lifting 1 pound waist to shoulder          -1.86  .18  .87   -.6  .69 -1.1  .57

carrying 1 pound 25 feet                   -2.15  .20 1.44   1.9 1.16   .6  .45

pulling open refrigerator door             -2.99  .27 1.00    .1  .72  -.5  .40

 
 
 Table 2-10.  Fit statistics for walking/moving construct 

Items Measure (Logits) Error Infit MnSq ZSTD Outfit MnSq ZSTD Correlation

jogging one mile                            3.17 .21 1.56  2.1 2.34   2.2  .53

running one block                          2.54 .18 1.80  3.4 2.16  2.5  .57

climbing up or down a 6-foot ladder       1.35 .14 1.50  2.9 1.25  1.1  .69

climbing up two flights of stairs           .94 .14  .81 -1.4  .69 -1.6  .78

walking one mile                            .90 .13  .72 -2.1  .71 -1.6  .79

climbing down two flights of stairs         .69 .13  .87  -.9  .76 -1.3  .76

climbing up or down a 3-step stool         .65 .13 1.13   .9 1.03   .2  .72

stepping onto or off a bus                  .60 .13 1.38  2.4 1.49  2.3  .65

walking 4-8 blocks                          .24 .13  .74 -2.0  .70 -1.7  .76

climbing up one flight of stairs            .13 .13  .64 -2.9  .65 -2.0  .76

climbing down one flight of stairs         -.06 .13  .69 -2.4  .68 -1.7  .74

walking 2-4 blocks                         -.36 .14  .79 -1.5  .65 -1.7  .71
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Table 2-10.  Continued 
Items Measure (Logits) Error Infit MnSq ZSTD Outfit MnSq ZSTD Correlation

walking on gravel                          -.69 .14 1.28  1.7 1.38  1.4  .57

walking crowded place                      -.69 .14  .75 -1.7  .62 -1.6  .69

walking small obstacles on floor           -.95 .15 1.16  1.0 1.20   .8  .55

stepping up or down a standard curb      -1.14 .16  .86  -.8  .68 -1.0  .61

stepping into or out of an elevator       -1.49 .17 1.62  2.9 1.38  1.1  .49

walking within home environment    -1.53 .17  .80 -1.1  .66  -.9  .57

walking on grass                          -1.92 .19 1.01   .1  .76  -.5  .49

walking on carpeting                      -2.38 .22  .90  -.3  .72  -.4  .44
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       PERSONS MAP OF ITEMS 
           <more>|<rare> 
    4         X  + 
                 | 
                 | 
                 | 
                 | 
                 | 
                 | 
    3            + 
                 | 
             XX  | 
                 | 
                 | 
                 | 
                 | 
    2            + 
              X T| 
              X  | 
            XXX  |T 
             XX  |  kneeling 10-20 minutes 
             XX  |  lying stomach 5-8 hours 
             XX  | 
    1       XXX S+  lying back 5-8 hours, lying stomach 2-4 hours, seated 3-4 hours, standing 3-4 hours 
           XXXX  |  lying side 5-8 hours 
            XXX  |S change position kneeling to squatting, shift kneeling, shift squatting 
       XXXXXXXX  |  bend waist 5-10,change pos kneel-stand, change pos squat-kneel, kneel 5-10 min, mov fl-low matt, squat 3-5 min, standing 1-2 hrs 
        XXXXXXX  |  change pos sit floor-kneel, change pos squat-stand, lying back 2-4 hrs, lying stomach 1 hr, mov low matt-floor, mov sit fl-sit chair 
             XX  |  change position kneeling to sitting floor, moving out bathtub taking a bath, seated 1-2 hours 
       XXXXXXXX  |  change pos stand-kneeling, change pos stand-squat, lying side 1 hr, lying side 2-4 hrs, mov into bathtub, squat 1-2 min 
    0     XXXXX M+M change position lying back to sitting, moving sitting chair to sitting floor 
       XXXXXXXX  |  standing 30-60 minutes 
         XXXXXX  |  bending waist 1-5 minutes, change position lying side to sitting, rolling stomach to side 
         XXXXXX  |  change posit sit to stand, lying back 1 hr, moving into bathtub for shower, moving out bathtub for shower, roll back to side 
      XXXXXXXXX  | 
             XX  |S seated 30-60 minutes 
          XXXXX S|  change position sitting to lying down, shift sitting chair without armrests 
   -1         X  +  moving lying bed, scooting up in bed, moving sitting bed scooting edge of bed, seated 10-20 minutes 
          XXXXX  |  change position standing to sitting chair, scooting along a couch 
                 |  scooting up/back into chair, shift sitting chair with armrests 
              X  |  shift while standing, standing 10-20 minutes 
                 |T 
              X  |  shift lying in bed 
                T| 
   -2         X  + 
              X  | 
                 | 
              X  | 
                 | 
                 | 
                 | 
   -3            + 
           <less>|<frequ> 
Figure 2-1.  Item-person map of positioning/transfer construct of the ICFAM. Each ‘X’' on the left side of map represents 1 subject, 

with Xs and at the top of map representing individuals with high ability and at the bottom of map representing individuals 
with low ability.  
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                        PERSONS MAP OF ITEMS 
              <more>|<rare> 
    5            X  + 
                    | 
                    | 
                 X  | 
                    | 
                    | 
    4               + 
                    | 
                    | 
                XX  | 
                    | 
                    | 
    3              T+ 
                 X  |T carrying toddler on shoulders 
                    |  carrying toddler on back 
                    | 
               XXX  | 
                    | 
    2           XX  + 
                 X  |  lifting 25 pounds shoulder to above head 
                XX S| 
          XXXXXXXX  |S carrying toddler on hip 
             XXXXX  |  carrying infant in arms, lifting 25 pounds waist to shoulder 
             XXXXX  |  carrying 10 pounds down one flight stairs, lifting 25 pounds floor to waist 
    1          XXX  +  carrying 10 pounds up one flight stairs 
               XXX  |  carrying 25 pounds 25 feet 
              XXXX  |  lifting 10 pounds shoulder to above head 
            XXXXXX  | 
               XXX M|  lifting 10 pounds waist to shoulder 
             XXXXX  | 
    0 XXXXXXXXXXXX  +M lifting 10 pounds floor to waist 
               XXX  | 
                XX  |  lifting 5 pounds shoulder above head 
               XXX  |  carrying 10 pounds 25 feet, pulling open a heavy door 
              XXXX  |  lifting 5 pounds floor to waist 
             XXXXX  |  lifting 5 pounds waist to shoulder, pushing open a heavy door 
   -1          XXX S+  lifting 1 pound shoulder to above head, pulling wet laundry out washing machine 
             XXXXX  | 
               XXX  | 
                 X  |S carrying 5 pounds 25 feet, lifting 1 pound floor to waist 
                    |  pushing a shopping cart 
                    | 
   -2           XX  +  carrying 1 pound 25 feet, lifting 1 pound waist to shoulder 
                    | 
                   T| 
                 X  |  pulling open refrigerator door 
                    | 
                 X  |T 
   -3            X  + 
              <less>|<frequ> 
 
 

Figure 2-2.  Item-person map of lifting/carrying construct of the ICFAM.
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       PERSONS MAP OF ITEMS 
              <more>|<rare> 
    5         XXXX  + 
                    | 
                    | 
                    | 
                    | 
                    | 
    4               + 
                XX  | 
                    | 
                    | 
                    | 
                   T| 
    3           XX  + 
                XX  |  jog one mile (6.0 - 8.0) 
                    |T 
                XX  |  run one block 
                 X  | 
             XXXXX  | 
    2           XX  + 
                 X S| 
               XXX  | 
              XXXX  | 
                XX  |S climb up or down a 6-foot ladder 
             XXXXX  | 
    1            X  +  climb up two flights of stairs 
              XXXX  |  walk one mile 
               XXX  |  climb down two flights of stairs, climb up or down a 3-step stool, step onto or off a bus 
            XXXXXX M| 
               XXX  | 
      XXXXXXXXXXXX  |  climb up one flight of stairs, walk 4-8 blocks 
    0          XXX  +M climb down one flight of stairs 
              XXXX  | 
              XXXX  | 
               XXX  |  walk 2-4 blocks 
                XX  |  walk on gravel 
                 X  |  walk crowded place, walk small obstacles on floor(2.5) 
   -1      XXXXXXX S+ 
              XXXX  |  step into or out of an elevator(2.0) 
                 X  |S walk within home/living environment(2.0) 
                    |  step up or down a standard curb(2.0) 
                 X  | 
               XXX  | 
   -2            X  +  walk on carpeting(2.0), walk on grass(2.0) 
                    | 
                   T| 
                    | 
                    |T 
                    | 
   -3           XX  + 
              <less>|<frequ> 
 

 

Figure 2-3.  Item-person map of walking/moving construct of the ICFAM
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CHAPTER 3 
PRECISION OF THREE SHORT FORMS FOR BACK PAIN 

Introduction 

Fixed short forms have been primarily used in health assessment for the last 30 years to 

achieve “psychometric efficiency” (8,28,35,44-46,55). Shortened instruments with good 

psychometric properties have developed in response to growing demands for reducing test 

administration time, respondent burden, and study costs. Several short forms have evolved from 

generic health measures. For example, the Duke Health Profile-12 and Short Form-36 (SF-36) 

developed from the Medical Outcome Scale (MOS), while the Physical Function-10 (PF-10)/PF-

12 Physical Component Summary (PCS) were generated from the SF-36. Although these 

instruments were originally designed to measure either the overall health status or physical 

function in general populations, they have also been used with back pain populations. 

Additionally, short forms have been developed from condition-specific measures for back pain 

(62), for instance, the 24-item Roland-Morris Disability Questionnaire (RMDQ) (6,7) developed 

from items on the 136-item the Sickness Impact Profile and the 18-item derived its items from 

multiple instruments including the Oswestry Disability Index, the RMDQ, and the PF-10. 

In creating the short form of an assessment, the goal is to select the least number of items 

necessary while maintaining adequate precision in measuring the latent trait (119). That is, the 

major challenge in developing fixed short forms is to achieve psychometric efficiency with fewer 

items without sacrificing measurement precision (8,15,36,44-46). The creation of fixed short 

form has been largely driven by the comprehensiveness and breadth of prior assessment. These 

assessments were particularly burdensome for respondents and test administration. However, 

when the number of items are reduced substantially (as it is often the case), the partial loss of 

measurement precision is inevitable (8). Several studies indicate that balance between 
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comprehensiveness and precision of measurement should be taken into account when developing 

a short form (8,44,46,115). The loss of precision may appear regardless of which items 

investigators eliminate because fewer items would leave more “gaps” in measurement across the 

ranges of person ability. In general, deficits in precision often occur when items do not closely 

match ability level (i.e., disability level). Thus, items should be chosen to match ability in order 

to enhance measurement precision (44, 46).  For example, when an easy test is administered to 

individuals of high ability (i.e., low disability) or a difficult test is administered to individuals of 

low ability (i.e., high disability) measurement precision is insufficient to differentiate the ability 

level of the individuals. Critical questions are to what extent and by what methods can the 

precision of short forms be optimized. 

Traditionally, Classical Test Theory (CTT) methodologies have been used to select items 

from lengthy assessments to create short forms. These methods often include the deletion of 

items with low item-total correlations, least impact on the overall internal consistency of test, and 

low factor loadings (60). Of these methods, Cronabach’s α is one of the most commonly used 

methods for selecting and eliminating items that have the least impact on internal consistency of 

the test. However, copious studies indicate that the values obtained for Cronbach’s α are reliant 

on the particular sample used (sample-dependent) and thus, do not reflect inherent, stable 

property of the test (117, 118, 120, 121). The estimated α that is a property of observed responses 

of a sample cannot be generalized to different samples. In addition, several studies indicate that 

coefficient α could be influenced by many factors such as 1) test length (i.e., longer tests are 

more reliable than shorter ones) (60), 2) test items not well matched to the individuals (i.e., too 

easy or difficult) (122), 3) missing data (60). These methods do not address the importance of 



68 

maintaining items with difficulties that reflect the range of person abilities in the population of 

interest (119). 

In addition to the traditional approach using Cronbach’s α to make item deletion decision, 

Mallinson and colleagues (2004) advocated use of the separation ratio (SR) in item reduction. 

The SR indicates the impact that removing an item or items has on measurement precision. 

Velozo and colleagues (2000) investigated the use of item reduction procedures based on IRT 

methodologies. These researchers recommended deleting items with high/low mean square 

residuals, similar item difficulty calibrations, and substantial influence on person separation. In 

other studies IRT methods, items were selected based on: 1) frequency of administration in 

Computer Adaptive Testing (CAT), high test information, and 3) broad item difficulty coverage.  

The ICF Activity Measure (ICFAM) has recently been developed to create an efficient and 

precise measurement system based on the activity dimension of World Health Organization’s 

(WHO) International Classification of Functioning, Disability and Health (ICF). The ICF 

provided the conceptual framework and classification system for generating the items on the 

ICFAM. Activities involving movement, moving around and daily life activities were the 

subcategories of the ICF activity dimension consulted in the development of items.  Items were 

developed with the intent to represent the entire range of ability on each construct, thus, creating 

an equiprecise measure. Using IRT and Computer Adaptive Testing (CAT) methods, Velozo and 

colleagues (41) created the ICFAM, a web based computer adaptive survey system. The 

administrative core of the instrument allows adjustments to be made to various settings making it 

possible to change, the initial theta value (i.e., difficulty of question first given to respondent) 

and stopping rule (i.e., guidelines for terminating the test). Because questions are targeted to 

individuals at their ability level requiring 5-10 questions per construct are required to reach at a 
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final measure of person ability with acceptable error. In addition, immediate feedback is 

provided to the respondents/clinicians in the form of a graph and summary statistics. 

In the current study, we attempted to develop short forms using IRT methodologies for the 

constructs on the ICFAM that were most relevant to individuals with chronic back pain. The goal 

was to create three efficient short forms while maintaining adequate precision. In contrast to 

several methods of shortening instrument based on CTT, the IRT approach places more focus on 

item- level psychometrics than the test as a whole. In addition, IRT methods do not concentrate 

on estimates of reliability (i.e., Cronbach’s α) as indicators for reliable measurement since these 

statistics are sample-dependent varying from sample to sample. 

The purpose of the present study is twofold. First, we removed items to create three 10-

item short forms, one for each of the applicable constructs (i.e., positioning/transfer, 

lifting/carrying, and walking/moving), which are psychometrically comparable to the entire set 

of items in each construct. Second, we investigated the item level psychometrics and precision of 

these three newly generated short forms using the Rasch rating scale model. 

Method 

Research Participants 

The data used in this study was collected during the development phase of 

ICFmeasure.com.  Funding for the development of ICFAM was obtained from the National 

Institute of Disability and Rehabilitation Research (NIDRR). The study was approved by the 

Institutional Review Board of the University of Florida (Approved by IRB # 568-2000). Stages 

in the development of ICFmeasure.com included: 1) presenting potential items to focus groups, 

2) consulting with a professional panel, 3) cognitive interviewing with individuals with 

disabilities, and 4) a paper-pencil field test.  These stages resulted in the 264 items that make up 
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the ICFAM item bank. Data from the 101 individuals with back pain who completed the paper-

pencil version was analyzed in the current study (Table 3-1). 

Instrumentation 

The ICFAM consists of six constructs: positioning/transfers, lifting/carrying, fine hand, 

walking/climbing, wheelchair/scooters, and self care activities based on the activity dimension of 

the ICF. Three of these constructs are particularly relevant to individuals with back pain, 

positioning/transfer (56 items), lifting/carrying (27 items), and walking/moving (20 items). We 

chose these constructs based on two criteria: 1) most frequently cited problem activities for those 

with back pain, and 2) relevance of activities in the construct to the population of individuals 

with back pain. Our hypothesis was that the 103 items selected would represent three distinct 

latent abilities as divided into subcategories of the ICFAM constructs. 

In an effort to overcome limitations of the CTT-based short form construction procedure, 

the Rasch rating scale model (one-parameter IRT model) was employed. An iterative approach 

was used to identify items that could be eliminated based on four criteria: 1) high mean square, 2) 

low mean square, 3) similar calibrations to other items, and  4) person separation value  (i.e., 

item was retained if analysis with the item removed substantially decreased person separation) 

(45). High or low mean square values indicate that the item may measure a different construct or 

need further clarification to fit the Rasch model. Similar calibrations may indicate redundant 

items. Removal of redundant items (i.e., items having similar calibrations) was considered to be 

appropriate if the range of ability level (i.e., ranges between the most difficult and the easiest 

item) and intervals between items were maintained on the item-person map.  

In addition, after item removal the separation ratio (SR) and person reliability (analogous 

to Cronbach’s α) were examined. If these two values decreased minimally after item removal, 

this was considered as supporting the deletion of the item. Person separation indicates whether 
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items are effectively separating individuals into distinct levels (i.e., discriminating people of 

differing ability). The separation ratio (SR) provides an indication of the number of statistically 

significant strata or categories of ability (e.g., low, medium, and high ability) that the sample is 

being divided into. The formula used to calculate the separation ratio is SR = (4Gp+1)/3, where 

“Gp” represents the person separation value provided by the Winsteps software output. Response 

categories on the ICFAM include four choices with a lower score representing lower level of 

ability: “3” (no difficulty), “2” (some difficulty), “1” (a lot of difficulty), and “0” (have not done).  

This rating scale is used on all three constructs. If the activity did not occur within the last 30 

days, the participant was instructed to select “have not done”. In this study, this rating (i.e., “have 

not done”) was treated as the maximum difficulty rating. This was based on the rationale that the 

most likely explanation as to why an activity was not performed during the last 30 days was due 

to inability to perform the task (123). 

Rasch Rating Scale Model 

The Rasch rating scale model can be explained by a probability equation:  ln (Pnik/Pni(k-1)) 

= Bn – Di – Fk . The left side of the equation is the logarithmic function (ln is the natural 

logarithmic which uses e = 2.718 as the base). Pnik is the probability that person n, encountering 

item i would be observed in category k. By taking the probability of passing a rating category k 

(Pnik) divided by the probability of passing one less rating category k-1 (Pni(k-1)), it computes the 

odds ratio of passing the rating category from the k rated to the k-1 level. The log transformation 

turns ordinal level data into interval level data where the probability of passing the rating scale at 

the next higher level can be a conjoint measurement of the person ability (Bn), item difficulty 

(Di) and the step measure between the rating categories Fk. The unit of measurement that results 

when the Rasch model is used to transform raw scores into log odds ratios on a common interval 

scale is the “logit” (95). 
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Data Analysis 

Using Winsteps software program (103, 104), the Rasch rating scale model was employed 

to determine model fit, as well as, item level psychometrics of the ICFAM was conducted to 

determine the model fit as well as the item level psychometrics of the ICFAM. The Rasch model 

(i.e., one-parameter IRT model) is the most robust of the IRT models. That is, stable and 

accurate item parameters (e.g., fit statistics) can be obtained with a relatively small sample size 

(105). The Winsteps program produces goodness of fit statistics for each item and person. These 

fit statistics are used to identify items that did not fit the unidimensional Rasch model. Infit and 

outfit mean square (MnSq) values greater than 1.4 and smaller than 0.6 indicate misfit indicate 

that the item was responded to erratically relative to other items (i.e., the item “misfits”) 

(95, 106). This type of inconsistent pattern of responses may indicate that the item is measuring a 

different construct or that the item was poorly understood and needs clarification. Infit is inlier-

sensitive or information-weighted fit. This type of fit is more sensitive to the pattern of responses 

to items at a person’s ability level (i.e., those items which an individual has 50% chance of 

passing). Outfit is outlier sensitive fit. In contrast to infit, outfit is more sensitive to the pattern of 

responses to items with difficulty far from a person (107).  

Rasch analysis also provides point measure correlation coefficients as an immediate 

evaluation of response-level scoring. If the item-level scoring accords with the latent variable, 

these correlations will be positive. A negative correlations coefficient might indicate a reverse 

scored item. The point measure correlations are acceptable if they are > 0.3 (108). Rasch analysis 

also produces estimates of person ability and item difficulty. These estimates are on a log odd 

unit (i.e., logit) scale. The average item difficulty is arbitrarily set at "0" logits with positive 

logits indicating higher than average probabilities and negative logits indicating lower than 

average probabilities (95). 
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Rasch analysis also provides person separation, which is an index of the sample standard 

deviation in terms of standard error units and person reliability (analogous to Cronbach’s α), 

which is the proportion of observed sample variance that is not attributable to measurement error 

(104). The separation ratio (SR) values, which allows determining whether items are effective in 

separating individuals into statistically distinct ability levels. The SR provides an indication of 

the number of statistically significant strata into meaningful categories (e.g., low, medium, and 

high ability back pain groups). The formula used to calculate is SR = (4Gp+1)/3, where “Gp” 

represents person separation (124). 

Prior to conducting the Rasch analysis to obtain the item level psychometrics, confirmatory 

factor analysis (CFA) was used to test the unidimensionality of the three short forms. MplusTM 

(Muthén & Muthén, Los Angeles, CA, version 4.21) was used to determine the goodness of fit of 

items to one-factor model of each short form. The following criteria were used to determine the 

goodness of fit to the one factor models; 1) p-value of chi square > 0.05, 2) Comparative Fit 

Index (CFI) and Tucker-Lewis Index (TLI) close to 1.0, 3) root mean square error of 

approximations (RMSEA) < 0.06, and 4) weighted root mean square residual (WRMR) < 0.01 

(98, 99). 

Because a one-factor model was not sufficient, exploratory factor analysis (EFA) was used 

to further investigate the potential factor structure. MplusTM (Muthén & Muthén, Los Angeles, 

CA, version 4.21) was used to conduct EFA. We applied the unweighted least squares method 

for estimators, varimax rotation following the initial factor extraction, and replaced missing 

values with mean values. Criteria to determine the number of factors to retain was 1) Kiser’s 

eigenvalues greater than 1, 2) factors accounting for greater than 5% of total variance, and 3) 
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scree test where the slope changes substantially in the factor versus eigenvalue graph (101). A 

criterion of greater than 0.46 was used to indicate a significant loading on a factor (102).  

Test information function reports the “statistical information” in the data corresponding to 

the complete test. In general, the precision with which a parameter is estimated is measured by 

the variability of the estimates around the value of the parameter. Thus, the variance, symbolized 

σ2 provides a measure of precision of the estimators.  The amount of information, denoted by I, is 

the reciprocal of variance.  

Statistically, when the standard deviation of person ability estimates about the examinee’s 

ability is squared, the term represents the variance and is a measure of the precision with which a 

given ability level can be estimated. From the above explanation, the amount of information at a 

given level is the reciprocal of this variance. If the amount of information is large, it means that 

the person ability may be estimated with high precision at a given ability level and the estimates 

will be close to the true value of ability. If the amount of information is small, it means that the 

person ability may be estimated with low precision and the estimates will be widely scattered 

around the true value of ability. In order to determine how precisely the items on each of the 

short forms estimate person ability across the full range of the construct, the test information 

function was examined. 

Results 

Sample demographic and clinical information is presented in Table 3-1. The average age 

of the sample was 48 years and nearly 80% of participants reported having back pain more than a 

year, indicating it was a chronic condition. A series of Rasch analysis were conducted to develop 

three short forms consisting of ten items from the three constructs of the ICFAM (Table 3-6). 

Figure 3-1, 3-2, and 3-3 present item-person map of each construct of the ICFAM following and 

prior to the item reduction. Each “■” in the right side of map represents the locations of deleted 
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items from original full set of items, while each “X” on the left side of map represents one study 

participant. 

Short Form for Positioning/Transfer 

The items “lying down on stomach 2-4 hours” and “moving into bathtub to take shower” 

items were removed after the first Rasch analysis due to high infit/outfit statistics (1.44/1.41 and 

1.49/1.52, respectively) (Table2-8). After a few iterations of Rasch analysis attempting to 

maintain adequate person separation, ten item were selected from an entire set of 56 items. The 

ten newly developed items for positioning/transfer construct fit the Rasch model. All items 

showed exceptional infit/outfit except one item (moving out from bathtub after taking a bath) 

which had slightly high infit/outfit (1.46/1.41) (Table 3-7). These items also retained moderate 

point measure correlations with values ranging from 0.52 − 0.67 (prior to item reduction range 

was from 0.32 − 0.73). Ten items had a slightly better spread (-2.33 – 3.30 logits) in relation to 

person ability than the entire set of 56 items (-1.96 – 2.87 logits) (Figure 3-1). Item calibrations 

for the ten remaining items were similar to the calibrations before the deletion of 46 items. 

However, person separation decreased considerably from 4.52 to 1.86 (SR decreased from 6.36 

to 2.81). That is, the newly developed short form for the positioning/transfer construct separated 

individuals with back pain into nearly three groups, while the entire set of items separated 

individuals into six groups. Person reliability (analogous to Cronbach’s alpha) of the short form 

was acceptable (0.78 compared to 0.95 with all items). 

A confirmatory factor analysis (CFA) was conducted on the positioning/transfer 10-item 

short form (Table 3-2). An exploratory factor analysis (EFA) was conducted to further 

investigate the factor structure of the construct. This analysis suggested that a three factor 

solution was more appropriate (Table 3-3). We retained three factors based on the Kiser’s 

criterion of eigenvalue greater than 1. These factors accounted for 60% of total variance (the first 
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factor accounting for 36%, the second factor accounting for 13 %, and the third factor accounting 

for 11%). Table 3-3 presents the factor loadings of the ten short form items (factor loadings 

greater than 0.46 are in bold). Four items loaded onto factor 1, four items onto factor 2, and two 

items onto factor 3 (2 of 10 items). One item (staying in a lying position on back for 1 hour) did 

not load onto any factor and one item (bending at the waist while standing for 1-5 minutes) 

loaded onto more than one factor (factorial complex). Items appeared to load onto factors based 

on item difficulty (i.e., easy, moderate, and difficult items). 

The empirical hierarchy of item difficulty was scrutinized with estimated item difficulty 

calibrations, which are expressed in logits with higher positive values indicating a more 

challenging task. Item difficulty calibrations of ten newly developed items for 

positioning/transfer construct followed a logical progression in terms of motor control theory. 

The most challenging item was “kneeling 10-20 minutes” (1.84±0.16 logits), while moderately 

challenging item was “standing 1-2 hours” (0.79±0.13 logits) and the least challenging item was 

“changing position standing to sitting in chair” (-1.88±0.18 logits) (Table 3-7). With respect to 

motor control theory, kneeling tasks would appear to be more difficult than static standing, since 

as kneeling is an unnatural position one could think that balance control would be poorer than 

that found during static standing (125). Similarly, with no doubt, one could easily think that 

static standing 1-2 hours would be more difficult than changing position standing to sitting in 

chair. However, this logical progression of item difficulty did not reflect our hypothetical 

hierarchy of item difficulty based on MET values. 

Figure 3-5 presents test information function of the positioning/transfer construct with the 

entire set of 56 items versus the10-item short form. Following item reduction, the test 

information function of short form moved to the right in comparison to that of its entire set of 
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items. The figure shows that the amount of information in the entire item set reached to its 

maximum (37.77) at a person ability of “0” logits, then decreased rapidly as either the ability 

estimate increased or decreased. With the ten-item short form, the amount of information 

reached to maximum (6.27) at a person ability of -0.15 logits. That is, the entire set of items 

provided the most precise measure of person ability near the center of the ability range, while 

short form provided the most precise measure of person ability at a slightly lower level than the 

center of the ability range. The figure also shows the extent to which item reduction contributes 

to lost test information (i.e., precision) at a particular ability estimate. Precision peaked at -0.49 

and -0.42 logits and decreased rapidly as either the ability estimate increases or decreases. 

Short Form for Lifting/Carrying 

On the first Rasch analysis run (with 27 items) “carrying toddler on shoulder”, “carrying 

infant in arms”, and “carrying 10 pounds down one flight stairs” items had high infit/outfit 

statistics (1.45/1.68, 1.95/1.89, and 1.43/1.57, respectively) and were thus removed (Table 2-9). 

After several iterations of Rasch analysis, attempting to maintain adequate person separation, ten 

item were selected from an entire set of 27 items. The ten items retained to create the 

lifting/carrying short form all conformed to the Rasch model except one item. The item was 

“carrying toddler on back” (infit/outfit =1.90/2.17) (Table 3-8). The item of the short form 

exhibited moderate to high point measure correlations ranging from 0.42 to 0.83, compared to 

the range of the entire set of items, which was 0.40 to 0.79. The ten items of the short form had a 

slightly better spread of person ability (-3.10 to 4.80 logits) than the entire set of items (-2.72 to 

4.30 logits). Item calibrations of the ten-item short form remained relatively stable after the 17 

items were deleted. However, person separation decreased from 3.67 to 2.49 (SR decreased from 

5.23 to 3.65). That is, the 10-item short form for the lifting/carrying construct separated 

individuals with chronic back pain into nearly 4 groups, while the entire set of items separated 
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the individuals into six groups. Person reliability (analogous to Cronbach’s α) for the short form 

was 0.86, compared to 0.93 for all the items. 

A confirmatory factor analysis was conducted on the 10-item short form to test for 

unidimensionality. The one factor model proved to be inadequate (Table 3-2). An exploratory 

factor analysis to further investigate the factor structure suggested that a two factor solution was 

more appropriate (Table 3-4). We retained two factors based on the Kiser criterion of eigenvalue 

greater than one. These two factors accounted for 64% of total variance (the first factor 

accounting for 48% and the second factor accounting for 16%). Table 3-4 presents factor 

loadings of 10 short form items (factor loadings greater than 0.46 are in bold). Five items loaded 

onto factor 1 and six items loaded onto actor 2, while one item (lifting 10 pounds from waist 

height to above your head with your hand) loaded on more than one factor. Items tended to load 

onto factors based on item difficulty with activities involving lifting heavy objects loading onto 

one factor and those involving lifting light objects onto the other factor. 

Figure 3-6 presents the test information function for the lifting/carrying construct with the 

entire set of 27 items versus the 10-item short form. Following the item reduction, the test 

information function is slightly moved to the right in comparisons to the entire set. With the 

entire set of items, the amount of information peaked (12.09) at a person ability of near “0” 

logits, and decreased rapidly as either the ability estimate increased or decreased. That is, the 

entire set of items provided the most precise measure of person ability near the center of the 

ability range, while the short form provided the most precise measure of person ability at a 

slightly higher level than the center of the ability range. The figure also shows to what extent 

item reduction for short form lost test information (i.e., precision) at a particular person ability. 

The removal of 17 items from entire set resulted in considerable loss of measurement precision, 
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which decreased from 12.09 to 4.85 in information. In addition, this loss of precision peaked 

near “0” logits, decreased slightly as the ability estimate increases, and decreased rapidly as 

either the ability estimate increases or decreases. Thus, the entire set of 27 items on the for the 

lifting/carrying construct estimated person ability with greater precision than did the 10-item 

short form, especially near the center of the ability range. 

Short Form for Walking/Moving 

On the first Rasch analysis run (with all 20 items), the items “jogging one mile”, “running 

one block” , and “stepping into or out of elevator” were removed due to high infit/outfit statistics 

(1.54/2.34, 1.80/2.16, and 1.62 for infit, respectively) (Table 2-10). However, after several 

iterations of Rasch analysis, the decision was made to reinstate the item “running one block” to 

the ten candidate item list for short form since there was no item available near the high extreme 

of the ability continuum.  

The ten newly developed items for walking/moving construct fit the Rasch model. All 

items showed exceptional infit/outfit statistics except one item (running one block) with high 

infit/outfit values (2.20/3.97) (Table 3-9). These items exhibited moderate to high point measure 

correlations ranging from 0.46 to 0.78 with the range extending from 0.44 to 0.79 prior to item 

reduction. The ten items of the short form had slightly less spread in person ability (-2.88 to 4.51 

logits) than the entire set of items (-2.59 to 4.86 logits). Item calibrations for the ten items 

remained similar after the deletion of ten items. However, person separation was decreased from 

3.44 to 2.42 (SR decreased from 4.92 to 3.56). That is, the short form for the walking/moving 

construct separated individuals with chronic back pain into three groups, while the entire set of 

items separated the individuals into nearly five groups. Person reliability (analogous to 

Cronbach’s α) for the short forms was .85, decreasing from 0.92 for the entire set of 20 items. 
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A confirmatory factor analysis was conducted on 10-item short form to test for 

unidimensionality. The one factor model was found to be inadequate (Table 3-2). An exploratory 

factor analysis to further investigate factor structure suggested that a two factor solution was 

more appropriate. We retained two factors based on the Kiser criterion of eigenvalue greater than 

one. These factors accounted for 67% of total variance (the first factor accounting for 53% and 

the second factor accounting for 14%). Table 3-5 presents factor loadings for the ten short form 

items (factor loadings greater than 0.46 are in bold). Items loaded onto factors that contained 

items related to difficulty and also type of activity (e.g., walking/stepping and running/climbing).  

Figure 3-7 presents the test information function for the Walking/moving construct with 

entire set of 20 items versus the 10-item short form. Following item reduction, the peak of the 

test information function slightly moved to the right. The figure shows that the amount of 

information with entire set peaked (12.05) at a person ability ranging from -0.49 to -0.42 logits 

and decreased rapidly as either the ability estimate increased or decreased. With the 10-item 

short form, the amount of information peaked (5.75) at a person ability near “0” logits. That is, 

the entire set of items provided the most precise measure of person ability at a slightly lower 

level than the center of the ability range, while short form provided the most precise measure of 

person ability near the center of the ability range.  

In addition, the figure shows to what extent item reduction results in a loss of test 

information (i.e., precision) at a particular person ability. The removal of ten items from the 

entire set resulted in some loss of measurement precision, which decreased from 12.05 to 5.75. 

In addition, this loss of precision peaked at -0.49 and -0.42 logits and decreased rapidly as either 

the ability estimate increased or decreased. Thus, the entire set of 20 items for walking/moving 

construct estimated person ability with greater precision than the 10-item short form near the 
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center of the ability range. Similarly, 10-item short form estimated person ability with less 

precision than did the entire set of 20 items near the center of the ability range. 

Discussion 

Summary of Results 

The purpose of this study was to create three10-item short forms for three constructs on the 

ICFAM and to investigate the item-level psychometric properties of the short forms, as well as, 

unidimensionality and test information function of the three constructs. To create short forms of 

the ICFAM, an item level psychometric investigation was conducted focusing on infit/oufit mean 

square (MnSq), person separation, item-person map, and hierarchical order of item difficulty. 

While item level psychometric findings support the soundness of the short forms and advocate 

their future use, factor analyses failed to support the proposed unidimensional constructs or the 

original 3-factor structure of the ICFAM. Test information functions showed that the entire set of 

items on the ICFAM constructs estimated person ability with greater precision than did the short 

forms near the center of the ability range, while the precisions of both the entire set of items, and 

short form items rapidly decreased as the ability estimate increased or decreased. 

Item Level Psychometrics 

This study demonstrated how IRT methodologies could be used to achieve measurement 

efficiency, reducing items while maintaining adequate precision. Attempts to creating short 

forms for use with individuals with back pain have previously focused on CTT methodologies 

such as internal consistency and test-retest reliability (6, 10, 23, 26, 27, 67, 68, 70-72, 79). In this 

study, we used an IRT approach using Rasch analysis to provide item level information about 

three constructs on the ICFAM. The newly developed short forms showed adequate 

psychometric properties as determined by the infit/outfit statistics, item difficulty calibrations, 

item-person map, and person separation. All items of each short form fit to the Rasch model 
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except one item (i.e., carrying toddler on back) for lifting/carrying and one item (i.e., running 

one block) for walking/moving construct. Since these items were the most challenging items in 

those constructs, these two items were included in order to fill the potential gaps on the high 

extreme of person ability.  

Problematic items were identified with high/low fit statistics, which indicated that the 

items were measuring a different construct or the item needed further clarification. That is, 

individuals with low disability (i.e., high ability) may have tendency to provide low ratings or 

individuals with high disability (i.e., low ability) may have tendency to provide unexpected high 

ratings on these items. These response patterns might have been the result of a lack of 

observations for these items. Rasch analysis also aided item selection by identifying items that 

best capture the range of persons to be estimated and identified gaps where item difficulty 

calibrations did not match person-ability measures. These gaps provide direction in selecting 

items along with item statistics. Thus, in determining whether or not items are equally distributed 

across the full ranges of ability, items are selected based on the person location on the map (i.e., 

in order to assure that items match person abilities). That is, we placed items at or near the 

middle of the scale where average individuals aggregate even though candidate items distributed 

toward both extremes. For example, in the initial modification phase, four items (lying down on 

stomach 2-4 hours, carrying toddler on back, jogging one mile, and running one block) from the 

three constructs were identified due to high fit statistics. By inspecting the item-person map 

(Figure 3-2 and 3-3) revealed that these items were needed to reduce possible ceiling effects as 

no other items remained on the short forms that were as difficult as these items. Of these four 

items, two items (carrying toddler on back and running one block) were later reinstated to the 

short form because of a lack of difficult items to match individuals at the extremes of the scale. 
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It should be noted that we treated a response category ‘have not done’ as the lowest rating 

based on the rationale that the most likely explanation for an activity not occurring was that the 

item could not be performed (123). Thus, we determined that treating the category ‘have not 

done’ as the lowest rating would have been more appropriate. In fact, nearly half (51%) of 

individuals with above average person ability (i.e., high ability) scored the lowest rating on the 

item “carrying toddler on back”, while more than half (60%) of individuals with above average 

person ability scored the lowest rating on the item “running one block”. One plausible 

explanation for this observation is that these respondents might have responded to the absence of 

opportunity on these items (i.e., you can do the activity but have not done so for any reason in 

the last 30 days). In addition, other respondents might have responded to other instructions 

indicating the lowest score (i.e., if you are unable to do the activity or requires the help or 

assistance of another person). 

Unidimensionality of the Short Forms 

The dimensionality of the three 10-item short forms was investigated by confirmatory 

factor analysis (CFA) and exploratory factor analysis (EFA). The results of the CFA and the 

EFA were conclusive as to whether or not one factor model for each short form was plausible. 

Although a one factor accounted for a small percentage of the variance for the 

positioning/transfer short form (> 36%), one factor for the other two short forms accounted for a 

moderate percentage of the variance (> 48% for lifting/carrying and > 53% for walking/moving). 

Based on the Kaiser rule (eigenvalues greater than one considered to be factors), we retained the 

three factors accounting for most of the variance (> 60%) for the positioning/transfer short form, 

two factors for the lifting/carrying short form  64%) and two factors for the walking/moving 

short form (> 67%). These findings may implicate that the theoretically generated construct of 

the ICFAM instrument may have more than one dimension. For the positioning/transfer short 
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form, items failed to show any logical relationship of factors, while an interesting finding noted 

in the EFA of the lifting/carrying and the walking/moving. That is, items appear to group items 

by the hierarchical order of item difficulty. For the lifting/carrying short form, items with high 

item calibrations (i.e., difficult items) had a tendency to load on factor 1, while items with 

moderate/low item calibrations (i.e., moderate/easy items) had a tendency to load on factor 2 

(Table 3-4). Similarly, for the walking/moving short form, items with moderate/low item 

calibrations had a tendency to load on factor 1, while items with moderate/low item calibrations 

had a tendency to load on factor 2 (Table 3-5). The hierarchical factor structure of the 

walking/moving short form replicates similar findings of a factor analysis study of the motor 

scale in the Functional Independence Measure (FIM) (126, 127). That is, the study grouped 

motor scale items by relative energy requirement including ‘low energy’ subscale such as 

grooming or dressing and ‘high energy’ subscale such as locomotion or stair climbing. The 

findings of our study may indicate that dividing each construct into more than one subscale 

would be preferred. 

Person Separation and Person Reliability 

The separation ratio (SR) for the short forms was good separating the samples nearly 3 to 4 

statistically meaningful strata. Relative to the full item banks, the SR value of all three short 

forms considerably decreased, while the most dramatic decrease was for positioning/transfer 

short form. These were unavoidable because such large number of item was removed from the 

entire set of items. Nearly 82% of items for the positioning/transfer, 63% of items for the 

lifting/carrying, and 50% of items for the walking/moving were removed. In addition, person 

reliability (analogous to Cronbach’s α) decreased considerably for the positioning/transfer short 

form, while it slightly decreased for the lifting/carrying and the walking/moving short form. 

Perhaps the reason for this is that the removal of redundant items on the lifting/carrying and 
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walking/moving allowed item removal without loss of internal consistency. Despite the reduction 

of person reliability, the values were still in acceptable ranges (128). 

Constructing fixed short forms is a conventional approach to achieving measurement 

efficiency with fewer items. This reduces the respondent and test administrator burden. Despite 

the loss of precision, fixed short form has been shown to be valid and practical for use in 

outcome measurement (34, 44-46). It is inevitable to sacrifice some precision in the creation of a 

short form. In terms of measurement precision and breadth, several studies have indicated that 

there is a tradeoff or a compromise between measurement precision and breadth in short form 

creation (35, 44-46, 129). In this study, by using Rasch analysis (one-parameter IRT model), we 

were successful in developing short forms that provided an optimal range (i.e., measurement 

breadth) despite loss of precision. That is, we reduced many items to create three 10-item short 

forms, yet captured person ability across the full range of the sample. 

As a measure of precision, the SR is a valuable indicator of whether reducing the number 

of items substantially lowers or maintains the precision with which a short form is measuring the 

ability of sample (119). Separation is defined as the ratio of standard deviation of the sample to 

standard error of measurement (i.e., the root mean square error), while the Cronbach’s α is the 

estimated average correlation of a test with all possible tests of the same length obtained by  

domain sampling. Despite its similarity of the ratio represented by Cronbach’s α, there is a slight 

difference. For the separation, the numerator reflects a property of the sample only and the 

denominator reflects a property of the test only. Thus, the ratio describes the relationship 

between the amounts of variability captured in the sample to the precision. While the SR depends 

on the particular sample being measured, the relationship between the sample and the test is 

apparent. In our study, the back pain sample is nearly three to four times more variable than our 
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short form’s ability to detect the sample’s variability. This indicates that when measuring 

individuals with little variation on the trait of interest, the test will need little error to 

discriminate the differences that exist among these individuals (119). 

Test Information Function 

The statistical meaning of information is defined as the reciprocal of the precision with 

which a parameter could be estimated (130). Thus, when we estimate person ability with 

precision, we would know more about the values of the person ability than if we estimated it 

with less precision. The precision with which person ability is estimated is measured by the 

variability of the estimates around the value of person ability. Therefore, a measure of precision 

is the variance of the estimators (i.e., σ2) and the amount of information at a given ability level is 

the reciprocal of this variance. That is, if the amount of information is large, person ability at a 

particular level can be estimated with precision. Similarly, if the amount of information is small, 

person ability at a particular level cannot be estimated with precision. 

In this study, the test information function (TIF) showed a considerable loss of information 

as the number of items was reduced. As items were eliminated to create the short forms, 

information decreased in the following manner: information decreased about 83% for the 

positioning/transfers construct, about 60% for the lifting/carrying construct, and about 52% for 

the walking/moving construct. These decreases in information reveal that the 

positioning/transfers construct sacrificed more information (83%) than the lifting/carrying and 

walking/moving constructs (60% and 52%). This makes intuitive sense since many more items 

were removed from the original positioning/transfers item bank than from the lifting/carrying 

and walking/moving item banks (46 of 56 items). The peak of the TIF for the positioning/transfer 

short form slightly moved to the left side of the center, while the peak of the TIF for both the 

lifting/carrying and walking/moving short forms slightly moved to the right side of the center. 
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This may suggest that we should have selected items with lower item calibrations (i.e., easier 

items), when we deleted items with similar item calibrations in creating the positioning/transfers 

short form. In fact, the total number of individuals in the ceiling increased from six to eight for 

positioning/transfer constructs following item reduction. By contrast, for the other two constructs 

we should have selected items with higher item calibrations (i.e., more difficult items). However, 

the total number of individuals in the ceiling did not differ before and after item reduction for 

these two constructs. 

Limitations and Future Implications 

There were several limitations in this study. Problematic items with high infit/outfit 

statistics (i.e., “carrying toddler on back” on the lifting/carrying and “running one block” on the 

walking/moving) were reinstated in short forms to avoid ceiling effects. This may be a limitation 

of our short forms despite their adequate breadth. The item level psychometrics indicate that the 

newly created short forms could be improved in future research addressing: 1) replacing 

problematic items, 2) developing items that more adequately fill the gaps in the person ability to 

cover the wider range of ability. In addition, the results of the present study suggest that the short 

forms were multidimensional. These findings may prompt the use of multidimensional models 

with adequate sample sizes to better explain physical activity domains. 

In order to achieve psychometric efficiency, this study showed how Rasch analysis could 

be used to reduce the number of items in an instrument while maintaining adequate psychometric 

properties. The item level psychometrics (e.g., fit statistics, item difficulty calibrations) as well 

as other qualifiers (e.g., Cronbach’s α, person separation) were used to reduce items. Despite the 

use of an item response theory methodology, it is apparent that relative to the entire item banks, 

the short forms showed decrements in measurement precision (28, 35). One way to avoid this 

decrement in measurement precision would be to combine the IRT and computer adaptive testing 
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methodology. By selectively presenting items that are matched to the ability levels of 

respondents, these methodologies may accomplish both measurement efficiency and precision 

(28, 34, 47). 
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 Table 3-1.  Demographic information of research participants 
Characteristics  Individuals with back pain n=101 

Age  
 < 20  5      (5.0) 
 21 – 30   12  (11.9) 
 31 – 40   15  (14.9) 
 41 – 50  24  (23.8) 
 51 – 65   19  (18.8) 
 > 65  20  (19.8) 
 Missing  6    (5.9) 
 Mean ± SD  48.14 ± 17.3 
Gender    
 Female  65  (64.4) 
 Male  31  (30.7) 
 Missing  5    (5.0) 
Education    
                             Elementary  0    (0.0) 
 Middle/Junior High  3    (3.0) 
 High School  34  (33.7) 
 Technical  8    (7.9) 
 College  33  (32.7) 
 Graduate  23  (22.8) 
Race/Ethnic    
 African American  19  (18.8) 
 Hispanic American  7    (6.9) 
 American Indian  1    (1.0) 

 White, not Hispanic 
origin  68  (67.3) 

 Asian/Pacific Islander  1    (1.0) 
 Other  3    (3.0) 
 Missing  2    (2.0) 
Years that has had back pain    
 Less than a year  7    (6.9) 
 1 through < 4 years  20  (19.8) 
 More than 4 years  59  (58.4) 
 Missing  15  (14.9) 
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Table 3-2.  Results of confirmatory factor analysis for short forms of the ICFAM 
Indices Positioning/transfer Lifting/carrying Walking/moving 

Criterion 1-Factor model 1-Factor model 1-Factor model 
Chi-square 1511.670 1380.940 1380.940 
df 31 39 39 
P-Value (> 0.05) 0.000 0.000 0.000 
CFI (1.0) 0.000 0.016 0.026 
TLI (1.0) 0.003 0.016 0.026 
RMSEA (< 0.06) 0.689 0.579 0.576 
WRMR (< 0.1) 6.594 5.728 5.700 
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Table 3-3.  Factor structure of short form for positioning/transfer construct 

 
 
 

Items (difficulty order) F1 F2 F3 

staying in a kneeling position on both knees for 10-20 minutes (while making only minor 
adjustments)? 0.090 0.677 0.342

staying in a lying position on your favorite side for 5-8 hours (while making only minor 
adjustments)? 0.175 0.018 0.858

staying in a standing position for 1-2 hours (while making only minor adjustments)? 0.147 0.378 0.693

moving yourself out of a bathtub after taking a bath? 0.211 0.560 0.134

changing position from standing to kneeling? 0.144 0.761 0.123

bending at the waist while standing for 1-5 minutes (for example, reaching for something in the trunk 
of a car)? 0.488 0.563 0.030

staying in a lying position on your back for 1 hour (while making only minor adjustments)? 

0.319 0.442 0.177

changing position from lying on your back to sitting (for example, lying in your bed to sitting on the 
edge of your bed)? 0.811 0.056 0.289

shifting your weight while lying in bed? 0.769 0.296 0.009

changing position from standing to sitting in a chair? 0.805 0.120 0.150

Percent of total variance accounted for by factors 36% 13% 11% 
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Table 3-4.  Factor structure of short form for lifting/carrying construct 

 
 

Items (difficulty order) F1 F2 

carrying a toddler on your back (for example, piggyback)? 0.636 -0.151

lifting 25 pounds (for example, large bag of dog food or cat litter) from shoulder height to above your head 
with your hand(s) and arm(s)? 0.859 0.223

lifting 25 pounds (for example, large bag of dog food or cat litter) from floor to waist height with your 
hand(s) and arm(s)? 0.806 0.289

carrying 25 pounds (for example, a large bag of dog food or cat litter) in your hand(s) and arm(s) 25 feet? 0.814 0.320

lifting 10 pounds (for example, bag of groceries or 12-pack of soft drinks) from waist height to shoulder 
height with your hand(s) and arm(s)? 0.696 0.488

lifting 5 pounds (for example, bag of sugar or large telephone book) from shoulder height to above your 
head with your hand(s)? 0.429 0.631

pulling wet laundry out of a washing machine? 0.323 0.647

pulling open a heavy door (for example, department/convenience store door)? 0.225 0.727

lifting 1 pound (for example, a can of soup) from waist height to shoulder height with your hand(s)? 0.128 0.747

pulling open a full-size refrigerator door? -0.092 0.790

Percent of total variance accounted for by factors 48% 16% 
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Table 3-5.  Factor structure of short form for walking/moving construct 

     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Items (difficulty order) F1 F2 

running one block? -0.102 0.806

climbing up or down a 6-foot ladder? 0.288 0.793

climbing up or down a 3-step stool? 0.446 0.719

walking 4-8 blocks (about 1/2 mile) without stopping? 0.736 0.429

climbing down one flight of stairs? 0.645 0.399

walking 2-4 blocks (about 1/4 mile) without stopping? 0.827 0.296

walking in a crowded place (for example, outdoor marketplace, shopping mall)? 0.797 0.281

stepping up or down a standard curb? 0.723 0.250

walking within your home/living environment? 0.866 0.000

walking on carpeting? 0.714 -0.068

Percent of total variance accounted for by factors 53% 14% 
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       PERSONS MAP OF ITEMS                                         PERSONS MAP OF ITEMS 
           <more>|<rare>                                                <more>|<rare> 
    4         X  +                                             4           X  + 
                 |                                                            | 
                 |                                                            | 
                 |                                                            | 
                 |                                                            | 
              X  |                                                     | 
                 |                                                            | 
    3            +                                             3              + 
                 |                                                         X  | 
             XX  |                                                         X  | 
                 |                                                            | 
             XX  |                                                            | 
                T|                                                            | 
                 |T                                                           | 
    2        XX  +                                             2             T+ 
                 |  kneeling 10-20 minutes                                 X  | 
             XX  |                                                        XX  |T 
            XXX  |                                                      XXXX  |  kneeling 10-20 minutes 
                 |                                                         X  |  ■ 
          XXXXX S|  lying back 5-8 hours                                  XX  |  ■ 
              X  |S                                                      XXX  |  lying back 5-8 hours, ■ 
    1    XXXXXX  +                                             1        XXXX S+ 
            XXX  |                                                       XXX  |S ■, ■, ■ 
             XX  |  standing 1-2 hours                               XXXXXXX  |  ■, ■, ■, ■, ■, stand 1-2 hrs 
                 |                                                        XX  |  ■, ■, ■, ■, ■ 
       XXXXXXXX  |  moving out bathtub taking a bath                 XXXXXXX  |  ■, ■, ■, move out bathtub bath, ■           
         XXXXXX  |                                                     XXXXX  |  ■, ■, ■, ■, ■ 
       XXXXXXXX M|  change position stand to kneel                    XXXXXX M|  change position stand to kneel 
    0 XXXXXXXXX  +M                                            0      XXXXXX  +M ■, ■ 
                 |  bending waist 1-5 minutes                        XXXXXXX  |  bending waist 1-5 minutes 
        XXXXXXX  |                                                   XXXXXXX  |  ■ 
        XXXXXXX  |  lying back 1 hour                              XXXXXXXXX  |  lying back 1 hour, ■, ■ 
           XXXX  |                                                     XXXXX  |  ■, ■ 
           XXXX  |  change position lying back to sit                   XXXX S|  change position lying back to sit 
                S|                                                        XX  |S ■, ■, ■, ■, ■ 
   -1   XXXXXXX  +                                             -1       XXXX  +  ■, ■, ■ 
          XXXXX  |S                                                       XX  |  ■, shift lying in bed 
              X  |  shift lying in bed                                     X  |  ■ 
                 |                                                         X  |  ■, ■, ■, ■ 
             XX  |                                                            |  change position standing to sit chair 
                 |                                                         X T|T 
                 |  change position stand to sit chair                     X  | 
   -2         X T+                                             -2          X  + 
                 |T                                                           | 
             XX  |                                                            |     
                 |                                                            |     
                 |                                                            |     
                 |                                                            | 
                 |                                                            |  
   -3            +                                             -3             + 
           <less>|<frequ>                                               <less>|<frequ> 

 

Figure 3-1.  Item-person map of positioning/transfer construct of the ICFAM following 10 items removal and prior to 10 item removal.  
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     PERSONS MAP OF ITEMS                                               PERSONS MAP OF ITEMS                                           
         <more>|<rare>                                                      <more>|<rare> 
  6         X  +                                                 6             X  + 
               |                                                                  | 
               |                                                                  | 
            X  |                                                                  | 
            X  |                                                                  | 
  5            +                                                 5                + 
               |                                                                  | 
               |                                                                  | 
            X  |                                                                  | 
               |T                                                              X  | 
  4           T+                                                 4                + 
           XX  |                                                                  | 
               |  carrying toddler on back                                        | 
          XXX  |                                                              XX  | 
               |                                                                  | 
  3            +                                                 3               T+T 
         XXXX  |                                                               X  |  carrying toddler on back, ■ 
         XXXX  |                                                                  | 
               |                                                             XXX  | 
         XXXX S|S lifting 25 pounds shoulder to above head                    XX  | 
  2            +                                                 2             X  + 
         XXXX  |                                                              XX  |  ■, lifting 25 pounds shoulder to above head 
        XXXXX  |  lifting 25 pounds floor to waist                      XXXXXXXX S|S ■ 
          XXX  |                                                           XXXXX  |  ■ 
               |  carrying 25 pounds 25 feet                              XXXXXX  |  ■, lifting 25 pounds floor to waist 
  1     XXXXX  +                                                 1           XXX  +  ■, carrying 25 pounds 25 feet 
       XXXXXX  |                                                            XXXX  |  ■ 
         XXXX M|                                                        XXXXXXXX  | 
            X  |  lifting 10 pounds waist to shoulder                      XXXXX M|  lifting 10 pounds waist to shoulder 
         XXXX  |                                                            XXXX  |  ■ 
  0  XXXXXXXX  +M                                                0 XXXXXXXXXXXXX  +M 
         XXXX  |                                                             XXX  |  lifting 5 pounds shoulder above head 
       XXXXXX  |  lifting 5 pounds shoulder above head                      XXXX  |  ■ 
               |                                                             XXX  |  ■, ■ 
    XXXXXXXXX  |                                                         XXXXXXX S|  pulling wet laundry out washing machine 
 -1   XXXXXXX  +  pulling wet laundry out washing machine       -1        XXXXXX  +  ■, pulling open a heavy door 
           XX S|                                                             XXX  | 
               |  pulling open a heavy door                                    X  |  ■, ■, ■ 
        XXXXX  |                                                                  |S 
           XX  |                                                                  |  lifting 1 pound waist to shoulder, ■ 
 -2            +                                                -2            XX  + 
            X  |S                                                                T|  ■ 
               |  lifting 1 pound waist to shoulder                            X  | 
            X  |                                                               X  | 
               |                                                               X  | 
 -3         X T+                                                -3                +T pulling open refrigerator door 
               |                                                                  | 
           XX  |                                                                  |                        
               |                                                                  | 
               |  pulling open refrigerator door                                  | 
 -4            +                                                -4                + 
         <less>|<frequ>                                                     <less>|<frequ> 

 
Figure 3-2.  Item-person map of lifting/carrying construct of the ICFAM following 10 items removal and prior to 10 item removal.. 
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         PERSONS MAP OF ITEMS                                              PERSONS MAP OF ITEMS 
        <more>|<rare>                                                      <more>|<rare> 
  5   XXXXXX  +                                                  5           XX  + 
              |                                                              XX  | 
              |                                                                  | 
           X  |                                                                  | 
              |                                                                  | 
              |                                                                  | 
  4           +                                                  4               + 
              |                                                                  | 
           X T|                                                              XX  | 
              |                                                                 T| 
              |                                                                  | 
              |T running one block                                               |  ■ 
  3 XXXXXXXX  +                                                  3           XX  + 
              |                                                              XX  |T 
        XXXX  |                                                                  | 
           X  |                                                              XX  |  running one block 
          XX  |                                                              XX  | 
             S|                                                            XXXX  | 
  2  XXXXXXX  +                                                  2           XX S+ 
              |                                                               X  | 
        XXXX  |  climbing up or down a 6-foot ladder                        XXX  | 
              |S                                                           XXXX  | 
              |                                                              XX  |S climbing up or down a 6-foot ladder 
        XXXX  |                                                           XXXXX  | 
  1           +                                                  1            X  +  ■ 
        XXXX  |  climbing up or down a 3-step stool                        XXXX  |  ■ 
       XXXXX  |                                                             XXX  |  ■, climbing up or down a 3-step stool, ■ 
     XXXXXXX M|                                                          XXXXXX M| 
      XXXXXX  |  walking 4-8 blocks                                         XXX  | 
              |                                                    XXXXXXXXXXXX  |  ■, walking 4-8 blocks 
  0   XXXXXX  +M climbing down one flight of stairs              0          XXX  +M climbing down one flight of stairs 
          XX  |                                                              XX  | 
     XXXXXXX  |  walking 2-4 blocks                                         XXX  |  walking 2-4 blocks 
         XXX  |                                                          XXXXXX  | 
         XXX  |  walking crowded place                                       XX  |  walking crowded place, ■ 
         XXX  |                                                               X  | 
 -1     XXXX S+                                                 -1      XXXXXXX S+  ■ 
              |  stepping up or down a standard curb                       XXXX  |  stepping up or down a standard curb 
         XXX  |                                                               X  |S 
          XX  |S                                                                 |  ■, walking within home/living environment 
         XXX  |  walking within home/living environment                    XXXX  | 
              |                                                                  |  ■ 
 -2       XX  +                                                 -2            X  + 
              |                                                                  | 
              |                                                                  |  walking on carpeting 
           X T|  walking on carpeting                                           T| 
              |                                                              XX  | 
           X  |                                                                  |T 
 -3           +                                                 -3               + 
        <less>|<frequ>                                                     <less>|<frequ> 
     

Figure 3-3.  Item-person map of walking/moving construct of the ICFAM following 10 items removal and prior to 10 item removal. 
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Table 3-6.  Short form of the ICFAM 

MAINTAINING A BODY POSITION 
In the last 30 days, how much difficulty have you had staying in the 
following positions (while making only minor adjustments): 

No 
Difficulty 

Some 
Difficulty 

A Lot of 
Difficulty 

Have Not 
Done 

• staying in a lying position on your back for 1 hour?     
• staying in a lying position on your back for 5-8 hours?     
• standing position for 1 – 2 hours?     
• kneeling on both knees for 10 – 20 minutes?     
• bending at the waist while standing for 1-5 minutes (for example, 

reaching for something in the trunk of a car)? 
 

 
   

• shifting your weight while lying in your bed?     
• changing position from lying on your back to sitting (for example, 

lying in your bed to sitting on the edge of your bed)? 
    

• changing position from standing to sitting in a chair?     
• changing position from standing to kneeling?     
• moving yourself out of a bathtub after taking a bath?     

LIFTING AND CARRYING OBJECTS 
In the last 30 days, how much difficulty have you had: No 

Difficulty 
Some 

Difficulty 
A Lot of 
Difficulty 

Have Not 
Done 

• lifting 1 pound (for example, a can of soup) from waist height to 
shoulder height? 

    

• lifting 5 pounds (for example, bag of sugar or large telephone 
book) from shoulder height to above your head? 

    

• lifting 10 pounds (for example, bag of groceries or 12-pack of 
soft drinks) from waist height to shoulder height?       

    

ICF ACTIVITY MEASURE SHORT FORM 
This survey consists of 3 sections of 10 questions you might already been asked to answer or will be asked to answer in our 
computer adaptive testing. Each question will ask you how difficult it has been for you to perform a given activity within the last 30 
days. Please choose the answer that best fits your situation. If you have not performed the activity in question, then check the 'Have 
Not Done' answer. Thank you very much for participating in this study. 
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Table 3-6.  Continued 
In the last 30 days, how much difficulty have you had: No 

Difficulty 
Some 

Difficulty 
A Lot of 
Difficulty 

Have Not 
Done 

• lifting 25 pounds (for example, large bag of dog food or cat 
litter) from floor to waist height? 

    

• lifting 25 pounds (for example, large bag of dog food or cat 
litter) from shoulder height to above your head? 

    

• carrying 25 pounds (for example, large bag of dog food or cat 
litter) 25 feet (for example, from car to front door)? 

    

• carrying a toddler on your back (for example, piggyback)?     
• pulling open a full-size refrigerator door?     
• pulling open a heavy door (for example, department/convenience 

store door)? 
    

• pulling wet laundry out of a washing machine?     

WALKING AND MOVING 
In the last 30 days, how much difficulty have you had: No  

Difficulty 
Some 

Difficulty 
A Lot of 

Difficulty 
Have Not 

Done 
• walking within your home/living environment?     
• walking 2-4 blocks (about 1/4 mile) without stopping?     
• walking 4-8 blocks (about 1/2 mile) without stopping?     
• walking on carpeting?     
• walking in a crowded place (for example, outdoor marketplace, 

shopping mall)? 
    

• climbing down one flight of stairs?     
• climbing up or down a 3-step stool?     
• climbing up or down a 6-foot ladder?     
• stepping up or down a standard curb?     
• running one block?     
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Table 3-7.  Fit statistics for positioning/carrying 

 
 
 
 
Table 3-8.  Fit statistics for lifting/carrying construct 

 
 
 
 

Items Measure (Logits) Error Infit MnSq ZSTD Outfit MnSq ZSTD Correlation
kneeling 10-20 minutes                    1.84 0.16 1.22 1.4 1.11 0.6 0.58
lying back 5-8 hours 1.32 0.14 0.93 -0.5 0.94 -0.3 0.64
standing 1-2 hours    0.79 0.13 0.98 -0.1 1.10 0.7 0.61
moving out bathtub taking a bath  0.44 0.13 1.46 3.2 1.41 2.7 0.61
change position standing to kneeling  0.16 0.13 1.16 1.2 1.13 1.0 0.67
bending waist 1-5 minutes  -0.17 0.13 0.80 -1.5 0.83 -1.2 0.67
lying back 1 hour    -0.43 0.14 1.22 1.6 1.27 1.8 0.52
change position lying back to sitting  -0.76 0.14 0.61 -3.2 0.65 -2.6 0.58
shift lying in bed   -1.30 0.15 0.60 -3.0 0.63 -2.5 0.63
change position standing to sitting chair -1.88 0.18 0.85 -0.9 0.82 -0.9 0.57

Items Measure (Logits) Error Infit MnSq ZSTD Outfit MnSq ZSTD Correlation
carrying toddler on back                 3.58 0.21 1.90 3.7 2.17 2.2 0.49
lifting 25 pounds shoulder to above head 2.25 0.17 0.80 -1.3 0.75 -1.1 0.79
lifting 25 pounds floor to waist         1.51 0.16 0.77 -1.7 0.77 -1.3 0.80
carrying 25 pounds 25 feet               1.20 0.15 0.78 -1.6 0.71 -1.8 0.82
lifting 10 pounds waist to shoulder      0.50 0.15 0.69 -2.5 0.65 -2.5 0.83
lifting 5 pounds shoulder above head     -0.33 0.15 1.15 1.0 0.99 0 0.72
pulling wet laundry out washing mach  -1.02 0.16 1.07 0.5 1.05 0.3 0.65
pulling open a heavy door                -1.45 0.17 0.96 -0.2 1.13 0.5 0.61
lifting 1 pound waist to shoulder        -2.45 0.20 1.06 0.4 0.74 -0.5 0.57
pulling open refrigerator door           -3.78 0.29 1.05 0.3 0.62 -0.2 0.42
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Table 3-9.  Fit statistics for walking/moving construct 

 

 

Items Measure (Logits) Error Infit MnSq ZSTD Outfit MnSq ZSTD Correlation
running one block                       3.16 0.20 2.20 4.4 3.97 4.1 0.56
climbing up or down a 6-foot ladder     1.70 0.15 1.45 2.5 1.19 0.8 0.75
climbing up or down a 3-step stool      0.88 0.14 1.09 0.7 0.91 -0.4 0.77
walking 4-8 blocks                      0.40 0.14 0.73 -2.0 0.73 -1.7 0.78
climbing down one flight of stairs      0.05 0.14 0.99 0 1.24 1.3 0.69
walking 2-4 blocks                      -0.28 0.15 0.64 -2.7 0.58 -2.6 0.76
walking crowded place                   -0.66 0.15 0.67 -2.3 0.58 -2.2 0.72
stepping up or down a standard curb     -1.15 0.17 0.83 -1 0.67 -1.4 0.65
walking within home/living environment  -1.59 0.18 0.70 -1.8 0.59 -1.4 0.62
walking on carpeting                    -2.52 0.23 0.90 -0.4 0.72 -0.5 0.46
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       PERSONS MAP OF ITEMS                          PERSONS MAP OF ITEMS                                 PERSONS MAP OF ITEMS                                  
      (Positioning/Transfer)                         (Lifting/Carrying)                                     (Walking/Moving)           
           <more>|<rare>                                 <more>|<rare>                                       <more>|<rare>                                              
    4         X  +                                6         X  +                                       5   XXXXXX  +                                                    
                 |                                             |                                                   |                                                    
                 |                                             |                                                   |                                                    
                 |                                          X  |                                                X  |                                                    
                 |                                          X  |                                                   |                                                    
              X  |                                5            +                                                   |                                                  
                 |                                             |                                       4           +                                                    
    3            +                                             |                                                   |                                                    
                 |                                          X  |                                                X T|                                                    
             XX  |                                             |T                                                  |                                                    
                 |                                4           T+                                                   |                                                    
             XX  |                                         XX  |                                                   |T running one block (7.0) 
                T|                                             |  carry toddler on back                3 XXXXXXXX  +                                                 
                 |T                                       XXX  |                                                   |                                                    
    2        XX  +                                             |                                             XXXX  |                                                    
                 |  kneeling 10-20 mins           3            +                                                X  |                                                    
             XX  |                                       XXXX  |                                               XX  |                                                    
            XXX  |                                       XXXX  |                                                  S|                                                    
                 |                                             |                                       2  XXXXXXX  +                                                    
          XXXXX S|  lying back 5-8 hrs (1.0)             XXXX S|S lift 25 lb shoulder to head (3.0)                |                                         
              X  |S                               2            +                                             XXXX  |  climb up or down a 6-foot ladder               
    1    XXXXXX  +                                       XXXX  |                                                   |S (3.0–6.0)                                             
            XXX  |                                      XXXXX  |  lift 25 lb floor to waist (3.0)                  |                                             
             XX  |  standing 1-2 hours (1.5)              XXX  |                                             XXXX  |                                                    
                 |                                             |  carry 25 lb 25 feet (3.0)            1           +                                             
       XXXXXXXX  |  moving out bathtub (2.5)      1     XXXXX  +                                             XXXX  |  climb up or down a 3-step stool                
         XXXXXX  |                                     XXXXXX  |                                            XXXXX  |  (3.0-6.0)                                             
       XXXXXXXX M|  change pos stand to kneel            XXXX M|                                          XXXXXXX M|                                                    
    0 XXXXXXXXX  +M                                         X  |  lift 10 lb waist to shoulder             XXXXXX  |  walking 4-8 blocks (3.0-6.0)                         
                 |  bending waist 1-5 mins               XXXX  |                                                   |                                                    
        XXXXXXX  |                                0  XXXXXXXX  +M                                      0   XXXXXX  +M climb down one flight of stairs                
        XXXXXXX  |  lying back 1 hour                    XXXX  |                                               XX  |  (3.0-6.0)                                             
           XXXX  |                                     XXXXXX  |  lift 5 lb shoulder above head           XXXXXXX  |  walking 2-4 blocks                         
           XXXX  |  change lying back to sit                   |                                              XXX  |  (3.0-6.0)                                             
                S|                                  XXXXXXXXX  |                                              XXX  |  walking crowded place                             
   -1   XXXXXXX  +                                1   XXXXXXX  +  pull wet laundry out washing (2.0)          XXX  |  (<3.0)                                        
          XXXXX  |S                                        XX S|                                      -1     XXXX S+                                                    
              X  |  shift lying in bed                         |  pull open a heavy door                           |  step up or down a standard curb            
                 |                                      XXXXX  |                                              XXX  |  (2.0)                                                 
             XX  |                                         XX  |                                               XX  |S                                                   
                 |                                2            +                                              XXX  |  walking within home environment            
                 |  change stand to sit chair (2.0)         X  |S                                                  |  (2.0)                                                 
   -2         X T+                                             |  lift 1 lb waist to shoulder         -2       XX  +                                              
                 |T                                         X  |                                                   |                                                    
             XX  |                                             |                                                   |                                                    
                 |                                3         X T+                                                X T|  walking on carpeting                              
                 |                                             |                                                   |  (2.0)                                                 
                 |                                         XX  |                                                X  |                                                    
                 |                                             |                                      -3           +                                        
   -3            +                                             |  pull open refrigerator door                      
                                                  4            +                                                                                         

Figure 3-4.  Item-person map of three short forms (positioning/transfer, lifting/carrying, and walking/moving) of the ICFAM 
following the item removal.  
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Figure 3-5.  Test information function of short form versus entire set of items for 

positioning/transfer. A dotted line shows short form and a solid line shows entire set 
of item.  

                        

        
Figure 3-6.  Test information function of short form versus entire set of items for lifting/carrying. 

A dotted line shows short form and a solid line shows entire set of item. 
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Figure 3-7.  Test information function short form versus entire set of items for walking/moving. 

A dotted line shows short form and a solid line shows entire set of item.  
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CHAPTER 4 
COMPARISONS OF THE RELATIVE PRECISION OF THREE DIFFERENT TYPE BACK 
PAIN MEASURES: THE ICF ACTIVITY MEASURE (ICFAM) COMPUTER ADAPTIVE 

TEST, ICFAM SHORT FORMS, AND OSWESTRY BACK PAIN DISABILITY 
QUATIONNAIRE 

Introduction 

Many self-report measures have been developed specifically for the back pain population 

due to their several advantages. These advantages include decreasing administration costs, 

reducing respondent burden, and potentially accessing scattered sample (131). Many studies 

suggest that self-report disability measures for back pain are as reliable as performance measures 

(23-25, 32, 40, 70) and appear to be sensitive indicators of long-term outcome (7). In general, 

these self-report disability measures are commonly classified into generic and condition specific 

measures (28, 35). Two generic measures, the Sickness Impact Profile (SIP) (62, 66) and the 

Physical Function scale (PF-10) (62, 66) are the most commonly used assessments with 

individuals reporting back pain. The most extensively utilized condition-specific measures for 

back pain include the Oswestry Back Pain Disability Questionnaire (ODQ), the Roland-Morris 

Disability Questionnaire (RMDQ), and the Quebec Back Pain Disability Scale (QBDS) 

(23, 25, 29, 30, 74, 77, 79, 80, 132). To date, nearly 82 condition specific disability measures for 

back pain have been developed and have been shown to have adequate psychometrics. Of these 

widely accepted disability instruments, the ODQ is regarded as one of the most reliable back 

pain instruments (10, 23-27). 

Apparent advantages of the ODQ over other disability instruments include: 1) strong 

relevance between the condition of back pain and the isolated objective physical measurement 

(e.g., range of motion of back), 2) high responsiveness to functional change due to its rating scale 

with six response categories, 3) ease of administration, and 4) low impact on normal clinic 

operations (3, 13, 23, 24, 29, 30, 73, 74). Many studies have shown that the ODQ and revised 
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versions of it have adequate psychometric properties, such as reliability, validity, and 

responsiveness (3, 13, 23, 24, 29, 30, 73, 74). However, studies have shown that the ODQ may 

lack sensitivity to discriminate between individuals at the high extreme of ability range (i.e., 

ceiling effects) (29, 30), only occasionally being responsive to individuals with severe back pain 

(31, 32). Several studies also indicate that the ODQ is more sensitive for patients who have 

improved but less sensitive for patients whose condition remained unchanged (23, 79). Thus, 

despite its adequate psychometrics, the ODQ may not precisely measure the disability of back 

pain across the full range of ability. 

Deficits in precision may be the result of using items that do not closely match the ability 

of the sample of interest (35). That is, when easy items are administered to individuals with high 

ability (i.e., low disability) and/or difficult items are administered to individuals with low ability 

(i.e., high disability) there is a lack of measurement precision with a resulting inability to 

discriminate among individuals (29, 30). Problems with measurement precision often occur 

conventional instruments with fixed number of item, because it is unrealistic for one instrument 

to include enough items to precisely measure individuals across a wide range of ability. Even 

instruments with excellent breadth may still have inadequate depth of measurement (33). 

Additionally problematic is the fact that long assessments (i.e., those covering a wider range of 

ability level) contain items that appear unnecessary and induce a concern over respondent burden 

and administration costs (36). 

These legitimate concerns prompted the creation of static short forms from full length 

instruments (28, 35). By reducing the number of items on the full instrument, short forms could 

achieve measurement efficiency while addressing concerns related to burden and cost (28, 35). 

Developers of static short forms have attempted to select items that spread across the ability 
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ranges, however, with large reduction in the number of items, loss of precision remains an issue 

(15, 36, 44-46). Creating the “ideal” measure consisting of enough items to cover the full range 

of the trait with adequate precision is challenging when using short forms. Despite the popularity 

and widespread use of short forms developed using Classical Test Theory (CTT), these 

instruments have a number of limitations (37). Item Response Theory (IRT)-based short forms 

can alleviate the limitations by focusing on item level psychometric properties. 

In contrast to CTT, Item Response Theory (IRT) focuses on the psychometric properties of 

the items making up the instrument instead of the instrument as a whole (40, 41). By estimating 

the probability that a respondent will select a particular rating for an item, item difficulty and 

person ability (or disability) can be placed on the same linear continuum. Thus, IRT model 

allows “connecting” individuals’ responses to items with their ability level (40, 42). Estimates of 

person ability (i.e., disability) on an underlying construct obtained using IRT methods are 

invariant regardless of the items used (i.e., test free measurement), whereas under the CTT 

paradigm, person scores vary depending on the difficulty of the instrument (41). Furthermore, 

item difficulty estimates derived from the IRT analyses remain the same regardless of the ability 

of the sample (i.e., sample free measurement), while test statistics in CTT are dependent on the 

sample taking the test. In addition, the IRT models linearly transform raw scores (typically used 

in analyses based on CTT) into equal interval measures (34). These advantages of IRT allow for 

the creation of invariantly calibrated large item banks that can more precisely discriminate 

individuals’ ability levels and thus, capture smaller increments of change. 

While IRT methodologies provide the means for generating and linking person ability and 

item difficulty calibrations, Computer Adaptive Testing (CAT) methods promise a means for 

administrating items in a way that is both efficient and precise  (28, 34, 36, 44-48). Studies have 
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shown that CAT improves test efficiency maintaining adequate precision with fewer items than 

the full test (41, 43, 48, 50, 52, 53, 57-59). CAT measures are highly correlated with other 

assessments intending to measure the same construct and require fewer items (i.e., an average of 

six items needed to reach an ability estimate) (81-84). 

The CAT is based on a testing algorithm which defines iterative processes with a set of 

rules specifying the test questions to be administered to respondents a) This includes procedures 

for item selection, ability estimation, and termination criteria. By selectively administering items 

that are matched to the ability level of the individuals, measurement efficiency can be 

accomplished without the loss of precision provided by the full item bank. For example, when 

measuring the ability of a person with mild back pain, more difficult items would be chosen (i.e., 

matching the ability of the individual).Similarly, when measuring the ability of a person with 

more severe back pain, a different set of items would be chosen that match that individual’s 

severely impaired ability (i.e., easier items would be selected).With this technology, a small 

number of items can be selected from the item bank which are most relevant for a person of a 

particular ability level (34).IRT in combination with CAT has recently become an alternative to 

conventional fixed-format disability measurement (25, 36). 

The ICF Activity Measure (ICFAM) has recently been developed to create an efficient and 

precise measurement system based on the activity dimension of World Health Organization’s 

(WHO) International Classification of Functioning, Disability and Health (ICF). The ICF 

provided the conceptual framework and classification system for generating the items on the 

ICFAM. Activities involving movement, moving around and daily life activities were the 

subcategories of the ICF activity dimension consulted in the development of items. Items were 

developed with the intent to represent the entire range of ability on each construct, thus, creating 
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an equiprecise measurement (i.e., precise measurement across the entire range of the underlying 

construct). Using Item Response Theory (IRT) and Computer Adaptive Testing (CAT) methods, 

Velozo and colleagues (41) created ICFAM, a web based computer adaptive survey system. The 

administrative core of the instrument allows adjusts to be made to various settings making it 

possible to change, the initial theta value (i.e., difficulty of question first given to respondent) 

and stopping rule (i.e., guidelines for terminating the test). Because questions are targeted to 

individuals at their ability level requiring 5-10 questions per construct are required to reach at a 

final measure of person ability with acceptable error. In addition, immediate feedback is 

provided to the respondents/clinicians in the form of a graph and summary statistics.  

We hypothesized that the CAT measures will discriminate more precisely than the short 

forms or the ODQ measures. The purpose of this study is to compare the precision of the person 

measures generated from the ICF activity measure (ICFAM) computer adaptive test, short forms 

of the ICFAM, and to the Oswestry Back Pain Disability Questionnaire (ODQ). 

Method 

Research Participants 

Forty-two individuals with back pain were recruited from rehabilitation clinics in 

Gainesville, Florida including the University of Florida and Shands Orthopaedics and Sports 

Medicine Institute and Shands Rehab Hospital. Forty-two participants without back pain were 

recruited from multiple public sites in Gainesville. Criteria for participants with back pain 

included: 1) currently experiencing back pain, 2) having previously received treatment for back 

pain, 3) ability to read and understand English, and 4) age between 18 and 100 years. The criteria 

for non-back pain participants included: 1) currently experiencing no back pain, 2) able to read 

and understand English, and 3) age between 18 and 100 years. All appropriate clients presenting 

to the recruiting sites between November 3, 2009 and June 30, 2010 were recruited for the back 
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pain group. This study was approved by the Institutional Review Board at the University of 

Florida (Approved by IRB #17-2009). 

Instrumentation 

The Oswestry Low Back Disability Questionnaire (ODQ), a conventional back pain 

disability instrument developed under classical test theory, was one of the instruments used in 

this study (Table 4-1). The ODQ is among the most popular self-report condition specific 

instruments assessing how back pain affects patients’ ability to manage daily life tasks (74). The 

ODQ and its revised versions provide an index of the perceived disability experienced by 

individuals’ with back pain. It consists of ten items including pain intensity, personal care, lifting, 

walking, sitting, standing, sleeping, employment/home-making, and traveling. Participants 

respond on a 5-point ordinal scale (5 = pain does not interfere with activities, 0 = pain so severe 

that activities cannot be performed). The total score (i.e., sum of all item responses) is converted 

to a percentage score ranging from 0 (no disability) to 100 (most severe disability).  Thus, a 

higher score is indicative of a higher level of disability. 

The construction of fixed short forms is a conventional approach to achieving 

measurement efficiency, reducing respondent burden and administration costs (44, 46). Despite 

the loss of some precision, short forms have been shown to be valid and practical for use in order 

to achieve measurement efficiency (34, 44-46). A second measure used consisted of the three 

newly created short forms of the ICFAM (Appendix 2). These short forms were created using 

item response theory methodologies, specifically the Rasch one-parameter IRT model. Each 

short form consists of 10 items which were judged to have adequate psychometrics including fit 

statistics, person separation ratio, and Cronbach’s α. For each of the questions on the short forms, 

respondents select one of four choices with a lower score representing a lower level of ability; “3” 

(no difficulty), “2” (some difficulty), “1” (a lot of difficulty), and “0” (have not done). The 
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participant was instructed to select “have not done”, if the activity did not occur within the last 

30 days. In this study, a rating of “0” (i.e., “have not done”) was treated as missing value. 

In an effort to achieve both psychometric efficiency and precision, the ICF Activity 

Measure (ICFAM) was developed using Item Response Theory (IRT). The World Health 

Organization’s (WHO) International Classification of Functioning, Disability and Health (ICF) 

provided the conceptual framework and classification system for developing items used in the 

study. Specifically, the activity dimension of the ICF including activities involving movement, 

moving around and daily life tasks was utilized as a guide in the item development stage(43). 

The original ICFAM consists of 6 activity constructs: positioning/transfers, lifting/carrying, fine 

hand, walking/climbing, wheelchair/scooters, and self care activities. Constructs for use in this 

study were selected based on the following two criteria: 1) tasks represented by items within the 

construct frequently cited as problematic for individuals with back pain and 2) tasks within the 

construct represent a potential activity limitation for individuals with back pain.  Based on these 

criteria, three relevant constructs were chosen for this study: 1) positioning/transfers, 2) 

lifting/carrying, and 3) walking/moving. For each of the questions on the CAT, respondents are 

asked to select one of four response categories with a lower score representing a lower level of 

ability; “3” (no difficulty), “2” (some difficulty), “1” (a lot of difficulty), and “0” (have not done). 

CAT technology was used to administer items of the ICFAM instrument for each construct. 

Figure 4-1 presents the CAT algorithm used for the ICFAM instrument. First, the CAT begins 

with an initial person ability estimate (Bn) for a particular construct (i.e., positioning/transfer). 

The initial person ability measure is set at the mean person ability of the sample used in the 

preliminary paper-and-pencil field test (during ICFAM development phase). The CAT presents 

an item with a difficulty measure (Di) that is identical or closes to this initial person ability 
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measure. After the initial item is presented and responded to, a new person ability estimate and 

standard error (SE) is generated. The stopping rule for the CAT is pre-set based on the standard 

error associated with a person ability estimate (i.e., SE < 0.40) and the maximum number of 

items administered (i.e., < 10 items).  That is, the test finishes when an individual’s ability is 

estimated with a standard error less than .40 or 10 items have been administered to the individual. 

Since the stopping rule is unlikely to be reached with the presentation of a single item, a second 

item is presented to the respondent. Based on the response, the person ability estimate is re-

calculated. This procedure continues until the SE associated with the person ability estimate is 

less than the pre-set SE, which defines the stopping rule. Once the stopping rule is satisfied, the 

respondent’s final ability measure for that construct is formulated. After completed 

positioning/transfer construct, the next construct (i.e., lifting/carrying and walking/moving 

construct) is presented until the CAT reaches the final ability measure. 

Analysis 

A series of Rasch analyses were performed using Winsteps software program to calculate 

person measures for back pain and non-back pain groups (103). The Rasch model transforms 

total raw scores into estimate of person ability in logits. To maximize the comparability of 

summative scores from the short forms and the ODQ instrument, Rasch scores were linearly 

transformed from the original logit estimates to a 0-100 metric. 

Pearson product moment correlations were obtained to compare the measurement 

properties of CAT (i.e., 10-item stopping rule and standard error less than 0.40), short forms, and 

ODQ. Scatter plots of ability estimates for the CAT versus the short forms and the ODQ measure 

were used to further examine these relationships. 

To examine potential differences in precision across the three measures (i.e., CAT, short 

forms, and ODQ), the method of known-groups validity to test relative precision (RP) in 
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discriminating back pain and non-back pain groups was used. Methods included under the 

general linear model were used to test for hypothesized differences in group mean estimates. The 

magnitude of the F value from the ANOVA represents a measure of precision. F-statistics 

associated with chance probabilities p < 0.05 were considered significant. If the RP ratio is equal 

to 1, both methods of estimating function are equally discriminatory. If the RP >1 the 

measurement method in the numerator is superior in differentiating function compared to method 

in denominator. The greater the F value, the greater the amount of systematic variance a 

measurement method accounts for and, therefore, the greater its ability to discriminate groups of 

subjects. 

Results 

Sample demographic characteristics and clinical information are presented in Table 4-1. 

The average age was 53 years for the back pain group and 48.years for the non-back pain group. 

Nearly 60% of participants reported having back pain more than a year indicating it was a 

chronic condition.  Five percent of the non-back pain participants reported having another pain 

related condition. 

The stopping rule requiring <.40 SE was achieved for each of the respondents before the 

maximum number of questions (10) was reached. Participants in the back pain group answered 

slightly more questions than those in the non-back pain group. For the back pain group, the 

average respondent answered 5.62 questions in the positioning/transfer construct, 6.37 questions 

in the lifting/carrying construct, and 6.25 questions in the walking/moving construct. For non-

back pain group, the average respondent answered 4.64 questions in the positioning/transfer 

construct, 5.12 questions in the lifting/carrying construct, and 5.45 questions in the 

walking/moving construct. The CAT administered more questions for back pain group than non-

back pain group. 
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In order to inspect the linear association between the measures, Pearson product moment 

correlations were calculated. Table 4-2 and 4-3 provide Pearson correlation coefficients between 

the CAT measures, short form measures, and the ODQ measures. Overall, the CAT measures 

had moderate to high correlations with the short form measures and had moderate correlations 

with the ODQ measures. The correlations between the CAT and three short form measures 

among back pain/non-back pain groups were moderate to high (r = 0.805/r = 0.569 for 

positioning/transfer, r = 0.808/r = 0.545 for lifting/carrying, and r = 0.620/r = 0.647 for 

walking/moving). In addition, the correlations between the CAT measures and the ODQ 

measures were slightly lower than between the CAT measures and short form measures. The 

correlations between back pain/non-back pain groups were moderate (r = 0.605/r = 0.037 for 

positioning/transfer, r = 0.530/r = 0.058 for lifting/carrying, and r = 0.594/r = 0.029 for 

walking/moving). All correlations between the CAT and the short form were statistically 

significant at the p < 0.01 level, while all correlations between the CAT and the ODQ measure 

were not statistically significant. 

In an auxiliary investigation of the linear relationships between CAT and the short form 

measures, and CAT and the ODQ measures, each pair of measures were plotted against each 

other (Figure 4-1, 4-2, and 4-3). Scatter plots of the CAT and short form measures clustered 

slightly more around the center of graph than that of the CAT and the ODQ. In addition, the 

ODQ measures were more dispersed in the y-coordinate direction than other measures, while the 

CAT measures clustered into the center of the graph. As noted in Table 4.4, the CAT had 24-32% 

less variance than the short forms and 22-36% less variance than the ODQ while the short form 

had similar levels of variance as the ODQ. Scatter plots of all relationships showed linear 

relationships. Of these plots, the scatter plot of the CAT and short form measures for the 
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positioning/transfer and lifting/carrying construct was the closest to a line (i.e., these measures 

had the highest correlation, r = 0.605 and 0.808). The pattern of scatter plot between the CAT 

versus the short form measures and the ODQ measures was relatively consistent. 

Comparisons of the relative precision (RP) of the two measures to discriminate groups 

differing in back pain are presented in Table 4-4. As was hypothesized, the CAT measure 

achieved almost 2 times greater RP than the short form for the positioning/transfer construct.  

This indicates that the CAT’s ability to discriminate between individuals in the back pain and 

non-back pain groups was twice as effective as the short form’s ability. In addition, the CAT for 

the lifting/carrying construct had 16% greater RP in discriminating the groups than the short 

form, while the CAT for the walking/moving construct had 38% less RP in discriminating the 

groups. Comparison between the CAT and the ODQ measures had a similar pattern to that of the 

CAT and the short form measures. That is, the CAT positioning/transfer construct achieved 116% 

greater RP and the CAT for the lifting/carrying construct had 42% greater RP in discriminating 

the groups than the ODQ measure. The RP ratio for discriminating the groups did not favor the 

CAT measure for the walking/moving construct, showing 16% less precision than the ODQ 

measure. As we hypothesized, in comparison between the short form measures and the ODQ 

measure, short form measure for all constructs had greater RP (6% for positioning/transfer, 22% 

for lifting/carrying, and 35% for walking/moving construct) than the ODQ. 

Discussion 

Summary of Results 

The ODQ and its versions are widely used as outcome measures for disability resulting 

from back pain. They have been extensively cited more than 200 times in the Science Citation 

Index (73). Despite the popularity of the ODQ, numerous studies reveal substantial concerns 

regarding its measurement precision as well as measurement breadth (30,77,132). That is, the 
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ODQ is recommended to use for the assessment of a particular severity group (i.e., high 

disability) due to its floor effects (23). The ODQ also appears to have a “gap” where items do not 

closely match the ability of the sample of interest (80) and lead to deficits in precision. The 

creation of fixed short forms has been a popular method of achieving measurement efficiency 

and reducing respondent burden and administration cost. However, increases in efficiency often 

result in decreases in precision because item reduction leads to inadequate coverage of items 

relevant for all ability levels. We hypothesized that the ICFAM computer adaptive assessment 

would be superior to short form and conventional measures. The purpose of this study was to 

compare the precision of person measures obtained from the CAT, short forms, and the ODQ, a 

conventional back pain instrument. 

Correlations 

Correlations between person measures from the CAT and those from the short forms 

indicate a moderate to high degree of correspondence, while person measures from the CAT and 

the ODQ show a moderate degree of correspondence. The CAT measures showed an acceptable 

range of correlations with short form measures across all three constructs. However, the 

correlations of CAT measure with the ODQ dropped from r ranging from 0.620 to 0.805 to r 

ranging from r = 0.530 to r = 0.605. The CAT and the short form for the lifting/carrying 

construct had the highest correlation (r = 0.808) compared to other two constructs (r = 0.805 for 

the positioning/transfer and r = 0.620 for the walking/moving construct). This could be due to 

the fact that the lifting/carrying construct contains items that are most relevant for individuals 

with back pain. In comparison to the correlation between the CAT and the ODQ, the greater 

correlation between the CAT and the short form is consistent with what we expected. It is 

probably because the short forms were originated from the ICFAM item bank. 
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Relative Precision 

Relative precision (RP) was used to examine whether there are empirical advantages in 

measurement precision using the CAT over the short form and the ODQ as a conventional 

measure. RP is based on the ratio of pair wise F statistics (an index of between-subject 

variability to within-subject variability) of two different measures. The magnitude of the F 

statistics from the ANOVA (analysis of variance) represents a measure of precision. Thus, the 

RP estimates indicate how much more or less precise a measure is relative to another measure 

(11).  

In this study, RP comparisons were conducted using known-groups validity (i.e., back pain 

and non-back pain groups) in discriminating back pain and non-back pain groups. This known-

group validity addresses the extent to which a measure differs as predicted between groups who 

should score low and high on an ability trait. Supportive evidence of know-group validity 

typically is provided by significant differences in mean score across independent samples (133). 

As was hypothesized, the results showed that the CAT measures achieved greater RP in 

discriminating back pain and non-back pain groups than did the short form measures. 

Furthermore, the CAT measures had greater RP in discriminating the groups than did the ODQ 

measures except for with the walking/moving construct. In addition, the short form measures 

outperformed the ODQ in RP. This may indicate that CAT measures outperform short form 

measures and short form measures outperform conventional measures such as the ODQ measure 

in terms of measurement precision. On the other hand, for the walking/moving construct, the 

CAT measure achieved less RP than did the short form measure in discriminating the groups.  

Likewise, the CAT measure also achieved less RP than did the ODQ for this construct. This may 

indicate that the CAT and the short form measure for the walking/moving construct were not 

successful to discriminate individuals with back pain. That is, these individuals appear to be 
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reporting with higher rating (e.g., “no difficulty”) rather than lower rating (e.g., “have not done”) 

on the construct. 

Our results supported the notion that the CAT generally outperformed the short forms 

(44, 46, 58). Previous researchers have found similar results in terms of measurement precision. 

In effort to compare the CAT to conventional lumbar spine functional status (LFS) instruments, 

Hart and colleagues (2006) found that CAT measures produced as precise as the LFS instrument 

for back pain disability (134). Likewise, Haley and colleagues (2004) compared CAT to the 10-

item short forms assessing physical/mobility, personal care/instrumental, and applied cognition 

with three activity item pools consisting of 101 items, 62 items, and 59 items, respectively. The 

results showed that CAT measures were more precise than the 10-item fixed short forms across 

the three constructs of the Activity Measure for Post-Acute Care (AM-PAC). Other than physical 

activity domain, a six-item short form survey for measuring Headache Impact Test (the HIT-TM) 

also showed that the short form was as responsive as the CAT in headache impact. In general, 

the results of the present study are consistent with previous studies in precision comparisons 

between CAT and short form measures. In addition, we attempted an additional comparison 

between CAT and the ODQ measure as conventional instrument. Excluding the walking/moving 

construct, the CAT measure appeared to be more effective than did the 10-item short forms 

measures, while the 10-item short form measures appeared to be more effective than did the 

ODQ measure in terms of measurement precision. 

Limitations and Future Implications 

The present study has several limitations.  Computer adaptive testing methods shorten test 

length by 62.5%, or require only an estimated nine items (58). When we preset the algorithm of 

the CAT, the stopping rules of CAT were; 1) ten items for the maximum number of items, 2) 

four items for the minimum number of items, and 3) the standard error < 0.4. In the present study, 
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our CAT used much fewer items than the preset ten items and average respondents answered 

6.08 items for each construct. Since the standard error of CAT measures was not included in 

analysis, which criteria were met to reach the person measure was unknown. Future research is 

needed to investigate the effects of adjusting the stopping rules to make them more rigorous, thus 

allowing more information to be obtained about respondents. 
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1. Begin with initial ability estimate (Bn) 

2. Select & present optimal scale item (Di) 
3. Re-calculate Person 
Measure (Bn) 

4. Estimate 
Confidence Interval 
           (SE) 

5. Is stopping rule 
satisfied? 
    (SE < 0.40) 

No 

7. End of 
battery? 

8. Administer 
next construct 

9. Stop

No

Yes 

Yes 

6. End assessment 
Produce final 
person measure 
for construct  
         (Bn) 

Yes

Figure 4-1.  Computer adaptive testing algorithm. Adapted from Wainer, Dorans, Eignor, 
Flaugher, Green, Mislevy, Steinberg, and Thissen (2000). 
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Table 4-1.  Demographic characteristics of study participants 

Characteristics 
Back Pain Group  
         n=42 

Non-Back Pain Group 
n=42 

Age   
 < 20 1    (2.4) 3    (7.0) 
 21 – 30  3    (7.1) 6  (14.4) 
 31 – 40  10  (23.8) 9  (21.4) 
 41 – 50 8  (19.0) 6  (14.4) 
 51 – 65  8  (19.0) 8  (19.0) 
 > 65 12  (28.6) 10  (23.8) 
 Mean ± SD 53.74 ± 20.13 48.76 ± 19.7 
 
Gender    

 Female 29  (69.0) 27  (64.3) 
 Male 13  (31.0) 15  (35.7) 
 
Education    
 Middle/Junior High 2    (4.7) 0  
 High School 19  (45.3) 14  (33.3) 
 College 12  (28.5) 23  (54.8) 
 Graduate 9  (21.5) 5  (11.9) 
 
Race/Ethnic    

 African American 7  (16.6) 5  (11.9) 
 Hispanic American 1   (2.3) 2    (4.8) 
 American Indian 1   (2.3) 0    (0.0) 

 White, not Hispanic 
origin 32 (76.2) 25  (59.5) 

 Asian/Pacific Islander 2   (4.6) 10  (23.8) 
 
Years that has had related problems    

 Less than a year 14 (33.3) 0    (0.0) 
 1 through < 4 years 5 (12.0) 0    (0.0) 
 More than 4 years 20 (47.6) 2    (4.7) 
 Missing 3   (7.1) 40  (95.3) 
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Figure 4-1.  Scatter plot of ability measures from the CAT measure versus the short form 

measure for positioning/transfer and lifting/carrying construct. Figure A represents 
the plot of ability measures for the CAT and the short form for positioning/transfer; 
Figure B represents the plot of ability measure for the CAT and the ODQ measure 
for lifting/carrying. “*” represent that Pearson’s correlation is significant at the 0.01 
level. 
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Figure 4-2.  Scatter plot of ability measures from the CAT measure versus the short form 

measure. Figure A represents the plot of ability measures for the CAT and the short 
form measure for walking/moving; Figure B represents the plot of ability measure 
for the CAT and the ODQ measure for positioning/transfer. “*” represent that 
Pearson’s correlation is significant at 0.01 level. 
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Figure 4-3.  Scatter plot of ability measures from the CAT measure versus the ODQ measure. 

Figure A represents the plot of ability measures for the CAT and the ODQ measure 
for lifting/carrying; Figure B represents the plot of ability measure for the CAT and 
the ODQ measure for walking/moving. “*” represent that Pearson’s correlation is 
significant at 0.01 level. 
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Table 4-2.  Correlations coefficients for CAT, short forms, and ODQ measure for back pain 
group 

 CAT P/T CAT L/C CAT W/M SF P/T SF L/C SF W/M ODQ 
CAT P/T 1.000       
CAT L/C 0.837* 1.000      
CAT W/M 0.614* 0.647* 1.000     
SF P/T 0.805* 0.632* 0.568* 1.000    
SF L/C 0.671* 0.808* 0.536* 0.635* 1.000   
SF W/M 0.524* 0.566* 0.620* 0.554* 0.548* 1.000  
ODQ 0.605* 0.530* 0.594* 0.605* 0.576* 0.605* 1.000 

Note: * correlation is significant at the 0.01 level (2-tailed). CAT P/T: CAT Positioning/Transfer 
measure, CAT L/C: CAT Lifting/Carrying measure, CAT W/M: CAT Walking/Moving measure, 
SF P/T: Short Form Positioning/Transfer measure, SF L/C:Short Form Lifting/Carrying measure, 
SF W/M: Short Form Walking/Moving measure, and ODQ: Oswestry Back Pain Disability 
Questionnaire measure. 
 
 
 
Table 4-3.  Correlations coefficients for CAT, short forms, and ODQ measure for non-back pain 

group 
 CAT P/T CAT L/C CAT W/M SF P/T SF L/C SF W/M ODQ 

CAT P/T 1.000       
CAT L/C 0.699* 1.000      
CAT W/M 0.843* 0.623* 1.000     
SF P/T 0.569* 0.331* 0.559* 1.000    
SF L/C 0.402* 0.499* 0.512* 0.784* 1.000   
SF W/M 0.574* 0.354* 0.606* 0.836* 0.788* 1.000  
ODQ 0.037 0.058 0.029 0.132 0.098 0.064 1.000 

Note: * correlation is significant at the 0.01 level (2-tailed). CAT P/T: CAT Positioning/Transfer 
measure, CAT L/C: CAT Lifting/Carrying measure, CAT W/M: CAT Walking/Moving measure, 
SF P/T: Short Form Positioning/Transfer measure, SF L/C:Short Form Lifting/Carrying measure, 
SF W/M: Short Form Walking/Moving measure, and ODQ: Oswestry Back Pain Disability 
Questionnaire measure. 
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Table 4-4.  Mean difference between means for back pain and non-back pain groups 

Measure Means (SE) F Relative 
Precision Back pain Non-back pain 

CAT P/T 
 

49.83 
(0.61) 

55.55 
(0.61) 41.76** 2.02 

Short Form P/T 
 

53.85 
(2.31) 

83.07 
(2.30) 20.58** 1.00 

CAT L/C 50.24 
(0.77) 

56.02 
(0.77) 27.36** 1.16 

Short Form L/C 50.68 
(3.08) 

78.09 
(3.14) 23.56** 1.00 

CAT W/M 53.14 
(0.89) 

58.33 
(0.89) 16.34** 0.62 

Short Form W/M 58.28 
(2.74) 

86.98 
(2.73) 26.09** 1.00 

CAT P/T 
 

49.83 
(0.61) 

55.55 
(0.61) 41.76** 2.16 

ODQ 53.69 
(2.69) 

85.38 
(2.69) 19.26** 1.00 

CAT L/C 
 

50.24 
(0.77) 

77.00 
(0.77) 27.36** 1.42 

ODQ 53.69 
(2.69) 

85.38 
(2.69) 19.26** 1.00 

CAT W/M 53.14 
(0.89) 

58.33 
(0.89) 16.34** 0.84 

ODQ 53.69 
(2.69) 

85.38 
(2.69) 19.26** 1.00 

Short Form P/T 53.85 
(2.31) 

83.07 
(2.30) 20.58** 1.06 

ODQ 53.69 
(2.69) 

85.38 
(2.69) 19.26** 1.00 

Short Form L/C 50.68 
(3.08) 

78.09 
(3.14) 23.56** 1.22 

ODQ 53.69 
(2.69) 

85.38 
(2.69) 19.26** 1.00 

Short Form W/M 58.28 
(2.74) 

86.98 
(2.73) 26.09** 1.35 

ODQ 53.69 
(2.69) 

85.38 
(2.69) 19.26** 1.00 

Note: ** F statistics is significant at the 0.001 level. CAT: Computer Adaptive Testing, P/T: 
positioning/transfer measure, L/C: lifting/carrying measure, W/M: walking/moving measure, and 
ODQ: Oswestry Back Pain Disability Questionnaire measure. 
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CHAPTER 5 
CONCLUSION 

Back pain is the most common cause of activity limitation in our society (1). The need for 

assessment of disability resulting from back pain has led to a proliferation of health status 

measures (35). Many of these measures are self-reports of functional status. Self-report 

functional status measures have been shown to be as reliable as or more reliable than physical 

measurements of function and more relevant to the patient and society (24). In addition, self-

reports of pain and disability appear to be sensitive indicators of long-term outcomes (6, 7). 

Because of these superior characteristics, self-report measures of back-related disability 

developed (23) with most, if not all, having adequate psychometric properties 

(13, 23, 24, 26, 27, 29, 30, 40, 65, 70, 72, 79, 80). The Oswestry Back Pain Disability 

Questionnaire (ODQ) is one of the most widely used conventional self-report measures 

(3, 13, 30, 73, 80). Due to the abundance of these measures, a prevailing challenge is selecting 

the optimal measure. One characteristic that may make some measures less ideal than others is 

the presence of ceiling and floor effects. This problem may be the result of instrument 

development based solely on the Classical Test Theory (CTT) measurement model. 

Measurement imprecision generally results from the use of items that do not closely match to the 

ability of the population of interest (35, 55). In order to overcome these limitations, the “ideal” 

measure should have items that cover a wide range of the underlying construct with high 

precision. However, most conventional measures fail to evaluate individuals precisely 

throughout the whole range of disability. 

Utilizing Item Response Theory (IRT) and Computer Adaptive Testing (CAT) methods, 

the ICF Activity Measure (ICFAM) was developed, creating an efficient and precise 

measurement system based on the activity dimension of International Classification of 
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Functioning, Disability and Health (ICF). Items relating to activities involving movement, 

moving around and daily life tasks as defined by the activity dimension of the ICF were 

developed with the intent to create an equiprecise measurement (i.e., one with precise 

measurement across the entire range of a construct). Creating short forms is a conventional 

approach to achieving measurement efficiency by reducing the number of items (28,35). 

However, the loss of precision is inevitable in short form creation (8,36,44-46,115). Critical 

questions are to what extent and using what methods can the precision of short forms be 

optimized. 

Three research questions were proposed as part of this dissertation project; 1) What are the 

psychometric properties of the computer adaptive ICF activity measure constructs of 

positioning/transfer, lifting/carrying, and walking/moving with a sample of individuals having 

activity limitations resulting from back pain?, 2) What are the psychometric properties of three 

newly generated short forms developed from items on the positioning/transfer, lifting/carrying, 

and walking/moving constructs?, and 3) How does the precision of the ICFAM CAT measures, 

the short form measures developed from the ICFAM, and the ODQ compare? 

Unidimensionality 

To address the first research question, confirmatory factor analyses (CFA) and exploratory 

factor analyses (EFA) were conducted to investigate the dimensionality. The CFA did not 

confirm the unidimensionality of the three ICFAM constructs. In order to identify the factor 

structure, EFA was subsequently performed and revealed a multidimensional factor structure for 

each ICFAM construct, including the full item bank for all constructs. We speculated that the 

low subject/item ratio (approximately 5 subjects per item) may have contributed to the failure of 

confirming unidimensionality. Therefore, we improved the subject/item ratio (approximately 10 

subjects per item) by performing the same analysis using 10-item short forms. CFAs still failed 
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to reveal unidimensional structures for the three short forms. The subsequent EFAs for the three, 

10-item short forms revealed multidimensional constructs composed of three factors for the 

positioning/transfer construct, two factors for the lifting/carrying construct, and two factors for 

the walking/moving construct. 

The factors retained for the short forms appear plausible from a clinical point of view. For 

the positioning/transfer short form, complex activity items (e.g., kneeling and getting out of bath 

tub) composed one factor, while simple activity items (e.g., changing and shifting position) make 

up a separate factor. In terms of motor control theory, the activity of kneeling requires greater 

metabolic demands than standing or stooping (135) and involves the complex neural activity 

associated with balance (125). The logical progression of item difficulty is even more prominent 

in lifting/carrying and walking/moving short forms. For the lifting/carrying short form, the two-

factor model grouped the items into lifting heavy and lifting light objects.  Likewise, for the 

walking/moving short form, the two factor model grouped items into simple walking activities 

and more difficult climbing/running activities. In summary, the factors appear to be 

subcomponents of each of the three ICFAM constructs, determined to a large degree by the 

difficulty of the activities. 

This multidimensional nature of the construct creates a serious challenge for this study, 

since unidimensionality is a requirement of most IRT models. The reason for that is, a single 

construct can better explain the relationship between person performance and the item continuum 

in any data set (37). However, in practical terms, unidimensionality is an ideal that is never fully 

achieved and in most “successful” cases is approximated. Applying multidimensional IRT 

models to these existing constructs of the ICFAM may be worthwhile in future analyses, 
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although many multidimensional models are still in the early stages of development and 

refinement. 

Hypothetical versus Empirical Item Hierarchies  

The hypothetical hierarchy of activity based on Metabolic Equivalent (MET) was partially 

supported by the empirical hierarchy of item difficulty generated by Rasch analysis. Of the three 

constructs studied, only the walking/moving construct showed an item hierarchy that can be 

explained by MET. For instance, the most difficult item, jogging one mile has a MET of 11.0, 

while the easiest item, walking on carpeting has a MET of 2.0. In contrast, for the 

positioning/transfer construct, the item difficulty hierarchy can be explained better by the clinical 

features of back pain than the logical progression of the MET. That is, individuals with back pain 

demonstrated greater difficulty in maintaining postures for a prolonged time than shifting or 

changing postures. This hierarchical order is not supported by the MET values. One of the most 

challenging items in the positioning/transfer construct (e.g., lying down on back 5-8 hours) has a 

MET rating of 1.0, while the least challenging item (e.g., changing standing to sitting in chair) is 

rated as 2.0 METs. The item difficulty hierarchy of the lifting/carrying construct only partially 

concurred with the MET categorization. Different weight activities paralleled the MET 

categorization (e.g., lifting 25 pounds with 3.0 METs was more challenging than pulling wet 

laundry out from a washing machine with 2.0 METs). However within the lifting/carrying 

construct, the three above average items with different item difficulty calibrations had the same 

MET value. That is, the empirical item difficulty order generated by Rasch analysis 

differentiated the three items (lifting 25 pounds shoulder to above head, lifting 25 pounds floor to 

waist, and carrying 25 pounds for 25 feet), while the MET values of the these items are the same 

(3.0 METs). The different difficulty levels of the lifting items may be more a function of 

biomechanical challenge and pain experienced than energy expenditure. That is, lifting from 
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shoulder level to above the head is more biomechanically challenging than lifting from floor to 

waist and may be more painful because lifting from shoulder level to above the head is a burden 

on both arms and back.  

There are limitations associated with determining the hypothetical item difficulty hierarchy 

of activity relevant to the items of the ICFAM constructs. First, the standardize the assignment of 

MET intensities in physical activity questionnaires is based on a compendium of physical 

activities that was developed for use in epidemiologic studies (136,137). The values do not 

estimate the energy cost of physical activity in individuals in ways that account for differences in 

body mass, age, gender, efficiency of movement, or geographic and environmental condition in 

which the activities are performed. Therefore, individual differences in energy expenditure for 

the same activity can be large. Second, there are no values generated for activities that consume 

less than one MET, which is defined as 1 Kcal/kg/hour and is roughly equivalent to the energy 

cost of sitting quietly. Many ICFAM items are not comparable, since we have many bed mobility 

items in the positioning/transfer construct that may be less than one MET. Third, although we 

attempted to select the closest MET value when the relevant item was not available from the 

compendium of physical activities, the accuracy of these estimates is uncertain. Furthermore, the 

compendium of physical activities does not provide detailed descriptions of the physical 

activities. Thus, comparing our item difficulty hierarchy to a hierarchy based on MET values 

provides only a general sense of distinctions between the two hierarchies. 

There were evidences that the item difficulty hierarchies appeared plausible from a pain-

related clinical point of view. Motor control theory purports that complex tasks involving the use 

of multiple joints and challenging environmental factors are more difficult than functional tasks 

requiring only a single joint or more optimal environmental factors (94). In this study, as 
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hypothesized, complex tasks were found to be more difficult (e.g., kneeling 10-20 minutes) than 

simple tasks (e.g., standing 1-2 hours). However, a relatively simple task (e.g., lying back 5-8 

hours) was found to be more difficult than a complex task (e.g., change position lying back to 

sitting). These findings were neither in agreement with motor control theory nor the MET values. 

Also, for the positioning/transfer construct, we speculate that individuals with back problems 

may have been primarily affected by pain not energy expenditure. That is, individuals with back 

pain who are having difficulty with a transient task such as changing position from lying on their 

back to sitting (i.e., an easiest item) would be expected to have more difficulty with a prolonged 

activity such as lying on their back 5-8 hours activity (i.e., above average difficult item). 

Furthermore, lying on their back for a prolonged period of time would be a difficult task for 

individuals with back pain even though the activity does not involve complex biomechanical 

modifications or adjustments. Thus, the logical progression of item hierarchies for the constructs 

positioning and transfers and lifting/carrying have a tendency to reflect the clinical features of 

back pain. Future research should investigate the relationship between pain during particular 

activities and the Rasch generated item difficulty hierarchies to appraise this hypothesis. 

Short Forms 

Several methods have been used to develop short forms from original tests. These methods, 

based on the Classical Test Theory (CTT) framework, often include the deletion of items with 

low item-total correlations, items with the least impact on the overall internal consistency of test, 

and items with low factor loadings. In this study, using an IRT method, we focused on having 

items distributed across the difficulty range for each construct. The item-level psychometrics 

based on Rasch analysis (one-parameter IRT model) were effective in equally distributing ten 

items across the full range of ability and selecting items that matched person ability location. 
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This method focuses on maintaining measurement precision across the full range of the construct 

(i.e., equiprecise measurement) while reducing the number of items. 

Despite these attempts, there was a loss of precision with the three newly created 10-item 

short forms in comparison to the full test, as well as decreased person reliability. Test 

Information Function (TIF) graphs were used to visually inspect the loss of precision. Fisher 

(1920) defined information as the reciprocal of the precision with which a parameter could be 

estimated. Thus, if one could estimate person ability with precision, one would have more 

information about the person’s ability (130). The TIF graph is obtained by plotting the amount of 

information against ability. The TIF for the positioning/transfer short forms showed a 

considerable loss of information as a large proportion of items was removed from the entire set 

of items (46 of 56 items removed). In contrast, the lifting/carrying and walking/moving short 

forms displayed less information loss, as a much smaller proportion of items were removed from 

these constructs (17 of 27 items and 10 of 20 items, respectively). All of the TIF graphs showed 

that different ability levels are estimated with differing degrees of precision. As one moves to the 

extremes of the scale (both low and high), less information and less precision is obtained. 

Constructing a fixed short form is a conventional approach to achieving measurement 

efficiency with fewer items. Although it is inevitable to sacrifice some precision in short form 

creation, short forms are always attractive from the perspective of patient and administrative 

practicality. Short forms reduce the burden on respondents and test administration. In addition, 

short forms may be useful in a situation where computer access is not readily available to 

researchers and clinicians. The short forms of the ICFAM have a few advantages over the ODQ. 

First, the ICFAM short forms provide optimal precision across a wide range of ability. This 

would substantially reduce deficits in measurement such as ceiling/floor effects. Secondly, the 
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ICFAM short forms offer three constructs (i.e., positioning/transfer, lifting/carrying, and 

walking/moving), while the ODQ provides only three items relevant to positioning/transfer, one 

item relevant to lifting/carrying, and one item relevant to walking/moving. Researchers and 

clinicians may maximize their effectiveness in detecting group differences or clinical change by 

selecting the ICFAM constructs that are most relevant to individuals with back pain. Since the 

ICFAM positioning/transfer construct and lifting/carrying constructs are more precise than the 

ODQ, these measures may be preferable to the ODQ. 

Of note, the two items reinstated in order to fill substantial gaps on the high extreme in the 

ability continuum, “carrying toddler on back” for lifting/carrying short form and “running one 

block” for walking/moving short form showed high fit statistics. These two items were 

measuring the extremes of the construct and had a lack of observations on particular response 

categories that might lead to large observed variances. This may be a limitation of the short 

forms despite their adequate breadth of measurement. Therefore, our short forms could be 

improved in future research by developing items that more adequately fill gaps and replace the 

misfitting items. 

Precision  

As we hypothesized for relative precision, both the CAT and short form measures of the 

ICFAM showed more precision than the ODQ for the positioning/transfer and lifting/carrying 

constructs. That is, discriminating clinically irrelevant groups (i.e., back pain versus non-back 

pain), the CAT outperforms both the short forms and the ODQ and the ICFAM short forms 

outperform the ODQ in. This was not true for the walking/moving construct. For the 

walking/moving construct, the CAT was less precise than both the short form and the ODQ in 

discriminating individuals with back pain from those without back pain. For the 

positioning/transfer construct, the CAT performed about two times greater in terms of relative 
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precision (RP) than did the short form or the ODQ, while the short form performed 42% greater 

in terms of RP than did the ODQ. For the lifting/carrying construct, the CAT performed 16% 

greater in terms of RP than did the short form and 42% greater than did the ODQ, while the short 

form performed 22% greater than did the ODQ. 

The failure of the walking/moving CAT to show more precision than the short form or the 

ODQ appears to be related to the relative variances. The F statistic is a ratio of between group 

estimates to within group estimates. The low CAT F statistic for the walking/moving construct is 

a result of either high variance of person measures between the two groups or low variance of the 

person measures within the groups. In practical terms, the walking/moving construct may have 

less relevance than the other constructs for individuals with back pain. This might lead to either 

lower between group variance or higher within group variance relative to the other constructs. 

In addition to precision, the CAT method provides a means for administering items in a 

way that is efficient (28,34,36). In the present study, in terms of efficiency the CAT 

outperformed both the 10-item short forms and the ODQ. That is, on the CAT average 

respondents answered 5.62 items for the positioning/transfer, 6.37 items for the lifting/carrying, 

and 6.25 items for the walking/moving constructs while both the short form and ODQ required 

answering 10 questions. 

In summary, our data did not fit the models in CFA and subsequent EFA exploring factor 

structure of each construct did not show sufficient evidence to support the existence of 

unidimensional constructs. These findings may indicate the need for use of multidimensional 

models to adequately describe the dimensionality of physical function. In addition, there is a 

need for future studies to further develop the constructs of the ICFAM, particularly the 

walking/moving construct based on physiological measures such as METs. Another limitation of 
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this study is that we sacrificed considerable precision in short form creation. This may be partly 

due to reinstating two problematic items for the substantial gaps in the short forms. This may 

implicate that short forms could be improved by future research addressing: 1) replacing 

problematic items and 2) developing items that more adequately fill the gaps in the person ability 

to cover a wider range of the trait. 

Despite the multidimensional constructs on the ICFAM and the short forms, the adequate 

item level psychometrics suggests that the CAT method for measuring physical activity has 

promise. The CAT and the short forms of the ICFAM showed more precision than the ODQ for 

the positioning/transfer and lifting/carrying constructs, although the CAT of the ICFAM for the 

walking/moving construct was less precise than the short form and the ODQ measure. Overall, 

the CAT and the short forms of the ICFAM have several advantages over traditional self-report 

measures such as the ODQ. For researchers, precise measures decrease the number of subjects 

needed for a study and maximize the possibility of detecting differences between groups. For 

clinicians, precise measures capture small but potentially significant increments of improvements 

in response to clinical interventions. In the present study, we presented evidence of the 

advantages of IRT-based short forms and CAT measures over a conventional back pain 

questionnaire. With the increased use of computers and web-based devices for data collection in 

research and clinical practice, CAT measures may become preferable due to their efficiency 

without loss of precision. When these devices are not available, IRT-based short forms appear to 

a reasonable alternative. In general, the findings are supportive of implementing contemporary 

IRT-based measures in both research and clinical settings.  
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APPENDIX 
THE OSWESTRY BACK PAIN DISABILITY QUESTIONNAIRE (ODQ) 

This questionnaire has been designed to give your therapist information as to how your back pain 
has affected your ability to manage in everyday life.  Please answer every question by placing a 
mark in the one box that best describes your condition today.  We realize you may feel that 2 of 
the statements may describe your condition, but please mark only the box that most closely 
describes your current condition. 
Pain Intensity 

  I can tolerate the pain I have without having to use pain medication. 
  The pain is bad, but I can manage without having to take pain medication. 
  Pain medication provides me with complete relief from pain. 
  Pain medication provides me with moderate relief from pain. 
  Pain medication provides me with little relief from pain. 
  Pain medication has no effect on my pain. 

Personal Care (e.g., Washing, Dressing) 
  I can take care of myself normally without causing increased pain. 
  I can take care of myself normally, but it increases my pain. 
  It is painful to take care of myself, and I am slow and careful. 
  I need help, but I am able to manage most of my personal care. 
  I need help every day in most aspects of my care. 
  I do not get dressed, I wash with difficulty, and I stay in bed. 

Lifting 
  I can lift heavy weights without increased pain. 
  I can lift heavy weights, but it causes increased pain. 
  Pain prevents me from lifting heavy weights off the floor, but I can manage  

if the weights are conveniently positioned (e.g., on a table). 
  Pain prevents me from lifting heavy weights, but I can manage  

light to medium weights if they are conveniently positioned. 
  I can lift only very light weights. 
  I cannot lift or carry anything at all. 

Walking 
  Pain does not prevent me from walking any distance. 
  Pain prevents me from walking more than 1 mile.  (1 mile = 1.6 km). 
  Pain prevents me from walking more than 1/2 mile.  
  Pain prevents me from walking more than 1/4 mile. 
  I can walk only with crutches or a cane. 
  I am in bed most of the time and have to crawl to the toilet. 

Sitting 
  I can sit in any chair as long as I like. 
  I can only sit in my favorite chair as long as I like. 
  Pain prevents me from sitting for more than 1 hour. 
  Pain prevents me from sitting for more than 1/2 hour. 
  Pain prevents me from sitting for more than 10 minutes. 
  Pain prevents me from sitting at all. 
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Standing 
  I can stand as long as I want without increased pain. 
  I can stand as long as I want, but it increases my pain. 
  Pain prevents me from standing for more than 1 hour. 
  Pain prevents me from standing for more than 1/2 hour. 
  Pain prevents me from standing for more than 10 minutes. 
  Pain prevents me from standing at all. 

Sleeping 
  Pain does not prevent me from sleeping well. 
  I can sleep well only by using pain medication. 
  Even when I take medication, I sleep less than 6 hours. 
  Even when I take medication, I sleep less than 4 hours. 
  Even when I take medication, I sleep less than 2 hours. 
  Pain prevents me from sleeping at all. 

Social Life 
  My social life is normal and does not increase my pain. 
  My social life is normal, but it increases my level of pain. 
  Pain prevents me from participating in more energetic activities (e.g., sports, dancing). 
  Pain prevents me form going out very often. 
  Pain has restricted my social life to my home. 
  I have hardly any social life because of my pain. 

Traveling 
  I can travel anywhere without increased pain. 
  I can travel anywhere, but it increases my pain. 
  My pain restricts my travel over 2 hours. 
  My pain restricts my travel over 1 hour. 
  My pain restricts my travel to short necessary journeys under 1/2 hour. 
  My pain prevents all travel except for visits to the physician / therapist or hospital. 

Employment / Homemaking 
  My normal homemaking / job activities do not cause pain. 
  My normal homemaking / job activities increase my pain, but  

I can still perform all that is required of me. 
  I can perform most of my homemaking / job duties, but pain prevents me from  

performing more physically stressful activities (e.g., lifting, vacuuming). 
  Pain prevents me from doing anything but light duties. 
  Pain prevents me from doing even light duties. 
  Pain prevents me from performing any job or homemaking chores. 

 
Source: Fritz JM, Irrgang JJ. A comparison of a modified Oswestry Low Back Pain Disability  
 Questionnaire and the Quebec Back Pain Disability Scale. Physical Therapy. 2001;81:776-788. 
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