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To develop an effective and efficient mechanism for evaluating and tracking changes of 

functional status across the continuum of care, it is necessary to integrate information and 

achieve score comparability across acute and post-acute healthcare facilities. While utilizing a 

single and comprehensive outcome assessment instrument across all facilities would provide the 

best mechanism for the synchronized and seamless monitoring of patient outcomes, the fact that 

different instruments are firmly entrenched in different types of post-acute healthcare settings has 

made large-scale reformation extremely difficult. One solution for integrating functional status 

that requires minimum cost and effort would be the development of crosswalks or statistical links 

between functional status subscales from different instruments. While the Functional 

Independence Measure (FIM™) is widely used in inpatient rehabilitation facilities, the Minimum 

Data Set (MDS) is federally mandated for all residents in skilled nursing facilities. To investigate 

the feasibility of creating measurement links between these two functional outcome instruments, 

this study consisted of four steps: 1) a conceptual paper reviewing linking methodologies and the 

state of the art of existing linking studies in healthcare; 2) a inspection of the MDS item 

characteristics using the Rasch model; 3) an investigation of whether the FIM items function 

similarly across different impairment groups using differential item functioning analysis (b-
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difference and item characteristic curve methods); and 4) an evaluation of the accuracy of the 

crosswalk conversion algorithm by applying Functional Related Groups (FRGs) classification 

system. The item difficulty hierarchical order of MDS physical functioning and cognitive 

domains demonstrated similar pattern to those in previous studies related to the FIM. Several 

FIM motor and cognitive items were found to have significant DIF across three impairment 

groups (stroke, amputation, and orthopedic impairment). These inconsistencies in item 

calibrations led to the development of separate crosswalk conversion tables for each impairment 

group. The validity testing the FIM-MDS conversion algorithm resulted in mixed findings. The 

similarity between the actual and converted score distributions, relatively strong correlations 

across the FIM and the MDS raw scores, and a fair to substantial strength of agreement when 

using the actual FIM scores and the MDS derived FIM scores to classify individuals into FRGs, 

all supported the development of FIM-MDS crosswalk conversion algorithm. However, the 

average of point differences between the actual and converted scores were large and results from 

Wilcoxon signed ranks test do not support the equivalence of actual and converted score 

distributions at both individual and facility level. To improve the application of FIM-MDS 

crosswalk conversion algorithm in the clinical sites, rigorous exploration of the optimal linking 

methodologies, the needs for quality of test administration, and rater training are recommended. 
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CHAPTER 1 
THE STATE OF THE ART OF TEST EQUATING IN HEALTHCARE 

Introduction 

A myriad of rehabilitation outcome measures have been developed over the past 50 years. 

These assessments typically cover such health domains as physical functioning, cognition, basic 

and/or instrumental activity of daily living, depression, pain, and quality of life [1]. Despite the 

proliferation of measurement tools, many instruments evaluate similar attributes. For example, 

more than 85 instruments currently evaluate basic and instrumental activity of daily living and 

more than 75 measures are available to measure quality of life [2]. While these assessments are 

designed to measure the same construct, scores from one instrument cannot be compared to 

similar scores gathered by another instrument [3]. This lack of “communication” across 

assessments seriously hampers healthcare outcomes measurement. As patients transfer from one 

setting to another, their information is discontinuous since different instruments are often 

specific to particular healthcare settings. The incompatibility of assessment data prohibits post-

acute healthcare services in monitoring and evaluating the effectiveness of intervention through 

the continuum of care. Furthermore, facilities that use different instruments cannot be compared 

relative to their outcomes locally or nationally. 

Recently, several healthcare studies have attempted to confront this measurement 

challenge by attempting to achieve score comparability using test equating methodologies. 

Equating is a procedure used to adjust scores on test forms so that the score on each form can be 

used interchangeably [4]. Despite the availability of numerous, well-developed equating methods 

in the field of education, few of these methods have been applied in healthcare. This may be a 

function of lack of familiarity with the education literature, and/or the belief that educational 

equating methods are not applicable to equate healthcare assessments. To better understand 
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equating, a literature review comparing the equating techniques used in education to those 

presently used in healthcare would provide the critical background for future equating studies. 

Therefore, the purpose of this project was to 1) review equating concepts and existing 

methodologies in education, 2) discuss the challenges in using these methodologies in healthcare, 

3) review the state of the art of equating in healthcare, and 4) propose the next critical studies 

necessary to advance equating in healthcare. 

The History and Concept of Equating in Education 

The history of equating can be traced back to the education field in the 1950s, when the 

excessive testing in the schools rendered the need for “comparable” scores between test batteries. 

The College Entrance Examination Board and the American College Testing Program provide an 

example in which many colleges have to make decisions to enroll students, some of whom have 

taken one of the standard tests and some the other (e.g., the Scholastic Aptitude Test (SAT) or 

the American College Test (ACT) test battery) [5]. For purposes of fairness in admission 

selection, many colleges would like to use the scores from these test batteries interchangeably. 

Hence, tables were developed which allow the conversion of scores between tests from different 

publishers. As a result, students can take different admission tests. Using conversion tables, each 

college’s admissions office can be converted to a score that is considered acceptable by that 

college [6]. 

As the development and administration of national-wide test in education became more 

and more popular, standardized tests were used and administered throughout the United States 

several times throughout the year. This led to another challenge. Students were potentially taking 

the same test on multiple occasions and therefore memorizing the answers to test items. In order 

to guarantee the fairness of the test and control the exposure rate of test items, sets of test 

questions were built according to certain content and statistical test specifications to replace test 
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items on old forms [7]. Although multiple forms of a test are ideally constructed according to 

strict statistical specifications, it is still possible for these different test forms to vary in difficulty. 

Therefore, the equating was applied to adjust scores on different versions of test forms such that 

scores from these test forms were put onto a common metric and became comparable [7].  

In 1964, some of the first studies on equating appeared at the Annual Meeting of the 

National Council on Measurement in Education in Chicago and later were published in the first 

volume of the Journal of Educational Measurement [5, 6, 8, 9]. Over the past few decades, as the 

number and variety of testing programs that used multiple test forms increased, the topic of 

equating became more and more popular and vital. In 1985, the Standards for Educational and 

Psychological Testing, developed jointly by the American Educational Research Association 

(AERA), American Psychological Association (APA), and National Council on Measurement in 

Education (NCME), listed equating into its index and dedicated a substantial portion of the 

standards to equating issues [7]. To date, various equating issues have emerged in the literature, 

such as different equating concepts [10-14], properties of equating [15], comparing different 

equating methods [16-18], guidance for evaluating the accuracy of equating [19], investigating 

test equating in the presence of differential item functioning [20], and evaluating the effects of 

multidimensionality on equating [21, 22]. In 1982, Holland and Rubin published the book Test 

Equating [23], which included several important studies from the Educational Testing Services 

(ETS). In 1995, Kolen and Brennan published Test Equating Methods and Practices [7], which 

provides comprehensive summaries of equating concepts, methodologies, research designs, and 

practical issues in conducting equating. 

As diverse equating concepts continue to emerge and various equating methods continue to 

evolve, the subject of equating has become a well-defined analytical procedure. The properties of 
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equating proposed by Lord (1980) [15] have become an essential key concept in conducting 

equating. These properties include the following: 1) the tests to be equated should measure the 

same construct; 2) conditional distribution of scores given a true score should be equal (equity 

property); 3) the equating relationship should be the same regardless of the group of examinees 

(group invariance property); and 4) the equating transformation should be symmetric (symmetry 

property) [15]. Based on Lord’s equating properties, equating is the processes adjusting the 

difficulty of the test forms that measure the same construct. The equating results should be 

invariant no matter which sub-samples are used to create the conversion algorithm. The equating 

function used to transform a score on Form X to Form Y should be the inverse from Form Y to 

Form X (i.e., score 35 on Form X equals to 42 on Form Y and vice versa). This property ruled 

out the use of regression to predict scores from another test scores for equating since the 

regression of y on x usually differs from the regression of x on y [4]. 

Equating methods can generally be classified according to the test theory on which they are 

based: classic test theory (CTT) and item response theory (IRT). Table 1-1 introduces the most 

commonly used statistical equating methods and related data collection designs that usually go 

with the equating methods. In CTT, equating methods usually are achieved by making 

assumptions about statistical properties of score distribution. Mean equating, linear equating, and 

equipercentile equating form the basic equating methods in this category. In mean equating, Test 

X is considered to differ in difficulty from Test Y by a constant amount. For example, if the 

mean of Test X was 50 and the mean of Test Y was 52, 2 points would need to be added to a 

Test X score to transform a score on Test X to the Test Y scale. In linear equating, the linear 

conversion is based on the rationale that the same person should occupy identical standardized 

deviation scores on the two tests such that )()()()( yyuyxxux σσ −=− (where x is the scores 
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on form X, and u(x) and )(xσ  are the mean and standard deviation of score distribution on form 

X). While mean and linear equating only allow linear function, the equipercentile equating 

method permits a curvilinear relationship between two test scores and is developed by 

identifying scores on Test X that have the same percentile ranks as scores on Test Y. It should be 

noted that when two test forms have different psychometric characteristics (e.g., different 

reliability) or when data are collected from two non-equivalent groups, more sophisticated 

equating methods should be considered such as the Tucker method [24], the Levine method [25], 

frequency estimation equipercentile equating [26], Braun-Holland Linear method [26], and 

chained equipercentile equating method [27, 28]. Angoff (1982) [29] identified more than 12 

scenarios used by the Educational Testing Service, including equating formulas for equal reliable 

tests, unequal reliable tests as well as under different research designs. Petersen and colleagues 

(1982) [30] summarized 22 equating models including linear and non-linear models, true-score 

and observed score models, and described major assumptions in each scenario. 

Three data collection designs are frequently used with the CTT statistical equating 

methods to collect data for equating purpose [29]. In Table 1-1, Text X and Test Y represent two 

test forms of a test. Subgroup 1 and 2 represent two samples from one population formed by 

random assignment, whereas Group 1 and 2 represent two samples recruited from two different 

populations. Dashes (---) within the cells indicate that a specific test form was taken by a 

particular group. In Design a (Random Groups, One Form Administered to Each Group), the 

entire examinees are randomly assigned into two subgroups and each subgroup takes one of the 

test forms. In Design b (Random Groups, Both Forms Administered to Each Group, 

Counterbalanced), the same tests are administered to all examinees. If fatigue or practice effects 

exist, the tests are given in different order to counterbalance the effect. Lastly, in Design c 
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(Nonrandom Groups, One Test Administered to Each Group; Common Equating Test 

Administered to Both Group), different tests are given to a different group of examinees with an 

additional set of items (anchor tests or common items) administered to all examinees. The score 

on the set of common items could either contribute to the examinee’s score on the test (internal 

anchor test) or do not contribute to the examinee’s score on the test form (external anchor test). 

To avoid different response behavior, common items are supposed to be a mini version of the 

total test form, proportionally representative of the total test forms in content and statistical 

characteristics, and occupy a similar location in the two forms [4]. For the minimum length of 

the anchor test, a rule-of-thumb is either more than 20 items or 20% of the number of items on 

any of the tests [13]. 

Item response theory (IRT) comprises a family of models. Each designed to describe a 

functional relationship between person ability measures and item characteristic parameters. 

While most CTT methods emphasize equating parallel or alternative test forms, the IRT models 

along with the implementation of computerized adaptive testing have facilitated and extended the 

implementation of equating process with the ability to equate an item bank (a composition of 

questions that develop for an operational definition of a variable/construct [31]). Because of the 

“invariant” property of IRT that the examinee’s ability is invariant with respect to the items used 

to determine it and item statistics under different groups of examinees remain unchanged [32], 

IRT equating methods make it possible to ensure that person performances are comparable even 

when each person responds to a unique set of items [31]. Different test forms can be linked as 

long as there are common persons (who take both test forms), or common items (which exist 

across different test forms) in the dataset. This feature extends the potential of applying linking 

beyond equating parallel test forms. 
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Prior to using IRT for equating, one needs to decide which IRT model to use. Overall, IRT 

models can be classified into 1-, 2-, and 3-parameter model based on the number of item 

parameters included in the model. The general form of 3-parameter logistic model, which 

includes all three parameters, can be expressed in the logistic formula: 

)(
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θ  where ‘a’ is a discrimination parameter (a), which determines 

how well the item can discriminate persons with different level of abilities; ‘b’ is an item 

difficulty parameter, which determines the difficulty of the item; and ‘c’ is a lower asymptote 

parameter (c), which is also called the guessing parameter. The higher the ‘a’ value, the more 

sharply the item discriminates between high and low ability examinees. The higher the ‘b’ value, 

the more challenging the item is. The higher the ‘c’ value, the greater the probability that a 

person can get an item correct without any knowledge (e.g., multiple choice). In the 2-parameter 

IRT model, the guessing parameter (c) is set to be zero such that there is no guessing factor when 

a person takes a test (e.g., Likert scale from disagree to agree). In the 1-parameter IRT model, the 

item discrimination (a) is assumed to be equal across all items and there is no guessing factor 

within a test. Furthermore, if the unidimensionality assumption is violated, multi-dimensional 

IRT models that can handle more than one dominant person trait (θ) can be considered. The 

equating methods based on the IRT model require iterated computation that is usually achieved 

via computer software. After a person responds to a set of items, the person’s ability and item 

parameters are estimated via an IRT mathematical model.  

The IRT true score equating method is one of the most commonly used equating methods 

under the IRT model. For the IRT true score equating, the true score from one test associated 

with a given person’s latent trait is considered to be equivalent to the true score from another test 

related to that latent trait. The equating method comprises the following steps: a) specify a true 
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score ( Xτ ) on Form X, b) find the latent trait (θi) that corresponds to that true score, and c) find 

the true score on Form Y, ( Yτ ), that corresponds to that true score (θi), where 

∑=
Xj

iiiiijiX cbap
:

,,, );()( θθτ  the test performance on Form X and ∑=
Yj

iiiiijiY cbap
:

,,, );()( θθτ  the 

test performance on Form Y; p is the probability of passing an item based on a person’s ability 

level (θ) and item parameters (a is the item discrimination parameter; b is the item difficulty 

parameter; c is the guessing parameter); and j is a particular item on the test form [4]. 

An alternative IRT equating method is the IRT observed score equating. After the 

probability of a number of correct scores for examinees of a given ability level are computed, the 

observed score distributions then are cumulated over a population of examinees across the entire 

person ability spectrum. This can be achieved by an integration function to obtain the cumulated 

observed score distributions, while some computer programs (e.g., BILOG [33]) output a 

discrete distribution on a finite number of equally spaced points. After generating an estimated 

distribution of observed score distribution for each form (e.g., Form X and Form Y), both score 

distributions then are rescaled and equated using conversional CTT equipercentile equating 

methods. Kolen and Brennan (2004) have provided detailed examples for conducting true score 

and IRT observed score equating [4]. 

Two data collection designs commonly use with IRT equating methods include the 

common-item equating and the common-person equating (Table 1-1) [34]. In common-item 

equating, the two tests share items in common where individuals take tests that include 

additional common items to all test forms. For example, McHorney and Cohen (2000) [35] used 

common-item equating to equate a survey of functional status items where a set of unique items 

was included on each of three forms and a set of common items was administered to all groups. 

As for common-person equating, common persons take both tests of different items that are 
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designed to measure the same construct. For instance, Fisher et al. (1995) [43] created a 

statistical link between the Functional Independence Measure (FIM™) and the Patient 

Evaluation Conference System (PECS) ) where paired assessments (both FIM and PECS) were 

collected within a certain period of time. Since the common items or persons are the only link 

between different test forms, choosing of the linking items/persons becomes a critical issue. 

Smith (1992) [38] suggested to select items that are around average person ability level (i.e., 

avoid too challenging or extremely easy items), and the linking items should spread across a 

range of person ability spectrum. Meanwhile, the common items/persons between different test 

forms should be evaluated for their response pattern. Misfit items/persons that misrepresent the 

response pattern may lead to inappropriate shifting constant for equating and should be removed 

from the linking process [38]. 

Equating: Education versus Healthcare 

There are major differences between equating studies in education versus that in 

healthcare. In education, the common purpose of equating is to develop conversions between 

different versions of an examination. At present, many tests administered by ETS today use a 

new version of a test at each major administration (such as the Graduate Record Examination 

(GRE), Test of English as a Foreign Language (TOEFL), and the Scholastic Aptitude Test 

(SAT). The alternative forms or different versions of a test are usually developed with the 

guidelines to ensure common content and consistent statistical characteristics. These alternate 

forms are embedded within the national exams and implemented while students or applicants are 

taking the tests. Nation-wide administrations readily provide large sample sizes as well as sample 

randomization (which is needed in some equating methods). Lastly, there are follow up studies to 

monitor and check the accuracy and stability of the equating algorithm longitudinally. 



 

22 

In contrast to educational tests, healthcare equating has a quite different purpose. In 

health care, many functional measures have been developed or are used in healthcare settings. 

While those assessment tools are developed to measure the same construct, they are built 

differently in many aspects, including the number of items, rating scale categories, item 

definitions, or item formats (such as self-report or performance test). Since decisions to equate or 

link instruments in healthcare occur after individual instruments have been developed, 

psychometricians have to confront the inherent differences that exist between instruments. 

Several healthcare studies therefore created item-to-item conversions based on instrument 

manuals and subjectively decided upon by expert panels. Moreover, while “equating” is a 

specific term referring to linking scores on alternate forms of an assessment that are built 

according to similar content and statistical specifications [11, 12], most of the test equating 

studies in healthcare do not belong to this category. Linking, which is defined more broadly as a 

scaling method used to achieve comparability of scores from two different tests, may be 

considered a better term equating for existing assessments in healthcare. Table 1-2 compares 

equating procedures in education and healthcare. 

State of the Art of Equating Studies in Health Care 

Expert Panel Equating  

Linking instruments in healthcare have generally focused on creating a translation between 

each item on the instrument. Studies by Williams et al. (1997), Nyein et al. (1999) and Buchanan 

et al. (2003) represent examples where the equating of two scales was attempted by matching 

and rescaling each item across the two instruments [36, 39, 40]. In 1997, Williams and his 

colleague [36] created the crosswalk between the Functional Independence Measure (FIM) and 

the Minimum Data Set (MDS) using an expert panel. MDS items were first chosen and rescaled 

into “pseudo-FIM items” to correspond to similar FIM items (e.g., eating-FIM to eating-MDS, 
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bathing-FIM to bathing-MDS). Since pseudo-FIM items could only be defined for 12 of the 18 

FIM items, this procedure resulted in 8 motor and 4 cognitive items (out of the original 13 motor 

items and 5 cognition items) included in the analysis. Furthermore, the conversion algorithm was 

based on item-to-item rating scale category comparison. For example, if the expert panel 

suggested that rating 3 (limited assistance) of a 5-level MDS item plausibly corresponded to FIM 

rating 4 (minimum assistance) of a 7-level FIM item, the MDS rating 3 was rescored as 4. The 

final rating scale was determined by agreement between two or more (out of seven) panel 

members. With the criteria of FIM and MDS assessments occurring within 2 weeks, 173 

rehabilitation patients with paired FIM and MDS scores were recruited from nursing home 

rehabilitation by therapists and nurses. Intraclass correlation coefficients between the FIM and 

Pseudo-FIM motor and cognitive subscales were both .81. The reported correlation coefficients 

provide an indication of how well scores of one instrument can be predicted from scores of the 

other instrument and indirectly imply how well the conversion algorithm may work.  

Using similar strategies, Nyein et al. (1999) [39] investigated the feasibility of whether a 

Barthel score can be derived from the motor items of the FIM. Based on examination of both 

manuals, conversion criteria were developed by researchers via item-to-item rating scale 

conversion. As a result, 7-point rating scale FIM items were converted to corresponding 4-point 

rating scale Barthel Index items. Following the development of the conversion algorithm, a 

sample of 40 patients was assessed for Barthel and FIM by a multidisciplinary team. The FIM-

based derived Barthel score was compared with the actual Barthel score. Absolute agreement 

between the converted and actual scores ranged from 75 to 100% and the kappa statistical values 

ranged from 0.53 to 1.0 (moderate to substantial strength of agreement).  
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Another study using expert panel to create the conversion system item by item is by 

Buchanan and colleagues in 2003 [40]. These investigators attempted to develop a translation 

between the FIM and the Minimum Data Set for Post-Acute Care (MDS-PAC). The development 

of translation began with comparing the mean FIM and MDS-PAC motor scale score differences 

and mean FIM and MDS-PAC item score differences. To improve the comparability between the 

FIM and the MDS-PAC, the scoring for MDS-PAC ADL items was changed (six-point rating 

scale was rescaled to eight-point rating scale) and “FIM-like” items were created. Over 3,200 

FIM and MDS-PAC pairs of data were collected from fifty certified rehabilitation facilities by 

trained clinicians.  

While these initial attempts at linking are encouraging, the methodological and statistical 

approaches used had considerable limitations. For example, a drawback of using the expert panel 

or reviewing the manual instructions to develop the conversion algorithm is that such an 

approach is not statistically based. Although the approach is intuitive, it is subjective. Different 

algorithms could be developed based on the different expert’s background and experience. 

Furthermore, it is rare to find an exact one-to-one relationship across items from different 

instruments. Consequently, researchers must revise, combine or develop supplement items to 

equating instruments. These modifications not only invalidate the psychometric properties of the 

original instruments but also interfere with the integrity of the instruments. As evidenced in the 

educational literature, equating does not require item-to-item relationship but based on the 

rationale that both set of items are measuring the same construct. 

Equating an Item Bank 

Several healthcare studies have used IRT methods to link different test forms [3, 35, 41, 

42]. This methodology is founded on the basis that items from different instruments that measure 

the same construct can be placed on a common scale. Instead of viewing each instrument as an 
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independent measure, items from similar questionnaires can be considered part of an item bank 

intended to measure the same construct [35].  

In 2000, McHorney & Cohen [35] sampled 1, 588 items from different functional status 

instruments to assure sufficient items allocated across the continuum of hypothesized construct. 

Two hundred and six items were selected and revised to meet standard criteria for question 

design. Common-item equating was used with a set of common items administered to all groups 

and a set of unique items was embedded in each of the 3 forms. After obtaining item parameter 

estimations from a concurrent run (estimating all item parameter simultaneously in a single run) 

using a 2-parameter IRT model, a functional status item bank was established with all the items 

placing on a common scale. The result was a functional status item bank with items scaled onto a 

common metric. The authors provided no conversion tables or evaluation of the accuracy of 

equating.  

Rasch Equating Method 

Currently, there are only few equating studies in the healthcare field that developed the 

instrument-to-instrument crosswalks. These equating studies all used the Rasch model (1-

parameter IRT model) to perform the equating procedure [43-45]. Emerged in the early 1960s 

through George Rasch’s work [46], the Rasch model is a probabilistic mathematical model that 

assumes the probability of passing an item depends on the relationship between a person’s ability 

and an item’s difficulty. Being the most parsimonious model in the IRT family (compared to 

more complicated 2- and 3-parameter IRT models), early studies in healthcare have tended to 

employ the Rasch model rather than other higher-order IRT models (2- and 3-parameter) [47].  

Fisher and colleagues (1995) [43] were the first to use Rasch true score equating method to 

create a crosswalk between 13 FIM motor items and 22 motor skill items from the PECS. Fifty-

four consecutive patients admitted as inpatients were rated on both the FIM and the PECS by 
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trained rehabilitation professionals. Items from both instruments were initially co-calibrated, 

analytically treating the 35 physical functioning items as one instrument. The co-calibration 

placed the items from both instruments onto a common metric with a common origin. Then, each 

instrument was analyzed separately, anchoring the item and rating scale calibrations to those 

obtained from the co-calibrated analysis. Followed by the separate analyses, converting from 

FIM to PECS and vice versa was achieved by connecting FIM raw scores and PECS raw scores 

to corresponding person ability measures. A PECS/FIM “rehabits” crosswalk table was 

presented. The Pearson correlation of the personal measures produced by the separately anchored 

FIM and PECS items was 0.91. 

To enhance and further investigate the equating results, Smith & Taylor (2004) [45] 

replicated the Fisher’s study with larger sample size and modified research design. 

Approximately 500 subjects were recruited in this study (comparing to 54 subjects in the Fisher’s 

study) with diagnostic groups more representative of the rehabilitation population. Rehabilitation 

professionals were trained prior to data collection. To prevent ambiguity, FIM “walking” and 

“wheelchair” mobility items were calibrated separately as two separate items. Similar to Fisher’s 

study, the conversion crosswalk was achieved using Rasch true score equating with both FIM 

and PECS items co-calibrated and anchored in separate analyses. Similar to the findings of 

Fisher and colleagues, person ability measures estimated by separate FIM and PECS items 

correlated at 0.92. 

Fisher and his colleagues further used Rasch true score equating to link other healthcare 

instruments. In 1997, Fisher and his colleagues [44] equated 10 items of physical functioning 

(PF-10) and 29 items from the Louisiana State University Health Status Instruments (LSU-HSI) 

based on a convenience sample of 285 patients. The person ability measures estimated from 
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these two instruments correlated 0.80. Conversion tables were provided for translating raw 

scores from one instrument to the other via a common metric. Furthermore, Fisher (1997) [48] 

published a theoretical article which provided a framework for linking physical function 

measures by reviewing more than 30 Rasch studies of physical function measures. Fisher 

suggested that the difficulty hierarchy of physical functioning tasks was affected by two factors: 

1) the extent of involvement of upper and lower extremities in coordinated activity and 2) the 

amount of strength needed. Items that require extensive coordination and strength of upper and 

lower body, such as walking, usually appear to be the most challenging items. Feeding and 

grooming, which only require strictly upper extremity functions, were usually found the easiest 

tasks. Transfer activities, involving moderately coordinating both upper and lower extremities, 

are of medium difficulty. Besides, bowel and bladder management, which involves an 

involuntary muscle control component, usually will fail to fit the Rasch measurement model. 

Based on the above consistencies across instruments designed to measure physical functioning, 

Fisher further supported that the development and deployment of a universal “rehabits” metric 

was a realizable goal.  

As for measuring cognitive functioning, Coster and colleague (2004) [42] also supported 

the feasibility of constructing a meaningful outcome measure to assess cognitive functioning in 

daily life. They found the majority of items (46/59) could be located along a single continuum 

when performing a Rasch analysis across cognition items from several widely used instruments 

including the Activity Measure for Post-Acute Care, the Medical Outcomes Study 8-Item Short-

Form Health Survey, the FIM instrument, the MDS, the MDS–PAC, and the Outcome 

Assessment and Information Set (OASIS). Meanwhile, they found about 25% of the convenience 

sample (out of 477 patients receiving rehabilitation services) were at ceiling and relatively few 
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people performing at the low end of the difficulty scale. Table 3 summarizes the equating studies 

in healthcare field. 

Next Critical Studies for Advancing Linking in Healthcare 

To achieve more accurate and consistent equating results and thereby advancing linking 

studies in healthcare, more rigorous research designs are needed. Successful linking involves 

equating methods selection, and the conversion crosswalk validation. Researchers who intend to 

conduct linking studies should examine the psychometrics of the instruments to be linked and be 

cognizant of the different test administration procedures. Different equating methods including 

CTT and IRT should be examined to obtain optimal equating. Moreover, current linking studies 

in healthcare have attempted to develop a single conversion algorithm for all patients. Since 

health care includes diverse diagnostic groups, group invariance should be investigated. That is, 

a critical question is whether separate conversion tables/algorithms should be created for 

different diagnostic groups or whether a universal conversion table/algorithm is adequate. This 

could be achieved by investigating whether items function similarly across different diagnostic 

groups or by comparing the conversion algorithms created based on each diagnostic group.     

A major limitation of existing linking studies in healthcare is the lack of investigation of 

the accuracy of the linking results and insufficient reporting on how to interpret the converted 

scores.  Follow-up validation studies would provide valuable information for researchers, 

clinicians, administrators (conversion accuracy), and policy-makers (cost-efficiency) an insight 

to evaluate the application of linking in clinical sites. Without validation analyses, applications 

of the conversion algorithm can be challenged. To date, only two equating studies in healthcare 

have investigated the validity of their conversion tables. Nyein and his colleagues (1999) [39] 

evaluated their Barthel-FIM conversion system in a prospective study of 40 subjects. 

Nonparametric statistical techniques were used to evaluate the correlation between the derived 
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Barthel score and the actual Barthel score (Spearman rank correlation) and percentage of 

absolute agreement (Wilcoxon signed rank test). A high correlation (Spearman’s rho= 0.99) and 

absolute agreement ranging from 75 to 100% were found to confirm the conversion criteria. 

Buchanan et al. (2003) [49] evaluated their FIM-(MDS-PAC) conversion system by using actual 

FIM score and converted FIM score from MDS-PAC to classify approximately 3,200 subjects 

into case-mix groups (CMG), a procedure to compute the medical payment. Percentage of cases 

that mapped into the same CMGs by actual FIM score and converted FIM score from MDS-PAC 

were computed. The FIM and PAC-to-FIM scales mapped 53% of cases into the same CMG; 

approximate 84% were classified within 1 CMG and 93% within 2 CMG. 

Equating studies in healthcare requires rigorous and systematic follow-up studies to 

validate the conversion crosswalks. We propose that crosswalk validation phase should be 

investigated at two levels. First, the conversion crosswalk should be validated at the patient level. 

For example, one may ask how accurate is the conversion algorithm in terms of predicting a 

patient’s score from the other instrument.  That is, do the converted and actual scores classify 

patients similarly? If the converted scores are found to be accurate within reasonable error, 

which require further definition, the conversion algorithm may be used to track and monitor 

patient’s status through different healthcare settings. Second, the conversion algorithm could also 

be validated at the sample level. For example, how accurate is the conversion algorithm in terms 

of group equivalence? Is the mean of the converted score distribution equivalent to the mean of 

the actual score distribution? If the conversion crosswalk could reach group equivalence, the 

conversion algorithm may be valuable in comparing facility-level outcomes.   

Lastly, a limitation in present healthcare linking studies is small sample sizes. Kolen 

(1990) notes that less equating error can be anticipated with large sample size (e.g., sample sizes 
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greater than ***) [50]. Large samples would also imply better representations of the population. 

Equating studies in education commonly involve large samples. For example, Kingston et al. 

(1986) [51] used 4,000 subjects to equate the Graduate Record Examination (GRE) via both CTT 

and IRT methods; Yin et al. (2004) [52] used 8,600 to link the American College Test (ACT) 

and ITED (the Iowa Tests of Educational Development) via linear and equipercentile methods; 

and Dorans et al. (1997) [53] and Pommerich et al. (2004) [54] used approximately 100,000 

subjects to the equate the ACT and the Scholastic Aptitude Test (SAT)). Sample sizes of 400 are 

suggested for Rasch model equating and 1,500 for 3-parameter IRT equipercentile equating [4, 

19]. However, a sample size of less than 500 subjects is common for equating studies in 

healthcare [36, 43, 44]. 

Researchers who intend to conduct equating studies may take advantages of existing 

healthcare databases. Several instruments related to functional outcomes are either extensively 

used or federally mandated across the post-acute healthcare settings, for example, the FIM for 

inpatient and sub-acute rehabilitation facilities, the MDS for skilled nursing facilities, and the 

OASIS for home health care. Using existing databases, researchers may be able to obtain large 

sample sizes across diverse diagnostic patients. Moreover, a critical question is whether 

prospective studies are the best means of creating and validating crosswalks. Prospective studies 

may not produce the type of data that will be used in real-world applications of equating in 

healthcare. That is, the quality of healthcare data is likely to be influenced by the context of the 

demands and challenges of day-to-day rehabilitation services. Existing clinical and 

administrative databases may provide the data that are most relevant to everyday applications of 

crosswalks in healthcare.  
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A key to improve clinical care in healthcare is to develop an effective and efficient 

mechanism to evaluate and track changes of patient’s status across the continuum of care. While 

utilizing a single outcome assessment instrument would provide the optimal mechanism for the 

synchronized and seamless monitoring of patient outcomes, the use of different instruments is 

already firmly entrenched across these rehabilitation settings. Using rigorous equating 

methodologies, researchers may overcome the challenges inherent in comparing patients and 

facilities that use different outcomes measures. The establishment of the crosswalk conversion 

algorithms may provide an economical means of monitoring patient progress and comparing 

facility outcomes across the continuum of care. 

Research Question 

The proposed study was funded by Dr. Velozo’s VA Rehabilitation Research and 

Development Project, 03282R, Linking Measures across the Continuum of Care (October 2003 

to March 2006). The main purpose of the project was to develop crosswalk tables/algorithms that 

link scores and measures from the FIM and the MDS. It is based on the hypothesis that the 

functional status items of the FIM and the MDS are subsets of items along two constructs: an 

ADL/motor construct and a cognition/communication construct. 

Many studies have provided evidence that FIM has good psychometric properties in terms 

of reliability [55-64] and validity [65-69]. While not as extensively studied as FIM, evidence 

suggests that the MDS has adequate psychometric properties for use in research purposes [70-

74]. Several studies have used Rasch analysis to investigate the FIM at the item level [48, 75-

78]. However, MDS instrument lacks such studies. To the author’s knowledge, there has been 

only one published study, by Williams and his colleagues [36],  that has attempted to create the 

FIM and MDS crosswalk by expert panel. Instead of using non-statistical based expert panel 

method to build the FIM-MDS crosswalk, Dr. Velozo applied the Rasch true score equating to 
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develop the crosswalk conversion algorithm between these two instruments. Two conversion 

tables, each for one construct (ADL/motor and cognition/communication), were created. In 2004, 

Dr. Byers, a former student of Dr. Velozo, performed a cross-validation study to evaluate the 

accuracy of the conversion tables at the patient level. Point differences between the actual and 

converted FIM/MDS scores were computed and the score distributions between the actual and 

converted scores were compared. In this chapter, several equating/linking methodologies 

commonly used to conduct equating/linking and the state of the art of existing test equating 

studies in healthcare were reviewed. The proposed studies are a logical extension of this review 

and Dr. Velozo and Byers FIM-MDS linking research.  

Research Question 1 

What are the item-level psychometrics of the MDS in terms of physical functioning and 

cognitive domains (e.g., dimensionality, item difficulty hierarchical order, rating scale structure, 

item-person targeting, and other item statistical properties)?  

Research Question 2 

Do the items statistically function consistently across different diagnostic groups so that 

only one crosswalk is required or do inconsistencies in item calibrations mandate developing 

separate crosswalks (e.g., one for each impairment group)? 

Research Question 3 

What is the accuracy of the crosswalk?  How accurate is the crosswalk at individual level 

in measuring individual patients, at classification level in classifying patients into the same 

classification system, and at sample level in comparing the facility outcomes?   
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Table 1-1.  Educational Equating Methodologies 
A-1 Common Equating Methods Based on CTT 
 Equating Methods Description of Equating Methods 

 
 

I. Mean Equating Under the mean equating, Test X is considered to differ in difficulty from Test Y by 
a constant amount along the score scale.  
Under equal reliable tests: )()( yuyxux −=−  
 

II. Linear Equating In linear equating, the linear conversion is defined by setting standardized deviation 
scores (z-scores) on the two forms to be equal.  
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III. Equipercentile Equating For the equipercentile equating, the equating function is developed by identifying 

scores on Test X that have the same percentile ranks as scores on Test Y. 
 

A-2 Common Data Collection Design Usually Accompany with CTT Equating Methods  
    
 (a) Random Groups, One Form 

Administered to Each Group 
(b) Random Groups, Both Forms 
Administered to Each Group, 
Counterbalanced 
 

(c) Nonrandom Groups, One Test to Each 
Group; Common Equating Test 
Administered to Both Groups 

 Design A Test X Test Y  

Subgroup1 
------- 
------- 
------- 

  

Subgroup2 
 ------- 

------- 
------- 

 

 

Design B Test  Test   

Subgroup1 
------- 
------- 
------- 

------- 
------- 
------- 

 

Subgroup2 
------- 
------- 
------- 

------- 
------- 
------- 

 

 

Design C Test X Test Y Test V 

Nonrandom 
Group1 

------- 
------- 
------- 

 ------- 
------- 
------- 

Nonrandom 
Group2 

 ------- 
------- 
------- 

------- 
------- 
-------  

  
 
 
 
 
 

  

Test X 

Test X

Test Y

Test Y 
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Table 1-1.  Continued 
B-1 Common Equating Methods Based on IRT 
 Equating Methods Description of Equating Methods 

 
 

I. True Score Equating Under the true score equating, the true score on one form associated with a 
given person latent trait (θ) is considered to be equivalent to the true score on 
another form correspond to that latent trait. The equating procedure involves 
specifying a person’s true score on Test X, finding the θ corresponding to 
that true score, and finding the true score on Test Y via the same θ. 
 

II. Observed Score Equating IRT observed score equating uses the IRT model to produce an estimated 
distribution of observed number-correct scores on each form, which then are 
equated using equipercentile methods.  
 

B-2 Common Data Collection Design Usually Accompany with IRT Equating Methods 
    
 (a) Common Items Design (b) Common Person Design  
 Test items Test items  

Persons1 
Persons2  

Persons3 
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…  
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|-------------------------| 
                                    |-------------------------| 
                                    |-------------------------| 
                                    |-------------------------| 
                                    |-------------------------| 
                                    |-------------------------| 
                                    |-------------------------|                                        
|                                   |-------------------------|                                         
 |-----------------------------| 

|-----------------------------| 
|-----------------------------||-----------------------------| Common Person 
|-----------------------------||-----------------------------| Common Person 
|-----------------------------| 
|-----------------------------||-----------------------------| Common Person 
|-----------------------------| 
|-----------------------------||-----------------------------| Common Person 
|-----------------------------| 
                                        |-----------------------------| 
                                        |-----------------------------| 
                                        |-----------------------------| 
                                        |-----------------------------| 
                                        |-----------------------------| 
                                        |-----------------------------| 
 

 

Test B Items     

Test A Items     Test A Items     

Test B Items      
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Table 1-2.  Education versus Healthcare – Differences in Equating Procedures 

Education Healthcare 

1) The decision of equating or linking 
usually occurred before developing 
different test forms  

 
2) Tests being equated had the same 

question format, length, and rating 
scale (usually multiple choice) 

 
3) Data collection is embedded in 

national-wised exam while applicants 
take the real test 

 
4) Conduct one or more statistical 

equating methods and compared the 
results 

 
5) Evaluate the results of equating 

including the accuracy and stability 
 

1) The decision of equating or linking 
occurred after individual instruments 
were developed and implemented in 
clinical settings 

2) Assessments being equated often have 
different question format, length, and 
rating scales (such as Likert scale)  

 
3) Data collection usually is conducted via 

perspective studies from a convenient 
sample 

 
4) Many studies use subjective expert 

panel for item-to-item conversion and 
usually only one equating method is 
used  

5) Often no follow up studies evaluating 
the accuracy and/or stability of 
equating 
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Table 1-3.  Review of Linking Studies in Health Care 
First Author 

Year Instruments Data Source  Procedure to Create Conversion 
Tables/Algorithm Results Conversion 

Algorithm 
Validation/ 
Evaluating  

Fisher (1995) 
[43] 

FIM-PECS Free-standing 
rehabilitation 
hospital 
N=54 

Rasch true score – common-person 
equating 
 

The correlation (Pearson’s 
R) of the measures 
produced by the 
separately anchored FIM 
and PECS items was 0.91 

 

PECS/FIM 
Rehabits 
conversion 
table 

None 

Williams (1997) 
[36]  

FIM - MDS Six nursing 
homes 
By trained 
clinicians 
N=173 

Expert Panel  - these experts were 
asked which items (or groups of 
items) from the MDS were most 
comparable to each of the 18 FIM 
items  
One-way conversion algorithm: 
derive a MDS score from the FIM 

FIM motor [Reliability]:  
Cronbach’α = 0.89 
[Correlations between 
actual and converted 
scores] 
Spearman Brown 
intraclass correlation r 
=0.81  
Pearson’s correlation r 
=0.728 
 

Item-to-item 
conversion 
criteria 
 
 

None 

Fisher (1997) 
[79]  

SF10 – (LSU-
HSI) 

A convenient 
sample in a 
public hospital 
medicine 
clinic 
N=285 

Rasch true score – common-person 
equating 
 

The correlation (Pearson’s 
R) of the measures 
produced by the 
separately anchored FIM 
and LSU-HIS items was 
0.80. 
PF-10: Item separation 
reliability= 0.99 
LSU HIS: Item separation 
reliability = 0.90 

Two true score 
conversion 
table (i.e., raw 
score to person 
measure to raw 
score on the 
other 
instrument) 

None 

Fisher (1997) 
[48]  

Review more 
than 30 articles 
of physical 
functioning 
scale 
 

N/A  
Review 
articles 

Rasch – pseudo-common item 
equating 

Support the quantitative 
stability of physical 
functioning construct 
across instruments and 
samples 

N/A None 
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Table 1-3.  Continued 
Nyein (1999) 
[39]  

FIM - Barthel N/A 
Review 
Manuals 

[Manual] The conversion criteria 
were established by careful 
examination of the Barthel Index 
and FIM manual 
One-way conversion algorithm: 
derive a Barthel score from the 
FIM 

Spearman’s rho =0.99 Item-to-item 
conversion 
criteria 
 

Prospective 
study with 
40 brain 
injury 
subjects 

McHorney 
(2000) [35]  

Item bank with 
206 ADL and 
IADL items 

Survey of 
outpatient 
clinics of 
VAMC 
N=3,358 

2-parameter IRT common-item 
equating 

Put all items onto a 
common metric 

Equating items 
parameters 

None 

McHorney 
(2002) [3]  

Nineteen 
common items 
and 2 sets of 
supplemental 
item that 
measure 
functional 
status 

Secondary 
data analysis 
N=4,655 

2-parameter IRT common-item 
equating 

Put all items onto a 
common metric 

Equating items 
parameters 

None 

Jette (2003) [41]  FIM, MDS, 
PF-10, and 
OASIS 
 

Patients drawn 
from six health 
provider 
network in 
Boston area 
N=485 

Concurrent run via Rasch model Put all items onto a 
common metric 

None None 

Buchanan (2003) 
[40]  

FIM – (MDS-
PAC) 

50 rehab 
facilities 
By trained 
clinicians 
N> 3000 

Study Team - The conversion 
algorithm was decided by the study 
team item-by-item. Additionally, 
rating scales were modified and 
supplement items were added. 
One-way conversion algorithm: 
from the MDS-PAC items to FIM-
like items 

Mean difference between 
actual and converted 
score for each item ranges 
from 0.5 to 1.5 points 

Item-to-item 
conversion 
criteria with 
modified 
rating scale 
and 
supplement 
items 
 

Factor 
Analysis 
Regression 
Analysis 
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Table 1-3.  Continued 
Buchanan (2004) 
[49]  

FIM – (MDS-
PAC) 

50 rehab 
facilities 
By trained 
clinicians 
N=3200 

The same as previous study 
(Buchanan, 2003) 

The mean difference 
between the FIM and 
MDS-PAC motor scales 
translations were 2.4 with 
scale correlations of .85. 
Payment cell 
classification using FIM 
data agreed with that 
using MDS-PAC data 
only 56% of the time. 
Twenty percent of the 
facilities experienced 
revenue shifts larger than 
10% 

The same as 
previous study 
(Buchanan , 
2003) 

CMG and 
payment 
comparison 

Smith (2004) [45]  FIM-PECS Free-
standing 
rehabilitatio
n hospital 
By usual 
and trained 
clinicians 
N=500 

Rasch true score – common-person 
equating 
 

Person interval measure 
correlation is 0.92 

Score 
conversion 
tables 

None 

Coster (2004) [42]  FIM, MDS, 
MDS-PAC, 
and OASIS 

Convenience 
sample of 
patients 
receiving 
rehabilitation 
services  
N=477 
 

Concurrent run via Rasch model 
 

Put all items onto a 
common metric 

None None 
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CHAPTER 2 
RASCH ANALYSIS OF THE MINIMUM DATA SET (MDS) ON THE PHYSICAL 

FUNCTIONING AND COGNITION DOMAINS 

Introduction 

According to the U.S. Census Bureau, there are more than 36.6 million individuals in the 

United States at age 65 and over, and this population is projected to be more than three times as 

many in 2050 as today [80]. The increasing age of the population is accompanied by a greater 

number of people living with chronic disease including functional limitations and disabilities 

[81, 82]. Based on the Center for Disease Control’s health statistics report, 34 percent of the 

elderly population have activity limitations caused by chronic conditions and 6.3 percent need 

help with personal care [83]. Cognitive impairment, which is also common among the elderly 

people, was associated with a higher risk of functional decline and with a poor functional 

recovery [84]. Cognitive impairment also has an impact on the ability to perform activities of 

daily living (ADLs) and is associated with increased cost of care for elderly people [85]. 

Nursing homes are a critical environment for tracking the health care status of the elderly 

population. Individuals who cannot take care of themselves because of physical, emotional, or 

mental problems may choose or be placed in skilled nursing facilities (SNFs). Currently, there 

are 1.6 million residents living in nursing homes and their average length of stay is approximate 

892 days [86]. More than 90 percent of current residents are 65 years of age or older and most 

residents require assistance in multiple activities of daily living [87]. Reports estimate that about 

40 percent of nursing home residents need help with eating and more than 90 percent require 

assistance with bathing [88]. 

To improve the quality of care in the SNFs, the Centers for Medicare & Medicaid Services 

(CMS) developed a resident assessment instrument (RAI) in 1990 to assess and plan care for 

residents in long term care facilities [89]. In 1998, with the regulations and the introduction of a 
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prospective payment system, skilled nursing facilities are required to complete and transmit RAI 

data to the state for all residents whose stay is covered by Medicare. As a central assessment core 

in the RAI, the Minimum Data Set (MDS) covers 18 clinically important domains. With 

approximately 450 items in a fully comprehensive assessment and about half of items needed to 

be completed during a quarterly assessment, the MDS gathers abundant resident background 

information for designing care plans, evaluating quality of care, and further monitoring the 

impact of policy changes [71, 89].  

Numerous studies have investigated the psychometric properties of the MDS. Several 

reliability and validity properties of the MDS including the inter-rater reliability [71, 72], test-

retest reliability [90], rater agreement [71, 91], concurrent validity [92, 93], responsiveness [93], 

and dimensionality [71] have appeared in the literature. Many studies support the reliability and 

clinical utility of the MDS items and suggest MDS data should be used for research purposes 

[70-73]. Hawes (1995) [74] reported that MDS items met a standard for excellent reliability in 

areas of functional status such as ADLs, continence, cognition, and diagnoses with intraclass 

correlation of 0.7 or higher. Casten and colleagues (1998) [71] found high correlations between 

the raters for each index (Cognition r = 0.80; ADL r = 0.99). Snowden et al. (1999) [93] showed 

that the MDS cognition scale correlated with the Mini Mental State Examination (r = 0.45) and 

the ADLs scale correlated with the Dementia Rating scale (r = 0.59). However, the MDS has 

been criticized for being semi-structured rather than having standardized interview procedures 

and for having multiple fields requiring information [74, 94]. 

Through the Nursing Home Quality Initiative (NHQI) in November 2002, the CMS 

continues to work with measurement experts to improve the quality of measures for nursing 

home facilities. For better understanding of healthcare instruments, it is central to document the 
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psychometric properties of these assessments. Findings from these analyses may be suggestive of 

revision of the instrument, which is consistent with the commitment from the CMS to continue to 

revise and improve the RAI for care planning. Above-mentioned psychometrics analyses all 

focus on reliability and validity at the total-score level of the MDS. An alternative approach is to 

inspect the rating scale structure and examine underlying psychometrics of the MDS at the item 

level.  

A myriad of studies have used Rasch analysis to examine and refine instruments in the 

health related field [95-101]. However, there are no published studies that have applied Rasch 

analysis to explore the psychometric properties of MDS items. As a step to continue to build on 

the existing psychometrics studies related to the MDS instrument, the purpose of this study was 

to assess the physical functioning and cognitive domains of the MDS using Rasch analysis.   

Methods 

Sample 

A secondary, retrospective analysis using MDS data from a database collected by the 

Veteran Affairs (VA)’s Austin Automation Center (AAC) from June 1, 2002 to May 31, 2003 

were used for this study. This is also the data set used in the VA Rehabilitation Research and 

Development Project, 03282R, Linking Measures across the Continuum of Care. The main 

purpose of that project was to develop crosswalk tables/algorithms that link scores and measures 

from the Functional Independence Measure (FIM™) and the Minimum Data Set (MDS). VA 

FIM and MDS data reside in two databases at the VA’s Austin Automation Center (AAC). Data 

from both databases (the Functional Status and Outcomes Database (FSOD) and the Resident 

Assessment Instrument - Minimum Data Set (RAI-MDS)) were downloaded and merged on the 

basis of social security numbers. In order to minimize the impact that change in a patient’s 

condition could have on FIM and MDS scores, data were restricted to those that involved those 
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subjects whose FIM and MDS assessment dates were within 5 days of each other. Data with any 

missing values in FIM and MDS items were excluded. Individuals with stroke, amputation or 

orthopedic impairments were selected for analysis. The dataset comprised a total sample of 654 

records (302 stroke, 113 amputation, and 239 orthopedic impairment). The average age of this 

sample was 68 ± 12 years, 96.6% were male, 74.2% were white, and 46.7% were married. The 

average difference between FIM and MDS assessment dates was approximately 2.85 days. Table 

2-1 provides the demographic baseline characteristics and information on impairment categories. 

This study was approved by the Institutional Review Board at the University of Florida and the 

VA Subcommittee of Human Studies.  Access to VA MDS data was approved by Department of 

Veterans Affairs, Veterans Health Administration.  

Resident Assessment Instrument - Minimum Data Set (RAI-MDS) 

The RAI-MDS database contains a core set of clinical and functional status elements 

(MDS), triggers, and 18 Resident Assessment Protocols (RAPs). State Veterans’ Homes (SVH), 

which are funded by the VA and also participate in the Medicare and Medicaid, are required to 

collect residents’ information for care planning and transmit MDS data to the Centers of 

Medicare and Medicaid Services (CMS).  

The physical functioning items are embedded in section G of Physical Functioning and 

Structural Problems section of the MDS. It consists of items intended to measure residents’ 

activity of daily living such as bed mobility, transferring, dressing, locomotion, eating, hygiene 

and bathing. All items have a 5-point rating scale ranging from “0” (independent) to “4” (total 

dependence) with lower scores representing higher level of performance. If the activity did not 

occur during the entire 7 days, the rater is instructed to score an “8” (activity did not occur). In 

this study, instead of treating the MDS rating scale category of “8” as missing values, this 
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category was recoded to a “4” (total dependence). It is based on the rationale that the most likely 

explanation of an activity not being observed during the entire observation period is due to 

incapability of performing such tasks [40, 41]. 

The cognition/communication items are embedded within section B (Cognitive Patterns) 

and section C (Communication/Hearing Patterns). These items are used for evaluating residents’ 

memory, perception/awareness, cognitive skills for daily decision making, and communication 

performance. The rating scale structure of the cognition/communication domain varies across 

items, which include dichotomous to polytomous rating scales with four rating scale categories. 

Table 2-2 presents all the items and rating scales of MDS items used in the analysis.  

Administration of the MDS 

When the resident is admitted to a facility, the Registered Nurse Assessment Coordinator 

and the interdisciplinary team (e.g., physician, nursing assistant, social worker, and therapist) 

have a 14 day observation period to complete the admission assessment. After the MDS 

assessment is completed, the Resident Assessment Protocol is reviewed to identify the resident’s 

strengths, problems, and needs for future care plan. Followed by an initial comprehensive 

assessment, a quarterly assessment is mandated 90 days after the initial assessment and an annual 

assessment is required to be completed no more than 366 days from the date of the prior 

comprehensive assessment. Furthermore, the staff must complete additional assessments when a 

resident is discharged or has significant change. Due to the large amount of paperwork, some 

facilities hire MDS contract nurses to complete the records based on information provided in the 

residents’ charts [93]. 

Rasch Analysis 

Rasch analysis (partial credit model) using the Winsteps program [version 3.16] [102] was 

used to evaluate the MDS physical functioning and cognition/communication items. The Rasch 
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model (also called a one-parameter logistic item response theory model) is a probabilistic, 

mathematical model that assumes the probability of passing an item depending on the 

relationship between a person’s ability and an item’s difficulty. It is based on the concept that 

data must conform to some reasonable hierarchy of less than/more than on a single continuum of 

interest [34]. By inspecting persons’ responses in which items are relatively more difficult or 

easier to endorse, the Rasch model derives persons’ ability measures. Similarly, the Rasch model 

establishes the item difficulty hierarchical order by maximizing the likelihood of persons’ 

responses on a set of items. Persons will have a higher probability (> 50%) of succeeding on 

easier items; and a lower probability (< 50%) of succeeding on harder items. 

The basic form of the Rasch model can be explained by a probability equation 

ln (Pnik / Pni(k-1)) = Bn – Di - Fk [34] 

The left side of the equation is the logarithm function (ln is the natural logarithm 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 related 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 called the “logit” 

[34]. 

The Rasch model has several advantages over the traditional classical test theory. First, 

besides exploring the data at the test level (e.g., reliability and validity), the Rasch model can 
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inspect the data at the item level, including item difficulty, rating scale structure and whether 

response patterns fit the expected measurement model. Second, the item parameters are invariant 

no matter which subgroups of sample are used (sample-free). Third, the person ability is 

estimated independently of the particular set of items that are administered to the examinee 

(scale-free). Lastly, items in the instrument are reported on the same scale as ability scores, 

which enable an investigation of how well the item difficulties match with the sample abilities.  

Sample Size Requirement for Rasch Analysis 

One advantage of using the Rasch model is that relatively small sample sizes are required. 

Hambleton (1989) [103] suggested that a sample size of approximately 200 is adequate for 

studies of health-related quality of life using the Rasch model, whereas larger sample sizes 

greater than 500 may be required to obtain stable item parameter estimates with the two-

parameter item response theory model. For polytomous rating scale questionnaires, Linacre 

(1999) [104] recommends sample sizes that result in at least 10 observations per rating-scale 

category to ensure certain accuracy and different levels of precision. 

Analysis 

Dimensionality 

Many measurement experts believe that meaningful “objective” measurement can only be 

achieved if each item contributes to measurement of a single attribute [105]. Therefore, factor 

analysis (FA) was used to examine the dimensionality of the instrument. FA is a technique that 

can be used for dimension deduction [106]. The common factor model assumes that the observed 

variance is attributable to common factors and a single specific factor. A determination of 

whether the scale is unidimensional is investigated by interpreting the factor loading matrix (the 

correlations between the original variables and the common factors), and the percent of variance 

explained by each factor. After initial factor analysis without rotation, FA Varimax (orthogonal 
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transformation) and FA Promax (oblique transformation) were used as follow-up analyses for 

better interpretability of the results. 

How well the data fit the model 

Fit statistics were performed to investigate whether the response patterns on the physical 

functioning and cognition scales fit the Rasch measurement model. A fit statistic index calculates 

the ratio of the observed variance divided by the expected variance with an expected value of 1 

and a range from 0 to positive infinity.  An infit mean square value of 1+ X indicates the 

observed variance contains 100*X% more variation than the model predicted [34]. Wright and 

Linacre (1994) [107] suggested a reasonable item mean-square (MNSQ) fit statistics ranges from 

0.5 to 1.7 for clinical observations. MNSQs higher than 1.7 indicate that the response pattern of 

items have more variance than the model expected. 

Item difficulty hierarchy 

The empirical item difficulty hierarchical order produced by the Rasch analysis can be 

used as evidence of construct validity and support or challenge to the theoretical base of the 

instrument [101]. Item difficulty hierarchical order was inspected via the estimated item 

difficulty calibrations, which are expressed in logits with higher positive values indicating a 

more challenging task. 

Person-item match: targeting 

In Rasch analysis, both person ability and item difficulty are expressed on a common 

metric. The extent to whether the items are of appropriate difficulty for the sample can be 

examined by comparing the sample ability distribution to the item difficulty distribution. Ceiling 

effects can be depicted by a lack of items for persons of high ability and floor effects can be 

depicted by a lack of items matching persons of low ability. Furthermore, clusters of items or 



 

47 

gaps between items (no items within a range of a person ability level) may indicate a redundancy 

of items or the need to add items within an instrument. 

Separation index 

The precision of measurement depends on how well the item of an instrument separate 

individuals of different ability levels.  The person separation index is an estimate of how well the 

instrument can differentiate persons on the measured variable. A separation index above 2 is 

required to attain the desired level of reliability of at least 0.8 [108]. The person separation index 

(G) can be further computed into the number of statistically distinct person strata identified by 

the formula [(4G+1)/3] [34]. This value indicates how many distinct levels of person ability can 

be statistically differentiated in ability strata with centers three measurement errors apart [109]. 

Rating scale structure 

The rating scale structure will be examined initially by inspecting the frequency count for 

each response option, as well as the rating scale structures summarized by the Rasch model. 

Categories with low frequencies indicate that the performance level/rating scale can be assigned 

to the respondent only in rare situations or with a narrowly defined scope. Furthermore, Rasch 

analysis explores the relationship between the probabilities of obtaining a particular rating scale 

score to person ability measures. Linacre (2002) [110] provided three essential guidelines to 

optimize rating scale categories via the Rasch model: 1) at least 10 observations should be in 

each rating scale category; 2) average measures should advance monotonically within the 

category; and 3) outfit mean-squares should be less than 2.0. 

Differential item functioning (DIF) 

DIF analysis can be used to examine whether the items function similarly across different 

groups and identify items that appear to be too easy or difficult after controlling for the ability 

levels of the compared groups. In this study, DIF method based on Wright and Stone (1979) 
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[111] was used to explore whether items on the MDS perform similarly across three different 

diagnostic groups (individuals with stroke, amputation, and orthopedic impairment). Items with 

DIF t-statistics beyond two standard deviations were indicated as having significant DIF [111]. 

Results 

Dimensionality 

Within a conjoint run of all functional items together, the results of factor analysis showed 

that 5 factors had eigenvalues greater than 1. The first five factors had eigenvalue equal to 11.9, 

3.7, 1.9, 1.3, and 1.0, respectively, which explained approximate 41%, 13%, 7%, 4%, and 4% of 

the total variance. Table 2-3 presented the factor patterns from factor analysis. Initially, factor 

analysis without rotation was performed. Results from the factor pattern revealed that, for the 

first component, all items had positive loadings ranging from 0.41 to 0.80, which indicated a 

general construct measuring functional status. For the second factor, all cognitive items had 

positive loadings (0.11 to 0.47) and all physical functioning items had negative loadings (-0.05 to 

-0.51), indicating two separate subconstructs were underlie the overall functional status domain. 

The third factor had relatively high factor loadings (> 0.35) on six items that were indicators of 

delirium (i.e., easily distracted, periods of altered perception, restlessness, lethargy, and mental 

function varies over the course of the day). Lastly, while three communication items showed 

high factor loadings on the fourth factor (0.37 to 0.52), two walking items demonstrated relative 

high factor loadings on the fifth factor (0.53 and 0.54). 

Orthogonal transformation was then performed, followed by oblique transformation where 

factors are allowed to be correlated with each other. Factor patterns obtaining from orthogonal 

and oblique transformation were similar. All physical functioning items (except two walking 

items) highly correlated with the first factor (0.56 to 1.00). Severn cognitive items including two 

memory items, four recall items, and one cognitive-skills-for-daily-decision-making item had 
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high correlations with the second factor (0.41 to 1.00). For the third factor, six cognitive items 

(indicators of delirium) had relative high factor loadings (0.80 to 1.00). For the fourth factor, 

three communication items highly correlated with the fourth factor (0.56 to 1.00). Lastly, two 

walking items demonstrated relative high factor loadings on the fifth factor (0.97 to 1.00). While 

there were multiple factor loadings, we separated the instrument into 2 factors, physical and 

cogntive, as a conservative interpretation. 

Rasch Analysis 

ADL/Physical functioning items 

Rasch analysis (partial credit model) was performed using the WINSTEPS software 

program. Overall, the physical functioning items showed good psychometric properties. Person 

reliability, analogous to Cronbach’s alpha, was 0.89. With all infit MNSQ statistics (0.56 to 1.51) 

less than 1.7, no physical functioning items misfit the Rasch model.  

The physical functioning item difficulty calibrations were presented in Table 2-4. The item 

difficulty calibrations ranged from -1.37 to 1.49 logits with an average of 0.05 logits error 

associated with parameter estimations. Two walking items (walking-in-corridor and walking-in-

room) and one bathing item were the most challenging items along this construct. Alternatively, 

eating, bed mobility, bladder, and bower, were the easiest items. Items such as toileting, 

dressing, transferring and hygiene represent items around the average difficulty level. In general, 

the score correlations (point-biserial correlation) between the individual item response and the 

total test score were moderate to high (r = 0.62 to 0.82). 

The analysis placed persons and items on the common linear scale with the same local 

origin. Figure 2-1 illustrated the relationship of the sample score distribution (left) with the 

hierarchical order of the physical functioning items (right). Linear measures, in logits, were 

represented along the central axis. The distribution of person ability estimations (higher values 
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representing high ability and lower values representing lower ability) was normally distributed 

with a slight ceiling effect with 6.1 % of the sample receiving a maximum measure. The sample 

ability level (M on the left) of 0.58 ± 1.76 logits matched well with item difficulties of the MDS 

items with the mean item difficulty (M on the right) of 0.00 ± 0.87 logits. With person separation 

index (G) equaled to 2.89, these physical functioning items statistically defined person ability 

into 4.19 [(4G+1)/3] statistically distinct strata.  

The rating scale structure was initially examined by inspecting the frequency count for 

each response category. Figure 2-2 showed the frequency count of responses from “0” 

(independent) to “4” (total dependence) and the additional rating scale category of “8” for 

activity did not occur during the entire 7 days. Three rating scale categories are presented on 

each graph to simplify the presentation. On the x-axis, 13 physical functioning items were listed 

and ordered from the easiest (eating) to the most challenging item (walk-in-corridor) (from left to 

right). The y-axis was the frequency count of rating scale category. As items increased in 

challenge, the frequency counts of “0” (independence -♦-) decreased as expected. In general, the 

frequency count of “1” (supervision -■-) maintained a relatively low frequency count 

independent of the difficulty of the item. Items at the average difficulty level had a relatively 

high frequency count for being scored with “2” (limited assistance -▲-) or “3” (extensive 

assistance-x-). There was a relatively high frequency count for limited assistance with the 

dressing item and a particularly high frequency count for extensive assistance with the bathing 

item. However, the trend of the frequency count of “4” (total dependence -*-) did not 

monotonously increase as the difficulty of the task increased. Instead, the frequency count of 

total dependence had a relatively high frequency count for bathing and locomotion-off-unit and 

had a very low frequency count for the two most challenging items, walk-in-room and walk-in-
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corridor. For the special rating scale of “8” (activity did not occur during the entire 7 days) (-■-), 

the frequency count was low across all items except the two walking items and two locomotion 

items. 

Most of the physical functioning items met Linacre’s (2002) criteria for optimizing rating 

scale categories. All the rating scale categories had at least 10 observations in each rating scale 

category. The average measures for each rating scale structure advanced monotonically within 

the category. Four items (eat, bladder, bowel, walk-in-corridor) had one rating scale category 

that showed misfit (outfit mean-square greater than the criteria of 2). The locomotion-off-unit 

item had two rating scale categories that showed misfit. 

 To determine whether the rating scale for each MDS item was being used in an expected 

manner, we examined the probability of each rating (0–4) based on the residents’ overall 

performance on the MDS. We expected that as the function of the residents improves, there 

should be increasing probability of obtaining a higher rating scale category. That is, we expected 

that individuals of lower ability would use lower parts of the rating scale (e.g., 4 or 3) and 

individuals of higher ability would use higher parts of the rating scale (e.g., 2, 1, and 0).  

Figure 2-3 showed the rating scale pattern for physical functioning items. The y-axis was 

the probability of endorsing a particular rating scale category and the x-axis equaled the value of 

the person ability minus item difficulty. Figure 2-3 (a) (eating item) for example, as person 

ability is much lower than item difficulty; there is a high probability of getting a rating category 

of “4” (total dependence). As person ability increases, a rating category of “2” (limited 

assistance) becomes the next most probable rating. Finally, as person ability is much higher than 

the item difficulty, a rating category of “0” (independent) becomes the most probable rating. 
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Hence, three rating categories provide adequate information for evaluating the eating 

performance. 

Overall, the rating scale pattern showed that the rating scale of “1” (supervision) rarely 

appeared to have a higher probability of endorsement than other rating scale categories. While 

the four-point rating scale structure may provide adequate information for several items such as 

toileting, transferring, dressing, hygiene and bed-mobility, some items (bladder, bowel, walk-in-

corridor, and walk-in-room) appear to use only two rating scale categories to distinguish 

resident’s status.  

The partial credit model enables each item to have its own rating scale structure. The 

“keyform” output allows a connection between the item difficulty hierarchy and person ability 

measures. In addition, the keyform provides a method to interpret and report a person’s expected 

performance pattern.  Figure 2-4 presents the keyform structure of the 13 physical functioning 

items in the MDS.  Items were arranged by item difficulty calibrations with the easiest item on 

the bottom of the y-axis to the most difficult item on the top. The x-axis indicates person ability 

measures (in logits) estimated by the Rasch model. For a resident at the average function level 

(dashed vertical line at 0.4 logits), he/she is expected to be independent (score 0) with eating, 

bladder and bowel; supervised (score 1) on locomotion-in-unit and bed-mobility; independent or 

needs limited assistance on hygiene (score 1 or 2); needs limited assistance (score 2) on dressing, 

toileting, and transferring; requires limited to extensive assistance (score 2 or 3) on locomotion-

off-unit; needs extensive assistance or total dependent (score 3 or 4) on walking tasks (walk-in-

room and walk-in-corridor. As a resident improves to 1 standard deviation above the average 

(approximate 1.73 logits), the resident is expected to have the functional level of being 
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supervised on walking activities and locomotion-off-unit; need supervision or limited assistance 

on bathing; and be independent on all other physical functioning items.  

After performing the differential item functioning analysis across three impairment groups, 

several items were found to have significant DIF. In comparing stroke with amputation, subjects 

with amputation had more difficulty walking (walking-in-room and walk-in-corridor) and 

subjects with stroke had more difficulty in locomotor-off-unit, tasks which involved upper 

extremity function (hygiene and eating) and continence (bladder and bowel). In comparing 

stroke with orthopedic impairment, subjects with orthopedic impairments had more difficulty in 

walk-in-corridor, transferring, dressing, and bed-mobility. Similar to the stroke-amputation 

comparison, subjects with stroke had more difficulty in some tasks which involved upper 

extremity function (hygiene, eating) and continence (bladder and bowel). Lastly, when 

comparing amputation with orthopedic impairment, where both the majority of individuals have 

lower extremity deficits, subjects with amputation experienced more challenges in walking 

(walk-in-room and walk-in-corridor) and subjects with orthopedic impairment had more 

difficulty with locomotor-off-unit, transferring, bed mobility, bathing and dressing. 

Cognitive items 

The psychometric characteristics of the MDS cognition/communication items were good 

but slightly less sound as those characteristics of the physical functioning items. Person 

reliability, analogues to Cronbach’s alpha) was 0.68. No cognition/communication items showed 

infit statistics that exceeded the critical value of 1.7.  

Table 2-5 presents the item difficulty estimates of cognition/communication items. The 

item difficulty calibrations ranged from –1.71 to 2.20 logits with an average of 0.14 logits error 

associated with parameter estimations. Short-term-memory, ability-to-recall, and daily-decision-

making items formed the most challenging items along this construct. Communication items 
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(making-self-understood, speech-clarity, and ability-to-understand-others) were the next difficult 

items. Items that indicated delirium (altered-perception-or-awareness, easily-distracted, 

disorganized-speech, and lethargy) were the easiest items. In general, the score correlations 

(point-biserial correlation) between the individual item response and the total test score were 

moderate to high (r = 0.54 to 0.75). However, the score correlations were low (r = 0.32 to 0.49) 

for those items associated with periodic disordered thinking/awareness and communication items 

(except the making-self-understood item). 

Figure 2-5 showed a map of the person cognitive measures to the left, and MDS item 

measures to the right. The Rasch analysis placed persons and items onto the same linear scale 

with the same local origin. In contrast to the physical functioning measure, which showed a good 

match between person measures and item measures, the cognition/communication measure was 

“easy” for this sample. The average item difficulty (0.00 ± 1.26 logits, M to the right) was much 

lower than the average ability of the sample (3.49 ± 1.74 logits). If excluding extreme persons 

who obtained the total maximum score, the average ability of the sample was about 2.13 ± 1.35 

logits (M to the left in the figure). In contrast to the physical functioning map which showed a 

normal distribution of person measures, the cognition/communication was highly skewed with 

47.4 percent of the sample showing perfect scores. With person separation index equaled to 1.46, 

the cognition/communication items distinguished persons into 2.28 statistically distinct strata. 

The observations that cognition/communication items were found too easy for most of 

residents were also shown on the rating scale patterns. The majority of residents (68-96%) were 

rated independent/able/behavior-not-present for their cognitive status on multiple cognitive 

items. Several items (8 out of 16 items) had very low frequency count (< 10) in the rating scale 
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category that indicates the severe impaired cognition/communication status (i.e., severe 

impaired, or have problem).  

To determine whether the rating scale structure for each MDS item was being used in an 

expected manner, we examined the probability of each rating in the cognition/communication 

items. Figure 2-6 showed the probability of responses for each item as a function of the overall 

performance on the MDS cognitive measure. Since two memory items and four recall items were 

dichotomously rated, the rating scale structure simply showed that the probability of passing an 

item increases when person ability is higher than the item difficulty (Figure 2-6 [A]). Several 

items (e.g., easily-distracted, lethargy, mental-function-varies-over-the-course-of–the-day, and 

speech-clarity items) had a well-functioning rating scale structure meaning that when a person’s 

ability increased, the probability of getting a higher rating increased gradually and distinctly for 

each rating category (Figure 2-6 [B]). In comparing Figure 2-6 (C) (restless, altered-

perception/awareness) with Figure 2-6 (B), the middle rating scale category (i.e., “1” behavior 

present, not recent onset) out of the 3-point rating scale covered a slightly smaller range of 

person ability. As for disorganized-speech item (Figure 2-6 (D)), the probability of getting the 

middle rating scale of “1” (behavior present, not resent onset) was lower than the other rating 

categories. Lastly, the 4-point rating scale structure in Figure 2-6 (E), the probability of getting a 

rating move from “3” to “0” increased as a person’s ability increases, though the probability of 

getting a “2” became more probable than other rating categories only for a small range of person 

abilities.  

Most of the cognitive/communication items met Linacre’s (2002) criteria for optimizing 

rating scale categories. In general, the average measures for each rating scale structure advanced 
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monotonically. Three items (speech-clarity, restlessness, disorganized-speech) had one rating 

scale category misfit with outfit mean-square statistics slightly greater than the criteria of 2. 

Figure 2-7 presents the keyform output for the cognition/communication items. This output 

provided a means to interpret and report a resident’s performance and progress. Since the 

cognition/communication domain had a severe ceiling effect, we recalibrated the average 

function level of the residents by removing those data with perfect scores. This procedure 

resulted in an average ability level at of 2.13 (logits) for non-extreme persons. For a resident at 

this cognitive level (dashed vertical line), he/she is expected to have no indicators of delirium 

(periodic disordered thinking/awareness), be able to make self understood, speech clarity, and 

able to understand others (score 0). Meanwhile, he/she should be able to have good long-term 

memory (score 0), able to recall that he/she is in a nursing home, location of their own room, and 

current season (score 1), but probably will have problems recalling staff’s names or faces (score 

1). The individual’s short-term memory also would probably be challenged (score 1 or 0). 

Cognitive skills for daily decision making probably will not be totally independent and might 

have some difficulty when confronting new situations (score 1). 

Differential item functioning analysis showed that few cognitive items exhibited 

significant DIF. When comparing stroke with amputation, only two items demonstrated 

marginally significant DIF (t-statistics just above 2). While cognitive-skills-for-daily-decision-

making was more difficult for subjects with stroke, and recall-that he/she-is-in-a-nursing-home 

was relatively more challenging for subjects with amputation. For stroke versus orthopedic 

impairment, two items (recall-current-season and cognitive-skills-for-daily-decision-making) 

were more difficult for subjects with stroke and one item (periods-of-lethargy) was more 

challenging for subjects with orthopedic impairments. Lastly, while comparing amputation with 
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orthopedic impairment, only one item (recall-current season) was more difficult for subjects with 

amputation. But this DIF effect showed only marginal significance. 

Discussion 

Rasch analysis has been widely used for the evaluation and revision of functional outcome 

measures [47, 112]. This study used Rasch (partial credit model) to assess the physical 

functioning and cognition/communication items of the Minimum Data Set (MDS) [113]. 

Because few studies have investigated those functional status items of the MDS at the item-level, 

this study provides further insight into its item-level psychometrics.  

Overall, the physical functioning items demonstrated better psychometric properties than 

the cognition/communication items. The average difficulty of physical functioning items 

matched well to the mean of sample ability. The physical functioning items also cover a wide 

range of the resident’s functioning change with the spread of items efficiently discriminating 

resident’s performance into approximate 4 statistically distinct strata. The findings of the 

empirical item difficulty hierarchical order are supported by Fisher (1997) [48], who 

demonstrated a similar item difficulty hierarchy based on a review of more than 30 Rasch studies 

related to physical functioning construct. Fisher proposed a theory of physical disability based on 

task difficulty that feeding and grooming tasks, which only require upper extremity functioning, 

are usually the easiest tasks; transferring activities, which are more physically demanding and 

involve coordinating both upper and lower extremities, are of medium difficulty; and walking 

activities, which are the most physically demanding are the most difficult tasks. As in the present 

study, this item difficulty hierarchical order also replicates findings of Rasch analysis studies of 

the motor scale in the FIM, which is widely used in the inpatient rehabilitation facilities [41, 77, 

78, 114, 115]. 
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In contrast to the physical functioning measure, which showed a good match between 

person measures and item measures, the MDS cognition/communication items are easy for most 

of the residents. Similar ceiling effects have been reported for the in the FIM cognitive scale in 

studies of rehabilitation patients even at admission [77]. Coster (2004) co-calibrated 

cognition/communication items from several widely used functional outcome assessment 

(including the FIM, MDS, the Outcome and Assessment Information Set (OASIS), the Minimum 

Data Set for Post-Acute Care (MDS-PAC) and the newly developed Activity Measure for Post-

Acute Care (AM-PAC)) using the Rasch partial credit model [42]. Based on a sample of 477 

adults who were receiving rehabilitation services ranging from inpatient acute rehabilitation to 

home care services, the results showed a severe ceiling effect with approximately a quarter of the 

sample receiving maximum scores across all items. Hence, these findings suggest that more 

challenging items should be included on these instruments or that the cognitive/communication 

scales should only be applied to diagnostic groups likely to have cognitive or communication 

deficits.   

The item difficulty hierarchical order of the MDS cognition/communication items seems to 

have a pattern illustrating that memory, recall and daily-decision-making items are more 

challenging than communication items. Similar findings also appeared in Rasch analysis studies 

of the cognitive scale in the FIM, which demonstrated that memory and problem solving items in 

the FIM are more difficult than comprehension, social interaction, and expression items [41, 77]. 

The MDS physical functioning items have an additional rating scale category of “8” 

activity did not occur. Several researchers have indicated that this scoring level was used when 

individuals were unable to perform a task and hence converted these codes to the lowest score 

for that item, namely total dependence [40, 41]. It is possible that the raters score this category 
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because they did not observe the residents performing the action during the entire observation 

period. Since these items are activities that the majority of people perform on daily basis, 

however, the most likely explanation may be that residents are incapable of performing such 

task. In a preliminary analysis, we found that the results of item difficulty calibrations for two 

walking items (walk-in-room and walk-in-corridor) changed dramatically when we treated the 

score “8” as missing values. As previous mentioned, frequency count analysis revealed that 

walking items have relatively much higher percentage being recoded in this category comparing 

to the rest of items, followed by the locomotion items. One plausible explanation for this 

observation is that walking and locomotion items are not routine activities for nursing staff to 

assist the residents as compared to other activities of daily living such as eating, dressing, or 

bathing. Nonetheless, if a resident does not walk within the nursing facility for the entire 

observation period, a likely reason is that the resident is incapable of walking on his own. 

To be Medicare and Medicaid compliance, the skilled nursing facilities have to follow 

regulations to complete the RAI assessment for residents. Besides comprehensive assessments, 

nursing facilities have to perform quarterly assessments and annually assessments. Furthermore, 

a significant change form needs to be completed when a resident has significant change. With 

approximately 450 items for a comprehensive assessment, and 250 items for quarterly 

assessment, the massive amounts of paperwork and staff time committed to the MDS raises the 

concern of administrative burden [116]. The burden of assessment loadings and rules such as the 

requirement of 21 times observations to obtain ADL data might cause nursing home staff to find 

it difficult to follow the protocol. This may result in the assessment being completed hastily 

which might further compromise the validity of the MDS data [90]. Moreover, the MDS has 

been criticized for having different fields of clinicians providing information and inadequate 
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evaluation training for nursing home staff [90]. With a semi-structured assessment procedure, 

different procedures for completing the MDS have been reported: a) the Registered Nurse 

Assessment Coordinator asks questions of other staff orally; b) all members of the team have to 

complete their portions of the assessment; c) all members are asked for their ratings, but the 

Assessment Coordinator provides the final judgments; d) use a combination of chart review, 

direct observation, or asking other information resources; e.) hire an MDS nurse to perform MDS 

assessments [71, 90]. Therefore, studies using data from MDS clinical databases may contain 

inestimable noise and error. 

There are several limitations of this study. The sample only represented individuals with 

stroke, amputation, and orthopedic impairment groups. The data selection was connected to an 

existing project’s criteria. Although the MDS demonstrated multiple factors, we analyzed all 

functional status items as physical functioning and cognitive subconstructs. More representative 

samples and dividing the cognitive construct further should be considered in future studies. 

Over the past few years, the CMS had continued to revise the MDS version 2.0 and had 

updated technical information on the website. Recently, the CMS has been working on the MDS 

version 3.0 with the purpose of reducing burden, updating sections, and increasing the 

responsiveness of the scale for measuring of health conditions [117]. While CMS continues to 

develop additional menu items, it is critical to continue to evaluate and monitor the psychometric 

properties of existing and new items to ensure that the MDS not only is clinical relevant but also 

can be used for research purposes. This study provided an alternative perspective other than 

traditional reliability and validity test of the MDS domains.  
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Table 2-1.  Demographic Characteristics 
Characteristic N=654 
Mean age ± SD (y) 68 ± 12 
Median age (y) 69 
Gender, n (%)  
     Male 630 (96.6 %) 
     Female   22 (  3.4 %) 

 
 
 
 
 
 

Race, n (%)   
White 485 (74.2 %)  
Black 120 (18.3 %)  
Hispanic   26 (  4.0 %)  
Native American     8 (  1.2 %)  
Asia     2 (  0.3 %)  
Other     5 (  0.8 %)  
Missing     8 ( 1.2 %)  
Impairment Groups, n (%)  
Stroke  

Left Body Involvement  140 (21.4 %) 
Right Body Involvement  134 (20.5 %) 
Bilateral Involvement    7 (1.1 %) 
No Paresis    8 (1.2 %) 
Other Stroke  13 (2.0 %) 

 302 (46.2%) 
Amputation  

Unilateral Lower Limb Above the Knee (AK) 30 (4.6 %) 
Unilateral Lower Limb Below the Knee (BK) 71 (10.9 %) 
Bilateral Lower Limb Above the Knee (AK/AK)   1 (0.2 %) 
Bilateral Lower Limb Above/Below the Knee (AK/BK)   2 (0.3 %) 
Bilateral Lower Limb Below the Knee (BK/BK) 9 (1.4 %) 

 113 (17.4%) 
Orthopedic  

Unilateral Hip Fracture 31 (4.7 %) 
Bilateral Hip Fractures 1 (0.2 %) 
Femur Fracture 5 (0.8 %) 
Pelvic Fracture 3 (0.5 %) 
Major Multiple Fractures 6 (0.9 %) 
Unilateral Hip Replacement 74 (11.3 %) 
Unilateral Knee Replacement 84 (12.8 %) 
Bilateral Knee Replacement 2 (0.3 %) 
Other Orthopedic 33 (5.0 %) 

239 (36.5%) 
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Table 2-2.  Minimum Data Set (MDS) – Physical Functioning and Cognition Items 

Physical Functioning Items Cognition items 

Bed Mobility 
Transfer 
Walk in Room 
Walk in Corridor 
Locomotion on Unit 
Locomotion off Unit 
Dressing 
Eating 
Toilet Use 
Personal Hygiene 
Bathing 

Bladder Continence 

Bowel Continence 

 
 
 
 

Ability to understand others 
Making self understood 
Speech clarity 
Cognitive skills for daily decision making 
Short-term memory 
Long-term memory 
Recall-Current season 
Recall-Location of own room 
Recall-Staff names/faces 
Recall-that he/she is in a nursing home 
Easily distracted 
Periods of altered perception or awareness of 
surroundings 
Episodes of disorganized speech 
Periods of restlessness 
Periods of lethargy 
Mental function varies over the course of the day 
 

 
 Rating Scale – Physical Functioning 
 
0 Independent 
1 Supervision 
2 Limited Assistance 
3 Extensive Assistance 
4 Total Dependence 
 
8 Activity did not occur during the 
entire 7- day period 

 
Rating Scale - Cognition  

 
Communication:  

0-Ok,  
1-Usually/sometimes,  
2-Rarely/never understand/understood 

Speech clarity: 0-Clear, 1-Unclear, 2-No speech  
Cognitive decision making:  

0-Independent 
1-Modified independence 
2-Moderately impaired 
3-Severy impaired 

Memory: 0-Ok, 1-Problem 
Recall: 1-Able, 0-Disable 
Awareness:  

0-Behabvior not present 
1-Behavior present, not recent onset 
2-Behavior present, over last 7 days 
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Table 2-3.  Factor Analysis on MDS Items – Factor Pattern  
 Without Rotation Oblique Rotation 
 Items                                        Factor 1        2         3         4        5     1        2        3        4        5             
 Short-Term Memory 0.64  0.29  -0.28  -0.29   0.08 0.03  0.90  0.00  0.00  -0.00       

 Long-Term Memory 0.68  0.36  -0.24  -0.19   0.13 0.02  0.80  0.02  0.01   0.00       

 Recall-Season 0.68  0.30  -0.21  -0.21   0.14 0.03  0.79  0.02  0.00   0.00       

 Recall-Location of Room 0.70  0.26  -0.23  -0.24   0.08 0.06  0.77  0.01  0.00   0.00       

 Recall-Staff Names/Faces 0.51  0.29  -0.25  -0.24   0.18 0.00  1.00  0.00  0.00   0.00       

 Recall-Nursing Home 0.41  0.32   0.06  -0.08   0.19 0.00  0.41  0.27  0.00   0.02       

 Cognitive Skills for Daily Decision Making 0.77  0.32  -0.21  -0.15   0.03 0.06  0.61  0.04  0.02  -0.00       

 Easily Distracted 0.41  0.45   0.46   0.02  -0.14 0.00  0.00  1.00  0.00  -0.00       

 Periods of Altered Perception or Awareness 0.49  0.47   0.43   0.04   0.00 0.00  0.02  0.92  0.00   0.00       

 Episodes of Disorganized Speech 0.45  0.45   0.35   0.19  -0.02 0.00  0.00  0.86  0.03   0.00       

 Periods of Restlessness 0.45  0.42   0.43   0.00  -0.15 0.00  0.00  0.94  0.00  -0.00       

 Periods of Lethargy 0.50  0.35   0.35   0.07   0.03 0.01  0.02  0.80  0.00   0.00       

 Mental Function Varies Over the Course of the Day 0.47  0.41   0.40  -0.04   0.00 0.00  0.03  0.88  0.00   0.00       

 Making Self Understood 0.63  0.27  -0.34   0.52   0.10 0.01  0.06  0.00  0.81   0.00       

 Speech Clarity 0.50  0.11  -0.32   0.61  -0.03 0.03  0.00  0.00  1.00  -0.00       

 Ability to Understand Others 0.65  0.33  -0.27   0.37   0.13 0.01  0.15  0.02  0.56   0.00       

 Bed Mobility 0.71 -0.36   0.02   0.07  -0.14 1.00  0.00  0.00  0.01   0.00       

 Transfer 0.75 -0.49   0.12   0.04  -0.02 0.93  0.00  0.00  0.00   0.05       

 Walk in Room 0.51 -0.51   0.25   0.04   0.53 0.17  0.00  0.00  0.00   0.97       

 Walk in Corridor 0.50 -0.50   0.25   0.02   0.54 0.16  0.00  0.00  0.00   1.00       

 Locomotion on Unit 0.75 -0.28   0.06  -0.04  -0.12 0.92  0.02  0.00  0.00   0.00       

 Locomotion off Unit 0.66 -0.31   0.10  -0.06  -0.04 0.90  0.01  0.00  0.00   0.02       

 Dressing 0.77 -0.40   0.08   0.04  -0.11 0.98  0.00  0.00  0.00   0.01       

 Eating 0.76 -0.11  -0.12   0.06  -0.20 0.67  0.06  0.00  0.04  -0.00       

 Toilet Use 0.79 -0.43   0.06   0.00  -0.08 0.97  0.00  0.00  0.00   0.01       

 Personal Hygiene 0.80 -0.31   0.00  -0.00  -0.14 0.93  0.02  0.00  0.00   0.00       

 Bathing 0.71 -0.39   0.06  -0.02  -0.04 0.95  0.00  0.00  0.00   0.02       

 Bowel 0.74 -0.14  -0.14  -0.08  -0.24 0.73  0.09  0.00  0.00  -0.00       

 Bladder 0.66 -0.05  -0.15  -0.21  -0.26 0.56  0.19  0.00  0.00  -0.01       



 

64 

Table 2-4.  Physical Functioning Item Statistics (Listed by Item Difficulty Order) 
   INFIT OUTFIT SCORE  
ITEM MEASURE ERROR MNSQ ZSTD MNSQ ZSTD CORR.   
        
Walk-corridor 1.49 0.04 1.28  3.9  2.16   2.6 0.68  
Walk-room 1.22 0.04 1.28  3.9  2.01   3.5 0.69  
Bathing 1.11 0.05  0.91 -1.5  0.85 - 2.1 0.77  
Loco-off-unit      0.61 0.04 1.51  7.3  1.77   5.8 0.67  
Dressing      0.14 0.05  0.82 -3.5  0.84 - 2.8 0.79  
Toileting      0.12 0.05  0.56 -9.5  0.53 - 8.6 0.82  
Transfer     -0.07 0.05  0.72 -5.7  0.69 - 5.5 0.80  
Hygiene     -0.27 0.05  0.78 -4.2  0.78 - 3.5 0.78  
Loco-in-unit     -0.35 0.05 1.24  3.4  1.23   1.9 0.69  
Bowel     -0.78 0.05  0.98 -0.2  1.70   2.7 0.68  
Bladder     -0.82 0.05 1.63  6.5  2.29   5.1 0.62  
Bed-mobility -1.03 0.05 1.12  1.8  1.04   0.3 0.70  
Eating -1.37 0.06  0.99 -0.2  1.05   0.4 0.70  
     
Mean      0.00 0.05 1.06  0.1  1.30   0.0 
S.D.      0.87 0.00  0.30  4.8  0.58 4.1 
MEASURE: item difficulty calibration 
MNSQ: mean square fit statistics 
ZSTD: standardized fit statistics 
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Table 2-5.  Cognition/Communication Item Statistics 

(Listed by Item Difficulty Order) 
   INFIT OUTFIT SCORE 
ITEM MEASURE ERROR MNSQ ZSTD MNSQ ZSTD CORR.   
        
Short-term memory 2.20 0.13 0.88 -2.0 0.81 -2.3 0.75
Recall staff names/faces 1.54 0.13 1.18 2.7 1.23 2.3 0.61
Recall location of own room 1.24 0.14 0.88 -1.8 0.83 -1.7 0.67
Daily decision making 1.23 0.08 0.74 -3.7 0.74 -3.3 0.85
Recall current season 1.15 0.14 0.81 -3.0 0.71 -2.9 0.69
Long-term memory 0.96 0.14 0.77 -3.4 0.69 -2.8 0.68
Recall in a nursing home 0.86 0.14 1.09 1.3 1.58 3.8 0.54
Making self understood -0.11 0.09 1.26 2.6 1.09 0.6 0.64
Speech clarity -0.33 0.12 1.31 2.9 1.78 3.7 0.47
Ability to understand others -0.41 0.10 0.98 -0.2 0.99 0.0 0.64
Mental function varies -1.02 0.15 0.97 -0.2 0.68 -1.4 0.49
Altered percept/awareness -1.19 0.16 1.18 1.3 0.83 -0.6 0.43
Restlessness -1.29 0.16 1.05 0.4 0.97 0.0 0.43
Easily distracted  -1.43 0.17 0.98 -.1 0.73 -0.9 0.43
Disorganized speech -1.68 0.18 1.25 1.5 0.96 0.0 0.36
Lethargy -1.71 0.19 1.11 0.7 1.74 1.9 0.32
     
Mean 0.00 0.14 1.03 -0.1 1.02 -0.2 
S.D. 1.26 0.03 0.17 2.1 0.36 2.2 
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Figure 2-2.  Frequency Count of Item Rating Scale - Physical Functioning Items (A) Rating scale 

category from 0 to 2 (B) Rating scale category 3, 4, and 8 

 
 

0

50

100

150

200

250

300

350

400

450

500

0 1 2 3 4 5 6 7 8 9 10 11 12 13

Items have been ordered 
by item difficulty 

Fr
eq

ue
nc

y 
C

ou
nt

3 Extensive Assistance

4 Total Dependence

8 Activity Did Not Occur

0

50

100

150

200

250

300

350

400

450

500

0 1 2 3 4 5 6 7 8 9 10 11 12 13

Items have been ordered 
by item difficulty 

Fr
eq

ue
nc

y 
C

ou
nt

0 Independent

1 Supervision

2 Limited Assistance

A. 

B. 



 

68 

 
(A) Eating (D) Bladder; Bowel 

P       P                                                                  
R  1.0 +                                                           R  1.0  4444                                                       
O       444444                                                     O           444444444                                    00000000  
B             4444                                             00  B                    4444                            0000          
A                 44                                         00    A                        444                       00              
B   .8              44                                     00      B   .8                      44                   00                
I                     44                                 00        I                             4                 0                  
L                       44                              0          L                              44              0                   
I                         4                           00           I                                4            0                    
T   .6                     4                         0             T   .6                            4          0                     
Y                           4                       0              Y                                  4        0                      
    .5                       4        22222        0                   .5                              4      0                       
O                             4     22     22     0                O                                    4     0                       
F   .4                         4   2         2   0                 F   .4                               4    0                        
                                422           220                                                        4  0                         
R                             33**4           1**111               R                                      4 0                         
E                         333322  3*33     11*0  22 111            E                                3333333*                          
S   .2                 333   2      4 33111 0      2   1111        S   .2                        333      03*                         
P                  3333    22        4*133*0        22     111     P                         3333      22*22****11111                 
O              3333     222        111 4*0 33         222     111  O                     3333       222 0111  43*22  11111            
N       3333333    22222       1111 0000 444433333       22222     N           3333333333      22222 ***1      44*3*2222  111111111   
S   .0  ***********************00000         44444***************  S   .0  **************************             44****************  
E      -4      -3      -2      -1       0       1       2       3 E       -4      -3      -2      -1       0       1       2       3   

PERSON ABILITY MINUS ITEM MEASURE 
 

PERSON ABILITY MINUS ITEM MEASURE 
 

                         

(B) Bathing (E) Walk-corridor; Walk-room 
P        
R  1.0                                                             P                                                                  
O                                                                  R  1.0  44444444444444                                             
B                                                               0  O                     444444                                    0  
A       44                                                   000   B                           44                              0000   
B   .8    444                                              00      A                             4                          000       
I            44                  333                     00        B   .8                         44                      00          
L              44             333   333                00          I                               4                    00            
I                44        333         3              0            L                                4                 00              
T   .6             4      3             3            0             I                                 4               0                
Y                   44  33               3          0              T   .6                             4             0                 
    .5                **                  3       00               Y                                  4           00                  
O                    3  4                  3     0                     .5                              4         0                    
F   .4             33    44                 3  1*11                O                                    4       0                     
                 33        4                 *10   111             F   .4                               4     1*                      
R              33           44             1130       11                                                 4 1110 1111                  
E            33               44          1  03         11         R                                      *  0      11                
S   .2     33                   44      11  0  3          111      E                                     1* 0         111             
P       333                       444 11   0    33           111   S   .2                             2**2 *22           11           
O                                   1*44 00       33            1  P                                221  00 4 222          1111       
N                              2****2********2222222*33            O                              2211  0    44  222           1111    
S   .0  ************************00000        44444444************  N                         22*****3***3333   44   22222          1  
E                                                                  S   .0  **********************0000       33333*******************  
       -4      -3      -2      -1       0       1       2       3 E      -4      -3      -2      -1       0       1       2       3    

PERSON ABILITY MINUS ITEM MEASURE PERSON ABILITY MINUS ITEM MEASURE 
  

(C) Toileting; Transfer;  
Dressing; Hygiene; Bed-mobility 

(F) Loco-in-unit; Loco-off-unit 

P        P                                                                  
R  1.0                                                             R  1.0  44444                                                      
O       4                                                          O            44444444                                       00000  
B        4444                                                 000  B                    4444                                000       
A            444                                           000     A                        44                           000          
B   .8          444                                      00        B   .8                     44                        0             
I                  44                                   0          I                            4                     00              
L                    4                                 0           L                             4                   0                
I                     44                             00            I                              4                 0                 
T   .6                  4                           0              T   .6                          4               0                  
Y                        44                        0               Y                                4             0                   
    .5                     4                      0                    .5                            4           0                    
O                           4         22222222   0                 O                                  4         0                     
F   .4                     33*333333*2        2 0                  F   .4                              4 22222 0                      
                         33   44   2 33        *2                                                      *2     *2                      
R                     333       422    33      0 2                 R                                  2 4     0 2                     
E                   33         224       3   00   2                E                                22   4   0   22                   
S   .2           333          2   44      33*111111**11            S   .2                          2      4 0   11 2                  
P             333           22      44   11*33       221111        P                            3**3333333***111  11**11              
O        33333           222          **100   33       22  11111   O                      3333**2       1*133*        22*1111         
N       3          222222        1111*00*4444   33333    22222  1  N             3333333332222      11**0     ***33      22221111111  
S   .0  *************************0000        44444444************  S   .0  *************************00           44*****************  
E       -4      -3      -2      -1       0       1       2       3   E       -4      -3      -2      -1       0       1       2       3    

PERSON ABILITY MINUS ITEM MEASURE PERSON ABILITY MINUS ITEM MEASURE 
  

Note: y-axis is the probability of endorsing a particular rating scale category; x-axis equals the value of 
the person ability minus item difficulty; 0=independent; 1=supervision; 2=limited assistance; 
3=extensive assistance; 4=total dependence 
 
Figure 2-3.  Rating Scale Structure of the Physical Functioning Items 
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           -2SD     -1SD      Mean      +1SD     +2SD  
Walk-corridor                             4 :  3 :2 :  1   :    0  
Walk-room                            4  : 3 : 2 : 1   :   0  
Bathing              4      :          3   :  2 :  1   :    0  
Loco-off-unit                      4  :   3 : 2 :  1  :   0  
Dressing        4     :      3     :    2   :   1   :   0  
Toileting           4    :      3   :   2  :   1   :   0  
Transfer        4     :      3   :    2  :   1    :   0  
Hygiene       4     :     3    :   2   :   1   :   0  
Loco-in-unit               4  :   3 :  2 : 1   :   0  
Bowel               4  :  3: 2: 1 :  0  
Bladder             4   :  3 : 2: 1  :  0  
Bed-mobility  4    :      3    :    2  :  1   :  0  
Eating   4   :    3   :  2   :   1    :   0  
 -4    -3     -2     -1      0      1      2      3      4 

 Person Ability Measure (logits) 
Note:(":" indicates half-score point) 
The mean and standard deviation is computed after removing persons with maximum or minimum scores. 
Figure 2-4.  General Keyform Structure of the Physical Functioning Items 
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   ■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 4+     
                                   
                      .■■■■■■■■    
                                   
                                   
                                   
                                   
                                   
                          .■■■■ 3+   
                                   
                                   
                                   
                            .■■     
                                   
                                     Short-term memory (2.20  ±  .13) 
                            .■■ M 
                                2+   
                                   
                            .■■    
                                   
                             .■      Recall-face/name (1.54  ±  .13) 
                                   
                             .■      Recall-room (1.24 ± .14); Daily-Decision-Making (1.23 ± .08)             
                                     Recall-current season (1.15 ± .14) 
                             .■ 1+   Long-term memory ( 0.96 ± .14) 
                              .      Recall-in-nursing ( 0.86 ± .14) 
                                   
                             .■    
                                    
                              .    
                              .     
                                   
                              . 0+M  
                             .■      Make-self-understood (-0.11 ± .09) 
                                   
                              .      Speech-clarity (-0.33 ± .12); Understand-others (-0.41 ± .10) 
                              .    
                                   
                              .    
                              .    
                               -1+   Mental-function varies (-1.02 ± .15) 
                              .    
                                     Altered-percep/awareness (-1.19 ± .16); Restless (-1.29 ± .16) 
                                     Easily-distracted (-1.43 ± .17) 
                                   
                                     Disorganized-speech (-1.68 ± .18) 
                                     Lethargy (-1.71 ± .19)                                        
                               -2+   
                                   
                                   
                                   
                                    
                                   
                                   
                                   
                               -3+   
 
 
 
Note: Each '■' in the person column is 11 persons; each '.' is 1 to 10 
M represents the mean of person ability measures (left) and item difficulty calibrations (right) 

Figure 2-5.  Person Score Distribution – Item Difficulty Hierarchy Map – Cognition 

More Able 

Less Able 
Easier to Perform 

Harder to Perform Sample Item (item calibration  ± error)
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(A) Short-term memory, Long-term 
memory, Recall-current season, Recall-

room, Recall-face/name, Recall-in-nursing 
(D) Disorganized-speech 
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(B) Easily-distracted, Lethargy, Mental-
function varies, Speech-clarity 

(E) Understand-others, Daily-Decision-
Making, Make-self-understood 

P                                                                      P       
R  1.0                                                                  R  1.0                                                                 
O                                                                      O                                                                      
B                                                                      B                                                                      
A       222                                                       000  A       3333                                                        0  
B   .8     222                                                 000     B   .8      33                                                   000   
I             222                                           000        I             333                                              00      
L                22                                       00           L                33                                          00        
I                  22                                   00             I                  33                                      00          
T   .6               22          11111111111          00               T   .6               3                                   00            
Y                      22     111           111     00                 Y                     33                    111        00              
    .5                   22111                 11100                       .5                  33             11111   11111 00                
O                        1122                   0011                   O                         3          11            0*1                 
F   .4                111    22               00    111                F   .4                    2**22222211             0   111              
                    11         22           00         11                                    2222   3   11222          00       111           
R                111             22       00             111           R                  222        3*1     222     00            11         
E              11                  22   00                  11         E               222          11 3        22 00                111      
S   .2      111                      ***                      111      S   .2       222           11    33       0*22                   111   
P       1111                      000   222                      1111  P        2222           111        333 000    222                   1  
O                             0000         2222                        O       2            111            00*33        2222                  
N                      0000000                 2222222                 N             1111111         000000     333333      2222222           
S   .0  000000000000000                               222222222222222  S   .0  ******0000000000000000                 3333333333333*********  
E                                                                      E                                                                      
       -3        -2        -1         0         1         2         3        -3        -2        -1         0         1         2         3 

PERSON ABILITY MINUS ITEM MEASURE PERSON ABILITY MINUS ITEM MEASURE 
  

(C) Restless, Altered-perception/awareness  
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Figure 2-6.  Rating Scale Structure of the Cognition/Communication Items 
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                        -2SD     -1SD      Mean      1SD  
Short-term memory                                     1      :       0       
Recall-face/name                                0       :      1            
Recall-room                              0       :      1              
Daily-decision-making                  3      :       2    :     1     :    0    
Recall-current season                             0       :       1              
Long-term memory                            1       :      0                
Recall-in-nursing                           0       :       1                
Make-self-understood         3     :       2     :    1     :    0             
Speech-clarity            2      :       1       :     0                  
Understand-other       3     :       2     :    1     :    0                
Mental-function varies        2     :       1       :     0                       
Altered-
perception/awareness 

     2      :       1       :     0                        

Restless      2     :       1       :     0                         
Easily-distract     2     :       1       :     0  
Disorganized speech   2     :       1       :     0  
Lethargy   2     :       1       :     0  
 -4    -3     -2     -1      0      1      2      3      4  

 Person Ability Measure (logits)  
Note:(":" indicates half-score point) 
The mean and standard deviation is computed after removing persons with maximum or minimum scores. 
Figure 2-7.  General Keyform Structure of the Cognition/Communication Items 
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CHAPTER 3 
DIFFERENTIAL ITEM FUNCTIONING OF THE FUNCTIONAL INDEPENDENCE 

MEASURE ACROSS DIFFERENT DIAGNOSTIC GROUPS 

Introduction 

Measuring functional status is important in both patient care and clinical research for 

evaluating the net impact of rehabilitation intervention and healthcare services. Information 

pertaining to functional status enables clinicians and therapists to plan interventions for their 

patients [118]. Without functional status information, the effectiveness of these rehabilitation 

interventions in fulfilling proposed goals toward independence is unknown [119, 120]. Currently, 

functional status information is not only one of the most critical health data in rehabilitation 

settings, but also directly related to resource utilization [121] and outcomes prediction [122, 

123]. 

In inpatient rehabilitation, the Functional Independence Measure (FIM™) is the most 

widely used functional assessment [64]. Through the conjoint efforts of several major 

organizations in rehabilitation, the FIM was developed as a central core measure of the Uniform 

Data Set for Medical Rehabilitation (UDSMR) to document the functional level [65, 124]. To 

date, more than 60% of comprehensive rehabilitation programs in the U.S. use the FIM [125]. 

Since 2002, the FIM has been added to the Inpatient Rehabilitation Facilities Patient Assessment 

Instrument (IRF-PAI) for inpatient medical rehabilitation prospective payment system [126]. 

Based on age, functional status (provided by FIM), comorbidities (the presence of disorders or 

diseases in addition to a primary diagnosis), and rehabilitation impairment categories, patients 

are classified into discrete case-mix groups (CMGs). These classifications are used to determine 

the financial resources Medicare provides for a particular patient’s care [127]. 

The FIM instrument was designed to assess functional independence and predict burden of 

care. It consists of 18 items that are rated from a minimum score of 1 (total assistance) to a 
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maximum score of 7 (complete independence). Previous studies demonstrate that the FIM 

represents two statistically and clinically distinct constructs with 13 items that define an 

ADL/motor function domain and five items that define a cognition/communication domain [69, 

115, 128-130]. A myriad of studies provide evidence that FIM has good psychometric properties 

in terms of reliability and validity [57-60, 62]. Ottenbacher (1996) [64] performed a meta 

analysis on the basis of 11 published studies and concluded that the FIM demonstrated sound 

reliability across a wide variety of settings, raters, and patients (median interrater reliability and 

test-retest reliability values both are .95). Stineman and her colleagues (1996) [129] found good 

internal consistency in the motor scale (0.86-0.97) and the cognitive scale (0.86-0.95) across 20 

impairment groups. Additionally, the total summed FIM measure has been shown to be 

correlated with minutes of care therefore providing a measure of burden of care [66, 67, 131, 

132]. Granger et al. (1990) found a change of one point in FIM total score represented 3.8 

minutes of care per day [66]. For detecting changes in performance during the hospital stay, 

Hsueh et al. (2002) [133] found an effect size of 1.3 for FIM motor scale (effect size greater than 

0.8 demonstrate a large responsiveness to detect change over time). 

Several studies have examined the psychometric properties of the FIM using the Rasch 

model [48, 75-78]. Stairs, which requires extensive strength and coordination of the whole body, 

usually appears to be the most challenging item. Walking and transfer-to-tub are usually the next 

most difficult items. Transferring activities are usually at average difficulty. Tasks that require 

upper extremity function and mild muscle strength, such as eating and grooming are commonly 

found to be the easiest. While bowel and bladder management involve an involuntary muscle 

control component, these two items often misfit in the Rasch model. For cognitive items, 

problem solving and memory function were found to be relatively more challenging than social 
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interaction, expression, and comprehension [41, 75, 134]. However, cognitive items have been 

found to be easy for most of rehabilitation patients even at admission [77]. 

To compare outcomes, item characteristics should be consistent across different patient 

groups. Granger and his colleagues (1993) [75] investigated the patterns of difficulty in 

performing FIM items according to types of impairment. By plotting item difficulty calibrations 

estimated by the Rasch model for each domain and inspecting the difference, they concluded that 

“the patterns were consistent across impairment groups, although not identical” [75]. Using 

similar analytical procedure, Heinemann et al (1993) [76] also demonstrated the similarity of 

scaled measures across impairment groups for the FIM instrument. While these studies support 

the consistency of item performance across different impairment group, the analytical procedure 

was not based on statistical tests. 

Differential item functioning (DIF) has been utilized in the health-related measurement 

field to compare response patterns across gender, ethnicity, educational level, age, countries, 

severity groups, and different diagnostic groups [135-141]. DIF analysis is a statistical methods 

used to identify items that appear to be have difficulty levels that are dependent on membership 

to a particular group (e.g., male/female, Caucasian/Black) after controlling for the ability levels 

of the compared groups [142]. It is based on the rationale that persons at a given level of the 

attribute being measured (e.g., obtain the same total scores) should have an equal probability of 

passing an item regardless of their group membership. In 2005, Dallmeijer et al. [130] applied 

DIF analysis of  FIM  in higher performing neurological patients. They found that almost all the 

items showed significant DIF and suggested that adjustments may be required when FIM data is 

compared between groups [130]. Nonetheless, Dallmeijer’s study is based a Dutch version of the 

FIM. The results may not generalize to the original English version of the FIM.  
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The focus of this study is to investigate whether FIM items function similarly across 

different impairment groups. To some extent, this is an extension of Dallmeijer’s study, but has 

several methodological differences. In this study, the original English version of the FIM was 

used. Instead of focusing on patient groups with different neurological disorders, three major 

impairment groups in rehabilitation: stroke, amputation, and orthopedic impairment were 

compared. Furthermore, while Dallmeijer and colleagues removed two items that misfit the 

Rasch model, this study performed DIF analysis under two different scenarios. The DIF analysis 

was conducted with 1) all items and 2) misfit items removed to explore whether misfit items 

have an effect on DIF results. While Dallmeijer and colleagues collapsed the FIM 7-point rating 

scale into 3-category scale, we chose to keep the original 7-point rating scale to investigate its 

properties in the form that it is most frequently used. In addition, instead of using a trend line to 

construct the 95% confidence interval, separate joint measurement errors associated with each 

item calibrations were used to improve accuracy [111]. Lastly, while previous studies merely 

focus on the Rasch model (also called the one-parameter logistic item response theory model), 

another DIF method based on a higher order two-parameter logistic model was used. The DIF 

results based on different models were then compared.  

Method 

Participants 

 A secondary, retrospective analysis using Veteran Affairs (VA) data from the Functional 

Status and Outcomes Database (FSOD) collected by the VA’s Austin Automation Center (AAC) 

during June 1, 2002 to May 31, 2003 were used for this study. This database contains all VA 

rehabilitation records previously stored at the UDSMR. VA and non-VA researchers may access 

the data stored in the FSOD with approval of Department of Physical Medicine and 

Rehabilitation (PM&R) administrative office. See Appendix A for data request information. 
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This is also the data set used in the VA Rehabilitation Research and Development Project, 

03282R, Linking Measures across the Continuum of Care. The main purpose of that project was 

to develop crosswalk tables/algorithms that link scores and measures from the Functional 

Independence Measure (FIM™) and the Minimum Data Set (MDS). VA FIM and MDS data 

reside in two databases at the VA’s Austin Automation Center (AAC). Data from both databases 

(the Functional Status and Outcomes Database (FSOD) and the Resident Assessment Instrument 

- Minimum Data Set (RAI-MDS)) were downloaded and merged on the basis of social security 

numbers. In order to minimize the impact that change in a patient’s condition could have on FIM 

and MDS scores, data were restricted to those that involved those subjects whose FIM and MDS 

assessment dates were within 5 days of each other. Data with any missing values in FIM and 

MDS items were excluded. Individuals with stroke, amputation or orthopedic impairments were 

selected for analysis. The dataset comprised a total sample of 654 records (302 stroke, 113 

amputation, and 239 orthopedic impairment). The average age of this sample was 68 ± 12 years, 

96.6% were male, 74.2% were white, and 46.7% were married. The average difference between 

FIM and MDS assessment dates was approximately 2.85 days. Table 2-1 provides the 

demographic baseline characteristics and information on impairment categories. This study was 

approved by the Institutional Review Board at the University of Florida and the VA 

Subcommittee of Human Studies.  Access to VA MDS data was approved by Department of 

Veterans Affairs, Veterans Health Administration.  

Differential item functioning based on the Rasch model 

In this study, the DIF method based on Wright and Stone (1979) [143] was used to explore 

whether items on the FIM perform similarly across three different diagnostic groups (individuals 

with stroke, amputation, and orthopedic impairment). This method is based on the differences 
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between two parameters calibrated on the same item from two subpopulations of interest. Given 

the pairs of item calibrations and the associated estimates of the standard error of estimate from 

the Rasch model, a t-statistic can be constructed for each item using the formula:  

212
2

2
1

21

)( ii

ii

ss
ddt

+
−

=  

where 1id and 2id  are the item difficulty of item i in the calibration based on subpopulation 1 and 

2, 1is  is the standard error of estimate for 1id , and 2is  is the standard error of estimate for 2id . A 

graphical representation method equivalent to the t-statistic method was also proposed. After 

obtaining initial item parameter calibrations and estimated errors associated with each item 

calibration, paired item difficulty parameters from compared groups are cross-plotted. A pair of 

95% confidence interval lines based on the conjoint error estimates is constructed. Points outside 

the 95% confident interval are flagged as potential DIF items. 

The motor and cognitive scales were analyzed separately. Rasch analysis (partial credit 

model) using Winsteps program [version 3.16] [102] was used to obtain the FIM item difficulty 

calibrations. Fit statistics were performed first to examine whether the response pattern fits the 

Rasch measurement model. Fit statistics with a mean square (MNSQ) greater than 1.7 indicate 

the response pattern of items are more unusual than the model predicted [107]. If the data fits the 

Rasch model, Rasch analysis allows for the detection of differences in item difficulties between 

groups. Some studies exclude misfit items from further analysis based on the rationale that items 

have to fit the Rasch model to investigate DIF. However, removing items from a standardized 

measurement instrument may damage the integrity of the instrument. To explore the influence of 

misfit items on a DIF analysis, the DIF analytic procedure was performed using all items from 
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the motor and cognitive scale, the same procedures was performed with misfit items removed 

from each scale. 

Furthermore, to investigate the effects of the DIF items on estimated person ability measures, 

person ability measures for the motor and cognitive scales were estimated for each group by the 

Rasch model under the following scenarios. First, the person ability measures were estimated 

using all items in the motor and cognitive scales. Second, the person ability measures were 

estimated using all motor and cognitive items with misfit items removed. Third, the person 

ability measures were estimated with all items adjusted for DIF, by splitting the items that 

showed significant DIF into impairment-specific items. For example, if a walking item exhibited 

significant DIF across all 3 diagnostic groups, data was encoded into 3 variables by their 

impairments (walking-stroke, walking-amputation, and walking-orthopedic). Correlation 

coefficients between person ability measures under each scenario were computed to investigate 

the impact of DIF items on person ability measures estimated by the Rasch model. 

Differential Item Functioning Based on Two-Parameter Logistic IRT Model 

The Rasch model has a strong assumption that item discrimination parameters are equal 

across all items. This assumption makes Rasch model only allows to detect uniform DIF where 

there is a relative advantage for one group over the other group through the entire ability range 

(low to high ability level). Compared to the one-parameter Rasch model, the two-parameter 

logistic (2PL) IRT model, a higher-order item response theory (IRT) model, allows item 

discrimination parameters to vary across items. Non-uniform DIF thus can be detected, where 

one group has a relative advantage over the other group at certain person ability range but has a 

relative disadvantage at other person ability range. 
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Uniform and non-uniform DIF can be further illustrated via item characteristic curve 

(ICC). The ICC curve illustrates the relationship between person ability (θ) and the probability of 

passing an item P(θ) within the IRT model. In Figure 3-1, the x-axis is the person ability (θ) 

(logits is the measurement unit), and the y-axis is the probability of passing an item P(θ). Figure 

3-1 (A) provides an example of uniform DIF where a) persons at the same ability level (θ) but 

from different groups do not have equal opportunity of passing an item and b) one group has 

relative advantage through the entire person ability range. The magnitude of DIF, thus, could be 

expressed as a summation of differences between probabilities of passing an item from two 

groups across the entire person ability range and can be defined mathematically as the integration 

of the area/space between the two ICCs (i.e., ∫= θθθ )]d(P - )([P index area signed 21 ) [142]. The 

size of the area index value indicates the magnitude of DIF. 

 When two ICCs cross at some point on the person ability scale, non-uniform DIF indicates 

a) persons at the same ability level (θ) but from different groups do not have equal opportunity of 

passing an item and b) one group has relative advantage at a certain person ability range but has 

disadvantage at other person ability range (Figure 3-1 (B)). When non-uniform DIF occurs, the 

signed area index (mentioned above) will confront a situation where positive and negative areas 

in different regions of the graph canceling each other out to some extent. In this scenario, an 

alternative method using the squared probability differences is useful 

( ∫= θθθ d)](P - )([P index area unsigned 2
21 ) [142]. When the unsigned area index is much 

higher than the signed area index, it indicates that non-uniform DIF occurs. The DIF method 

based on computing the area between two ICCs, however, does not provide significant test. 

Therefore, there is no clear-cut method of determining whether a particular item exhibits 

significant DIF.    
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In this study, the two-parameter (2PL) logistic IRT model (graded response model) was 

used to analyze the FIM items with the Multilog program [version 7.0] [144]. Again, the motor 

and cognitive scales were analyzed separately. After obtaining item parameters from the 2PL 

model, the parameters from separate runs were rescaled onto the same scale. This is due to the 

property of indeterminacy of scale location and spread within the IRT model. To convert the 

parameters for each item from scale I to scale J, for example, the item parameters on the two 

scales are rescaled as follows: 
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where Jja and Jjb are the item discrimination (a) and item difficult (b) parameters for item j 

on scale J; Ija and Ijb  are the item parameters for item j on scale I; )( Iau , )( Jau , )( Ibu , 

and )( Jbu are the means of item discrimination parameter and item difficulty parameter on each 

scale. 

After the parameter transformation, the item characteristic curves can be constructed based 

on item parameters obtained from each group. The DIF analysis was then performed by 

calculating the area/space between two item characteristic curves (singed and unsigned area 

index). With three impairment groups, three comparisons were conducted (stroke-amputation, 

stroke-orthopedic, and amputation-orthopedic). Areas between two item characteristic curves 

were summed across the-3 to +3 logits person ability range. 
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Results 

Subjects 

This sample comprised a total of 654 subjects, with 302 (46%) stroke, 113 (17%) 

amputation, and 239 (37%) orthopedic impairment. Among individuals with stroke, the majority 

had either right-brain involvement (n=140) or left-brain involvement (n=134). For individuals 

with amputation, most of the subjects had unilateral below the knee amputation (n=71) or 

unilateral above the knee amputation (n=30). For subjects with orthopedic impairment, most 

subjects involve lower extremity impairment (unilateral joint replacement at knee (n=84); 

unilateral joint replacement at hip (n=74); unilateral hip fracture (n=31)). Overall, 96.6% were 

male, 74.2% were White, and 46.0% were married. The average FIM motor score was 54.3 and 

the average FIM cognitive score was 27.7. In general, individuals with orthopedic impairment 

had higher FIM-motor and cognitive scores than individuals with amputation and stroke. Ceiling 

effects were found in FIM-cognition subscale across three impairment groups; 12.6% stroke, 

37.5% amputation, and 45.2% orthopedic impairment received maximum scores in the cognitive 

scale. Table 3-2 summarizes the demographics information and average FIM scores for this 

sample. 

DIF Analysis Based on Rasch Model 

Table 3-3 presents the FIM-motor item difficulty calibrations for the entire sample and 

each impairment group. The results of Rasch analysis showed 4 out of 13 motor items (bladder, 

bowel, walk, and stairs) had high infit statistics (mean-square fit statistics (MNSQ) greater than 

1.7) for at least one impairment group. Climbing stairs was the most challenging items on the 

motor scale. Walking and transferring-to-tub items were the next most difficult items for this 

sample. Several items such as bathing, toileting, dressing-lower-extremity, transferring-to-toilet 

and transferring-to-chair were near the average item difficulty. Dressing-upper-extremity, bowel, 
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bladder, and grooming were shown to be the easier items. Among all motor items, the eating 

item was the easiest.  

Table 3-4 lists the FIM-cognition item difficulty calibrations for the entire sample and each 

impairment group. None FIM-cognition items had high fit statistics. Problem solving item was 

the most challenging item among five cognitive items followed by the memory item. 

Comprehension was at the average difficultly. Expression and social interaction items were the 

easier items along this scale. 

Figure 3-2 shows the DIF plots for both motor and cognitive items. Items demonstrated 

significant DIF were labeled with item numbers as presented in Table 3-3 for the motor items 

and Table 3-4 for cognitive items. For motor scale, 9 out of the 13 motor items were found to 

have significant DIF when comparing stroke with amputation group. The amputation group had 

more difficultly transferring and walking and the stroke group had more difficulty with eating, 

grooming, dressing-upper-extremity, and bladder. When comparing the stroke and the orthopedic 

impairment groups, 10 out of 13 motor items showed significant DIF. Similar to what had found 

in stroke versus amputation comparison, items with higher item calibrations (more difficult 

items) turned out to be more difficult for orthopedic group and items with lower item calibrations 

(easier items) were more challenging for stroke group. When we compared item calibrations 

between amputation and orthopedic impairment groups, only four items showed significant DIF. 

The results revealed that bathing and dressing-lower-extremity were more challenging for 

individuals with orthopedic impairment, while individual with amputation had more difficulty 

climbing stairs and eating. 

For the FIM-cognition items, 2 out of the 5 cognition items exhibited significant DIF. 

Compared to the amputation group, the stroke group showed more difficultly with expression. 
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Compared to orthopedic impairment group, the stroke sample demonstrated more difficultly with 

problem solving. When comparing item calibrations between the amputation and orthopedic 

impairment groups, problem solving was shown to be more challenging for the orthopedic 

impairment group and expression was relatively more difficult for amputation group. 

DIF Analysis - Removing Misfit Items 

After the DIF analytic procedure was performed using all items from the motor and 

cognitive scale, the same procedure was performed with misfit items removed from each scale. 

Since there were no misfit items among the cognitive scale, this procedure only applied to the 

motor scale. Therefore, four misfit items (item number “7” bladder, “8” bowel, “12” walk, and 

“13” stairs) were removed. Figure 3-3 shows the DIF plots for the motor items after removing 

misfit items. 

In general, the DIF findings were similar to those found when including the misfit items. 

When comparing amputation and stroke groups, individuals with amputation had more difficulty 

with transferring task and individuals with stroke had more difficulty grooming and dressing 

their upper extremity. When comparing orthopedic impairment and stroke groups, individuals 

with orthopedic impairments had more difficulty transferring and dressing lower extremity and 

individuals with stroke again had more difficulty with grooming and dressing their upper 

extremity. The DIF results changed when comparing the amputation with orthopedic impairment 

groups after removing misfit items. Three transfer items were more difficult for individuals with 

amputations, while the dressing lower extremity item was more challenging for individuals with 

orthopedic impairments. 

The Impact of DIF Items on Person Ability Measures  

To investigate the effects of DIF items on estimated person ability measures, person ability 

measures estimated 1) using all items, 2) with misfit items removed, and 3) adjusting for effects 
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of DIF by splitting significant DIF items into impairment-specific items, were compared. For 

motor scale items, the estimated person ability measures were highly correlated with each other. 

The estimated person ability measures correlated at 0.97 between using all items and with misfit 

items removed. The estimated person ability measures correlated at perfectly (r = 1.0) between 

using all items with and without adjusting for DIF. Since the cognition scale did not have any 

misfit items, person ability measures were compared between using all items and adjusting for 

DIF. The estimated person ability measure was also found to have a perfect correlation 

coefficient of 1.0. 

DIF Analysis Based on 2PL IRT Model 

Table 3-5 presents the item parameter calibrations for 13 FIM motor items based on two-

parameter logistic IRT model. Initially, each item contained one item discrimination parameter 

and six item difficulty parameters (category threshold) due to a 7-point rating scale structure. 

The category thresholds were then divided by 6 to obtain the average item difficulty parameter 

(b) for easier comparison.  

The results demonstrated that item discrimination parameters varied across items. Among 

them, several items such as bath, dress-upper-extremity, dress-lower-extremity, toilet, and 

transfer-to-toilet showed relatively higher discrimination than other motor items. Item difficulty 

calibrations revealed a similar difficulty hierarchical order as those results shown in the Rasch 

model. Stairs appeared to be the most challenging item, followed by the walking item. Transfer 

activities were at average difficulty. Eating and grooming were found to be the least difficult 

items.  

Table 3-6 provides results of DIF analysis for FIM motor items including the signed area 

index and unsigned area index. For the signed area index, positive values indicate the specific 

item is more challenging for the second group comparing the first group and negative values 
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indicates the first group has more difficult performing such tasks. For purposes of comparison, 

items that have greater than 0.4 for signed area index and 0.3 for unsigned area index are 

considered as potential items showing differential item functioning   

In comparing stroke versus amputation group, items that involved more upper extremity 

function (e.g., eat, groom, and dress-upper-extremity) were found to be more difficult for stroke 

and items that depends mostly on lower extremity functions (e.g., stair, walk, transfer-to-tub) 

were found to be more difficult for subjects with amputation. While comparing stroke with 

orthopedic impairment group, stroke group had more difficulty in eating and bowel tasks and 

orthopedic impairment group had more difficulty with several tasks requiring lower extremity 

functions (e.g., dress-lower-extremity, transfer-to-tub, and walk). When comparing amputation 

with orthopedic impairment group, two items (bath and dress-lower-extremity) were found to be 

more difficult for subjects with orthopedic impairment, and the other two items (bowel and 

stairs) were found to be more challenging for subjects with amputation. It should be noted that 

the above-mentioned results were not consistent through the entire person ability range (i.e., non-

uniform DIF). If the relative advantage changes the direction toward the other group (i.e., when 

two ICCs cross at some point along the person ability range), the signed index will reveal a 

smaller value.  

The results from unsigned area index were similar to that from the signed area index. For 

most items, when the signed area index revealed larger values than other items, the unsigned area 

index was also greater within the same comparison. The FIM-walk items (amputation versus 

orthopedic) revealed to be a non-uniform DIF where the unsigned area index (0.32) was much 

higher than the signed area index (-0.20) within the same comparison. Figure 3-4 presents the 

ICC DIF plots of two FIM items (FIM-walking and FIM-stairs) as an example. Figure 3-4 (C) 
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showed the ICC plots for walking item (amputation versus orthopedic) in which the two ICCs 

crossed at about 0 (logits) person ability range. At lower person ability level (< 0 logits), subjects 

with amputation had relative advantage of performing the walking task. At higher person ability 

level (> 0 logits), however, subjects with orthopedic impairment had advantages over the 

amputation group. 

Table 3-7 presents the item parameter calibrations for 5 FIM cognitive items. Again, the 

category thresholds were divided by 6 to obtain the average item difficulty parameter (b). Similar 

to the motor items, the results demonstrated that item discrimination parameters varied across 

items. For cognitive items, problem solving and memory function were found to be relatively 

more discriminating than social interaction, expression, and comprehension. Table 3-8 provides 

results of DIF analysis for FIM cognitive items including the signed area index and unsigned 

area index. When comparing stroke with amputation group, expression was found to be more 

challenging to the stroke and problem solving was more difficult for subjects with amputation. 

Expression was also found to be more challenging when comparing stroke to orthopedic 

impairment group. When comparing amputation with orthopedic impairment group, no items 

revealed potential DIF. The unsigned area index revealed a pattern similar to the signed index. 

Discussion 

This study used DIF analysis to investigate whether items in the FIM instrument function 

similarly across three major impairment groups in rehabilitation (stroke, amputation, and 

orthopedic impairment). If items exhibited significant DIF across groups, adjusting for 

differential item functioning may be required when data is compared between groups or when 

used in a pooled analysis [130]. It has also been stated that “If items with DIF are retained in test 

equating, they not only increase the errors of test equating or parameter estimates, but also could 

cause bias towards some examinees. [20]” Therefore, some investigators suggest that DIF items 
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be removed when conducting test equating to avoid potential biases that might result against a 

particular subpopulation [20].  

Dallmeijer and colleagues’ study of DIF in the Dutch version of the FIM was based on a 

DIF method (b-difference) using Rasch (rating scale) model. Similar to their results, our DIF 

analysis showed several items demonstrated significant DIF. In Dallmeijer’s study, 4 of 11 motor 

items and 4 of 5 cognition items showed statistically significant DIF across stroke, multiple 

sclerosis, and traumatic brain injury. In our study, 4 to 9 of 13 motor items and 2 of 5 cognition 

items exhibited significant DIF. Removing misfit items revealed slightly different DIF results in 

certain groups. However, removing misfit items or adjusting for DIF had little impact on overall 

person ability measures (r ≥ 0.97). Dallmeijer and colleagues (2005) also had similar findings in 

regards to correlations between the adjusted and unadjusted person ability measures under the 

Rasch model (r = 0.99).  

DIF results seemed to reflect the characteristics of the impairment typically found for each 

diagnostic group.  For example, tasks which involved upper extremity function (such as groom 

and dress-upper-extremity) were more challenging for individuals with stroke (possibly due to 

the result of unilateral paresis of upper extremity limb). On the other hand, since most 

amputation and orthopedic impairment in this sample involved lower extremity impairment (e.g., 

hip and knee joint replacement, lower extremity amputation, or hip fracture), individuals with 

amputation or orthopedic impairment had more difficulty with tasks that involved lower 

extremity function (such as transfer and dress-lower-extremity). Some of the findings were 

unexpected.   

Tennant et al. (2004) [114] used DIF analysis to investigate the item difficulty hierarchical 

order of FIM motor scale items with respect to age, gender, and country (translated FIM). They 
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found that 7 out of 9 items having significant DIF by country, but no items were found to have 

DIF by gender or age. The item difficulty hierarchical order in Dallmeijer’s Dutch study also 

showed a slightly different pattern than previous studies using the FIM in the original English 

version [48, 75-78]. For example, their results showed the eating item was at the average item 

difficulty and was more challenging than transfer, toilet, dress-upper-extremity, and groom 

items. Another inconsistency between English and Dutch studies is that the Dutch translated 

problem-solving item was not consistently the most difficult item. For individuals with multiple 

sclerosis, the problem solving was shown to be the easiest item. 

In general, DIF results were consistent across different methods.  Individuals with stroke 

consistently had more difficulty grooming and dressing upper extremity while the other two 

groups (amputation and orthopedic impairment group) had more difficulty with several tasks 

involving lower extremities (e.g., dress-lower-extremity, transfer-to-tub, and walk).  

There were some differences found across the different IRT and DIF methods. The b-

difference DIF method based on the Rasch model assumed that item discrimination parameters 

are equal across different test items. In this study, the two-parameter model showed items had 

different item discriminations. When items exhibited similar discriminations across different 

impairment groups (e.g., bathing item showed relatively high discriminations across different 

impairment group: stroke (a = 3.59); amputation (a = 3.00), orthopedic (a = 3.46)), uniform DIF 

method may be adequate. However, when items exhibited dissimilar discriminations across 

different impairment groups (e.g., walking item showed relatively high discriminations for stroke 

(a = 1.62) and orthopedic (a = 1.99) groups, but relatively low discrimination for amputation 

group (a = 0.92)), non-uniform DIF may occur, a finding that is not possible when using the 

Rasch model.  
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DIF results may also depend on how group membership is defined. Some variables are 

clearly defined (such as gender), while other variables are more subjectively defined (such as age 

and severity). DIF results may be dependent on how a particular variable is defined. In this 

study, we classified patients into three impairment groups. The results may show different 

patterns when patients are divided into more specific diagnostic groups (e.g., when dividing 

stroke into left and right body involvement or dividing orthopedic impairment into upper and 

lower limb involvement). In future studies, more diverse and comprehensive impairment groups 

should be further examined. 

In conclusion, the purpose of this study was to investigate whether FIM motor and 

cognitive items function similarly across different impairment groups (stroke, amputation, and 

orthopedic impairment). These inconsistencies in item calibrations led to the development of 

separate crosswalk conversion tables for each impairment group. Removing misfit items led to a 

similar DIF results. However, removing misfit items or adjusting for DIF seemed to have little 

effect on overall person ability measures estimated by the Rasch model. The 2PL logistic IRT 

model showed that item discrimination parameters varied across FIM items. Although the DIF 

results based on different models showed a slightly different set of items showing significant 

DIF, items that exhibited significant DIF appeared to be connected to specific characteristics of 

the impairment typically found for each diagnostic group. For example, individuals with stroke 

tended to have more difficulty with tasks that involved more upper extremity functions (e.g., 

grooming, and dressing-upper-extremity). Since majority of the amputation and orthopedic 

groups involved lower extremity impairment, these individuals tended to have more difficulty 

with tasks that depend on lower extremity strength and functions (e.g., stair, walk, transfer-to-

tub). For cognitive items, two items (expression and problem solving) consistently showed 
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significant DIF across three impairment groups. While individuals with stroke showed greater 

difficulty in expression item, than amputation and orthopedic groups, the latter two groups did 

not show cognitive DIF. These inconsistencies in item difficulty calibrations led to the 

development of separate crosswalk conversion tables for each impairment group. 
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Table 3-1.  FIM Instrument 
The Functional Independence Measure (FIM) 
 

Motor Items 
Eating 
Grooming 
Bathing 
Dressing-Upper Body 
Dressing-Lower Body 
Toileting 
Bladder Management 
Bowel Management 
Transfer to Bed/Chair/Wheelchair 
Transfer to Toilet 
Transfer to Tub/Shower 
Walk/Wheelchair 
Stairs  

 
Cognition Items 
Comprehension 
Expression 
Social Interaction 
Problem Solving 
Memory 
 
 
 
 
 

Rating Scale 
7 Complete Independence (Timely, Safely) 
6 Modified Dependence 
5 Supervision (Subject=100%) 
4 Minimum Assist (Subject=75%+) 
3 Moderate Assist (Subject=50%+) 
2 Maximal Assist (Subject=25%+) 
1 Total Assist (Subject=less than 25%) 
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Table 3-2.  Participants Descriptive Statistics for Each Diagnostic Group 
 
Characteristic 

Stroke 
(N=302) 

Amputation 
(N=113) 

Orthopedic  
(N=239) 

All 
(N=654) 

Age (year)     
Mean (± SD) 69.40 (±12.0) 67.70 (±11.0) 66.36 (±12.2) 67.99 (±12.0) 
Range  37-100 46-90 20-93 20-100 

Males (%) 97.7% 99.1% 93.3% 96.6% 
Race, n (%)     

White 211 (69.9 %) 75 (66.4 %) 199 (83.3 %) 485 (74.2 %) 
Black   67 (22.2 %) 24 (21.2 %)   29 (12.1 %) 120 (18.3 %) 
Hispanic   15 (5.0 %)   4 (3.5 %)     7 (2.9 %)   26 ( 4.0 %) 
     

FIM-motor     
Mean (±SD) 46.77 (± 24.6) 53.14 (± 21.6) 64.44 (±18.2) 54.33 (±23.4) 
Range 13-91 13-86 15-89 13-91 
Median 44.00 56.00 67.00 57.00 
Maximal Score N (%) 4 (1.3%) 0 (0%) 0 (0%) 4 (1.3%) 

     
FIM-cognition     

Mean (±SD) 23.29 (± 8.8) 29.7 (± 6.9) 32.16 (± 4.9) 27.72 (± 8.3) 
Range 3-35 5-35 7-35 3-35 
Median 25.00 32.50 34.00 31.00 
Maximal Score N (%) 37 (12.6%) 45 (37.5%) 108 (45.2%) 190 (29.1%) 
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Table 3-3.  Difficulty Calibrations for FIM Motor Items 
 Motor Entire Sample  Stroke  Amputation  Ortho  
# 
 

Item 
 

Item Difficulty
± Error

Infit Item Difficulty
± Error

Infit Item Difficulty 
± Error

Infit Item Difficulty 
± Error

Infit 

1 Eat -1.58 ± 0.05 1.38 -1.20 ± 0.06 1.37 -1.60 ± 0.11 1.38 -2.22 ± 0.11 1.36 
2 Groom -0.90 ± 0.04 0.88 -0.53 ± 0.06 0.82 -0.95 ± 0.09 0.84 -1.00 ± 0.08 1.02 
3 Bath 0.33 ± 0.04 0.71 0.30 ± 0.06 0.61 0.13 ± 0.08 0.85 0.50 ± 0.06 0.64 
4 Dress-up -0.58 ± 0.04 0.81 -0.22 ± 0.06 0.61 -0.62 ± 0.08 0.76 -0.67± 0.07 1.32 
5 Dress-low 0.27 ± 0.04 0.77 0.21 ± 0.06 0.57 -0.03 ± 0.08 0.76 0.67± 0.06 0.68 
6 Toilet 0.08 ± 0.04 0.59 0.24 ± 0.06 0.66 0.03 ± 0.08 0.58 0.14± 0.06 0.55 
7 Bladder -0.48 ± 0.03 1.39 -0.33 ± 0.06 1.86 -0.65 ± 0.08 1.56 -0.55± 0.07 2.31 
8 Bowel -0.62 ± 0.04 1.14 -0.47 ± 0.06 1.66 -0.70 ± 0.08 1.28 -0.90± 0.08 1.72 
9 Transfer-chair -0.19 ± 0.04 0.77 -0.27 ± 0.06 0.74 0.05 ± 0.08 0.66 -0.01± 0.06 0.56 

10 Transfer-toilet 0.26 ± 0.04 0.74 -0.04 ± 0.06 0.60 0.30 ± 0.08 0.69 0.26± 0.06 0.62 
11 Transfer-tub 0.73 ± 0.04 1.32 0.29 ± 0.06 1.02 0.80 ± 0.08 1.04 0.82± 0.06 1.40 
12 Walk 0.83 ± 0.04 1.89 0.45 ± 0.06 1.71 0.76 ± 0.08 2.47 0.98± 0.06 1.50 
13 Stairs 1.84 ± 0.04 1.71 1.57 ± 0.07 1.74 2.47 ± 0.13 1.58 1.98± 0.07 1.22 

 
 
Table 3-4.  Item Difficulty Calibrations for FIM Cognition Items 
 Cognition Entire Sample  Stroke  Amputation  Ortho  
# 
 

Item 
 

Item Difficulty
± Error

Infit Item Difficulty 
± Error

Infit Item Difficulty 
± Error

Infit Item Difficulty 
± Error

Infit 

1 Comprehension  0.15 ± 0.07 0.99  0.05 ± 0.08 0.91  -0.14 ± 0.17 1.20  0.14 ± 0.15 1.05 
2 Expression -0.55 ± 0.06 1.12 -0.33 ± 0.07 1.23  -0.88 ± 0.19 0.88 -0.31 ± 0.16 0.64 
3 Social Interaction -0.64 ± 0.06 1.10 -0.86 ± 0.08 0.97  -0.50 ± 0.16 1.13 -0.71 ± 0.15 1.44 
4 Problem Solving   0.72 ± 0.06 0.74  0.81 ± 0.08 0.87   0.99 ± 0.15 0.64  0.22 ± 0.12 0.58 
5 Memory  0.33 ± 0.06 0.86  0.34 ± 0.08 0.88   0.52 ± 0.15 0.65  0.67 ± 0.13 1.14 
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Table 3-5.  Item Parameter Calibrations for FIM Motor Items 

Items 
Item Discrimination 

Parameter (a) 
Average Item Difficulty 

Parameter (b) 
 Stroke Amputation Ortho Stroke Amputation Ortho
Eat 1.76 2.22 1.16 -1.59 -2.11 -2.81
Groom 2.68 2.50 2.68 -1.01 -1.53 -1.19
Bath 3.59 3.00 3.46 -0.35 -0.53 -0.12
Dress-up 3.71 3.51 2.70 -0.76 -1.16 -1.01
Dress-low 3.70 3.87 3.29 -0.42 -0.66 0.04
Toilet 3.47 4.33 4.28 -0.41 -0.61 -0.32
Bladder 1.83 1.89 1.63 -0.86 -1.15 -0.96
Bowel 2.02 1.96 1.03 -0.96 -1.20 -1.85
Transfer-chair 2.60 2.82 3.90 -0.76 -0.57 -0.50
Transfer-toilet 3.03 3.18 4.27 -0.56 -0.34 -0.24
Transfer-tub 2.48 2.11 2.76 -0.32 0.11 0.13
Walk 1.62 0.92 1.99 -0.09 0.63 0.35
Stairs 1.98 2.14 1.31 0.63 1.60 0.99

 
 
Table 3-6.  DIF Analysis for FIM Motor Items 
 Signed Area Unsigned Area 

Items 
Stroke vs  
Amput. 

Stroke vs  
Ortho 

Amput. 
vs Ortho 

Stroke vs 
Amput. 

Stroke vs  
Ortho 

Amput. 
vs Ortho  

Eat -0.51 -0.76 -0.25 0.30 0.51 0.29
Groom -0.51 -0.18 0.33 0.34 0.12 0.22
Bath -0.18 0.23 0.41 0.14 0.18 0.30
Dress-up -0.40 -0.25 0.15 0.31 0.20 0.13
Dress-low -0.24 0.46 0.70 0.19 0.34 0.52
Toilet -0.20 0.09 0.29 0.17 0.09 0.24
Bladder -0.29 -0.09 0.20 0.16 0.07 0.12
Bowel -0.23 -0.65 -0.41 0.14 0.46 0.35
Transfer-chair 0.19 0.26 0.07 0.13 0.21 0.10
Transfer-toilet 0.22 0.32 0.10 0.16 0.26 0.11
Transfer-tub 0.43 0.45 0.02 0.27 0.30 0.08
Walk 0.64 0.44 -0.20 0.38 0.25 0.32
Stairs 0.95 0.32 -0.64 0.55 0.23 0.36

Note:  
Positive values indicated that item is more challenging to the second group 
Negative values indicated that item is more challenging to the first group 
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Table 3-7.  Item Parameter Calibrations for FIM Cognitive Items 

 
Item Discrimination 

Parameter (a) 
Average Item Difficulty Parameter 

(b) 
  Stroke Amputation Ortho Stroke Amputation Ortho 
Comprehension 4.55 2.11 3.54 -1.70 -1.96 -1.96
Expression 3.59 2.52 5.92 -1.56 -2.17 -1.94
Social Interaction 4.49 2.60 3.03 -1.71 -1.55 -1.53
Problem Solving  5.40 10.00 6.42 -1.24 -0.83 -1.00
Memory 5.57 6.36 4.69 -1.34 -1.04 -1.12

 
 
 
 
Table 3-8.  Item Parameter Calibrations for FIM Cognitive Items 
  Signed area Unsigned area 

  
Stroke vs 
Amput. 

Stroke 
vs Ortho 

Amput.  
vs Ortho 

Stroke vs 
Amput. 

Stroke 
vs Ortho 

Amput. 
vs Ortho 

Comprehension -0.21 -0.25 -0.04 0.26 0.22 0.14
Expression -0.57 -0.38 0.18 0.42 0.34 0.26
Social Interaction 0.17 0.18 0.02 0.18 0.17 0.04
Problem Solving  0.41 0.24 -0.17 0.43 0.24 0.20
Memory 0.30 0.22 -0.08 0.29 0.20 0.10

 
 
 
 
 
 
 
 
 
 
 



 

97 

(A) Uniform DIF 
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(B) Non-uniform DIF 
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Figure 3-1.  Examples of DIF A) Uniform DIF and B) Non-uniform DIF 
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A. ADL/Motor Items B. Cognition/Communication Items 
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Figure 3-2.  Differential item functioning plots for A) Motor and B) Cognition items across 

differential impairment groups (Stroke, Amputation, and Orthopedic Impairment) 



 

99 

 
ADL/Motor Items  

-2

-1

0

1

2

-2 -1 0 1 2

 Stroke (Logits) 

A
m

pu
ta

tio
n 

(L
og

its
) 

11

10

9

5

4

2

1

 

 

-2

-1

0

1

2

-2 -1 0 1 2

 Stroke (Logits) 

O
rt

ho
 (L

og
its

) 

11
5

10

4
2

1

 

 

-3

-2

-1

0

1

2

-3 -2 -1 0 1 2

 Amputation(Logits) 

O
rt

ho
 (L

og
its

) 

9

5

10

11

 

 

Note:  
Misfit items in the motor scale: bladder, bowel, walk, and stair 
Misfit items in the cognition scale: none 
Figure 3-3.  Differential item functioning plots for A) Motor and B) Cognition items across 

differential impairment groups after removing misfit items 
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Figure 3-4.  Differential item functioning plots for FIM-walking (A, B, C) and FIM-stair (D, E, 

F) items based on the ICC DIF method 
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CHAPTER 4 
EVALUATING THE FIM-MDS CROSSWALK CONVERSION ALGORITHM VIA 

FUNCTIONAL RELATED GROUP CLASSIFICATION 

Introduction 

To develop an effective and efficient mechanism for evaluating and tracking changes of 

functional status across the continuum of care, it is important to have a means to integrate 

information and achieve score comparability across outcomes instruments. While utilizing a 

single comprehensive outcome assessment instrument for post acute care would provide the 

optimal mechanism for the synchronized and seamless monitoring of patient outcomes, the fact 

that different instruments are firmly entrenched across different post-acute settings has made 

large-scale reformation extremely difficult. In contrast to adopting a single outcome measure 

across all post acute settings, another possible solution is to create a crosswalk or statistical link 

between functional status subscales of different instruments already used in these settings.  

In inpatient rehabilitation facilities (IRFs) in the U.S., the Functional Independence 

Measure (FIM™) is the most widely used functional assessment [64]. Through the conjoint 

efforts by the American Congress of Rehabilitation Medicine (ACRM), the American Academy 

of Physical Medicine and Rehabilitation (AAPMR) and 11 other national professional 

organizations, the FIM was developed as a central core measure of the Uniform Data Set for 

Medical Rehabilitation (UDSMR) to document the severity of patient disability [65, 124]. In 

2002, the FIM was incorporated into the Inpatient Rehabilitation Facilities Patient Assessment 

Instrument (IRF-PAI) and implemented as the national prospective payment system (PPS) for 

inpatient medical rehabilitation reimbursement [126]. Based on age, functional status (provided 

by FIM), comorbidities, and rehabilitation impairment category, patients are classified into 

discrete case-mix groups (CMGs) for predicting the resources needed to provide patient care 

[127]. 
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 While FIM is extensively used in inpatient rehabilitation; the Minimum Data Set (MDS) 

must be completed for all residents in Medicare/Medicaid nursing facilities or licensed only 

nursing facilities [71, 89, 90, 145]. In response to the Omnibus Budget Reconciliation Act of 

1987 (OBRA 87), the Health Care Financing Administration (now the Centers for Medicare and 

Medicaid Services (CMS)) developed a Resident Assessment Instrument (RAI) for use by all 

certified skilled nursing facilities to assess and plan care for residents. As a central assessment 

core in the RAI, the MDS documents a variety of residents’ health information for care planning 

[146]. By 1998, Medicare/Medicaid nursing facilities were required by regulation to encode and 

transmit MDS data to the state. After the prospective payment system was mandated in 

rehabilitation, SNFs utilized information from the MDS assessment (an activity of daily living 

(ADL) score, a depression index, and a cognition performance score) to classify SNF residents 

into the Resource Utilization Groups (RUG-III) [147].  

In the year 2000, the CMS recommended inpatient rehabilitation facilities to use MDS-

Post Acute Care (MDS-PAC) as uniform instrument to integrate the health care information 

across the post acute care [148]. The MDS-PAC was developed by Morris and colleagues [89] 

who participated in the development of the original MDS. The structure of the MDS-PAC is 

similar to that of the MDS, but the content was expanded to cover care needs and outcomes 

across post-acute settings [49]. For instance, functional status section comprises not only the 

activity of daily living items (e.g., eating, transferring, dressing, and walking), but also 

instrumental activity of daily living (IADL) items (such as meal preparation, manage finances, 

and car transfer). Nonetheless, due to considerable resistance, mainly from the rehabilitation 

field, the CMS currently is no longer considering of the use of the MDS-PAC to monitor 

outcomes for post-acute care [149, 150]. 
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In 2006, Velozo and colleagues [151] developed a FIM-MDS crosswalk conversion 

algorithm to link the FIM and the MDS. The original intent was to develop an effective and 

efficient method to track and evaluate veterans’ functional status changes across rehabilitation 

and skilled nursing facilities. The basis of the crosswalk methodology was the similarity of the 

item content of the FIM and MDS. Rasch true score equating method [4] was used to develop the 

FIM-MDS crosswalk. A “linked sample” – a sample of Veteran Affairs (VA) patients who had 

been assessed on both instruments within 5 days was used for data analysis. Following the 

recoding rating scales to be comparable across the instruments, a method used by Linacre (2005) 

[153] was performed to remove “invalid” data for those patients who obtained dissimilar overall 

measures between these two instruments. Following elimination of invalid person measures, the 

FIM and MDS items and rating-scale calibrations were placed on a common linear scale with the 

same local origin by including both FIM and MDS items in a concurrent run using the Rasch 

partial credit model analysis. The combined analysis provided co-calibrated item measures and 

rating-scale measures, which were then used as anchors in separate FIM and MDS analyses. 

These separate analyses generated two output tables which linked expected total raw scores to 

person ability measures. By matching the raw scores from each instrument to the same “linked” 

person measure, a FIM-MDS raw-score crosswalk conversion table was created whereby total 

FIM raw scores could be translated into total MDS raw scores and total MDS raw scores could 

be translated into total FIM raw scores.  

Critical to determining the feasibility of this crosswalk methodology for application in the 

real world is to test its validity.  One means is a cross-validation method. For example, Nyein 

and his colleagues (1999) [39] evaluated their Barthel-FIM conversion system by implementing 

their conversion system in a prospective study of 40 subjects. Nonparametric statistical 
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techniques (spearman rank correlation and Wilcoxon signed rank test) were used to evaluate the 

correlation between the derived Barthel score and the actual Barthel score. Absolute agreement 

between the converted and actual scores ranged from 75 to 100% and the kappa statistical values 

ranged from 0.53 to 1.0 (moderate to substantial strength of agreement). Buchanan et al. (2003) 

[49] evaluated their FIM-(MDS-PAC) conversion system by implementing their conversion 

algorithm in a second sample (independent from the sample used to develop the conversion 

algorithm) and computed the percentage of the sample being classified into similar case-mix 

groups (CMG) by the actual and converted scores. The FIM and PAC-to-FIM scales mapped 

53% of cases into the same CMG; approximate 84% were classified within 1 CMG and 93% 

within 2 CMG. To continue to investigate the feasibility of developing a crosswalk between the 

FIM and the MDS, the purpose of this study was to evaluate the accuracy of FIM-MDS 

crosswalk conversion algorithm in determining Functional Related Groups (FRGs). A second 

sample, independent from the sample used to develop the FIM-MDS crosswalk, was used for this 

validation analysis.  

Methods 

Data Preparation 

A secondary, retrospective analysis using the FIM and MDS data from two databases 

collected by the VA’s Austin Automation Center (AAC) during June 1, 2003 to Dec 31, 2004 

was used for this study. The inclusion criteria were: 1) selecting FIM and MDS assessments 

within 5 days of each other, 2) selecting impairment codes within stroke (code ranges from 1.1 to 

1.9), amputation (code ranges from 5.1 to 5.9) or orthopedic impairments (code ranges from 8.1 

to 8.9) [154]; and 3) containing no missing values within any of ADL/motor and 

cognition/communication items of the FIM and the MDS instruments.  
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The original FIM and MDS data sets were merged using social security numbers. The 

initial merge resulted in a total of 151,770 records. With the criteria of “five or less days” apart 

between administrations of the assessments, the available data decreased to 18,754 records. Next, 

records of the same subject but with multiple records assessed at different dates were further 

filtered to choose FIM and MDS with the smallest days apart between administrations. This 

procedure resulted in a total of 6,363 records. After constraining the assessment date during June 

1, 2003 to December 31, 2004 in order to have no overlapping period with the data used to create 

the FIM-MDS crosswalk, the dataset further shrank to 2,107 records. Next, we selected three 

major impairment groups in the rehabilitation (stroke, amputation, and orthopedic impairment), 

removed probable invalid data entry (such as age at 159 years old or negative coding in 

functional status items) and only retained records with complete values for all FIM or MDS 

functional status items. This selection results in a dataset containing 1476 patients: 804 stroke, 

268 amputation and 404 orthopedic impairment. This study was approved by the Institutional 

Review Board at the University of Florida and the VA Subcommittee of Human Studies.  

Analysis Procedure 

Table 4-1 and 4-2 present the FIM-MDS crosswalk conversion tables for the ADL/motor 

and cognition/communication scale respectively. A detailed description of the conversion 

methodology is presented elsewhere [151]. (While the constructs are most appropriately labeled 

ADL/motor and cognition/communication, for simplification, we will use the terms “motor” and 

“cognition” throughout the paper.) The conversion table enables total FIM raw scores to be 

translated into total MDS raw scores and vice versa via the common logit scale. For example, a 

MDS motor raw score of 22 will be converted to a FIM motor raw score of 50 because both of 

these raw scores are associated with the common person ability measure of -0.06 logits. 
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Similarly, a FIM motor raw score of 71 corresponds to a MDS raw score of 10 since both raw 

scores are associated with a person ability measure of 0.68 logits.   

Prior to using the conversion table, several steps were taken in order to use the crosswalk 

conversion table. First, the MDS rating of “8” (activity did not occur) was recoded to a “4” (total 

dependence). The rationale underlying this decision was that a probable explanation for an 

activity not occurring during the observation period was that the activity could not be performed 

[152]. A similar recoding procedures were also performed by Jette and colleagues [155] and 

Buchanan (2003) [40]. Next, four “recall” cognition items in the MDS instrument had to be 

recoded so that all cognition MDS items will have the same rating scale direction with a lower 

score indicating a better performance. Therefore, a “1” on the MDS recall items was recoded to 

“0” and a “0” on the MDS recall items was recoded to “1”. Lastly, item ratings from each motor 

and cognition scale were summed to obtain a total raw motor and cognition score. 

The conversion algorithm was tested at three different levels: 1) individual level, 2) 

classification level, and 3) facility level. For the individual level analysis, the absolute values of 

point differences between the actual FIM scores and the MDS derived FIM scores (|FIMa – 

FIMc|) were computed. The percentage of data with point differences of 5 points or less and 10 

points or less was calculated. To compare whether the score distributions are similar between the 

actual and converted scores, paired t-test were used to test the equivalence of the score 

distributions.  

For the classification level analysis, the Functional Related Groups (FRGs) classification 

system was used to examine whether the converted FIM scores would classify the same patient 

into similar classification level as that derived from the actual FIM scores. The FRGs is a patient 

classification system being used by the CMS and is the basis for computing the Prospective 
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Payment System (PPS) payment in inpatient rehabilitation facilities [156, 157]. Using FRGs, 

patients are first classified into one of 20 impairment categories and further divided by the two 

FIM subscales, motor and cognition, and by age at admission to the rehabilitation setting. 

Figures 4-1 to 4-5 provide FRG algorithms for classifying patients into one of the FRG levels for 

each impairment category used in this study (stroke, amputation, orthopedic impairment) [158]. 

Patients who are assigned to different FRGs are expected to have different rehabilitation 

outcomes and total costs of care. Therefore, whether the converted scores could classify the 

individuals into the same FRGs as actual scores provides a means to validate the conversion 

algorithm and indirectly test the accuracy of the conversion algorithm in a pragmatic manner. 

After classifying patients into one of the FRGs, the percentage of individuals being classified 

into the same FRG category, one category apart (± 1 level), and two categories apart (± 2 levels) 

were calculated. Chi-square statistics were used to test if there is any association between 

classification results based on the actual and converted scores. Meanwhile, kappa statistics was 

used to quantify the degree of agreement. Kappa statistics is an index that compares the 

agreement against that which might be expected by chance. The possible values of kappa index 

range from +1 (perfect agreement) to –1 (completely disagreement). Landis and Koch (1977) 

[159] provided guidelines for the strength of agreement where a kappa statistics between 0.21 to 

0.40 demonstrate a fair strength of agreement; 0.41-0.60 indicate a moderate strength of 

agreement; and 0.61-0.80 indicate a substantial strength of agreement. 

Finally, the conversion algorithm was evaluated at the facility level. After the actual MDS scores 

were converted to FIM scores (FIMc) via the conversion algorithm, the score distribution of the 

FIMc was compared to the actual score distribution of the FIM (FIMa) by facility. Paired t-tests 

were used to test the equivalence of the means obtained from the actual and the converted FIM 
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scores. If the mean of the converted score (FIMc) was close to the actual FIM scores (FIMa), 

facilities that use different instruments may be compared relative to their outcomes locally or 

nationally by means of a conversion system. Since this data set was collected from facilities 

throughout the United States, many facilities had two few patients for this analysis.   The 

criterion of selecting facilities with more than 50 patients in this dataset, this selection criterion 

resulted in only 5 facilities available for this analysis.  

Results 

Sample 

The sample of 1,476 included three major diagnostic groups: 804 stroke, 268 amputation 

and 404 orthopedic impairment. Table 4-3 presented the basic demographic information of this 

sample. Individuals with stroke were fairly equally distributed across left and right involvement. 

The majority of individuals with amputation involved unilateral lower limb above or below the 

knee. Most of the individuals with orthopedic impairment had unilateral hip or knee replacement. 

The age of sample ranged from 26-97 years with a mean age of 70.19 (± 11.65) years. An 

average assessment date difference between the FIM and the MDS was 3.16 (± 1.68 days). 

Ninety-seven percent of the sample was male, 69 % was White, and 46 % was married.  

Validation at the Individual Level  

Score distribution 

Figure 4-6 (A) and (B) showed the actual MDS score distribution for the motor and 

cognition scale, respectively. The MDS motor domain had a score range of 0-52, where 0 

indicates a person is able to perform every task independently without any assistance. With a 

mean of 20.7 (± 14.7 S.D.), the motor domain has a slightly skewed distribution toward higher 

function (skewness = 0.43). The MDS cognition domain (ranging from 0-25), however, showed 

a severe ceiling effect (skewness =1.84). Approximately 42.9 percent of subjects (n = 633) 
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scored intact on every cognition item and nearly 79% of the subjects (n = 1166) obtained a 

perfect score or a score within 5 points away from a perfect score (maximum total independence 

score, 0-5). Results from Kolmogorov-Smirnov test of normality indicated that both MDS motor 

score distribution (p < .001) and MDS cognition score distribution (p < .001) deviated from a 

normal distribution. 

Figure 4-6 (C) and (D) showed the actual FIM score distribution for the motor and 

cognition items, respectively. The FIM motor domain has a score range of 13-91, where 91 

indicate an individual can perform every task independently. The FIM cognition domain has a 

score range of 5-35, where 35 indicate an individual is rated intact on every cognition item. 

Similar to the MDS score distributions, the FIM motor scale has a slight skew distribution 

toward a higher function (skewness = -0.372) and the FIM cognition scale has a severe ceiling 

effect (skewness = -1.03). Approximately 29.6% of individuals (n = 437) obtained the maximum 

FIM cognition score of 35 and 53.5 % of the individuals (n = 791) obtained the score within 5 

points away from the maximum score (i.e., 30-35). Results from Kolmogorov-Smirnov test of 

normality rejected the null hypothesis of normal distribution for both FIM motor score 

distribution (p < .001) and FIM cognition score distribution (p < .001). The FIM motor and 

cognition scales correlated with MDS motor and cognition scale at -0.80 and -0.66, respectively. 

Point difference |FIMa-FIMc| 

The MDS scores were converted into FIM compatible scores via the crosswalk conversion 

algorithm. Figure 4-6 (E) and (F) showed the converted FIM score distribution for the motor and 

cognition scales, respectively. Compared to the actual FIM score distributions, Figure 4-6 (C) 

and (D), the converted FIM scores showed a similar distribution pattern. Results from 

Kolmogorov-Smirnov test of normality rejected the null hypothesis of normal distribution for 

both FIM converted motor score distribution (p < .001) and FIM converted cognition score 
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distribution (p < .001). Non-parametric Wilcoxon signed ranks test, hence, was used to test the 

equivalence of the score distributions between the actual and converted FIM scores. 

The converted FIM motor scale had a mean of 54.4, which was close to the actual FIM 

motor score distribution with a mean of 55.7. While the mean differences of the distributions was 

only 1.3, the results from Wilcoxon signed ranks test showed a significant difference between 

these two score distributions (z = -4.11, p < .001). Pearson correlation coefficient was 0.79 

between the actual and converted FIM motor scores. Approximate 33.7 percent of the actual and 

converted scores show a 5 point difference or less and 56.9 percent show a 10 point difference or 

less (see Figure 4-7). The average of point differences was 11.6 (± 10.4) points. The converted 

FIM cognition scale had a mean of 27.1 (± 7.8), which was virtually identical to the actual FIM 

cognition score distribution with a mean of 27.0 (± 9.0). In spite of the similarity of means, the 

Wilcoxon signed ranks test also rejected the null hypothesis that these two score distributions are 

equivalent (z = -2.21, p = 0.027). The converted FIM cognition scores correlated moderately 

(Pearson correlation coefficient r = 0.67) with the actual FIM cognition scores. Sixty-seven 

percent of the actual and converted scores show a 5 point difference or less and 87.7 percent 

show a 10 point difference or less (see Figure 4-7). The average of point differences was 4.9 (± 

4.8) points. Table 4-4 summarizes the validation results at this individual level. 

Validation at the Classification Level  

The Functional Related Groups (FRGs) classification system requires individual’s FIM 

motor score, FIM cognition score, age, and impairment code to classify an individual into a 

specified level. We initially used actual FIM scores to perform the classification analysis and 

then used converted FIM scores to perform the same procedures. Table 4-5 to 4-7 presents cross 

tabulations of the results of FRG classifications derived using actual FIM scores (FRGa) and 

converted FIM scores (FRGc). 
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For the stroke impairment group, the FRGs classified individuals into nine categories 

(Table 4-5). Chi-square statistics showed that there was a significant association between the 

classification results (chi-square = 1232.6; df = 64; p < .001). Kappa analysis demonstrated a fair 

strength of agreement (0.37). Forty-four percent of patients were classified into the same FRGs, 

67.0 % were classified into FRGs within one classification level (within plus or minus one FRG 

level), and 80.5 % were classified into FRGs within two classification levels (within plus or 

minus two FRG levels). 

For the amputation impairment group, individuals are classified into one of two FRG 

categories (Table 4-6). Chi-square statistics showed that there was a significant association 

between the classification results (chi-square = 120.6; df = 1; p < .001). Kappa analysis 

demonstrated a substantial strength of agreement (0.66). Approximate 83.1 percent of subjects 

were classified into the same FRG. 

For the orthopedic impairment group, there are seven FRG classification levels (Table 4-

7). Chi-square statistics exhibited a significant association between the classification results (chi-

square = 433.4; df = 36; p < .001) with a fair strength of agreement (kappa = 0.37). About fifty-

five percent of patients were classified into the same FRGs, 69.2 % were classified into FRGs 

within one level apart; and 87.4 % were classified into FRGs within two levels apart.  

Validation at the Facility Level  

The FIM-MDS crosswalk conversion algorithm was evaluated at the facility level by 

comparing to FIM converted score distributions to FIM actual score distributions by facility. The 

five facilities with more than 50 subjects in this dataset were selected. Table 4-8 listed the 

validation results at the facility level. In general, the mean differences between the actual and 

converted FIM motor scores varied from 1.41 (Facility E) to 11.30 (Facility A). Since the score 

distributions of the actual and converted FIM scores also deviated from normal distribution, non-
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parametric statistics were used to test the equivalence of the score distributions. The results from 

Wilcoxon Signed Rank Test showed that an acceptable equivalence in 3 out of 5 facilities. The 

correlations between the actual and converted motor scores varied from facility to facility 

(ranging from 0.58 to 0.89). The cognition scale showed more consistent results with the mean 

differences between actual and converted FIM cognition scores ranging from 1.51 to 3.82 points. 

Nonetheless, the non-parametric Wilcoxon Signed Rank Test revealed statistical significance for 

all facilities. The correlations between the actual and converted cognition scores also varied from 

facility to facility (ranging from 0.42 to 0.80).  

Discussion 

The purpose of this study was to evaluate the FIM-MDS crosswalk conversion algorithm 

developed by Velozo and colleagues. An independent sample of the FIM and the MDS from the 

existing VA databases was used to validate the crosswalk. The FIM-MDS crosswalk conversion 

algorithm was examined under 1) individual level, 2) classification level, and 3) facility level.  

There are “mixed” findings from the validity testing of the FIM-MDS motor and cognition 

crosswalks. On one side, several results supported the feasibility of developing the FIM-MDS 

crosswalks. The FIM and MDS motor and cognition raw scores showed similar score 

distributions. The scales showed moderate-strong correlations at -0.80 for the motor scales and -

0.66 for the cognition scales. The means of MDS derived FIM scores were very close to the 

actual FIM scores with 1.3 points difference for the motor scale and 0.1 points for the cognition 

scale. At the classification level, chi-square statistics showed a significant association between 

the FRG classification results based on actual and MDS derived FIM scores and kappa statistics 

demonstrated a fair (0.37) to substantial (0.66) strength of agreement. Furthermore, at the facility 

level, 4 out of 5 facilities had just 1 to 3 points differences between means of the actual and MDS 

derived FIM scores. 
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 While sample distributions were similar, however, individual score comparisons fell short 

of expectations. Only 34 percent of the converted FIM motor scores were within 5 points of the 

actual FIM scores and 56.9 percent were within 10 points. For cognition scale, 67 percent of the 

actual and converted FIM cognition scores showed a 5 point difference or less and 87.7 percent 

show a 10 point difference or less. The “better” results of FIM cognition scale may be due to a 

severe ceiling effect. That is, if individuals are at the ceiling of both instruments, we expect a 

better conversion result, even though these individuals may differ in cognition ability. The 

results from nonparametric procedure did not support the hypothesis that the actual and 

converted scores have the same score distributions for either the motor or cognition scales. 

Meanwhile, the validation results at the facility level varied. The correlation coefficient between 

the actual and MDS derived FIM scores varied from moderate to strong for the motor scale (0.58 

- 0.89) and cognition scale (0.42 to 0.80). While four of the five facilities demonstrated 1 to 3 

points differences between means of the actual and MDS derived FIM scores, one facility 

showed 11.30 point difference in the motor scale. 

The “mixed” findings from the validity testing of the FIM-MDS motor and cognition 

crosswalks leave considerable questions as to the extent to which crosswalks should be 

implemented. While the relatively strong correlations between the actual and converted scores 

support using a crosswalk, the significant differences found between the actual and converted 

score distributions suggest that the crosswalk may not have adequate accuracy for decision 

making in health care. The almost equivalent means between the actual and MDS derived FIM 

scores suggest that the crosswalks may demonstrate “population equivalence” and may have 

adequate accuracy for monitoring facility-level outcomes and adequate accuracy for research 

involving large sample sizes. However, the results varied between facilities and the validation at 
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the facility level did not completely support this conclusion. It should be noted that the facility-

level testing was done with sample sizes just above 50 subjects. Larger sample size should be 

analyzed in future study to investigate whether it is feasible to apply crosswalk at the facility 

level. 

Our validation results based on the FRG classification system were slightly less promising 

than those found by Buchanan and colleagues (2004) in there study of a crosswalk between the 

FIM and MDS-PAC [49]. They evaluated their FIM-(MDS-PAC) conversion system by classify 

approximately 3,200 subjects into CMGs using a prospective study. The FIM and PAC-to-FIM 

scales mapped 53% of cases into the same CMG; approximate 84% were classified within 1 

CMG and 93% within 2 CMG, where most of CMGs have 3 to 4 levels. In this study, about 44 

% of the stroke was classified into the same FRG; 67 % within 1 FRG level; and 81 % within 2 

FRG levels. Since the FRG classification for the amputation impairment only have 2 levels, a 

high percentage (83 %) of individuals were classified into the same FRG and 100 % within 2 

FRG. For the orthopedic impairment group, about 55 % of patients were classified into the same 

FRG, 69.2 % within 1 FRG, and 87.4 % were within 2 FRG. They further evaluated the payment 

implications of substituting the MDS-PAC for the FIM. They found the mean payment 

difference between these two instruments was not significantly different from zero. However, the 

standard deviation of differences was large ($1,960) and nearly 20 % of the facilities had revenue 

shifts larger than 10 % of original cost. Similar costs comparisons were not made in the present 

study due to the unavailability of cost data.  Note that the lower validity values in the present 

study as compared to Buchanan and colleagues findings may be a function of different 

methodologies and sampling (e.g., differences in FRG versus CMG calculations, secondary 

analysis of VA data versus prospective data collection). 
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The effectiveness of crosswalks may be dependent on sources of the error associated with 

FIM and MDS. This sample was selected based on the criteria of “five or less days” apart 

between administrations of the FIM and MDS assessments. Based on the requirement that 

clinical staff have three days to complete the FIM assessment after patients are admitted or 

discharged from inpatient rehabilitation and the assessment coordinators have 14 days to finish 

the MDS evaluation, the “five-day” criteria used in this study may be considered stringent. This 

study was based on an assumption that a patient’s functional status remains unchanged during 

this five days period.  Obviously, this assumption is unlikely to be supported in clinical practice. 

However, when criteria of fewer than five days apart, there was a dramatic decrease in available 

records for analysis. Future studies may be needed to exam that whether selecting fewer days 

apart between administrations of the assessments will lead to better validation results. 

To keep the quality of data, clinicians have to obtain 80 % and above passing score on the 

FIM mastery test to be qualified for entering FIM data into the VA national database. Moreover, 

clinicians are retested every 2 years with a different version of the examination to ensure the 

rating accuracy of the FIM. A number of studies have shown that the FIM has good interrater or 

test re-test reliability (> 0.90) [56, 59, 62, 160]. In contrast, for MDS assessments, each unit’s 

assessment coordinator may obtain information from other staff orally or has others actually rate 

relevant items and charges the final completion of the MDS. The raters do not necessarily 

receive formal training, and no qualification exam is required. The MDS is much more extensive 

than the FIM. Assessment burden may result in completing assessments quickly instead of 

accurately and further introduced rating error. To improve the application of FIM-MDS 

crosswalk conversion algorithm in the clinical sites, improvement in the quality of test 

administration and rater training are likely to be required. 
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There are several limitations in this validation study. First, the data sets did not have 

sufficient information about assessment type (e.g., admission, discharge, follow-up) and 

discharge reason. For patients who transferred from inpatient rehabilitation to skilled nursing 

facilities, their condition may be different from those who transferred from skilled nursing 

facilities to inpatient rehabilitation. For instance, a transfer from one facility to another might due 

to a significant change in the patients’ medical or functional status. Second, the present 

validation study only focused on three major rehabilitation impairment groups. More diverse 

impairment groups and more representative samples should be explored in terms of developing 

FIM-MDS crosswalk conversion algorithms. Third, fewer days apart between assessments dates 

should be explored in the future to rule out the potential functional status change during the 

transfer period.  

The failure of the FIM-MDS crosswalks in the present study to demonstrate “individual 

equivalence” (i.e., relatively low percentage of actual and converted scores being within 5 points 

of each other), suggests that the crosswalks do not have adequate accuracy to monitor individual 

patients that transfer from facilities which use the FIM (e.g., inpatient rehabilitation settings) to 

or from which use the MDS (e.g., skilled nursing facilities). While these validation results fail to 

support using the crosswalk to monitor individuals across the continuum of care, we would argue 

that the variance might be as much a function of the error in global measures per se as it is a 

function of error in the crosswalk. That is, there is a possibility that variance in use of the same 

measure (e.g., only the FIM or only the MDS/MDS-PAC), by different raters and across different 

facilities, could result in different FRG/CMG classifications and differences in revenue shifts 

similar to those found by Buchannan and colleagues in their study of the FIM-MDS-PAC 

crosswalk. That is, while utilizing a single comprehensive outcome assessment instrument for 



 

117 

post acute care may appear to be the best mechanism for the monitoring patient outcomes across 

post acute settings, inherent error in these measures, may lead to the type of inconsistencies 

found with using crosswalks. A direct comparison of a single measure to crosswalk conversions 

may be necessary to determine the best method for monitoring outcomes across the continuum of 

care.  Furthermore, this comparison must be reviewed relative to the potential costs of converting 

all post acute care settings to a common outcome measure (e.g., large scale transformation of 

existing administration procedures and equipments, new training for clinicians, therapists, and 

staffs, and follow-up research studies for validating the newly-developed assessment tool).  A 

crosswalk system for monitoring patient outcomes across the continuum of care would not incur 

these costs since facilities could continue to use there current outcome measures. The 

effectiveness of a single measure or crosswalk measures may ultimately be dependent on the 

quality of the data. Effective monitoring of patients across the continuum of care, whether it be 

via a single measure or crosswalks, may ultimately be dependent on require more rigorous 

standardization and more extensive training of clinical raters.  
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Table 4-1.  FIM-MDS Crosswalk Conversion Table – ADL/Motor Scale 
FIM Logits MDS FIM Logits MDS FIM Logits MDS 
13 -3.61 52.0 40 -0.35 28.0 67 0.51 12.5 
14 -2.55 51.0 41 -0.32 27.0 68 0.55 12.0 
15 -2.02 49.5 42 -0.29 26.5 69 0.59 11.5 
16 -1.75 48.0 43 -0.26 26.0 70 0.63 11.0 
17 -1.57 47.0 44 -0.23 25.5 71 0.68 10.0 
18 -1.44 46.0 45 -0.20 25.0 72 0.73 9.5 
19 -1.33 44.5 46 -0.17 24.0 73 0.78 9.0 
20 -1.24 43.5 47 -0.14 23.5 74 0.84 8.5 
21 -1.16 42.0 48 -0.12 23.0 75 0.89 8.0 
22 -1.09 41.0 49 -0.09 22.5 76 0.95 7.5 
23 -1.03 40.0 50 -0.06 22.0 77 1.02 6.5 
24 -0.97 39.0 51 -0.03 21.5 78 1.09 6.5 
25 -0.92 38.5 52 0.00 21.0 79 1.16 6.0 
26 -0.87 37.5 53 0.03 20.5 80 1.24 5.0 
27 -0.82 37.0 54 0.06 20.0 81 1.33 4.5 
28 -0.78 36.0 55 0.09 19.5 82 1.43 4.0 
29 -0.73 35.0 56 0.12 19.0 83 1.54 3.5 
30 -0.69 34.5 57 0.15 18.5 84 1.67 3.0 
31 -0.66 34.0 58 0.19 18.5 85 1.82 2.5 
32 -0.62 33.0 59 0.22 17.0 86 2.00 2.0 
33 -0.58 32.0 60 0.25 16.5 87 2.22 2.0 
34 -0.55 31.5 61 0.28 16.0 88 2.51 1.0 
35 -0.51 31.0 62 0.32 15.5 89 2.92 0.5 
36 -0.48 30.5 63 0.35 15.0 90 3.63 0.5 
37 -0.45 30.0 64 0.39 14.5 91 4.84 0 
38 -0.42 29.0 65 0.43 13.5    
39 -0.38 28.5 66 0.47 13.0    
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Table 4-2.  FIM-MDS Crosswalk Conversion Table – Cognition/Communication Scale 
FIM Logits MDS FIM Logits MDS FIM Logits MDS 

 -5.78 29 11 -0.37 13  2.04 3 
 -5.78 28 12 -0.17 12 26 2.15  
 -4.5 27 13 0.02 11 27 2.37  
5 -3.88 26 14 0.21 10  2.52 2 
 -3.2 25  0.41 9 28 2.62  
 -2.82 24 15 0.35  29 2.9  
6 -2.58 23 16 0.5  30 3.2 1 
 -2.22 22 17 0.63 8 31 3.54  
 -1.97 21 18 0.8 7 32 3.94  
7 -1.77 20 19 0.94  33 4.44  
 -1.53 19 20 1.09 6  4.53 0 
8 -1.28 18 21 1.25  34 5.2  
 -1.13 17 22 1.37 5 35 6.44  
9 -0.91 16 23 1.57     
 -0.75 15  1.67 4    

10 -0.62  24 1.75     
 -0.56 14 25 1.94     
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Table 4-3.  Demographic Baseline Characteristics 
Characteristic N=1,476 Race, n (%)  
Age, mean ± S.D. (y) 70 ± 12 White 1,019 (69.0 %) 
Gender, n (%)  Black    313 (21.2 %) 

Male 1,434 (97.2 %) Hispanic      56 (  3.8 %) 
Female      40 (  2.7 %) Native American        8 (  0.5 %) 
Missing        2 (  0.1 %) Asia        2 (  0.1 %) 

Marital Status  Other      40 (  2.7 %) 
Married 680 (46.1%) Missing      38 (  2.6 %) 
Divorced 348 (23.6%)  
   

Impairment Groups, n (%) 
Stroke (n = 804) 

Left Body Involvement  343 (23.2 %) 
Right Body Involvement  285 (19.3 %) 
Bilateral Involvement    32 (2.2 %) 
No Paresis    80 (5.4 %) 
Other Stroke  64 (4.3 %) 

  
Amputation (n = 268)  

Unilateral Upper Limb Above the Elbow (AE) 1 (0.1%) 
Unilateral Upper Limb Below the Elbow (BE) 1 (0.1%) 
Unilateral Lower Limb Above the Knee (AK) 73 (4.9 %) 
Unilateral Lower Limb Below the Knee (BK) 140 (9.5 %) 
Bilateral Lower Limb Above the Knee (AK/AK)   9 (0.6 %) 
Bilateral Lower Limb Above/Below the Knee 
(AK/BK) 

  9 (0.6 %) 

Bilateral Lower Limb Below the Knee (BK/BK) 16 (1.1 %) 
Other Amputation 19       (1.3%) 

  
Orthopedic (n = 404)  

Unilateral Hip Fracture 56 (3.8 %) 
Femur Fracture 3 (0.2 %) 
Pelvic Fracture 4 (0.3 %) 
Major Multiple Fractures 12 (0.8 %) 
Post Hip Replacement 1 (0.1%) 
Unilateral Hip Replacement 106 (7.2 %) 
Bilateral Hip Replacement 1 (0.1%) 
Unilateral Knee Replacement 166 (11.2 %) 
Bilateral Knee Replacement 4 (0.3%) 
Post Knee Replacement 1 (0.1%) 
Other Orthopedic 46 (3.1 %) 

 
 
 
 



 

 

121

Table 4-4.  Summary of the Validation Results at Individual Level 
Point Difference |FIMa-FIMc|  Mean Standard 

Deviation 
Wilcoxon signed 
ranks test Corre. Mean (± S.D.) ≤ 5 points ≤ 10 points 

FIM actual 
motor score  55.7 24.23 

FIM 
converted 
motor score 

54.4 23.50 
z = -4.11, p <.001 0.79 11.6 (± 10.43) 33.7% 56.9% 

FIM actual 
cognition 
score 

27.0 8.98 

FIM 
converted 
cognition 
score 

27.1 7.84 

z = -2.21, p = .027 0.67 4.9 (± 4.83) 67.1% 87.7% 
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Table 4-5.  FRG Classification for Stroke Sample 
  FRGa  Total 
  1 2 3 4 5 6 7 8 9   

FRGc 1 88 0 0 13 4 5 1 0 2  113 
 2 5 65 15 3 2 3 0 0 0  93 
 3 1 29 39 15 9 1 4 1 0  99 
 4 14 6 7 32 21 15 14 7 10  126 
 5 6 1 3 12 13 15 11 6 3  70 
 6 3 4 1 4 8 6 11 4 10  51 
 7 3 0 1 9 8 7 51 5 20  104 
 8 3 0 2 3 5 7 5 7 14  46 
 9 0 1 1 5 3 6 17 14 55  102 

Total  123 106 69 96 73 65 114 44 114  804 
Chi-square=1232.6; df = 64; p < 0.001 
Kappa =0.368 
Classified into the same FRGs (44.28%), 1 level apart (67.04%), 2 levels apart (80.47%) 
 
 
Table 4-6.  FRG Classification for Amputation Sample 

  FRGa  Total
  1 2   

FRGc 1 112 33  145 
 2 12 109  121 

Total  124 142  266 
Chi-square=120.6; df = 1; p < 0.001 
Kappa =0.664 
Classified into the same FRGs (83.08%) 
 
 
 
Table 4-7.  FRG Classification for Orthopedic Impairment Sample 

  FRGa Total 
  1 2 3 4 5 6 7   

FRGc 1 2 3 0 0 0 0 0  5 
 2 1 17 3 4 1 3 6  35 
 3 0 4 8 3 0 1 17  33 
 4 1 2 8 40 1 1 4  57 
 5 0 0 2 0 12 0 34  48 
 6 0 1 0 0 3 3 16  23 
 7 0 3 7 1 22 9 114  156 

Total  4 30 28 48 39 17 191  357 
Chi-square=433.4; df = 36; p < 0.001 
Kappa =0.366 
Classified into the same FRGs (54.90%), 1 level apart (69.19%), 2 levels apart (87.39%) 
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Table 4-8.  Validation Results at the Facility Level 
 Mean 

(raw 
score) 

(± S.D.) Mean Diff. 
(FIMa-FIMc) 

Corr. Wilcoxon 
Signed 
Ranks Test 

Facility A (N=63)      
FIM actual motor  77.21 (± 13.54) 11.30 r = 0.62 z = -5.64, 
FIM converted motor  65.91 (± 12.78)   p < .001* 
FIM actual cognition  31.30 (± 5.87)  2.84 r = 0.80 z =  5.07, 
FIM converted cognition  28.46 (± 6.57)   p < .001* 
      
Facility B (N=53)      
FIM actual motor 50.47 (± 18.91) -3.53 r = 0.77 z = -2.14 
FIM converted motor 54.00 (± 19.28)   p = 0.032* 
FIM actual cognition 30.30 (± 7.37)  1.51 r = 0.80 z = -3.07 
FIM converted cognition 28.79 (± 8.89)    p = 0.002* 
      
Facility C (N=57)      
FIM actual motor  70.49 (± 17.42)  2.08 r = 0.70 z = -1.04 
FIM converted motor 68.41 (± 18.93)   p = 0.299 
FIM actual cognition 31.11 (± 6.49)  2.86 r = 0.53 z = -3.97 
FIM converted cognition  28.25 (± 4.60)   p < .001* 
      
Facility D (N=72)      
FIM actual motor  73.96 (± 15.61) -1.96 r = 0.58 z = -0.54 
FIM converted motor  75.92 (± 15.83)   p = 0.586 
FIM actual cognition  28.90 (± 6.88) -3.82 r = 0.42 z = -4.63 
FIM converted cognition  32.72 (± 2.89)   p < .001* 
      
Facility E (N=71)      
FIM actual motor  52.07 (± 23.06)  1.41 r = 0.89 z = -1.00 
FIM converted motor  50.66 (± 23.31)   p = 0.314 
FIM actual cognition  24.10 (± 8.97) -1.82 r = 0.66 z = -2.01 
FIM converted cognition  25.92 (± 7.38)   p = 0.044* 
* indicates statistical significance with p value less than 0.05. 
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Figure 4-1.  FIM–Function Related Groups predicting model for the Stroke population 

(Impairment code= 1.1 to 1.9) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-2.  FIM–Function Related Groups predicting model for the individuals with lower limb 
amputation (Impairment code= 5.3 to 5.9) 
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Figure 4-3.  FIM–Function Related Groups predicting model for the individuals with lower 
extremity fracture (Impairment code= 8.1 to 8.4) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-4.  FIM–Function Related Groups predicting model for the individuals with hip 
replacement (Impairment code= 8.5 to 8.52) 
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Figure 4-5.  FIM–Function Related Groups predicting model for the individuals with knee 

replacement (Impairment code= 8.6 to 8.62) 
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(A) MDS actual motor score (B) MDS actual cognition score  
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Figure 4-6.  FIM and MDS Score Distribution. A) MDS actual motor score distribution. B) 

MDS actual cognition score distribution. C) FIM actual motor score distribution. D) 
FIM actual cognition score distribution. E) FIM converted motor score distribution. 
F) FIM converted cognition score distribution. 
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Figure 4-7.  Point Difference Between the Actual and Converted FIM Score Distribution. A) 

Point difference between the actual and converted FIM motor score distribution.  B) 
Point difference between the actual and converted FIM cognition score distribution.  
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CHAPTER 5 
CONCLUSION: INTEGRATING THE FINDINGS 

To develop an effective and efficient mechanism for evaluating and tracking changes of 

functional status across the continuum of care, it is necessary to integrate information and 

achieve score comparability across acute and post-acute healthcare facilities. While utilizing a 

single and comprehensive outcome assessment instrument across all facilities would provide the 

best mechanism for the synchronized and seamless monitoring of patient outcomes, the fact that 

different instruments are firmly entrenched in different types of rehabilitation settings has made 

large-scale reformation extremely difficult.  

Around 2000, the Center of Medicare and Medicaid (CMS) attempted to develop a 

Minimum Data Set for Post Acute Care (MDS-PAC) and used it across the whole spectrum of 

post-acute care. Despite the fine concept and full support from the CMS, the movement was no 

longer considered after 2002. There was considerable of criticism and resistance to adopt a single 

instrument across all of post acute care. First, for more than a decade, different functional 

assessment instruments have undergone extensive development and are presently adopted in 

different major rehabilitation settings. For example, the Functional Independence Measure 

(FIM™) is widely used in inpatient rehabilitation; the Minimum Data Set (MDS) is mandated in 

skilled nursing facilities; and the Outcomes Assessment Information Set (OASIS) has been 

adopted by home care agencies. The functional status information provided by the FIM and the 

MDS has been further incorporated into computing the prospective payment system. Hence, 

changing existing system faces resistance from administrators who have built structures (e.g., 

software, risk adjustment algorithms) and processes (e.g., training, data collection) within their 

facilities based on existing instruments and healthcare practitioners who are familiar with their 

existing assessment procedures. Implementing a new assessment tool requires not only a large-
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scale transformation in administrative procedure and staff re-training, but also a thorough 

consideration regarding the consequences and impact of rehabilitation services and 

reimbursement algorithm.  The costs of converting from existing instruments and adopting to a 

uniform measure across all of post-acute care is likely to be in the millions if not billions of 

dollars (e.g., software/hardware development, retraining of staff across thousands of facilities). 

Developing a “universal” assessment tool also requires an adequate item set to cover the 

whole spectrum of post-acute care with a variety of patients at different disability levels. This 

leads to another issue of administrative burden (large item bank) and inappropriate items for 

different rehabilitation settings. For example, easy mobility items such as rolling in bed might be 

an essential to assess individuals with severe disability in skilled nursing facilities but provide 

little information (too easy) to most of the individuals in inpatient rehabilitation facilities. More 

challenging items such as walking outdoors 200 meters may provide useful information for 

evaluating patients who are three months after discharge (follow-up evaluations) but not a 

common item for healthcare practioners to evaluate patients who are still stay in inpatient 

rehabilitation facilities.  

Lastly, the “newly-developed” universal assessment tools require intensive research studies 

to determine the reliability and validity of the instrument. Without rigorous psychometric 

research studies, these instruments are unlikely to be supported by health service researchers. All 

of the above issues add practical issues in developing a universal assessment tool across the post-

acute care in rehabilitation.   

One solution for integrating functional status that requires no change of existing 

circumstances is to create crosswalks or statistical links between functional status subscales of 

different instruments. While the Functional Independence Measure (FIM™) is widely used in 
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inpatient rehabilitation facilities, the Minimum Data Set (MDS) is federally mandated for all 

residents in skilled nursing facilities. To investigate the potential of creating measurement links 

between these two functional outcome instruments, this project comprised four steps: 1) a 

conceptual paper reviewing linking methodologies and the state of the art of existing linking 

studies in healthcare; 2) a inspection of the MDS item characteristics using the Rasch model; 3) 

an investigation of whether the FIM items function similarly across different impairment groups 

using differential item functioning analysis (b-difference and item characteristic curve methods); 

and 4) an evaluation of the accuracy of the crosswalk conversion algorithm by applying 

Functional Related Groups (FRGs) classification system.  

The results supported the possibility of creating a crosswalk conversion algorithm between 

the FIM and the MDS. The item difficulty hierarchical order of MDS physical functioning and 

cognitive domains demonstrated similar pattern to those in previous studies related to the FIM. 

For motor items, climbing stairs and walking tasks, which requires extensive strength and 

coordination of the whole body, appeared to be the most challenging items. Items such as 

toileting, dressing, transferring and hygiene represented items around the average difficulty level. 

Tasks that require more upper extremity function and mild muscle strength, such as eating and 

grooming are commonly found to be the easiest. For the FIM cognitive items, problem solving 

and memory function were found to be relatively more challenging, while expression and 

comprehension were the easiest. For the MDS, short-term-memory, ability-to-recall, and daily-

decision-making items also formed the most challenging items along this construct, while 

communication items (making-self-understood, speech-clarity, and ability-to-understand-others) 

were the next difficult items. Items that indicated delirium (altered-perception-or-awareness, 

easily-distracted, disorganized-speech, and lethargy) were the easiest items. The similar patterns 
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in item difficulty hierarchical order support that items in the FIM and the MDS are measuring 

similar underlying constructs along motor and cognitive scales.  

Several FIM motor and cognitive items were found to have significant DIF across three 

impairment groups (stroke, amputation, and orthopedic impairment). These inconsistencies in 

item calibrations led to the development of separate crosswalk conversion tables for each 

impairment group. Removing misfit items led to a similar DIF results. However, removing misfit 

items or adjusting for DIF seemed to have little effect on overall person ability measures 

estimated by the Rasch model. The 2PL logistic IRT model showed that item discrimination 

parameters varied across FIM items. Although the DIF results based on different models showed 

a slightly different set of items showing significant DIF, items that exhibited significant DIF 

appeared to be connected to specific characteristics of the impairment typically found for each 

diagnostic group. For example, individuals with stroke tended to have more difficulty with tasks 

that involved more upper extremity functions (e.g., grooming, and dressing-upper-extremity). 

Since majority of the amputation and orthopedic groups involved lower extremity impairment, 

these individuals tended to have more difficulty with tasks that depend on lower extremity 

strength and functions (e.g., stair, walk, transfer-to-tub). For cognitive items, two items 

(expression and problem solving) consistently showed significant DIF across three impairment 

groups. While individuals with stroke showed greater difficulty in expression item, than 

amputation and orthopedic groups, the latter two groups did not show cognitive DIF. These 

inconsistencies in item difficulty calibrations led to the development of separate crosswalk 

conversion tables for each impairment group.  In pilot work (not reported here) we found 

virtually no differences between a “single” conversion table across all impairment groups and 
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impairment-specific crosswalks.  Therefore, validity testing is based on a single conversion table 

(one conversion table for the motor scale and one for the cognition scale). 

The validity testing the FIM-MDS conversion algorithm resulted in mixed findings at the 

individual, classification and facility levels. For example, at the individual level, while there 

were relatively strong correlations across the FIM and the MDS raw scores (0.80 for motor scale 

and 0.66 for cognitive scale), the actual and converted distributions were significantly different.  

Similarly, at the classification level, while chi square analysis showed that there was a significant 

association between FRG classifications derived from actual and converted scores, kappa 

statistics only showed a fair to substantial strength of agreement.  Finally, at the facility level, 4 

of the 5 facilities showed only 1-3 point mean differences between actual and converted FIM 

scores, correlation coefficient between the actual and MDS derived FIM scores varied 

considerably across facilities. 

While some of these results challenge the validity of the crosswalk, we would argue that 

the variance observed in this validation study may be as much a function of the error in global 

measures per se, as it is a function of error in the crosswalk. That is, there is a possibility that 

variance in use of the same measure (e.g., only the FIM or only the MDS-PAC), by different 

raters and across different facilities, may result in similar variance in evaluating and tracking 

patient’s functional status across different rehabilitation settings.  

To improve the application of FIM-MDS crosswalk conversion algorithm in the clinical 

sites, however, rigorous exploration of the optimal linking methodologies is needed. Besides 

expert panel, item-to-item conversion algorithms or Rasch true score equating methods, other 

linking methodologies including classical test theory and item response theory methods should 

be explored. In addition, since the factor analysis of the MDS showed a potential of 
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multidimensional issue along the functional status construct, multidimensional IRT equating 

methods should be considered in future crosswalk studies. Last and most important of all, since 

the crosswalk conversion algorithm relies on the accuracy of ratings, improving quality of test 

administration and additional raters training is recommended.  

While the above results do not totally support the application of crosswalks, the critical 

questions is whether or not “more valid” results would be obtained using a universal assessment 

tool across all of post acute care.  If the crosswalk algorithm between instruments that measuring 

similar construct is found to be as at least as valid as using a single instrument, it would provide 

an efficient and economical way to compare the outcomes of facilities that use different 

instruments. 
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APPENDIX A 
DATA REQUEST: THE FUNCTIONAL STATUS AND OUTCOMES DATABASE (FSOD) 

VA and non-VA researchers may access the data stored in the FSOD with approval of 

Department of Physical Medicine and Rehabilitation (PM&R) administrative office. 

Investigators with approval proposals for VA research funding may contact Clifford R. Marshall, 

a Rehabilitation Planning Specialist, at PM&R Central Office. A formal written and signed 

request forms include: a) the specific FSOD variables needed, b) the requesting facility 

submitting VA form 9957 (if the patient’s social security number is required), c) a Memo of 

Justification via the local information security office, d) the Privacy Act and Data Security 

Statement, e) a one page document describing the project, f) a copy of the letter approval from 

the VA research office, and g) a copy of the Institutional Review Board approval. 
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APPENDIX B 
DATA REQUEST: THE MINIMUM DATA SET (MDS) 

Researchers who are interested in requesting MDS data need to submit a data request 

packet to the Centers for Medicare & Medicaid Services at Division of Privacy Compliance 

(DPC), which contains: a) written request letter, outlines the primary purposes for which the data 

are required, b) study plan or protocol that delineates the objective, background, methods, and 

importance of the study, c) data use agreement, d) internal review board (IRB) documentation of 

waiver approval, e) evidence of funding, f) CMS data request form, which contains a checklist of 

all the information submitted in the  request packet, g) privacy board review summary sheet, h) 

request letter of support from project officer (federally funded projects only, and i) long term 

care MDS workbench variable selection & justification worksheet. 
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