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The primary focus in the rehabilitation clinics where patients with upper-extremity 

impairments are treated is enabling improvement.  Not just progression at the impairment level, 

but advances in functional ability (i.e., changes that affect patients’ daily lives).  In order to 

ensure the achievement of this goal, assessments that are reliable, valid, and able to detect 

change are essential.  While reliability and validity of many hand/upper-extremity assessments 

have been well established, this is not the case for ability to detect change, a property of 

instruments called responsiveness.  

The responsiveness of the Disabilities of the Arm, Shoulder, and Hand (DASH) outcome 

questionnaire was compared to the Upper-Extremity Functional Index (UEFI).  Areas under the 

ROC curves were almost identical for the two assessments (.67 and .65), as were correlations 

between global ratings and the change scores (r = 0.332 and 0.350).  Given that the 

responsiveness calculations for both assessments are very similar, there appears to be no real 

advantage of one instrument over the other in detecting change.  One concern highlighted in the 

comparison of the responsiveness of the DASH to the UEFI centered on use of a patient reported 

global rating of change as a “gold standard”.  The correlation between the global rating and the 

person measure change scores was in the range of what is considered low. Thus, there is a 
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problem with not having a “gold standard” with which to compare the change scores.  In essence 

in this study then, both the assessment and the “gold standard” were two patient reported 

outcomes.  This study tends to imply that patients are not accurate in reporting the amount of 

change that has occurred in their functional ability. 

The item-level psychometrics and factor structure of the Disabilities of the Arm, Shoulder, 

and Hand (DASH) outcome questionnaire was investigated.  Results of exploratory factor 

analyses (EFAs) and confirmatory factor analyses (CFAs) were inconclusive as to whether or not 

a one factor solution was plausible.  A number of items misfit (ten at admission and eleven at 

discharge).  DASH item point measure correlations were all above .30.  However, the 

observation that many (19 at admission and 20 at discharge) were above .70 indicates that some 

of the items may be redundant (i.e., add no further information to the test than other items 

already obtain).  Item difficulty hierarchies support the theory of motor control.  Several items 

displayed significant differential item functioning (DIF) from admission to discharge using p 

value guidelines.  However, using the 0.5 logit difference guideline, no items displayed 

significant DIF.  Furthermore, mean person ability measures were not affected by the inclusion 

of DIF items.  The intraclass correlation coefficient (ICC) was high indicating reliability in 

measurement between the two time-points.  Since none of the item discrimination values were 

zero or negative, this indicates that all items contribute in a similar fashion to the overall test.  

Item discrimination did not appear to dramatically affect person measures, although, there is 

more difference between the person ability measure calculated using the different models at 

discharge.  Similar curves for test information for admission and discharge data provide further 

evidence for the stability of the test at two time points. 
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Finally, the potential for creating clinically useful data collection forms through the use of 

Rasch methodologies was demonstrated.  The general keyform output from Winsteps Rasch 

analysis program(1) was used as the basis for creating the data collection form.  Creation of such 

a form proved to be an easy process and potentially offers several advantages over the forms 

used in clinics today.  Instructions were placed at the top of the form and items (activities for 

patients to rate) were listed to the left of the possible answer choices (both numbers to circle and 

descriptions of what the numbers mean; for example, no difficulty placed above 5).  A person 

measure scale ranging from zero to 100 was placed at the bottom.  As depicted by forms filled 

out according to patients of differing admission ability levels (high, medium, and low), at a 

glance it is possible to get an idea of where an individual’s overall ability to perform functional 

tasks requiring the upper-extremity would fall.  Furthermore, an advantage of this type of data 

collection form is that it can be used in goal setting and treatment planning.  By observing the 

location where this individual starts to have mild to moderate difficulty with a substantial 

number of items, the clinician can get a real sense of what activities should be set as first goals 

for the patient. 
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CHAPTER 1 
ABILITY TO DETECT CHANGE IN PATIENT FUNCTION: RESPONSIVENESS DESIGNS 

AND METHODS OF CALCULATION 

Introduction 

In clinics where patients with hand impairments are treated, the primary focus is on 

enabling patient improvement.  Not just progression at the impairment level, but advances in 

functional ability (i.e., changes that affect patients’ daily lives).  To ensure the achievement of 

this goal, assessments that are reliable, valid, and able to detect change are essential.  While 

reliability and validity of many hand/upper-extremity assessments have been well established, 

this is not the case for ability to detect change, a property of instruments called 

responsiveness(2).  Recently other fields have realized the importance of studying 

responsiveness.  For instance, many studies have been conducted to assess the capacity of health-

related quality of life measures to detect change(3-7).  Since hand/upper-extremity clinicians 

spend much time and energy trying to bring about change specifically to the hand/upper-

extremity ailments of their patients, using assessments that have been validated as having the 

ability to detect a change in the problem of interest is of foremost importance. 

Outcomes of hand therapy are generally measured by therapists using three types of 

measures: impairment measures, performance measures, and self-report measures.  For each of 

these measures, various authors have reported on reliability and validity, however, 

responsiveness has received less attention in the literature. 

Measurement at the impairment level has been the primary focus of evaluating outcomes 

for many years in hand therapy(8).  Impairment level measures most commonly used in hand 

therapy include manual muscle testing (MMT), grip/pinch strength, and sensibility testing.  

MMT standards have been well established(9-13).  Cuthbert and Goodheart(14) reviewed over 

100 studies providing evidence for the reliability and validity of MMT.  Likewise, techniques for 
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grip and pinch strength measures have been well documented(15).  Reliability and validity of 

grip strength measures have been studied by many researchers(16-26).  For various grip strength 

measures, studies show calculations of test-retest reliability resulting in very high intraclass 

correlation coefficients (ICC), ranging from .95 to 99(16, 23, 25, 27).  Likewise, investigators 

have reported concurrent validity (intraclass correlation coefficients) comparisons of various 

types of dynamometers to range from .98-.99(16, 27).  Pinch strength measures have been also 

been shown to be reliable and valid(28-32).  Researchers have documented interrater reliabilities 

ranging from .82-.99 for pinch measures (intraclass correlation coefficients)(29, 31, 32).  

Additionally, there is evidence for concurrent validity between manual and computerized 

methods of assessing pinch strength (ANOVA, p > .54)(29).  Although, detailed procedures exist 

for performing sensibility testing, there is less evidence for the reliability and validity of these 

measures(8).  However, tactile discrimination and object identification have been shown to be 

related to functional ability(33-36).  Compared to the wealth of studies establishing the reliability 

and validity of impairment measures, there is a dearth of evidence as to their ability to detect 

patient change related to everyday performance of tasks. 

Although perhaps used more to assess patients with stroke, performance measures are also 

sometimes used in hand/upper-extremity therapy clinic(37, 38).  Various authors have shown 

commonly used performance measures to be both reliable and valid.  Sabari and colleagues(39) 

showed the interrater reliability of the Motor Assessment Scale (MAS) to range from .95 to .99 

on the three subscales (Upper-Arm Function Scale, Hand Movements Scale, and Advanced Hand 

Activities).  Similarly, these authors showed the MAS to correlate .88 with the Fugl-Meyer 

Assessment (FMA).  The Fugl-Meyer Assessment also has been established by many other 

authors to be reliable and valid(37, 40-45).  The Wolf Motor Function Test (WMFT) and the 
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Action Research Arm Test (ARAT) have shown similar reliability and validity properties(46-48), 

(45, 49, 50).  Another performance measure, more frequently used with problems in the hand 

clinic, the Jebsen Taylor Hand Function Test (JT-HF), has been shown to provide stable 

estimates across testing sessions(38, 51-53).  Nevertheless, like assessments of impairment, there 

are very few studies of performance measures which assess responsiveness or ability to detect 

change in daily function(45). 

Recently, the Food and Drug Administration has noted the importance of self-reports, 

termed patient-reported outcome (PRO) instruments, in measuring patient function(54).  This is 

because several aspects of a patient’s condition are only known to the patient (e.g., level of pain, 

satisfaction with treatment).  Furthermore, the patient holds a unique perspective on the 

treatment process that may be useful to his/her therapist.  Increasing use of self-reports is 

emerging in hand clinics today due to their ability to efficiently investigate patient abilities in 

areas of daily activity and participation in society(8).  A wealth of information exists on the 

reliability and validity of various self-report instruments.  For example, satisfactory reliability 

and validity of the Disabilities of the Arm, Shoulder, and Hand (DASH) outcome questionnaire 

has been reported in numerous studies(55-61).  Beaton, Katz, Fossel, Wright, Tarasuk, and 

Bombardier(57) found that the DASH showed good test-rest reliability (intraclass correlation 

coefficient = 0.96).  Additionally, these authors found the DASH to have discriminative validity, 

differentiating between those currently able to work and those unable to work (t = -7.51, p < 

0.0001).  Convergent validity was also demonstrated with all correlations with other upper-

extremity measures exceeding 0.70 (Pearson).  Similarly, several authors have published studies 

relating to the reliability and validity of the ABILHAND(62-65). 
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While responsiveness of a few of these self-reports has been assessed, for many of them no 

studies on responsiveness have been conducted.  The DASH has been perhaps the most studied 

in terms of responsiveness.  Beaton, Katz, Fossel, Wright, Tarasuk, and Bombardier(57) 

demonstrated the DASH’s ability to reveal change in patients who were expected to change 

(Standardized Response Mean = 0.74-0.80) and in those patients who either said that their 

problem was better overall or that their ability to function had improved (Standardized Response 

Mean = 0.92-1.40).  Similarly, Gummesson, Atroshi, and Ekdahl(56) found that the DASH was 

able to detect change in function before and after surgical treatment for upper-extremity 

conditions (Mean Score Change = 15; Effect Size = .70; Standardized Response Mean = 1.2).  

Likewise, Kotsis and Chung(66) found the DASH to be moderately responsive (Standardized 

Response Mean = .70).  Much of the evidence about responsiveness of other upper-extremity 

assessments has come from studies comparing these assessments to the DASH.  Beaton and 

colleagues(57) found that the DASH was as responsive as two other joint specific measures (the 

Shoulder Pain and Disability Index and the Brigham carpal tunnel questionnaire).  Similarly, 

Greenslade, Mehta, Belward, and Warwick(67) found the DASH to be as responsive as the 

disease specific Boston questionnaire (also used with individuals with carpal tunnel syndrome).  

In contrast, MacDermid and colleagues(68, 69) found the Patient-Rated Wrist Evaluation 

(PWRE) to be more responsive than the DASH and Gay, Amadio, and Johnson(70) found the 

Carpal Tunnel Questionnaire to be more responsive than the DASH.  The Michigan Hand 

Outcome Questionnaire (MHQ) has been shown to detect change in patients after carpal tunnel 

release  (Standardized Response Mean for pain scale = 0.9; Standardized Response Mean for 

function scale = 0.6; Standardized Response Mean for combined function/symptom scale = 0.7). 
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In spite of these few studies, the study of responsiveness in upper-extremity assessments is 

lacking.  Additionally, studies comparing the responsiveness of multiple similar assessments 

have been inconclusive as to which assessments are foremost in ability to detect patient 

change(57, 71, 72).  Since the majority of a clinician’s efforts are intended to effect change in 

patient ability, it is clear that the capacity of instruments to measure change has been under 

evaluated.  The purpose of this review is to present the state-of-the-art responsiveness designs 

and methods, to highlight problems associated with comparing responsiveness coefficients, and 

to suggest a step toward increasing the existing knowledge of the ability of currently used 

hand/upper-extremity assessments to measure patient change. 

Types of Responsiveness Designs 

There are two categories of responsiveness designs, as outlined by Stratford and 

colleagues(73).  These categories are based on how many groups are involved: 1) single-group 

designs and 2) multiple-group designs.  Single-group designs include the before-after (no 

baseline) design and the before-after design with a baseline.  While multiple-group designs 

include three types: 1) those that compare patients who are randomly assigned to receive either a 

previously proven effective treatment or a placebo, 2) those that compare two or more groups 

whose health status, based on prior evidence, is expected to change by different amounts, and 

finally, 3) those that compare two groups expected to change by different amounts based on 

responses to an external standard (e.g., a global rating of change score).  What follows is a 

description of each type of design and the responsiveness coefficients that are appropriate to use 

with each type of design.  These designs/coefficients are summarized in Tables 1-1 and 1-2. 

Single-Group Designs 

In single-group designs patients who are expected to undergo a change in health status may 

be measured before and after an intervention is implemented (before-after, no baseline designs).  
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Alternatively, a baseline may be taken (before intervention), followed by measurements just 

before and after the intervention (before-after, with baseline designs)(73).  See Table 1-1.  With 

the before-after (no baseline) design the acceptable choices for responsiveness coefficients 

include effect size (ES), standardized response mean (SRM), and paired t value(73).  These 

coefficients represent the average change in score divided by a standard deviation (SD) (measure 

of average variability of scores).  The difference between the formulas used for these three 

coefficients (ES, SRM, and paired t value) is the SD used.  For ES the SD used is that of the 

initial scores, for SRM the SD used is that of the change scores, and for the paired t value the SD 

is that of the change scores divided by the square root of the number of subjects.  These 

coefficients only detect whether or not a change has occurred and cannot be used to assess 

various amounts of change.  In contrast to the above coefficients that are appropriate to use when 

there is no baseline measure taken, with the before-after designs with a baseline, the appropriate 

coefficient to calculate is Guyatt’s Responsiveness Index (GRI), also called the responsiveness 

statistic or responsiveness index(72).  This statistic represents the ratio of observed change after 

treatment compared to the random variability observed in the baseline measure.   

Multiple-Group Designs 

Multiple-group designs provide a more refined estimate of change over time(73).  These 

designs include groups of patients who are expected to undergo different amounts of change.  

Various coefficients can be used to calculate responsiveness when using each design.  Guyatt’s 

Responsiveness Index (GRI), t value for independent change scores, Analysis of Variance 

(ANOVA) of change scores, Norman’s Srepeat, Norman’s Sancova, and area under the Receiver 

Operating Characteristic (ROC) curve are all responsiveness coefficients that can be calculated 

when placebo and intervention groups are being compared.  These coefficients with the 

exception of Norman’s Sancova, can also be used when comparing two or more groups whose 
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health status is expected to change by different amounts.  All of these indices, in addition to 

correlation, can be used when comparing two groups expected to change by different amounts 

based on responses to an external standard (e.g., a global rating of change score obtained from 

the patient or therapist or the average of both ratings). 

Each of the coefficients used with multiple-group designs varies in formula.  First, 

consider the coefficients that involve two or more groups, expected to change by different 

amounts, which do not require an external measure of change (see Table 1-2).  GRI represents 

the ratio of observed change in a group of patients expected to undergo a change (i.e., proven 

intervention group) to the variability in the group not expected to change (i.e., in this design the 

placebo group).  In contrast, calculating a t value for independent change scores compares the 

change in patients who are expected to undergo an important change with the change in patients 

who are not expected to undergo an important change (i.e., here proven intervention to placebo 

group).  ANOVA is similar to the calculation of a t value, only it allows for more than two 

groups.  Both of Norman’s coefficients essentially compare group variance to group and error 

variance.  Norman’s Srepeat represents the variance of the group x time interaction divided by the 

group x time interaction plus error variances.  While Norman’s Sancova represents the group 

variance divided by the group plus error variance with the dependent variable being the follow-

up score and the covariate being the initial score (see Table 1-2). 

A special type of responsiveness coefficients used with multiple-group designs are those 

that require an external measure of change.  With the other coefficients, there is no comparison 

measure, thus, when change is detected, one is still unsure whether the instrument used correctly 

identified change.  If a strong external measure is used, this provides an advantage.  However, 

since the external measure is considered “truth” in these designs, if the external measure is 
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faulty, there is much error associated with these coefficients.  Two coefficients requiring an 

external criterion are Receiver Operating Characteristic (ROC) curves and correlation 

coefficients.  A brief description of these two follows.  First, a ROC curve graphs sensitivity on 

the Y-axis against 1 – specificity on the X-axis (74).  Sensitivity being defined as the number of 

patients correctly identified by an assessment as undergoing an important change divided by all 

patients who undergo an important change as determined by the external criterion.  (Note: 

Correct versus incorrect identification by an assessment is based on agreement with the external 

criterion.  Thus, the external criterion here is being considered a “gold standard”.)  In contrast, 

specificity is defined as the number of patients who are correctly identified by an assessment as 

not undergoing an important change divided by the number of patients who did not undergo an 

important change as determined by the external criterion.  The greater the area under the ROC 

curve, the greater the assessment’s ability to distinguish patients who did and did not undergo an 

important change (as defined by the external criterion).  Second, in calculating a correlation for 

this type of responsiveness design, the external standard evaluating change (e.g., global rating of 

change scores) is correlated with change scores from the assessment.  Higher correlations 

indicate a stronger association between the results of the assessment and the external standard.  

Assuming the external standard is correct, higher correlations indicate a more responsive 

assessment. 

Discussion/Conclusions  

There are limitations associated with each of the designs presented above and problems 

associated with using various coefficients.  Perhaps, the foremost concerns are associated with 

single-group designs.  A disadvantage associated with the before-after, no baseline design is that 

if there is not a change detected, it is unclear whether the measure was unable to detect the 

change or whether the patients did not undergo the expected change.  This design is considered 
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the weakest of the designs.  With the before-after designs with a baseline a major disadvantage is 

that the period during which stability is measured (i.e., period from baseline to measurement 

taken just before intervention) is often shorter than the period during which change is assessed 

(i.e., measure taken just before intervention to measure taken after intervention).  Thus, this 

design may underestimate the magnitude of random variability that occurs over longer periods in 

patients whose health status is truly stable(73). 

The addition of a comparison group gives multiple group designs an advantage over 

single-group designs.  However, each of the multiple-group designs also has limitations.  One 

disadvantage when comparing patients who receive either the intervention or a placebo involves 

the difficulty finding an intervention that is known to be effective (i.e., an intervention that has a 

high probability of resulting in changes to the treatment group).  In a similar way, the major 

disadvantage when comparing groups expected to change by different amounts is that often it is 

difficult to find groups who meet this criterion (i.e., often there are not two groups of patients 

available whose condition is expected to change by different amounts).  When comparing two 

groups which have been defined by some external standard (e.g., global rating of change scores) 

the validity of the study may be compromised for two reasons.  First, patients complete the 

measure under study and the criterion rating and thus, the criterion measure is not independent of 

the measure under study (i.e., a patient who responds to the questions on the measure indicating 

they have changed is also likely to respond to the criterion measure in the same manner).  

Secondly, when a global rating of change measure is used as the external criterion, evidence 

suggests that patients have difficulty recalling their initial state and consequently, may be 

inaccurate when assessing the amount of change that has taken place(75).  Although an outside 

criterion provides the advantage of being a benchmark by which to assess whether change has 
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really occurred, accuracy of results depends on the validity of the criterion as an effective 

measure of change. 

In addition to the limitations related to specific designs, a problem with measuring the 

property of responsiveness involves the discrepant results obtained when different coefficients 

are used.  For example, when several similar instruments are compared to determine which 

assessment is the most responsive, the ranking of these instruments often differs depending on 

which design and which coefficient is used to calculate responsiveness(72, 76, 77).  For instance, 

Wright and Young(72) compared five different assessments using five different responsiveness 

coefficients (GRI, SRM, relative efficiency statistic, ES, and correlation).  These investigators 

showed that these different responsiveness coefficients provided different rank ordering of the 

responsiveness of the assessments.  Thus, an important question to answer before beginning a 

responsiveness study is: What is the most appropriate responsiveness design and coefficient to 

use when calculating responsiveness?  Since no gold standard exists for measuring 

responsiveness of hand/upper-extremity assessments and multiple possible responsiveness 

coefficients can be calculated (with conflicting results), there is a need for clarification as to what 

designs require the use of which coefficients.  Erroneously, many researchers calculate an array 

of different coefficients(78).  However, this approach is inconsistent with mathematical logic.  

Since the formulas for each of the coefficients differ slightly, the different indices can lead to 

conflicting results. 

A more theoretically sound approach is to determine which responsiveness coefficient is 

most appropriate for your study design and sample.  If your design involves a single group, one 

of the coefficients outlined above as being appropriate for single-group studies must be used.  

Alternatively if your design includes more than one group, you should choose from those 



 

 27

coefficients outlined above for use with multiple-group designs.  Also, with multiple-group 

designs you should consider the amount of change expected of your groups.  That is, what 

differences in change do you expect between placebo versus treatment groups, acute versus 

chronic groups, or between groups divided based on an outside criterion.  Considering these two 

elements will lead away from calculations of multiple coefficients and thus, a more planned 

structured attack.  However, it should be noted that even when the appropriate coefficients for 

the given number of groups and sample characteristics are used, there may be discrepancies in 

the calculations of different coefficients due to minor variations in the formulas for each.  Highly 

sophisticated statistical studies are needed to help determine which results are most credible in 

these cases.  Because hand/upper-extremity therapists’ foremost concern is inciting change in the 

functional ability of their patients, more studies leading to higher standards of responsiveness 

(equal to the standards of reliability and validity) should be mandated. 

One final area of concern involves confusion over terminology that exists relating to the 

measurement of patient change(79, 80).  Sensitivity as described above as it relates to ROC 

curve analyses refers to an assessment’s ability to obtain positive results when the condition is 

present(74).  However, some authors use the term, sensitivity to refer to the ability to detect a 

change using statistical analyses, whether or not that change is clinically significant(81).  

Furthermore, various slightly different methods for evaluating the significance of clinical change 

have been proposed.  Two of these methods are the Minimally Clinically Important Difference 

(MCID) and the Reliable Change (RC) index.  The Minimally Clinically Important Difference 

(MCID) has been defined as “the smallest difference between the scores in a questionnaire that 

the patient perceives to be beneficial”(7, 82).    Similarly, the Reliable Change (RC) index has 

been described as a method to “determine statistically reliable change that is also clinically 
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significant”(83).  While each of these methods has advantages and disadvantages, no conclusive 

evidence shows one to be superior to the others (84).  A brief discussion of the Minimally 

Clinically Important Difference (MCID) and Reliable Change index (RC) follows. 

As an example of the use of the Minimum Clinically Important Difference (MCID), Badia, 

Diez-Perez, Lahoz, Lizan, Nogues, and Iborra(7) calculated the MCID for the Assessment of 

health related quality of life in osteoporosis, abbreviated ECOS-16.  They looked at the change 

in total scores (difference between scores at baseline and those at 6 months follow-up) of those 

individuals that indicated on a general health status item that their condition was “slightly 

better”.  They found that a change of 0.5 points (approximately a half standard deviation) in 

ECOS-16 score represented the smallest amount of change that was meaningful to these patients.  

This is consistent with findings from other studies(85-87).  Norman, Sloan, and Wyrwich(87) 

conducted a systematic review to identify studies that computed an MCID.  In all but six out of 

thirty-eight studies, the MCID was close to one half standard deviation.  These researchers, thus, 

conclude that in most circumstances, the threshold for detecting change in health status is 

approximately one half standard deviation.  Of note, others have found that one standard error of 

measurement (SEM) is equivalent to an MCID of one half standard deviation(88).  However, 

several authors(85, 89, 90) argue that the MCID is context-specific, dependent on several factors 

including severity of patients, individual perspectives, disease processes, and method used for 

determination.  Beaton(85) asserts that using the half standard deviation as a rule for the MCID 

in all cases is “too simple”, “loses the individual in the average” and necessitates the acceptance 

of  many exceptions where the rule does not work. 

Jacobson, Follette, and Revenstorf(91) emphasize that clinical significant change can be 

conceptualized as patients entering therapy as part of a population with functional limitations and 
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leaving as part of one without these limitations.  This implies that discharge scores on the 

variable of interest should fall within (or at least closer than admission scores to) what is 

considered to be normal(83).  The Reliable Change (RC) index was developed to assess 

statistically significant change that is also clinically meaningful.  The RC index assesses whether 

a patient’s score at follow-up is two standard deviations better than the initial score.  This degree 

of improvement is considered to be “true change”(92). 

The above presentation of responsiveness opens a new and important area for studying 

upper-extremity measures.  We need to go beyond typical reliability and validity indices in 

determining the most appropriate measures.  The above review is intended to introduce the 

reader to designs and indices of responsiveness.  While requiring further research, they provide 

us with a means to identify the measures most sensitive in assessing the effectiveness of our 

treatments. 
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Table 1-1. Single group designs and coefficients 

Design 
 

Appropriate coefficients 

 

Before-after (no baseline) design 
 
 
 
 
 
 
 

ES =    Average change 

           SD of initial scores 

SRM =     Average change 

             SD of change scores 

Paired t value =        Average change 
                            SD of change scores/√n  
 

 
Before-after design with a baseline 

 
 
 
 
 
 
 
 

 

GRI =    Average change between T2 and T3 

          SD of difference between T1 and T2 scores 

Note:  ES = Effect Size, SRM = Standardized Response Mean, GRI = Guyatt’s Responsiveness Index, SD = Standard Deviation, n = 
number of subjects, T = time period 
 

T1 T2 

Initial Follow-up 

T1 T2 

Initial Follow-up 

T3 
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Table 1-2. Multiple-group designs and coefficients 
 

Design Appropriate coefficients 

Treatment and placebo groups 
 
 
 
 
 
 
 
 
 

GRI = Ave Δ T1 to T2/SD of Δ in Stable group 
 
t value = Ave Δ in "Important change" group - Ave Δ in "Not 
important change" group/√Pooled Var x (1/nic + 1/nnic) 
 
F(ANOVA) = Between SS/(g-1) / Within SS/(n - g) 
 
Norman's Srepeat = Group x Time Var/Group x Time Var + Error 
 
Norman's Sancova = Group Var/Group + Error Var 
 
ROC curve = plot of sensitivity against 1-specificity     

Groups expected to change by different amounts 
 

 
 
 
 
 
 

 
 

GRI = Ave Δ T1 to T2/SD of Δ in stable group 
 
t Value = Ave Δ in "Important change" group - Ave Δ in "Not 
important change" group/√Pooled Var x (1/nic + 1/nnic) 
 
F(ANOVA) = Between SS/(g-1) / Within SS/(n - g) 
 
Norman's Srepeat = Group x Time Var/Group x Time Var + Error 
 
ROC curve = plot of sensitivity against 1-specificity 

Note: GRI = Guyatt’s Responsiveness Index, Ave = Average, Δ = Change, Var = Variance, nic = number in “Important Change 
Group”, nnic = number in "Not Important Change" Group, SD = Standard Deviation, g = number of groups, n = number of subjects, SS 
= sum of squares, T = time period 

T1 

Initial 
Follow-up

T2 

Random 

Effective 
therapy 

Placebo 

T1 

Initial Follow-up

T2 

Not 
random

Acute 

Chronic
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Table 1-2. Continued 

Design Appropriate coefficients 

Groups determined by external criterion 
 
 
 
 
 

 
 
 

 

GRI = Ave Δ T1 to T2/SD of Δ in stable group 
 
t Value = Ave Δ in "Important change" group - Ave Δ in "Not 
important change" group/√Pooled Var x (1/nic + 1/nnic) 
 
F(ANOVA) = Between SS/(g-1) / Within SS/(n - g) 
 
Norman's Srepeat = Group x Time Var/Group x Time Var + Error 
Var                                  
 
ROC curve = plot of sensitivity against 1-specificity 
 
Correlation coefficient = Spearman's or Pearson's can be used. 

T1 

Initial Follow-up 

T2 

Criterion 
measure of 
change 

Important 
change 

Not 
important 
change 

Construct 
for change 
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CHAPTER 2 
RESPONSIVENESS OF DISABILITIES OF THE ARM, SHOULDER, AND HAND (DASH) 

VERSUS THE UPPER-EXTREMITY FUNCTIONAL INDEX (UEFI) 

Introduction 

Responsiveness, the ability of assessments to measure change, is critical to outcome 

measurement in the area of upper-extremity rehabilitation for three reasons.  Outcomes measures 

need to be assessed for reliability, validity and responsiveness before they should be used in 1) 

research, 2) clinical applications and 3) policy decisions.  While substantial evidence exists 

pertaining to the reliability and validity of upper-extremity assessments, more work is needed in 

the arena of responsiveness.  First, upper-extremity rehabilitation research depends on the 

existence of responsive assessments.  Responsive assessments allow clinical trials to be 

completed with fewer study participants(72, 76).  This is because responsive assessments lead to 

increased effect size making the same power achievable with fewer participants.  The necessity 

for fewer study participants decreases the overall cost of clinical trials and helps to expedite the 

availability of treatments that have evidence of their effectiveness.  Furthermore, clinical trials 

often test interventions that may have similar outcomes (e.g., comparing various splinting 

techniques).  Responsive assessments can determine potentially significant yet small differences 

in change resulting from a treatment(72).  Responsive assessments are also essential for clinical 

applications.  Responsive assessments must be available in order for patients and therapists to 

gauge improvement/decline in function resulting from various treatments.  Finally, in order to 

influence healthcare policies, evidence of treatment effectiveness must be available.  This 

requires assessments with the ability to detect clinically meaningful change(93, 94).  Thus, 

selecting the most responsive measure is essential to upper-extremity rehabilitation.   

The Disabilities of the Arm, Shoulder, and Hand (DASH) outcome questionnaire is one of 

the most widely used and researched assessments in upper-extremity rehabilitation(55, 57, 95-
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97).  The DASH is a measure of general upper-extremity function, meaning it was not designed 

specifically for one upper-extremity condition.  There are over 47 studies on the psychometrics 

of the DASH(55, 57, 61, 70, 95, 97, 98).  Studies have shown that the DASH has good 

discriminative validity (differentiates between dissimilar constructs), construct validity 

(accurately represents a construct), and test-retest reliability (scores can be replicated).  These 

studies have tested the DASH on patients with a wide range of upper-extremity conditions(55, 

57-61).  For instance, Beaton and colleagues(57) confirmed the test-retest reliability of the 

DASH (intraclass correlation coefficient = 0.96).  These researchers showed that the DASH had 

good discriminative validity, differentiating between those currently able to work and those 

unable to work.  Convergent validity was also demonstrated with correlations to the Shoulder 

Pain and Disability Index (SPADI) subscales and the Brigham (carpal tunnel) questionnaire 

subscales exceeding 0.70.   

Relevant to the present study, the DASH has demonstrated the ability to detect clinical 

change (responsiveness).  For instance, Gummesson and colleagues(56) found that the DASH 

was effective in detecting change in function before and after surgical treatment for upper-

extremity conditions (effect size = .70; standardized response mean = 1.2).  Effect sizes of 0.2 

and below are considered small, 0.5 medium, and 0.8 or higher are considered large(99).  The 

same values hold for standardized response mean.  That is, a standardized response mean of 0.2 

is considered small, 0.5 is moderate, and 0.8 is large (99).  Beaton and Bombardier(57) showed 

that in a group of patients with diverse musculo-skeletal conditions, the DASH was comparable 

or better at detecting clinical change than joint-specific assessments.  Similarly, Kotsis and 

Chung(66) also found the DASH to be moderately responsive (standardized response mean = 

.70) when used to evaluate outcomes after carpal tunnel surgery.  
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Studies that have compared the DASH to disease specific assessments (as opposed to 

general upper-extremity function assessments) have resulted in conflicting evidence. Some of 

these studies have found the DASH to be as responsive as disease specific assessments(57, 67) 

while others have found disease specific scales to be more responsive(68-70).  In support of the 

DASH as a responsive measure, Beaton and colleagues(57) in a sample of two hundred patients 

with wrist/hand or shoulder problems, found standardized response means to be equivalent or 

greater for the  DASH compared to two other joint specific assessments (the Shoulder Pain and 

Disability Index and the Brigham carpal tunnel questionnaire).  Likewise, with individuals with 

carpal tunnel syndrome, Greenslade and colleagues(67) found the DASH to be as responsive as 

the disease specific Boston questionnaire (BQ), reporting standardized response means of 0.66, 

1.07, and 0.62 for the DASH, BQ-symptoms scale and BQ-function scale, respectively.  In 

contrast, in support of disease specific scales being more responsive, MacDermid and 

colleagues(68, 69) found the Patient-Rated Wrist Evaluation (PRWE) had slightly higher 

responsiveness than the DASH (standardized response mean=1.51 vs. 1.37) in a cohort of 60 

patients (36 hand problems, 24 wrist problems).  Similarly, Gay and colleagues(70) found the 

Carpal Tunnel Questionnaire to be more responsive than the DASH in a sample of 34 patients 

after having carpal tunnel release (Carpal Tunnel Questionnaire: effect size = 1.71, standardized 

response means=1.66; DASH: effect size=1.01, standardized response mean=1.13). 

However, there is a lack of studies comparing the responsiveness of the DASH to other 

self-report assessments of general upper-extremity function (those intended for any upper-

extremity ailment).  Despite its widespread use, the DASH may be similar or better than other 

self-reports at measuring change.  A similar, though less researched, measure of general upper-

extremity function is the Upper-Extremity Functional Index (UEFI)(71).  Like the DASH, the 
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UEFI is a self-report assessment where individuals rate how much difficulty they have 

performing tasks relating to general upper-extremity function.  Items on the UEFI relate to daily 

activities such as grooming your hair, opening doors, and cleaning.  However, the UEFI is 

shorter than the DASH (20 items versus the 30 items on the DASH) and does not include pain 

items, making it more appropriate for individuals who are not experiencing the symptom of pain 

with their injury.  Most patients complete the UEFI in three to five minutes and scoring takes 

only approximately 20 seconds.  The UEFI has been shown to have high test-retest reliability (r 

= .95)(71).  Additionally, the UEFI has been shown to be similar to the other upper-extremity 

assessments (the Upper-Extremity Functional Scale, UEFS) in its ability to detect change in 

function (correlation between UEFI and the UEFS change scores greater than .60)(71).  If the 

UEFI is equivalent or better than the DASH in its ability to detect change, the quick completion 

and scoring times of the UEFI would make it ideal for use in the clinic.   

Because these two assessments are attempting to measure the same construct (i.e., upper-

extremity function) and are using similar items and rating scales (response categories) to do so, it 

is likely that they are similar in their ability to measure patient change.  The purpose of the 

current study is to compare the responsiveness of the DASH and UEFI.  The specific aims are: 1) 

compare person measure change for the DASH and UEFI, 2) identify total score change on each 

assessment that indicates a change in functional ability, 3) compare overall error in predicting 

clinically important change for the two assessments (using area under Receiver Operating 

Characteristic, ROC, curves), and 4) determine the correlation between person measures on these 

assessments and a global patient reported measure of change.  The specific hypotheses are: 1) 

The difference between the person measure change on the DASH and UEFI will not be 

significant. 2) Total score change that indicates a change in upper-extremity status will be similar 
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for the DASH and the UEFI. 3) Overall error in predicting clinically important change 

(determined using area under the ROC curves) will be similar for these two assessments. 4) 

Correlations between person measure change on these assessments and global patient reported 

change will be high and similar for both assessments. 

Methods 

Sample 

Data was collected at various outpatient clinics throughout the United States by Focus on 

Therapeutic Outcomes (FOTO), Inc.  FOTO collects outcomes data on various assessments of 

physical functioning and provides outcomes reports for rehabilitation facilities.  Through the use 

of this assessment package a large amount of data is generated for research purposes(100, 101). 

Patients who had completed the assessments at two time points (admission and discharge) were 

selected from the larger data sets.  This reduced the original DASH data set from 2487 study 

participants to 960.  For the UEFI, the original data set was reduced from 3949 to 1953.  These 

data sets were further reduced to one data set, which included only participants that had 

completed both the DASH and the UEFI.  This resulted in the final data set of 214.  However, for 

analyses that required the global rating, the data set was further reduced to 178 because of 

missing global rating data.  Two hundred and fourteen patients completed both the DASH and 

UEFI.  Fifty one percent of the 214 patients sample were female.  The mean age was 49.0 + 14.3.  

Study participants most commonly experienced shoulder impairments (59%) followed by those 

with neck impairments (27%) and the least number of individuals with forearm impairments 

(1%).  About 70% of the study participants had chronic conditions.  Mean number of days seen 

in rehabilitation was 52.5 + 33.5 and total number of treatment sessions was 14.5 + 10.2 (See 

Table 2-1). 
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Materials 

The DASH was designed to measure impairment based on patient report, as well as, to 

capture limitations in activities and participation imposed by single or multiple disorders of the 

upper-extremity(102).  It is based on the World Health Organization (WHO) Model of Health, at 

the time of development called the International Classification of Impairments, Disabilities, and 

Handicaps (ICIDH) but today revised to be the International Classification of Functioning, 

Disability, and Health (ICF)(103).  The DASH is a standardized instrument and evaluates 

impairments and activity limitations, as well as, participation restrictions for both leisure and 

work(103).  It consists of two components: 30 disability/symptom questions and four optional 

high performance sport/music or work questions(104).  The DASH includes both disability and 

symptom items.  Examples of disability items on the DASH include: Open a tight or new jar, 

Write, Make a bed, and Use a knife to cut food.  While examples of symptom items include: 

Arm, shoulder or hand pain, Weakness in your arm, shoulder or hand, and Stiffness in your arm, 

shoulder or hand.  Response choices for disability items range from 1 to 5 (1: no difficulty to 5: 

unable)(104).  Response choices for symptom items also use a five-point scale, but varying from 

none to extreme.  At least 27 of the 30 disability/symptom questions must be completed for a 

score to be calculated(104).  Typically, in order to produce a score out of one hundred, the 

response choices are summed and averaged, producing a score out of five(104).  This value is 

then transformed to a score out of 100 by subtracting one and multiplying by 25(104).  For 

example, if the patient responded to all the questions with a 5, they would have an average score 

of 5.  You would then subtract one from 5, giving you 4 and multiply by 25.  This individual, 

with the highest responses possible, would have a score of 100.  Normally, the DASH produces 

scores between 0 and 100 with a higher score indicating more disability(104).  For this study, 

however, the rating scale was recoded such that a higher score indicated more ability.  
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Additionally, when change scores were calculated total scores for admission and discharge were 

used as they were and were not converted to scores out of 100.  Thus, making the range of 

possible scores on the DASH zero to 150.  Appendix A includes a list of items on the DASH. 

The Upper-Extremity Functional Index (UEFI) is also based on the International 

Classification of Functioning, Disability, and Health (ICF)(71).  The UEFI is a self-report 

assessment containing twenty items assessing general upper-extremity function.  Examples of 

items on the UEFI include: Grooming your hair, Dressing, Opening doors, Cleaning, and 

Throwing a ball.  Participants’ responses are on a 5-point scale (0: extreme difficulty or unable to 

perform activity to 4: no difficulty).  Total UEFI scores are obtained by adding the responses to 

all questions, thus, total scores vary from 0 to 80 with higher scores indicating greater functional 

status level.  Most people can complete the UEFI in three to five minutes and scoring takes about 

20 seconds.  Appendix B includes a list of items on the UEFI. 

Procedures 

When the data was obtained, in the FOTO data set response choices on the DASH had 

been recoded so that a higher number response indicated more ability, thus, 5 = no difficulty and 

1 = unable.  Additionally, in the FOTO data set the response scale on the UEFI was recoded to 

be more consistent with the DASH response scale.  Zero was recoded to 1, 1 to 2, 2 to 3, 3 to 4, 

and 4 to 5.  Because of the recoding of the rating scale, for this study total scores on the UEFI 

varied from 20 to 100.  Data extraction was performed using the Statistical Package for the 

Social Sciences (SPSS)(105). 

Statistical Analysis 

Rasch analysis to obtain comparable measures 

Since the DASH and UEFI have different rating scales and ranges, Rasch analysis, a one-

parameter item response theory model, was used to place measures from the two instruments on 
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the same scale.  A co-calibration analysis in which DASH and UEFI admission data were run 

simultaneously was conducted using Winsteps(1).  Then separate analyses were run for DASH 

admission data, DASH discharge data, UEFI admission data, and UEFI discharge data anchoring 

the items and rating scale at the estimates obtained in the co-calibration analysis.  Person 

measures (in logits) obtained during these analyses were used to obtain person measure change 

scores (person measure at discharge minus person measure at admission) for both the DASH and 

the UEFI.  These person measure change scores were used in all of the analyses except for the 

sensitivity/specificity analyses.  It was felt that since the sensitivity/specificity analyses would 

help to identify a cutoff score for evaluating whether or not change had occurred, it would be 

more useful for clinicians to use the actual assessment change scores than calculated person 

measure change scores. 

Statistical analyses included calculating ANOVA, sensitivity/specificity, and correlations.  

ANOVA was calculated for the DASH and UEFI using a single group design (e.g., all DASH 

data was treated as a single group).  For both the sensitivity/specificity and the correlational 

analyses, two patient groups were created based on global rating scores.  For this global rating, 

patients rated the perceived amount they had changed since admission on a scale of -7 to +7 with 

a negative number indicating that the condition had worsened since admission, zero indicating no 

change, and positive numbers indicating varying degrees of improvement (See Appendix C).  

Based on previous literature(73, 106), for the current study, people with scores below +3 were 

considered to be different from those whose scores were +3 and above.  Therefore, the groups 

were divided at +3, with individuals reporting a global rating of change of +3 and above placed 

in the “improved” group and those with less than +3 placed in the “not improved” group.  
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However, of note, the “not improved” group also contained those who rated their condition as 

being worse at discharge. 

 
Analysis of variance (ANOVA) 

A within subjects ANOVA was conducted using SPSS(105).  The goal of this analysis was 

to determine if there was a significant difference between change in person measures on the 

DASH and change in person measures on the UEFI.  In addition to allow further comparison, 

mean person measure change, range, and standard deviations were reported for the two 

assessments and a Pearson correlation between person measure change scores on the DASH and 

UEFI was conducted in SPSS(105). 

Sensitivity and specificity 

The sensitivity and specificity analysis was performed to identify an assessment change 

score that indicates a difference in functional ability.  Sensitivity is defined as the ability of an 

assessment tool to detect a condition when it is present or to provide true positive results(107, 

108).  Specifically, in this study, sensitivity was calculated as the number of patients correctly 

identified (based on the groups created from their global ratings) by the DASH or UEFI as 

undergoing an important change divided by the number of patients whose global rating indicated 

they had actually changed (positive three or above).  In contrast, specificity is defined as the 

ability of an assessment tool to not detect a condition when the condition does not exist, or to 

provide true negative results(107, 108).  In the current study, specificity was calculated as the 

number of patients who were correctly identified by the DASH or UEFI as not undergoing an 

important change divided by the number of patients who had actually not changed based on their 

global ratings.  The best cutoff point (i.e., the number of points on the DASH or UEFI that an 

individual’s total assessment score must change to indicate a difference in functional ability) was 
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identified on the basis of lowest overall error rate, specificity, and sensitivity.  This overall error 

rate was calculated using the formula [(1 – sensitivity) + (1 – specificity)].  If cutoff values had a 

similar error rate, the cutoff value with higher specificity was chosen, as it was considered better 

to err on the side of continuation of services versus discharging a patient too soon.  Sensitivity, 

specificity, and overall error were calculated at thirty point intervals of change on the DASH 

from –102 points of change (minimum observed change) to 109 points of change (maximum 

observed change) and on the UEFI at 15 point intervals of change from –75 to 77.  The optimal 

combination of sensitivity and specificity was confirmed by generating a Receiver Operating 

Characteristic (ROC) curve.  This type of curve plots sensitivity on the Y-axis against 1 – 

specificity on the X-axis.  One minus specificity represents the false positive rate.  Figure 2-1 

depicts how specificity and sensitivity were calculated.  Areas under the ROC curves (or indices 

of discrimination, that is, sensitivities) were calculated by counting the number of squares 

beneath the curve and dividing by the total number of squares (the number of squares above the 

curve plus the number below).  The greater the area under the ROC curve (AU), the less the 

overall error in predicting clinically important change.  The AU for the DASH was compared to 

the area calculation for the UEFI. 

Correlation 

Correlation is another commonly used statistic for measuring responsiveness.  Person 

measure change from admission to discharge on the DASH and UEFI were correlated with 

patient global rating scores(73).  The magnitude of the correlations obtained for the DASH and 

the UEFI were compared.  Values for correlations commonly considered strong are .60 and 

larger, moderate are between .40 and .60, and weak are below .40(109).  Once again, since all of 

the individuals in the sample did not complete the global rating of change, the sample sizes were 

178 for the DASH and 178 for the UEFI. 
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Results 

Contradicting the first hypothesis, ANOVA between person measure change scores on the 

DASH and the UEFI was significant (F = 12.47, p=.001).  This indicates that the person measure 

change scores on the two assessments significantly differ.  However, the mean person measure 

change was only slightly larger for the UEFI (DASH mean person measure change = .80, UEFI 

mean person measure change = 1.1), the range was wider for the UEFI but comparable (for 

DASH –6.45 to 8.85, for UEFI –7.08 to 9.20), and the standard deviation was slightly larger for 

the UEFI (DASH standard deviation of person measure change scores = 2.30, UEFI standard 

deviation of person measure change scores = 2.67).  Finally, the Pearson correlation between the 

change scores was .90, p = .000.  Thus, the second hypothesis was upheld in that person measure 

change, indicating an alteration in ability and symptoms, was similar for the DASH and UEFI. 

For the DASH, the cutoff point with the best combination of sensitivity and specificity was 

twenty (sensitivity = .52, specificity = .79, overall error rate = .69).  For the UEFI, the cutoff 

point with the best combination of sensitivity and specificity was fifteen (sensitivity = .45, 

specificity = .77, overall error rate = .78).  Table 2-2 shows sensitivity, specificity, and overall 

error rate for the cutoff values for the DASH and UEFI.  This table illustrates the compromise 

between sensitivity and specificity (as sensitivity increases specificity decreases and vice versa). 

Correspondingly, in support of hypothesis three, overall error in predicting clinically 

important change (determined using area under the ROC curves) was similar for the two 

assessments.  Areas under the ROC curves were similar for the DASH and UEFI.  For the DASH 

the area was approximately .67, while for the UEFI the area was approximately .65 (Figure 2-2).  

The area under the ROC curve is an index of the degree of separation between the distributions 

of true positives vs. false alarms(110).  The almost identical areas under the curves for the DASH 

and UEFI indicate that the sensitivity of these two assessments is comparable. 
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Finally, correlational analyses confirmed hypothesis four.  Correlations between patients’ 

global ratings and person measure change scores from intake to discharge were similar for the 

two assessments.  For the DASH, the correlation between the global rating scores and person 

measure change scores was r = .33, while for the UEFI the correlation was r = .35.  While both 

correlations reached standards that could only be considered small (i.e., less than r = .40)(57), 

they were significant at the p = .01 level.  

Discussion 

The results of the current study indicate that for outpatients with upper-extremity 

problems, the DASH questionnaire and the UEFI measure patient change in upper-extremity 

condition very similarly.  A within subjects ANOVA revealed no significant difference between 

person measure change between the two assessments.  Additionally, areas under the ROC curves 

were almost identical for the two assessments (.67 and .65), as were correlations between global 

ratings and the change scores (r = 0.33 and 0.35).  While both assessments identify change in 

patient function, since the responsiveness calculations for both assessments are very similar, 

there appears to be no real advantage of one instrument over the other in detecting change. 

One reason that these assessments are similar in measuring change may be due to the 

similarity of the items making up these assessments (See Appendices A and B).  For example, 

both have items that involve lifting objects above one’s head and both have the item opening a 

jar lid.  Furthermore, the DASH and the UEFI both include comparable items involving 

grooming, food preparation, and dressing.  For example, the DASH includes the item “Wash or 

blow dry your hair”, while the UEFI includes the item “Grooming your hair”.  Likewise, the 

DASH has the item “Use a knife to cut food” and the UEFI has the similar item “Preparing food 

(e.g., peeling, cutting)”.  The DASH has the item “Put on a pullover sweater” while the UEFI 

contains a broader item “Dressing”.  Because the items on these assessments are comparable, it 
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is likely that these two assessments discriminate between people of different abilities in a similar 

way. 

No studies have investigated the responsiveness of the DASH and UEFI using methods 

comparable to the ones used in the current study.  That is, no other studies have used item 

response theory methodologies to convert scores on these assessments to person measures and 

equated the two rating scales and score ranges before comparing them.  However, in the 

literature that exists on the DASH, the findings have been comparable to those of the current 

study(56, 66, 111).  For example, Beaton and colleagues(57) found correlations between DASH 

change scores and global measures of change to be r = .40 (Pearson) and R = .43 (Spearman).  

Also, these researchers found the area under the curve to be approximately 70%.  They 

calculated standardized response means to be .74-.80. 

The ROC curves generated in this study demonstrate the trade-off between specificity and 

sensitivity.  A larger total change score on the DASH or UEFI (more stringent criteria) yields a 

smaller sensitivity and greater specificity, and vice versa; a smaller total change score (less 

stringent criteria) yields greater sensitivity and smaller specificity.  Clinicians who use 

assessment change scores need to make a compromise of sorts when deciding on what type of 

error they are willing to make.  By using a lower total score change, clinicians increase their 

chance of assuming a patient has changed when they have not.  Conversely, using a greater total 

score change increases the chance of assuming a patient has not changed and continuing to treat 

the condition after their functional ability has returned to the desired state.  Portney and 

Watkins(112) state that “those who use a screening tool must decide what levels of sensitivity 

and specificity are acceptable . . . Sensitivity is more important when the risk associated with 

missing a diagnosis is high, as in the case of life-threatening disease or a debilitating deformity; 
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specificity is more important when the cost or risks associated with further intervention are 

substantial.”  In the case of assessment change scores, it could be argued that it was better to 

continue to treat a patient longer than actually needed, than to discharge them too early. 

Of particular concern with the findings of this study is that the correlation between the 

global rating and the person measure change scores was in the range of what is considered weak.  

Additionally, the ROC curve was really more of a line, indicating low probabilities of specificity 

and sensitivity, i.e., 50% chance.  Thus, there is a problem with not having a “gold standard” to 

compare the change scores to.  In essence this study is comparing two patient reported outcomes.  

It tends to imply that patients are not accurate in reporting the amount of change that has 

occurred in their functional ability.  The authors felt that using total assessment change scores to 

calculate the best cutoff score would be more meaningful for therapists (i.e., give them an idea 

what actual amount of change in total score on the assessment would indicate that a patient had 

changed).  However, since the DASH and UEFI are not on the same scale and have a different 

range of possible scores, this analysis is limited in the conclusions that can be drawn about the 

similarity of the two assessments. 

There are several limitations pertaining to the statistical methods used in the calculation of 

responsiveness.  A major disadvantage when there is no external criterion is that if a change is 

not detected, it is not clear whether the measure was unable to detect a change or whether the 

patients did not undergo the expected change(73).  Correspondingly, if a statistically significant 

change is detected, it is uncertain whether this is due to some property of the measure  (i.e., the 

measure is so sensitive that it has picked up a change that is so small that it is not functionally 

significant) or if a significant change in function was detected.  This problem is somewhat solved 

by the use of an outside criterion (such as the global rating in the current study), as is done with 
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the ROC curve analysis and the correlation(73).  However, if the outside criterion is not valid the 

results obtained will be misleading.  It appears this was the case in the current study.  The global 

rating was a very poor “gold standard” and thus, results of this study may be of questionable 

validity. 

An additional limitation involves the sample used in this study.  While large, it was a 

sample of convenience.  Moreover, the size of the sample was much reduced once individuals 

who did not complete the assessments at discharge and those that did not complete the patient 

global rating were eliminated.  However, based on previous analyses conducted by the 

investigators, it appeared that the reduced sample was comparable to the larger sample on all 

demographic characteristics.  Finally, the data was collected at various clinics across the country 

and from patients with diverse upper-extremity diagnoses.  Therefore, situations in the clinics 

and treatments used by therapists are likely to have differed.  While this increases the 

generalizability of the results, it is unclear what treatments were used with which patients and 

contributed to the most advantageous outcomes. 

Conclusions 

The results of this study seem to indicate that neither the DASH nor UEFI has a clear 

advantage over the other when measuring responsiveness.  Thus, if time is an issue, perhaps, the 

shorter UEFI is a better choice, even though it is a lesser known instrument.  However, if 

comparison outcomes data is needed or communication of outcomes with other therapists is 

desired, the DASH may be preferred since it is the more widely used and studied.  Additionally, 

when change scores on assessments are used careful consideration should be given to the values 

used (i.e., the degree of sensitivity vs. specificity desired).  Further research is needed using 

additional samples and investigating responsiveness methods.  Moreover, there is a need for the 

development of a “gold standard” for sensitivity and specificity analyses.  Research focusing on 
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how to create more responsive assessments is needed so that guidelines might be established to 

aid future assessment development. 
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Table 2-1. Sample of 214 demographics 
Mean age + SD 49.0 + 14.3 (N = 202) 
Gender                                         
     - Female 
     - Male 

 
108  (50.5%) 
106  (49.5%) 

(N = 214) 
Primary body part injured                                           
     - Shoulder 
     - Neck 
     - Elbow 
     - Upper Arm 
     - Wrist 
     - Hand 
     - Forearm                                                     

 
120  (59.4%) 
55  (27.2%) 
 9  (4.5%) 
 6  (3.0%) 
 6  (3.0%) 
 4 (2.0%) 
 2  (1.0%) 
(N = 202) 

Symptom acuity                                                 
     - Chronic 
     - Subacute 
     - Acute 
         

 
142  (70.3%) 
41  (20.3%) 
19  (9.4%) 
(N = 202) 

Mean number of days treated + SD 52.5 + 33.5 (N = 157) 

Mean number of treatment sessions + SD 14.5 + 10.2 (N = 157) 

Note: Many of the totals presented in table are not the same as the sample total due to missing 
data. 
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  Test 

  (Person measure change score on DASH or 
UEFI) 

Global 
Rating 

+ 
(GR > 3) 

A 
(True positive) 

(Score above cutoff) 

c 
(False negative) 

(Score below cutoff) 

(GR) - 
(GR < 3) 

B 
(False positive) 

(Score above cutoff) 

d 
(True negative) 

(Score below cutoff) 
 

Figure 2-1. Calculating sensitivity and specificity where sensitivity = a/(a +c) and specificity = 
d/(b+d) 
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Table 2-2. Sensitivity, specificity, and overall error at various cutoff points for the DASH and UEFI 
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Figure 2-2. Receiver operating characteristic (ROC) curves for the DASH (circles) and UEFI (triangles), showing the accuracy of 
different cutoff points (diagonal line represents assessment with 50/50 chance of detecting improvement) 
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CHAPTER 3 
ITEM CHARACTERISTICS OF THE DISABILITIES OF THE ARM, SHOULDER, AND 

HAND (DASH) OUTCOME QUESTIONNAIRE 

Introduction 

One of the most widely used and researched assessments in upper-extremity rehabilitation 

is the Disabilities of the Arm, Shoulder, and Hand (DASH) outcome questionnaire(55, 57, 95-

97).  There are over 47 studies on the psychometrics of the DASH(55, 57, 61, 70, 95, 97, 98).  

Studies have shown that the DASH has good discriminative validity (differentiates between 

dissimilar constructs), construct validity (accurately represents a construct), and test-retest 

reliability (scores can be replicated).  These studies have tested the DASH on patients with a 

wide range of upper-extremity conditions(55, 57-61).  For instance, Beaton and colleagues(57) 

confirmed the test-retest reliability of the DASH (intraclass correlation coefficient = 0.96).  

These researchers found that the DASH showed discriminative validity, differentiating between 

those currently able to work and those unable to work.  Convergent validity was also 

demonstrated with correlations to the Shoulder Pain and Disability Index (SPADI) subscales and 

the Brigham (carpal tunnel) questionnaire subscales exceeding 0.70. 

The DASH has demonstrated ability to detect clinical change (responsiveness) at the level 

of the assessment as a whole.  For instance, Gummesson and colleagues(56) found that the 

DASH was effective in detecting change in function before and after surgical treatment for 

upper-extremity conditions (effect size = .70; standardized response mean = 1.2).  Effect sizes of 

0.2 and below are considered small, 0.5 medium, and 0.8 is considered large(99).  Beaton and 

Bombardier(57) showed that in a group of patients with diverse musculo-skeletal conditions, the 

DASH was comparable or better at detecting clinical change than joint-specific assessments.  

Similarly, Kotsis and Chung(66) also found the DASH to be moderately responsive 

(standardized response mean = .70) when used to evaluate outcomes after carpal tunnel surgery. 
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Despite the wealth of studies examining the properties of the DASH as a whole, no 

published analyses have thoroughly investigated the item characteristics of the DASH or how 

these item characteristics affect the ability of this assessment to measure change in patient 

condition.  Item response theory (IRT) methodologies were used to eliminate DASH items in the 

creation of a Quick-DASH version of the instrument, however, in this study the only item-level 

statistic reported was misfit(97).  Knowledge of item-level psychometrics are important for a 

number of reasons(113-115).  First, using item response theory methodologies, the extent to 

which all items on a test represent the same underlying trait can be examined.  Additionally, IRT 

analyses provide item and person ability estimates that are independent of the sample of 

individuals and the set of items used(114).  Item difficulty estimates allow for a comparison of 

the challenge of items making up an assessment relative to each other.  IRT allows the 

investigation of the equivalence of items for different samples or for the same sample at different 

time points(113).  Estimates of item discrimination derived from item response theory analyses 

indicate an item’s ability to distinguish between individuals who possess different amounts of the 

trait of interest(114).  Furthermore, information curves show at which person ability levels the 

test is most useful.  Thus, the purpose of the present study was to examine item-level 

characteristics of the DASH including: 1) unidimensionality of the items (i.e., do they all 

represent the same construct), 2) item difficulty hierarchies at admission and discharge, 3) 

person-item match, 4) differential item functioning (DIF) from admission to discharge, 5) item 

discriminations at admission and discharge, and 6) comparison of test information curves 

produced from admission and discharge data. 
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Methods 

Sample 

Data was collected at various outpatient clinics throughout the United States by Focus on 

Therapeutic Outcomes (FOTO), Inc.  FOTO provides a patient evaluation tool and aggregate 

data management service.  The Disabilities of the Arm, Shoulder, and Hand (DASH) outcome 

questionnaire is one of the many assessments on which FOTO collects data.  FOTO has 

accumulated the largest external database for rehabilitation outcomes.  It is included on the Joint 

Commission's (JCAHO) list of acceptable performance measurement systems.  Large amounts of 

data collected by FOTO is used for research purposes(100, 101). 

Data extraction was performed using the Statistical Package for the Social Sciences 

(SPSS)(105).  Patients who had completed the assessments at two time points (admission and 

discharge) were selected from the larger data sets.  This reduced the original DASH data set from 

2487 study participants to 991.  For comparison, demographic information on the larger and the 

reduced data sets is presented in Table 3-1. 

Nine hundred and ninety-one individuals with upper-extremity conditions from various 

outpatient clinics throughout the United States completed the DASH.  These individuals 

completed the assessments at two different time points (i.e., admission and discharge) as part of 

standard treatment procedures.  Fifty-seven percent of the sample was female.  Study participants 

most commonly experienced shoulder impairments (51%) followed by those with neck 

impairments (20%) and the least number of individuals with forearm impairments (1%).  About 

half of the study participants had chronic conditions.  Mean number of days seen in rehabilitation 

were 48.6 ± 32.2 and total number of treatment sessions were 13.3 ± 10.0.  See Table 3-1.
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Assessment      

The Disabilities of the Arm, Shoulder and Hand (DASH) outcome questionnaire was 

designed to measure impairment subjectively, as well as, to capture limitations in activities and 

participation imposed by single or multiple disorders of the upper-extremity(102).  It is based on 

the World Health Organization (WHO) Model of Health, at the time of development called the 

International Classification of Impairments, Disabilities, and Handicaps (ICIDH) but today 

revised to be the International Classification of Functioning, Disability, and Health (ICF)(103).  

The DASH is a standardized instrument and evaluates impairments and activity limitations, as 

well as, participation restrictions for both leisure and work(103).  It consists of two components: 

30 disability/symptom questions and four optional high performance sport/music or work 

questions(104).  The DASH includes both disability and symptom items.  Examples of disability 

items on the DASH include: Open a tight or new jar, Write, Make a bed, and Use a knife to cut 

food.  Examples of symptom items include: Arm, shoulder or hand pain, Weakness in your arm, 

shoulder or hand, and Stiffness in your arm, shoulder or hand.  Response choices for disability 

items range from 1 to 5 (1: no difficulty to 5: unable)(104).  Response choices for symptom 

items also use a five-point scale, but varying from none to extreme.  At least 27 of the 30 

disability/symptom questions must be completed for a score to be calculated(104).  In order to 

produce a score out of one hundred, the response choices are summed and averaged, producing a 

score out of five(104).  This value is then transformed to a score out of 100 by subtracting one 

and multiplying by 25(104).  Thus, an individual, with the highest responses possible, would 

have a score of 100.  Normally, the DASH produces scores between 0 and 100 with a higher 

score indicating more disability(104).  For this study, the rating scale was recoded such that a 

higher score indicated more ability.  Appendix A includes a list of items on the DASH. 
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Procedures 

Data analysis 

Unidimensionality 

In order to create a legitimate measure, all the items must contribute to the same 

construct(116).  To test for unidimensionality, exploratory and confirmatory factor analyses 

(weighted least square parameter estimates using a diagonal weight matrix with standard errors 

and mean- and variance-adjusted chi-square test statistic that use a full weight matrix) were 

conducted using Mplus software(117).  Polychoric correlations were factored in both exploratory 

and confirmatory analyses.  For the exploratory factor analysis (EFA), eigenvalues for each 

factor, loadings on each factor, scree plots of eigenvalues, total variance associated with the 

factors, and correlations between the factors were investigated.  Eigenvalues represent the 

variances extracted by the factors.  Using the Kaiser criterion, only factors with eigenvalues 

greater than one should be retained (i.e., those factors that extract at least as much of the variance 

as one of the original variables)(105).  The scree plot shows the eigenvalues for each factor 

plotted in descending order.  The scree test proposes that where the line in the plot levels off is 

the cutoff for the number of factors to retain(105).  The greater the amount of total variance 

accounted for by the factor, the more evidence there is for its presence(118).  High correlations 

between factors suggest that they may be measuring the same latent trait(118). 

Based on results of the EFA (number of factors present), a confirmatory factor analysis 

(CFA) was conducted.  CFA examined model fit statistics including chi-square, Comparative Fit 

Index (CFI), Tucker-Lewis Index (TLI), Standardized Root Mean Square Residual (SRMR), and 

Root Mean Square Error of Approximation (RMSEA).  Total amount of variance was also 

reported.  Goodness of fit statistics such as the chi-square, CFI, TLI, SRMR, and RMSEA test 

the model fit for a preset number of factors.  With the chi-square statistic the null hypothesis 
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tested is that there is no difference between the data and the model being tested, while the 

alternative hypothesis is that the data do not support the model.  Therefore, a significant chi-

square indicates that the model does not fit.  However, the chi-square statistic is affected by 

sample size.  With large samples, it is difficult to show model fit with this statistic(119).  For 

CFI, TLI, SRMR, and RMSEA there is some disagreement as to what values indicate that the 

model fit the data.  For the current study, as suggested by Hu and Bentler(120) the values of CFI 

and TLI greater than 0.95 and RMSEA and SRMR below 0.06 were used. 

Additionally, using Rasch analysis, the extent to which items contribute to a 

unidimensional construct was evaluated employing mean square standardized residuals (MnSq) 

produced for each item on the instrument.  MnSq represents observed variance divided by 

expected variance(121).  Consequently, the desired value of MnSq for an item is 1.0.  The 

acceptable criteria for unidimensionality depends on the intended purpose of the measure and the 

degree of rigor desired.  Linacre(122) and Green(123) suggest that criteria for fit statistics 

depends on sample size.  For sample sizes close to a thousand, reasonable ranges of MnSq fit 

values between 0.6 and 1.1 associated with standardized Z values < 2.0 are recommended.  A 

low MnSq value (i.e., <0.6) suggests that an item is failing to discriminate individuals with 

different levels of ability (i.e., people with different amount of difficulty performing upper-

extremity tasks) or that an item is redundant (i.e., other items on the instrument are of similar 

difficulty).  High values (i.e., >1.1) indicate that scores are variant or erratic, suggesting that an 

item does not belong with the other items on the same continuum or that the item is being 

misinterpreted.  Items with high MnSq values represent a threat to validity and thus, are given 

greater consideration.  Fit statistics alone should not be used to assess the dimensionality of an 

instrument(124, 125).  Thus, results from fit and factor analyses were considered together.  
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As an even further test, correlations between each item and the entire instrument (point 

measure correlations) are often used in determining dimensionality(126).  However, according to 

Wright (126), there are no set rules for what is an acceptable range for point measures.  Negative 

values indicate that observed responses to the item are in opposition to the general meaning of 

the test but this is all that is certain.  Other authors, Allen and Yen(127), recommend these 

correlations range from .30 to .70 with too high values seeming to suggest that the item is 

redundant and adds no more knowledge than is related by other items. 

Item difficulty 

Based on theories of upper-extremity recovery, such motor control theory(128), 

hypotheses were developed about the hierarchy of difficulty of the items on the DASH.  For 

example based on the concept from motor control theory that complex items are more difficult, 

doing heavy household chores (e.g., wash walls, wash floors) was hypothesized to be harder than 

putting on a pullover sweater.  Likewise, this theory contends that more challenging activities 

require the use of multiple joints.  Thus, putting on a pullover sweater was hypothesized to be 

more difficult than turning a key in a lock.  Item response theory methodologies provide a means 

to investigate the validity of a proposed hierarchy by computing item calibrations.  Data was fit 

to a one parameter Rasch model using the Winsteps software program(1) to calculate item 

difficulty parameters.  Separate analyses were done utilizing admission and discharge data to 

determine the stability of item calibrations across the two time points. 

Person-item match 

To further investigate the relationship between admission item difficulties and discharge 

item difficulties, person-item maps were produced using Winsteps(1).  These maps plot person 

ability and item difficulty on the same scale.  This illustrates how well the items are suited for 

the particular sample under investigation. 
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Differential item functioning 

Differential Item Functioning (DIF) analysis was used to compare admission and discharge 

item difficulties.  If DIF is found, this implies that the item is acting differently at admission than 

at discharge(129).  If this is the case, change scores calculated from admission to discharge may 

be misleading.  That is, if the order of difficulty of the items changes from admission to 

discharge, it would be analogous to the marks on a ruler moving from one ruler to the next ruler.  

Thus, it would be impossible to subtract a value associated with a mark on the first ruler from the 

value of another mark on the second ruler and obtain a meaningful value. 

Many approaches are available to determine if items are acting differently from one time 

point to another(130).  In this study, uniform DIF was calculated using Winsteps(1).  Because the 

Rasch model was used, investigation of non-uniform DIF was not possible(130).  The Winsteps 

program utilizes a relatively direct DIF procedure in which each item’s difficulty is compared 

between time points using iterative t-tests(131).  Different alpha levels have been suggested for 

this analysis(132, 133).  Some authors have suggested using a critical value of 1.96 to detect 

differences in item estimates (α = .05)(132).  However, using this critical value does not correct 

for doing multiple comparisons, which increases the likelihood of falsely detecting significant 

differences(133).  Acknowledging that small differences may occur by chance, a Bonferroni 

adjustment was made based on the number of items on the DASH (.05/30, α = .0017).  As 

suggested by Crane and Hart(133), both small DIF (α = .05) and large DIF (α = .0017) were 

reported.  For the purposes of this study, an alpha level of .05 was considered significant while 

an alpha level of .0017 was considered highly significant.  Nevertheless, some investigators(130) 

contend that when a large sample is used (N > 200) a statistically significant result may have no 

practical meaning.  Thus, a 0.5 logit difference should be used to identify DIF items.  DIF based 
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on these guidelines is also reported.  Because the presence of DIF does not always indicate that 

an individual’s ability is being incorrectly assessed(134), average person ability estimates 

derived from the analysis of versions of the DASH with and without DIF items were compared. 

DIF was also portrayed using a scatter plot of item difficulty estimates.  A fit of the item 

difficulty calibrations within the 95% confidence interval affirms item constancy(135).  Items 

whose calibrations fell outside the 95% confidence interval were considered statistically distinct.  

Additionally, admission and discharge item difficulties were compared using an intraclass 

correlation coefficient (ICC; one-way random, 95% confidence interval, test value: 0).  This type 

of correlation provides an indication of the reproducibility of item difficulty calibrations(136). 

Item discrimination 

Item discrimination gives an indication of how responses to a particular item correspond to 

responses to the overall assessment(137, 138).  In general, high values for item discrimination 

are considered good, indicating that responses to that particular item reflect a similar construct as 

the other items on the test(138).  Zero or negative discrimination values indicate that the item 

does not fit well with the rest of the items(137).  Winsteps(1) was used to estimate item 

discriminations for admission and discharge data.  Values obtained were examined to ensure that 

none were zero or negative, indicating poor items.  In order to investigate the effect of item 

discrimination on person ability estimates, mean person ability estimates calculated utilizing a 

one parameter model (using Winsteps(1) software) and  a two parameter model (MLE or MAP 

computation, graded model using Multilog(139) software) were compared.  Maximum likelihood 

estimation (MLE) is a special case of Maximum a Posteriori (MAP) estimation(140).  In MLE 

the most probable estimate is calculated based on the data(140).  Because Winsteps estimates are 

in logits and Multilog estimates are in probits, estimates from the Multilog analysis were 

converted to logits using the conversion ratio, 1 logit = 1.7 probits(1), before comparison. 
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Test information 

Information curves for the entire test at both admission and discharge were obtained using 

Winsteps Rasch analysis program(1).  Information using the Rasch one parameter model 

(Winstesps), is simply the probability of passing an item times the probability of failing an 

item(141).  The standard error is inversely proportional to information.  Thus, less error implies 

more information(141).  Information is somewhat more complex with the two parameter item 

response theory model (Multilog analysis) in that it is multiplied by item discrimination (i.e., 

probability of passing an item times probability of failing an item times item 

discrimination)(142).  Since item information is an additive property, information for the entire 

test can be calculated(143).  Test information function is related to the underlying trait of 

interest.  With the Rasch model, the zero point is set at the mean item difficulty.  Thus, using 

Winsteps the test information function is always centered around zero on the latent variable.  

Information affects the measurement of change in the following manner(144).  At person 

abilities where scale information is high, smaller changes appear significant (result in larger 

changes in test scores).  However at person abilities where information is low, an individual must 

change more on the trait measured in order to see the same change (in test score)(143). 

Results 

Unidimensionality 

Admission data EFA 

The eigenvalue for the first factor was 18.40.  Retaining one factor can explain 61.32% of 

the total variance.  All items load relatively high on one factor, ranging from .46 to .87 (See 

Table 3-2).  The first two factors are highly correlated with each other, r = .74.  The scree plot 

shown in Figure 3-1 shows a steep drop off after the mark representing the eigenvalue for the 

first factor. There were three factors with eigenvalues greater than one, 18.40, 1.56, and 1.54, 
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respectively.  Loadings of each item on these three factors are shown in Table 3-3.  There is a 

general tendency for items loading on factor one to be more gross motor, complex items, 

requiring more movement.  Items loading on factor two tend to be items requiring only hand use, 

while, those loading on factor three tend to be more general items and symptom items. 

Admission data CFA 

Confirmatory factor analysis was run to test a one factor solution.  This analysis had mixed 

results.  The chi-square was large, 3628.84 (df = 104) and highly significant, p = .000.  

Consequently, this statistic did not support the one factor solution.  The CFI was .77, TLI was 

.97, SRMR was .07, and the RMSEA was .19.  Thus, only the TLI value supports the one factor 

model.  However, the first factor accounted for a large proportion of the variance, 62.86%. 

Discharge data EFA 

Similar to with the admission data, the eigenvalue for the first factor was 20.23.  Retaining 

one factor can explain 67.44% of the total variance. All items load relatively high on one factor, 

ranging from .68 to .89 (See Table 3-2).  Again, the first two factors were highly correlated with 

each other, r = .74.  The scree plot shown in Figure 3-2 illustrates a steep drop off after the mark 

representing the eigenvalue for the first factor.  There were three factors with eigenvalues greater 

than one, 20.23, 1.39, and 1.16, respectively.  Loadings of each item on these three factors are 

shown in Table 3-4.  Once again there is a general tendency for items loading on factor one to be 

more gross motor, complex items, requiring more movement, items loading on factor two tend to 

require only hand use, and items loading on factor three to be more general items and symptom 

items. 
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Discharge data CFA 

Also similar to with the admission data, for a one factor solution, the chi-square was large, 

2677.74 (df = 103) and highly significant, p = .000.  The CFI was .84, TLI was .98, SRMR was 

.06, and the RMSEA was .16.  Thus, the TLI and SRMR supported the one-factor model. 

Rasch-derived fit statistics and point measure correlations 

Table 3-5 presents Rasch derived item infit statistics for the 30-item DASH at admission 

and discharge.  At admission, ten items had high fit values (MnSq > 1.1 with ZSTD > 2.0): I feel 

less capable, less confident or less useful because of my arm, shoulder or hand problem; 

Stiffness in your arm, shoulder or hand; Open a tight or new jar; Difficulty sleeping because of 

pain in your arm, shoulder or hand; Interfered with your normal social activities with family, 

friends, neighbours or group; Tingling (pins and needles) in your arm, shoulder, or hand; Sexual 

activities; Write; Manage transportation needs; and Turn a key.  At discharge, the following 

items continued to misfit: I feel less capable, less confident or less useful because of my arm, 

shoulder, or hand problem; Open a tight or new jar; Difficulty sleeping because of pain in your 

arm, shoulder or hand; Tingling (pins and needles) in your arm, shoulder, or hand; Sexual 

activities; Write; Manage transportation needs; and Turn a key.  Additionally, the following 

items misfit at discharge: Wash your back; Recreation activities that require little effort; and Use 

a knife to cut food.  Point measure correlations for admission data ranged from .46 to .82, while 

point measure correlations for discharge ranged from .57 to .83 (See Table 3-6).  All correlations 

were above .30.  However, the majority were above .70 (19 above .70 at admission, 20 at 

discharge). 

Taken together, there is mixed evidence for a one factor solution.  One might argue that the 

large number of misfit items (ten with admission data and eleven with discharge data) were due 

to the stringent criteria used in this study to judge fit (MnSq > 1.1).  Additionally, some authors 
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have argued that factor analysis is not the optimal way to investigate items influenced by 

psychological factors (i.e., self-reports)(143).  Thus, it was felt that there was enough support for 

a one factor solution to apply item response theory methodologies.  All further analyses were 

continued based on the assumption that the items reflected a single construct.  The inconsistent 

findings from the factor analysis and fit statistics will be addressed in the discussion section. 

Item Difficulty 

Table 3-7 presents item difficulty calibrations at admission and discharge in the order of 

relative challenge at admission.  The most challenging items at admission (higher calibrations) 

are located at the top of each table and least challenging items at admission (lower calibrations) 

are located at the bottom of the table.  Overall, item difficulties at admission and discharge were 

similar.  DIF discussed later will compare the discharge difficulties to the admission difficulties.  

The four items that were most difficult at admission were: Less capable, less confident or useful, 

Recreational activities in which you take some force or impact, Recreational activities in which 

you move your arm freely, and Do heavy household chores.  Turning a key, Manage 

transportation needs, and Write were easy items at admission.  Middle difficulty items included: 

Open a tight or new jar lid, Wash your back, and Limited in work or other regular daily 

activities. 

Person-Item Match 

Figure 3-3 presents maps of both admission and discharge item difficulties plotted against 

person ability measures.  These maps were generated using item difficulties obtained when 

admission and discharge items were run in separate analysis.  The X’s to the left of the vertical 

line symbolize the person measures, with those at the top representing individuals with the most 

upper-extremity ability and persons on the bottom illustrating those with the least.  The items are 

represented to the right of the vertical line, with the most challenging items located at the top and 
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the least challenging at the bottom.  These items are located on the map at their average measure 

of challenge, (i.e., the measure when individuals respond moderate difficulty).  As can be seen 

from these maps, the sample performed better at discharge than at admission.  The sample mean 

fell above all the items at discharge, whereas, at admission several items (I feel less capable, less 

confident or less useful, Recreational activities in which you take some force or impact, and 

Recreational activities in which you move your arm freely) were above the sample mean.  At 

discharge 41 individuals had maximum estimated ability levels, while at admission only 2 had 

maximum estimated ability levels. 

Differential Item Functioning  

Table 3-7 presents the DIF analysis results.  DASH items are arranged in decreasing order 

of admission item difficulty, from least difficult items at admission at the bottom to most 

difficult items at admission at the top.  The DIF analysis compared the admission and discharge 

item difficulty calibrations of each item.  These t-values are associated with a probability level 

(seen beside the t-values in the table).  Five items had large DIF values (p<.0017): I feel less 

capable, less confident or less useful because of my arm, shoulder or hand problem; Difficulty 

sleeping because of the pain in your arm, shoulder or hand; Push open a heavy door; Tingling 

(pins and needles) in your arm, shoulder or hand; and Sexual activities.  While four items had 

small DIF (p<.05) (Weakness in your arm, shoulder or hand; Limited in work or other regular 

daily activities as a result of your arm, shoulder, or hand problem; Put on a pullover sweater; and 

Make a bed).  Of these nine items, four of these items have higher admission item difficulty than 

discharge (Difficulty sleeping because of the pain in your arm, shoulder or hand; Put on a 

pullover sweater; Make a bed; and Limited in work or other regular daily activities as a result of 

your arm, shoulder, or hand problem).  The remaining five display lower admission item 

difficulty values than discharge item difficulty values (I feel less capable, less confident or less 
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useful because of my arm, shoulder or hand problem; Push open a heavy door; Tingling (pins 

and needles) in your arm, shoulder or hand; Sexual activities; and Weakness in your arm, 

shoulder or hand). However, using the 0.5 logit difference guidelines, none of the items 

displayed significant DIF. 

Figure 3-4 shows a visual illustration of DIF. The item difficulty calibrations at admission 

are plotted on the x-axis against item difficulty calibrations at discharge on the y-axis.  Lines 

represent where 95% confidence interval bands fall.  As can be seen from the figure, among the 

items showing DIF, they do not fall much outside the 95% confidence interval.  Labeled items in 

the figure are those that displayed large DIF.  Comparison of admission item difficulties to 

discharge item difficulties using an intraclass correlation coefficient (ICC) indicated a high 

reliability between the two time-points (ICC = .99). 

To compare the possible impact of DIF on measurement of upper-extremity condition, 

Rasch derived mean person ability measurements at admission and discharge were compared 

using two versions of the DASH: (1) the full 30-item version and (2) a 21-item version with the 

items displaying significant DIF removed.  Figure 3-5 presents the admission to discharge (x-

axis) mean person ability measurements (y-axis, logits) for the two versions.  The solid line 

shows the change admission to discharge of person ability estimates when all the items on the 

DASH were used (change from .90 + 1.37 at admission to 2.38 + 1.68 at discharge).  The dashed 

line illustrates the change admission to discharge of the person ability estimates when only the 

21-items that did not show DIF were used (change from .93 + 1.52 at admission to 2.49 + 1.78 at 

discharge). Thus, mean person ability measures were almost identical whether or not the items 

showing DIF were included. 
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Item Discrimination 

Table 3-8 presents item discrimination calibrations at admission and discharge.  Values for 

item discrimination at admission ranged from .09-1.38.  The values at discharge ranged from .28-

1.36.  Thus, item discrimination ranges were similar but somewhat wider for admission data.  To 

compare the possible impact of item discrimination on measurement of upper-extremity 

condition, Rasch derived mean person ability measurements at admission and discharge were 

compared to those derived using a two parameter model.  Figure 3-6 presents the admission to 

discharge (x-axis) mean person ability measurements (y-axis, logits) for the two models.  The 

solid line shows the change admission to discharge of person ability estimates when the one 

parameter model was used (change from .91 + 1.39 at admission to 2.59 + 1.92 at discharge).  

The dashed line illustrates the change admission to discharge of the person ability estimates 

when the two parameter model was used (change from 1.1 + 1.75 at admission to 2.01 + 1.47 at 

discharge). 

Test Information 

Figure 3-7 presents the DASH information function at admission using the one parameter 

model, while Figure 3-8 presents the DASH information function obtained using discharge 

scores using the one parameter model.  As shown by the figures, test information is identical at 

admission and discharge, thus, indicating that person ability corresponds with test information in 

a similar way at both admission and discharge.  This implies that item difficulties (which affect 

the calculation of information) do not change enough from admission to discharge to affect 

person ability measures.  Additionally, these curves illustrate how information peaks when the 

mean of the latent variable is zero.  This is also where the standard error is the lowest. 
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Discussion 

The purpose of this paper was to investigate the item-level characteristics of the DASH, 

including unidimensionality, item difficulty, person-item match, differential item functioning 

across admission and discharge, item discrimination, and test information.  Several findings 

pertaining to the item-level psychometrics of the DASH are presented.  Results of exploratory 

and confirmatory factor analyses were inconclusive as to whether or not a one factor solution 

was plausible.  Eigenvalues for the first factor in both the admission and discharge EFAs were 

much greater than for the second factor, however, the second and third factor eignevalues were 

greater than 1.0 (criterion necessary for acceptance of the presence of a factor based on the 

Kaiser rule).  One factor accounted for most of the variance (> 60%) for both admission and 

discharge data and all items loaded high on the first factor.  The first two factors were highly 

correlated.  With the admission CFA, the only goodness of fit statistic that supported a one factor 

model was the TLI.  With the discharge CFA, the TLI and SRMR supported the one factor 

model.  However, goodness of fit statistics should never should be used alone to determine 

dimensionality(143). 

A number of items misfit (ten at admission and eleven at discharge).  With less stringent 

criteria, such as that used with smaller sample sizes, it is expected that many fewer items would 

misfit.  Preliminary analysis by the authors with data on the DASH with smaller samples sizes 

which allows a less stringent criteria be followed has shown only three items (at admission) and 

five items (at discharge) to misfit.  All point measure correlations were above .30.   However, the 

observation that many (19 at admission and 20 at discharge) were above .70 indicates that some 

of the items may be redundant (i.e., add no further information to the test than other items 

already obtain).  This suggests that a short form of the DASH might be just as informative as the 

longer version. 
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Item difficulty hierarchies support the theory of motor control. Four tenants of motor 

control theory are: 1) complex items are more difficult, 2) environmental factors increase the 

challenge of items, 3) more difficult items require the use of multiple joints, and 4) isolated, 

abstract items are more difficult than functional tasks(128, 145, 146).  Complex items were 

found to be more difficult.  For example, doing heavy household chores (e.g., wash walls, wash 

floors) was harder than putting on a pullover sweater.  Likewise, gardening or doing yard work 

was more difficult than carrying a shopping bag or briefcase.  Environmental factors were shown 

to influence difficulty ranking.  Recreational activities requiring little effort, such as card playing 

or knitting, were rated easier than recreational activities in which you move your arm freely, 

such as frisbee or badminton.  Furthermore, recreational activities in which you move your arm 

freely were rated easier than recreational activities in which you take some force or impact 

through your arm, shoulder, or hand.  Items requiring the use of multiple joints were more 

difficult items.  For instance, recreational activities, such as frisbee or badminton, were rated 

more difficult than using a knife to cut food.  Also, preparing a meal was more difficult than 

turning a key in a lock.  Finally, isolated tasks, presented without a concrete context or purpose 

were rated as harder.  To illustrate, carrying a heavy object was rated as harder than carrying a 

shopping bag. 

Several items displayed significant DIF from admission to discharge.  Five showed large 

DIF (I feel less capable, less confident or less useful because of my arm, shoulder or hand 

problem; Difficulty sleeping because of the pain in your arm, shoulder or hand; Push open a 

heavy door; Tingling (pins and needles) in your arm, shoulder or hand; and Sexual activities) and 

four small DIF (Weakness in your arm, shoulder or hand; Limited in work or other regular daily 

activities as a result of your arm, shoulder, or hand problem; Put on a pullover sweater; and 
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Make a bed).  The four items that had a higher admission difficulty than discharge difficulty 

were: Difficulty sleeping because of pain in your arm, shoulder or hand; Putting on a pullover 

sweater; Making a bed; and Limited in work or other regular daily activities as a result of your 

arm, shoulder, or hand problem.  Perhaps this is because at admission these activities were 

problematic, but at the conclusion of therapy, they had more fully resolved than other items.  

That is, for example, once symptoms of pain and limitations to daily activities were gone by the 

end of treatment they were not difficult items at all, rating even easier than would have been 

expected based on the admission difficulty.  Five items had lower admission item difficulties 

than discharge.  These items were: I feel less capable, less confident or less useful because of my 

arm, shoulder or hand problem, Push open a heavy door, Tingling (pins and needles) in your 

arm, shoulder or hand, Sexual activities, and Weakness in your arm, shoulder or hand. This could 

be because if an individual is still having problems with these at discharge, they see this as more 

of a problem than if they are having these issues at admission.  One might consider removing 

DIF items to create a sounder instrument.  However, using the guidelines of 0.5 logit difference 

to identify DIF, none of the items displayed significant DIF.  Additionally, mean person ability 

measures were not affected by the inclusion of DIF items.  Furthermore, the intraclass correlation 

coefficient (ICC) was high indicating reliability in measurement between the two time-points.  

This stability of the measure from admission to discharge is critical to the measurement of 

patient change. 

Since none of the item discrimination values were zero or negative, this indicates that all 

items contribute in a similar fashion to the overall test(137, 138).  Nevertheless, because these 

values are not equal, some might agree that analysis using a two parameter model is necessary.  

Yet, analysis using the one parameter model appears to be the most parsimonious solution since 
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item discrimination does not appear to dramatically affect person measures, although, there is 

more difference between the person ability measure calculated using the different models at 

discharge.  Similar curves for test information for admission and discharge data provide further 

evidence for the stability of the test at two time points. 

Comparison to past literature is complicated by the lack of studies investigating item-level 

psychometrics of the DASH.  The one study investigating item-level properties of the DASH(97) 

in order to create a shortened version, found only four items to misfit (weakness, tingling, sexual 

activities and write).  However, they were using a less stringent criteria (MnSq less than 1.3).  

Likewise, one study has investigated the factor structure of the DASH.  Liang and 

colleagues(147) conducted a principal axis factor analysis.  These researchers’ conclude that 

there is support for a one factor structure.  They found that the first factor had an eigenvalue of 

13.51 and explained 45% of the total variance.  Loadings on the first factor in this study ranged 

from .43 to .89.  None of their findings were indicative of a two factor solution. 

There are several limitations of this study.  One involves inconclusive evidence as to 

whether the DASH should be considered unidimensional (i.e., measuring one construct).  

Considering that the fit statistic criteria used was very stringent (MnSq > 1.1) and past studies 

have determined that goodness of fit statistics may be misleading(119), a unidimensional 

solution was considered to be plausible.  Yet, other guidelines, such as the Kaiser rule 

(eigenvalues greater than one) supported a three factor solution.  Examination of which items 

loaded highest on each of the factors in the three factor solution, separates the items into three 

possible constructs.  One (those that load highest on the first factor) representing more gross 

motor, complex activities, a second (those that load highest on the second factor) being solely 

hand activities, and third (those that load highest on the third factor) involving more general 
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items or symptom items.  Thus, the decision to treat the DASH as unidimensional is debatable.  

Perhaps, dividing the DASH into three separate scales with three total scores would be more 

meaningful.  Using multiple scales, instead of one with debatable unidimensionality might 

provide a clearer picture of patient progress from admission to discharge. 

A second limitation involves the sample used.  While the sample used in this study was 

large, it was a sample of convenience.  Moreover, the size of the sample was much reduced once 

individuals who did not complete the assessments at discharge were eliminated.  Despite that the 

demographics presented were comparable, there is the potential that participants who completed 

the discharge surveys differed on some significant variables from the original larger sample.  

Third, the data was collected at various clinics across the country and from patients with diverse 

upper-extremity diagnoses.  Therefore, situations in the clinics and treatments used by therapists 

differed.  Some treatments could have been more effective.  While this increases the 

generalizability of the results, because there is no information on the treatment used in each case, 

it is unclear which treatments are most optimal. 

As a final limitation, item discrimination did not affect person ability estimates 

dramatically, but especially at discharge there was a notable difference.  Therefore, a thorough 

analysis using the two parameter model is indicated.  Additional tests of model fit are also 

indicated.  Because item psychometrics is a new area of investigation for the DASH, studies 

should be conducted with other populations and at other time-points throughout the treatment 

process as well to provide conclusive evidence as to the properties of this assessment. 

Conclusion 

The evidence presented in this paper suggests that the psychometrics of the DASH could 

be improved upon.  On the positive side, the item hierarchy is supported by motor control theory, 

DIF, although present does not appear to affect the measurement of person ability, and there is 
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some support for unidimensionality.  However, there is also evidence that the DASH items may 

represent three different constructs: a more gross/complex construct, a hand construct, and a 

general/symptom construct.  Also, removing DIF items might produce a sounder instrument.  

Due to the limited number of studies investigating the item-level psychometrics of this 

assessment, more studies are needed using different IRT models and with different populations 

and settings to confirm these findings.  Perhaps, since unidimensionality is an assumption of IRT 

models, dividing the DASH into three different constructs would be superior methodologically 

based on the highest loadings of the items on three different, conceptually logical factors in the 

EFA. 
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Table 3-1. Sample of 991 demographics 
Total Sample Sample with Intake and Discharge Data

M ean age + SD
95% C onfidence Interval (C I)

47.51 + 13.90 (N  = 2441)
C I = 47.10, 48.83

48.84 + 13.88 (N  = 934)
C I = 48.18, 50.44

Gender                                        
     -  Female
     -  M ale

1427 (57.4% )
1057 (42.5% )

(N  = 2484)

543  (56.6% )
417  (43.3% )

(N  = 960)

Primary body part injured                                  
     -  Shoulder
     -  N eck
     -  Hand
     -  Elbow
     -  W rist
     -  Upper Arm
     -  Forearm                                                    

1078 (43.3% )
474 (19.1%)
334 (13.4%)
237 (9.5% )

255 (10.3%)
63 (2.5%)
46 (1.8%)

(N  = 2487)

496  (51.7% )
192  (20.0% )
 87  (9.1%)
 79  (8.2%)
 69  (7.2%)
 24  (2.5%)
 13  (1.4%)
(N  = 960)

Symptom acuity                                                
     -  C hronic
     -  Subacute
     -  Acute

1253 (50.4% )
814 (32.7%)
414 (16.6%)
(N  = 2481)

540  (56.3% )
302  (31.5% )
116  (12.1% )

(N  = 960)

M ean number of days treated + SD
95% C onfidence Interval (C I)

42.64 + 31.33 (N  = 990)
C I = 41.08, 45.12

48.63 + 32.22 (N  = 535)
C I = 46.22, 51.90

M ean number of treatment sessions + SD
95% C onfidence Interval (C I)

11.43 + 9.06 (N  = 990)
C I = 10.87, 11.99

13.30 + 9.98 (N  = 535)
C I = 12.12, 13.79  
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Table 3-2.  Item factor loadings on first factor  
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Table 3-3.  Admission item factor loadings on three factors after varimax rotation 
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Table 3-4.  Discharge item factor loadings on three factors after varimax rotation 
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Table 3-5. Infit statistics at admission and discharge  
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Table 3-6. Point measure correlations at admission and discharge  
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Figure 3-1. DASH admission scree plot  
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Figure 3-2. DASH discharge scree plot 
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Table 3-7. Item difficulty estimates and differential item functioning (N = 960, **p<0.002, *p<0.05). 
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Figure 3-3.  Admission (left) and discharge (right) person-item maps (Arranged so zeros line up 
to allow comparison) 

Note: On Admission Map (left): activad = Limited in your work or other regular daily activities 
at admission; forcead = Recreational activities in which you take some force or impact at 
admission; heavyad = Carry a heavy object (over 10 lbs) at admission; armfrad = Recreational 
activities in which you move your arm freely at admission; lesscad = I feel less capable, less 
confident or less useful at admission; jarad = Open a tight or new jar at admission; yardad = 
Garden or do yard work at admission; limitad = Limited in your work or other regular daily 
activities at admission; painad = Arm, shoulder or hand pain at admission; weaknad = Weakness 
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in your arm, shoulder or hand at admission; stiffad = Stiffness in your arm, shoulder or hand at 
admission; choread = Do heavy household chores (e.g., wash walls, wash floors) at admission; 
washbad = Wash your back at admission; socacad = Interfered with your normal social activities 
at admission; bedad = Make a bed at admission; shelfad = Place an object on a shelf above your 
head at admission; shbagad = Carry a shopping bag or briefcase at admission; sleepad = 
Difficulty Sleeping at admission; lightad = Change a lightbulb overhead at admission; doorad = 
Push open a heavy door at admission; blowdad = Wash or blow dry your hair at admission; 
cutfoad = Use a knife to cut food at admission; mealad = Prepare a meal at admission; tinglad = 
Tingling (pins and needles) in your arm, shoulder or hand at admission; sexuaad = Sexual 
activities at admission; ltlefad = Recreational activities which require little effort at admission; 
sweatad = Put on a pullover sweater at admission; writead = Write at admission; transad = 
Manage transportation needs at admission; keyad = Turn a key at admission 
On Discharge Map (right): activdc = Limited in your work or other regular daily activities at 
discharge; forcedc = Recreational activities in which you take some force or impact at discharge; 
heavydc = Carry a heavy object (over 10 lbs) at discharge; armfrdc = Recreational activities in 
which you move your arm freely at discharge; lesscdc = I feel less capable, less confident or less 
useful at discharge; jardc = Open a tight or new jar at discharge; yarddc = Garden or do yard 
work at discharge; limitdc = Limited in your work or other regular daily activities at discharge; 
paindc = Arm, shoulder or hand pain at discharge; weakndc = Weakness in your arm, shoulder or 
hand at discharge; stiffdc = Stiffness in your arm, shoulder or hand at discharge; choredc = Do 
heavy household chores (e.g., wash walls, wash floors) at discharge; washbdc = Wash your back 
at discharge; socacdc = Interfered with your normal social activities at discharge; beddc = Make 
a bed at discharge; shelfdc = Place an object on a shelf above your head at discharge; shbagdc = 
Carry a shopping bag or briefcase at discharge; sleepdc = Difficulty Sleeping at discharge; 
lightdc = Change a lightbulb overhead at discharge; doordc = Push open a heavy door at 
discharge; blowddc = Wash or blow dry your hair at discharge; cutfodc = Use a knife to cut food 
at discharge; mealdc = Prepare a meal at discharge; tingldc = Tingling (pins and needles) in your 
arm, shoulder or hand at discharge; sexuadc = Sexual activities at discharge; ltlefdc = 
Recreational activities which require little effort at discharge; sweatdc = Put on a pullover 
sweater at discharge; writedc = Write at discharge; transdc = Manage transportation needs at 
discharge; keydc = Turn a key at discharge 
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Figure 3-4. DASH admission item calibrations vs. dash discharge item calibrations 

Note:  Labeled items in the figure showed large DIF in Winsteps analysis. 
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Figure 3-5. With all items and with DIF items deleted mean person ability measures (y-axis, 

logits) at admission and discharge 

 



 

 

88

Table 3-8. Item discrimination estimates  
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Figure 3-6. One parameter model versus two parameter model mean person ability measures (y-
axis, logits) at admission and discharge 
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Figure 3-7. Admission scale information function using one parameter model 
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Figure 3-8. Discharge scale information function using one parameter model 
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CHAPTER 4 
CREATING A CLINICALLY USEFUL DATA COLLECTION FORM FOR THE 

DISABILITIES OF THE ARM, SHOULDER, AND HAND OUTCOME QUESTIONNAIRE 
USING THE RASCH MEASUREMENT MODEL 

Introduction 

Numerous assessments exist which evaluate upper-extremity function.  Therapists 

evaluating upper-extremity ability can chose from multiple performance measures, such as the 

Motor Assessment Scale (MAS)(148), Fugl-Meyer Assessment (FMA)(41), and Wolf Motor 

Function Test (WMFT)(47).  Alternatively, self-reports of daily functional ability of the upper-

extremity, such as the Disabilities of the Arm, Shoulder and Hand (DASH) outcome 

questionnaire(57), Upper-Extremity Functional Index (UEFI)(71), or Shoulder Pain and 

Disability Index (SPDI)(149), may be utilized.  Yet another option is to assess capacity at the 

impairment level using measures such as the Minnesota Rate Manipulation Test (MRMT) or 

Purdue pegboard test(150). 

Although various assessments and even types of assessments of the upper-extremity exist 

and have been shown to be reliable and valid(45, 47, 150-153), often they are not used in the 

clinic.  This may be because results from these assessments do little to inform day-to-day clinical 

practice(154).  When they are used, frequently this is because they are required by accrediting 

agencies or are necessary for reimbursement(154).  In contrast, to being seen as useful tools to 

guide therapy, clinicians often view the completion of such assessments as taking valuable time 

away from treatment. 

One reason that assessments fail to advise clinical practice is that they do not enhance 

clinicians’ knowledge of what activities individuals can actually perform and what tasks should 

be set as the next best goal for a patient.  Frequently assessment total scores are summed from 

patients’ responses to the items on the assessment.  This sum is not directly interpretable, i.e., 
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when standing alone it only represents a mere number.  The actual tasks that the individual is 

able or unable to complete are obscured when only the total score is known.  By and large, 

assessments do not clearly quantify how well an individual will perform on specific items.  Thus, 

they provide a vague picture of what goals should be set for a patient.  In order to be useful in 

informing clinical decision-making (i.e., goal setting, treatment planning), an assessment must 

provide a directly interpretable description of a patient’s abilities. 

To illustrate how assessment total scores are unclear about actual ability to perform tasks, 

imagine a patient with a score of 70 on the Disabilities of the Arm, Shoulder, and Hand (DASH) 

outcome questionnaire(154).  This score of 70 tells the clinician little about the problems the 

patient is experiencing in daily life and what goals should be set to help conquer these 

challenges.  Can this individual carry a shopping bag without difficulty?  Is opening a jar lid 

troublesome?  Or is it only when this individual engages in recreational activities requiring force 

or impact to their arm that problems arise?  A total score provides little information about the 

patient’s present abilities and provides virtually no insight into his/her potential for 

improvement. 

Moreover, when total scores are used, missing data becomes problematic.  If several items 

do not apply and thus, are not answered by a patient, naturally the total score will be lower.  

However, one cannot assume this individual is less able than someone who answered all the 

questions and got a higher total score.  In order to make results comparable even when items are 

not answered (i.e., do not apply to a given individual) requires time for additional mathematical 

calculations. 

The Rasch measurement model, the one parameter item response theory model, provides a 

means through which assessments can be modified to more effectively inform clinical practice 
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(i.e., goal setting and treatment planning)(155).  This method involves redesigning assessments 

into meaningful data collection forms.  Rasch analysis makes the creation of such data collection 

forms possible by placing an individual’s ability measures and item difficulty estimates on the 

same continuum (i.e., calibrating the item difficulty estimates relative to the sample’s ability or 

put another way, arriving at difficulty estimates based on person responses).  On the data 

collection forms, items are ordered according to their difficulties relative to each other (most 

difficult items at the top, followed by less difficult ones).  Person ability measures are 

transformed to range from zero to 100.  Patients circle rating scale choices for each item (ranging 

from unable to no difficulty), which are arranged according to where they fall in relation to the 

person ability scale (0-100).  Someone looking at such a data collection form is able to quickly 

evaluate what items an individual is having challenges with and which they are not(156).  This 

paper intends to generate and show the application of Rasch based data collection forms using 

the Disabilities of the Arm, Shoulder, and Hand (DASH) outcome questionnaire.  The output 

from Rasch analysis that assists in the creation of these data collection forms has been termed a 

“keyform” by Linacre(156) who first proposed the idea.  Thus, the term “keyform” will be used 

in this paper to refer to the raw output from the statistical program.  The term “data collection 

form” will be used to refer to a more clinically useful modification of this output. 

To further clarify how the Rasch measurement model makes possible the creation of such a 

data collection form, requires an explanation of several concepts that are foundational to this 

model.  First, it must be conceivable that all the items on an assessment contribute to one idea or 

construct (for instance, all items relate to upper-extremity function).  If this assumption (i.e., that 

all items contribute to one construct) is upheld, Rasch analysis can be used to turn ordinal data 

into equal interval data, which has a unit of measurement called a “logit” (log-odds unit).  All the 
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items on the assessment can be seen as making up a “ruler” with each item’s difficulty estimate 

(logit measure) falling at a specific marking.  Person ability estimates (also calculated in logits 

based on the individual’s responses to the items) can be placed on the same continuum allowing 

for the direct comparison of person ability to item difficulty(155).  The formation of this person 

ability/item difficulty continuum is a second concept of importance in the creation of efficacious 

data collection forms.  Person ability estimates indicate that someone possesses more or less of 

the construct being measured.  For instance, on the DASH, a patient with a lower person measure 

would have less upper-extremity ability than one with a higher person measure.  This holds 

regardless of whether or not all the items applied to these individuals (i.e., all the items were 

completed by both individuals).  

The purpose of this study is three-fold:  (1) To demonstrate, using data collected on the 

DASH, how Rasch methodologies can be used to generate a clinically useful data collection 

form, (2) To show how different ability study participants’ responses (at admission and 

discharge) would look on the data collection form, and finally (3) To demonstrate how these 

forms can be useful in setting patient goals.  Prior to addressing these goals, analyses will be 

presented to determine if two assumptions of the Rasch model are met.  First, to determine as 

accurately as possible with the given sample size whether the required assumption of 

unidimensionality is met (i.e., whether all the items can be conceptualized as representing one 

construct or trait) and second, to determine whether items on the DASH follow a logical 

progression of difficulty. 

Methods 

Sample Characteristics  

Thirty-seven participants with upper-extremity impairments were recruited from outpatient 

clinics in Gainesville, Florida including the Malcom Randall Veterans Affairs Medical Center 
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(VAMC), Orthopedic Center at the University of Florida, Student Health Care Center at the 

University of Florida, as well as, other outpatient clinics in the University of Florida/Shands 

Healthcare system.  Table 4-1 presents demographic information for these participants.  

Admission and discharge data was obtained from all study participants.  The sample included 

slightly more females (54.1%) than males.  The mean age was 39.0 years ranging from 19 to 67 

years.  The mean number of medications the participants were currently taking was 3.3 and the 

mean number of surgeries was 1.5.  Most participants reported that they exercise one or two 

times a week (43.2%), followed by exercising at least three times a week (29.7%), and seldom or 

never exercising (27.0%).  Patient diagnoses included a wide variety of ailments such as wrist 

tendonitis, lateral and medial epicondylitis, basal joint arthritis, finger fractures, olecranon 

bursitis, humeral fracture, shoulder dislocation, Dupytren's, and carpal tunnel syndrome. 

Assessment 

Disabilities of the Arm, Shoulder, and Hand (DASH) Outcome Questionnaire 

The Disabilities of the Arm, Shoulder, and Hand (DASH) outcome questionnaire was 

designed to measure impairment subjectively, as well as, to capture limitations in activities and 

participation imposed by single or multiple disorders of the upper-extremity(102).  It is based on 

the World Health Organization (WHO) Model of Health, at the time of development called the 

International Classification of Impairments, Disabilities, and Handicaps (ICIDH) (revised to be 

the International Classification of Functioning, Disability and Health (ICF))(103).  The DASH is 

a standardized instrument and evaluates impairments and activity limitations, as well as, 

participation restrictions in both leisure and work (103).  It consists of two components: 30 

disability/symptom questions and four optional high performance sport/music or work 

questions(104).  Examples of items on the DASH include: Open a tight or new jar, Write, Make 

a bed, and Use a knife to cut food.  Response choices for disability items range from 1 to 5 (1: no 
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difficulty to 5: unable)(104).  Response choices for symptom items also use a five-point scale, 

but vary from none to extreme.  Guidelines for the original DASH, suggest that at least 27 of the 

30 disability/symptom questions must be completed for a score to be calculated(104).  General 

procedures for scoring the DASH involve summing the response choices and averaging them to 

produce a score out of five(104).  This value is then transformed to a score out of 100 by 

subtracting one and multiplying by 25(104).  For example, if the patient responded to all the 

questions with a 5, they would have an average score of 5.  You would then subtract one from 5, 

giving you 4 and multiply by 25.  This individual, with the highest responses possible, would 

have a score of 100.  Normally, this is the method used to produce DASH total scores between 0 

and 100 with a higher score indicating more disability(104).  For this study, however, the rating 

scale was recoded such that a higher score indicated more ability.  Thus, 1 was unable (for 

disability items) or extreme (for symptom items) and 5 no difficulty (for disability items) or none 

(for symptom items).  Rasch methods, outlined in the analysis section, were used to produce 

person measure scores ranging from 0 to 100.  Only the 30 disability/symptom questions were 

used for this study (i.e., items from the four optional high performance sport/music sections were 

not completed by individuals in the current sample).  Appendix A includes a list of all the items 

on the DASH.  Note the DASH presented in the appendix is in the form most commonly used in 

clinics. 

Procedures 

Participant inclusion criteria were upper-extremity impairment and receiving treatment for 

the condition.  Study participants were given $10 for completing the DASH at two time points 

(admission and discharge).  This study was approved by the Institutional Review Board (IRB) at 

the University of Florida. 
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Analyses 

Microsoft Access(157) and SPSS(105) were used for data management and descriptive 

statistics.  Winsteps(1) was used for the Rasch analysis.  To test the Rasch model assumption of 

unidimensionality, goodness of fit statistics were obtained.  Given the small number of study 

participants, factor analysis was not possible with this sample, however, results of a previous 

factor analysis of the DASH with a much larger sample is reported to provide further information 

regarding the unidimensionality of the items.  The difficulty of each item was calibrated and the 

order was evaluated based on tenants of motor control theory to assess whether the hierarchy was 

logical (i.e., intuitively believable).  Once model assumptions were tested, a general keyform was 

produced, using Winsteps(1), based on the current sample data.  From this keyform, a data 

collection form was created.  Responses at admission and discharge from three patients of 

differing ability levels (high, medium, and low) were circled on the data collection form to 

illustrate how the forms can be used for informing goal setting and treatment planning. 

Item infit analysis and previous factor analysis with larger sample to test Rasch 
measurement model fit 

All of the items on a measure must contribute to a single construct or idea(116).  Using 

Rasch analysis, the extent to which items represent a unidimensional construct is evaluated 

employing mean square standardized residuals (MnSq) produced for each item on the 

instrument.  MnSq represents observed variance divided by expected variance(121).  

Consequently, the desired value of MnSq for an item is 1.0.  The acceptable criterion depends on 

the intended purpose of the measure and the degree of rigor desired.  For surveys using rating 

scales (such as the DASH), Wright and Linacre(158) suggest reasonable ranges of MnSq fit 

values between 0.6 and 1.4 associated with standardized Z values < 2.0.  A low MnSq value (i.e., 

<0.6) suggests that an item is failing to discriminate individuals with different levels of ability 



 

99 

(i.e., people with different amounts of difficulty performing upper-extremity tasks) or that an 

item is redundant (i.e., other items on the instrument are of similar difficulty).  High values (i.e., 

>1.4) indicate that scores are variant or erratic, suggesting that an item does not belong with the 

other items on the same continuum or that the item is being misinterpreted.  Items with high 

MnSq values represent a threat to validity and thus, are given greater consideration.  For the 

current study, misfit items will be considered those with infit MnSq values greater than 1.4 and 

standardized Z values (ZSTD) > 2.0.  Separate analyses were conducted for admission and 

discharge data. 

To further test for unidimensionality, principal components or factor analyses should also 

be conducted(124, 125).  With the sample size in this study (N = 37), obtaining accurate results 

from such analyses is not possible.  However, previously, with a much larger sample of DASH 

data (N = 991) with individuals with similar demographic characteristics, the authors conducted 

exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) on both admission and 

discharge data.  Although the results of this analysis were somewhat mixed, the authors 

concluded that there was enough support for the unidimensionality of the DASH to proceed with 

the Rasch analysis (See Chapter 3). 

Test of logic of difficulty hierarchy order 

Based on the theory of motor control(128) hypotheses were developed about the hierarchy 

of difficulty of the items on the DASH.  For example, based on the concept from motor control 

theory that complex items are more difficult, doing heavy household chores (e.g., wash walls, 

wash floors) was hypothesized to be harder than putting on a pullover sweater.  Likewise, this 

theory contends that more challenging activities require the use of multiple joints.  Thus, putting 

on a pullover sweater was hypothesized to be more difficult than turning a key in a lock.  Rasch 

methodologies provide a means to investigate the validity of a proposed hierarchy by computing 
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item calibrations.  Data was fit to a one parameter Rasch model using the Winsteps software 

program(1) to calculate item difficulty parameters.  Separate analyses were done utilizing 

admission and discharge data.  The resulting item difficulty order was examined to determine if 

it supported the basic tenants of motor control theory. 

Obtaining a general keyform in winsteps for dash admission data 

Winsteps Rasch analysis program(1) was used to obtain a general keyform for the DASH 

admission data.  To make this scale more clinically useful, Winsteps commands (UMEAN and 

USCALE) were used to convert the person measures obtained from the raw data into person 

measures on a scale from 0 to 100.  The UMEAN and USCALE values applied to achieve a 100 

point scale were 48.6 and 13.0, respectively.  Additionally, to obtain person measures at 

discharge, item average difficulties (i.e., difficulty of responding moderate difficulty to an item) 

and average rating scale step estimates (i.e., the estimated value for the transition from one rating 

scale choice to the next, for example, from mild to moderate difficulty) were anchored at 

admission values.  This was to make person measures obtained at discharge comparable to those 

obtained at admission, thus, allowing for any changes in ability to be observed. 

Creation of data collection form 

The general keyform output from Winsteps was used as the basis for the creation of a data 

collection form.  Patient instructions were added to the top, items were moved to the left of the 

response choices, and descriptions were added above the response choice numbers.  A 

percentage person ability scale ranging from 0-100 was placed at the bottom of the form.  

Shading was added to improve readability of the data collection form. 

Using the admission data, three patients were chosen: a high ability patient (i.e., one with a 

high person measure score), a medium ability patient (i.e., one with a medium person measure 

score), and a low ability patient (i.e., one with a low person measure score).  These individuals’ 
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responses were circled on data collection forms to illustrate how completed forms would look.  

Additionally, using Winsteps(1), person fit indices were obtained for these patients.  Person fit 

indices, similar to those for item fit, are reported in terms of mean square standardized residuals 

(MnSq), observed variance divided by expected variance(121, 158).  As suggested by Wright 

and Linacre(158), high infit MnSq values were considered those greater than 1.4 with 

standardized Z values greater than 2.0.  For misfitting individuals, triangles were placed around 

unexpected responses (i.e., patient responses that were either two standard deviations higher or 

lower than would be expected based on his/her pattern of responses). 

Patient responses at both admission and discharge for each of these three patients were 

circled on a form to show how patient progress might be observed using the form.  On the forms, 

the patients’ person ability measures (calculated in Winsteps using the conversion to a scale out 

of 100) were found at the bottom of the scale.  A solid line was drawn up at this point to 

represent where the patient’s ability measure fell in relation to his/her response to each item.  

Dotted lines were plotted on each side of the solid line to represent two standard errors 

associated with the person ability measure.  These dotted lines were omitted only when they 

went outside the scale (0-100). 

Finally, two sets of data collection forms (admission and discharge for selected patients) 

were created with patient goals indicated.  One set for a high ability patient at admission and one 

for a low ability patient at admission.  A box was placed around potential shorter term goal 

activities and potential longer term goal activities on the admission form.  The discharge form 

illustrates whether these goals had been achieved. 
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Results 

Item Infit Analysis and Previous Factor Analysis with Larger Sample to Test Rasch 
Measurement Model Fit 

To provide some evidence that the requirement of unidimensionality was met with this 

sample (despite the small sample size), infit statistics from Rasch analysis were calculated.  

Overall the items worked well together with 90% of the items having a mean infit within the 

acceptable criterion at admission and 83% at discharge.  However, at admission 10% (3/30) of 

the items were not within the acceptable criterion (MnSq ≤ 1.4; ZSTD < 2.0) and at discharge 

17% (5/30) of the items were outside the acceptable values.  At admission items with high infit 

included: Difficulty sleeping because of the pain in your arm, shoulder or hand, Recreational 

activities which require little effort (e.g., cardplaying, knitting, etc.), and Write, while at 

discharge the items with high infit were: Arm, shoulder or hand pain when you performed a 

specific activity, I feel less capable, less confident or less useful because of my arm, shoulder or 

hand problem, Stiffness in your arm, shoulder or hand, Recreational activities in which you 

move your arm freely (e.g., playing frisbee, badminton, etc.), and Write.  The admission items 

were 53%-173% more erratic than expected and the discharge items were 58%-135% more 

erratic than expected.  See Tables 4-2 and 4-3. 

Test of Logic of Difficulty Hierarchy Order 

Item difficulty estimates were investigated to determine if the items followed a logical 

progression of upper-extremity function difficulty, which could be used as a basis for goal 

setting and treatment intervention.  Table 4-2 presents DASH item difficulty calibrations at 

admission and Table 4-3 presents DASH item difficulty calibrations at discharge in the order of 

relative challenge at admission.  The most challenging items based on admission estimates are 

located at the top and the least challenging at the bottom.  The most difficult items at admission 
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were: Recreational activities in which you take some force or impact through your arm, shoulder 

or hand, Arm, shoulder or hand pain when you performed a specific activity, and I feel less 

capable, less confident or less useful because of my arm, shoulder or hand problem, while the 

most difficult items at discharge were: Recreational activities in which you take some force or 

impact through your arm, shoulder or hand, I feel less capable, less confident or less useful 

because of my arm, shoulder or hand problem, and Open a tight or new jar.  The least 

challenging items at admission included: Turn a key, Manage transportation needs, and Write.  

The least challenging items at discharge included: Turn a key, Manage transportation needs, and 

Sexual Activities. 

Creation of Data Collection Form 

From the general keyform produced by Winsteps Rasch analysis program(1), a data 

collection form was created.  This form is presented in Figure 4-1.  Patient instructions: Please 

rate your ability to do the following activities in the last week by circling the number below the 

appropriate response, are presented at the top of the form.  Items are located at the left in order of 

decreasing difficulty at admission.  Rating scale choices (1-5) are presented to the right of each 

item with descriptions of what ratings mean above the number responses.  These rating scale 

choices are placed at a location relative to the person ability scale at the bottom.  That is, a 

person with a person ability measure of 50, would be most likely to rate the item Make a bed- 

mild or moderate difficulty and to rate Carry a heavy object- moderate difficulty.  In contrast, 

someone with a person ability measure of 30, would be most likely to rate the item Make a bed- 

severe difficulty and would most likely rating the item Carry a heavy object- unable.  In contrast 

an individual with a person ability measure of 90, would most likely rate both items– no 

difficulty.  Shading was included on the data collection form to improve readability. 
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Figure 4-2 presents six data collection forms that have been filled out according to 

responses of three different individuals at admission and discharge.  Figure 4-2a shows responses 

of a patient who began treatment at a high ability level, Figure 4-2b illustrates responses of a 

patient who began treatment at a medium ability level, and Figure 4-2c contains responses of a 

patient who began treatment at a low ability level.  The forms on the left have admission 

responses of these patients circled, while those on the right have discharge responses circled.  

Triangles are placed around unexpected responses (i.e., those where patients indicated a response 

that was either higher or lower than expected based on his/her other responses). 

As can be seen in the first two forms in Figure 4-2a, the high ability individual entered 

treatment with a person measure of 71.8 ± 7.0.  At this time, the individual had no difficulty with 

the majority of the easier items and moderate-mild difficulty on the majority of the more difficult 

items.  At discharge, his/her person ability measure had risen to 97.9 + 15.4.  Now, this 

individual had no difficulty with all but three items (mild difficulty) and these three items had a 

tendency to be the more difficult items.  This person did not have any responses that were 

unexpected based on his/her pattern of responses. 

The patient who began treatment with medium ability (Figure 4-2b; person measure of 

51.2 + 4.6) had a pattern of responses that was somewhat unexpected, answering that they were 

unable to perform many of the easier items.  This individual had a high misfit value associated 

with his/her pattern of responses (MnSq = 1.93, ZSTD = 3.3).  The triangles around responses to 

the items I feel less capable, less confident or less useful because of my arm, shoulder or hand 

problem, Wash back, Carry a shopping bag or briefcase, and Write indicate that these responses 

were unexpected.  On several of the easy items, this individual had mild to no difficulty.  With 

the middle level items, this individual generally reported having mild difficulty and with hard 
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items generally reported being unable to perform the activity or able to perform the activity with 

mild difficulty.  At discharge, this patient reported having no difficulty with all of the items 

except one, Arm, shoulder or hand pain when you performed a specific activity.  His/her person 

measure at this time reached the maximum of 100 + 26.2. 

Finally, the patient who had low ability at admission (Figure 4-2c; person measure score of 

30.5 + 5.8), was having severe difficulty with five of the activities, moderate difficulty with five 

of the activities, and was unable to complete the rest of the activities.  Three of this patient’s 

responses were unexpected (as shown by the triangles around these responses).  Write was 

answered by this individual as being easier than expected, as were Arm, shoulder or hand pain, 

and Limited in your work or other regular activities as a result of your arm, shoulder, or hand 

problem.  At discharge, this individual’s person measure had increased to 80.9 + 8.8 and reported 

having mild difficulty with eight of the items, moderate difficulty with one item, and no 

difficulty with the rest of the items. 

Figure 4-3 illustrates how goals might be set for patients of differing admission ability 

levels (a high ability patient at admission and a low ability patient at admission) using this type 

of data collection form.  For the patient with high ability at admission (Figure 4-3a), shorter term 

goals might include increasing range of motion for back washing, increasing strength for 

carrying heavy objects, and interventions to decrease pain and tingling sensations.  Longer term 

goals for this patient might include increasing hand strength for activities such as opening a jar 

lid and further decreasing pain. 

Using a functional approach to treatment (such as one used in Constraint Induced 

Movement Therapy, CIMT), this patient might be asked to perform activities such as combing 

his/her hair, reaching overhead to get objects out of a cabinet, carrying objects from one side of 
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the room to another, and opening different sized containers.  At discharge, as seen in Figure 4-3a, 

this patient had met all his/her shorter term goals, but was still having mild difficulty with pain 

(longer term goal). 

Figure 4-3b illustrates goal setting for a patient with low ability at admission.  This 

individual’s responses are circled at admission on the left form and at discharge on the right 

form.  With this individual, shorter term goals might include increasing shoulder range of motion 

for completing tasks such as putting on a pullover sweater, washing and blow drying his/her hair, 

changing a light bulb overhead, and placing an object on a shelf above his/her head.  Fine motor 

ability might be addressed to help ease tasks such as using a knife to cut food.  Perhaps, longer 

term goals for this patient would include further increasing range of shoulder motion, so that 

washing his/her back, recreational activities in which you move your arm freely, and increasing 

strength for heavy household chores, such as washing walls and floors, were easier. 

Functional activities to work on with this individual might include placing various objects 

on shelves above his/her head to increase shoulder range of motion.  Improving fine motor 

ability through practice picking up various sized coins.  Finally, lifting and moving heavy books 

or grocery bags might improve strength.  At discharge, this individual had met all of these 

shorter and longer term goals. 

Discussion 

In summary, the goals of this study were to demonstrate, using data collected on the 

DASH, how Rasch methodologies can be used to create a clinically useful data collection form, 

to illustrate how different ability study participants’ responses would look on the data collection 

form at admission and discharge, and to demonstrate how these forms can be used in setting 

patient goals.  Prior to addressing these goals, psychometric evidence was presented to support 

the use of Rasch analysis for the creation of this data collection form (i.e., that necessary 
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assumptions were met).  The two assumptions that were tested were model fit (i.e., that all items 

contribute to a single underlying trait) and the logic (i.e., believability) of the hierarchy of item 

difficulty. 

In regards to the infit analysis, with the admission data, only three items misfit: Difficulty 

sleeping because of the pain in your arm, shoulder or hand, Recreational activities which require 

little effort (e.g., cardplaying, knitting, etc.), and Write.  Perhaps, these items misfit because 

many of the individuals did not have pain to the extent that it interfered with their sleeping or did 

not have fine motor issues that would have affected activities such as writing.  Therefore, they 

were uncertain how to respond to these items.  At discharge five items misfit.  Two of these were 

symptom items: Arm, shoulder or hand pain when you performed a specific activity and 

Stiffness in your arm, shoulder or hand.  Once again, many individuals may not have been 

experiencing these symptoms.  Another item that misfit at discharge was a more general item 

that may have been affected by life issues other than the patients’ upper-extremity problems (I 

feel less capable, less confident or less useful).  The small number of misfit items seems to 

indicate that the items could be conceived as representing one construct.  Nevertheless, some 

authors suggest that it is necessary for less than 5% of the items to misfit to assume 

unidimensionality of a measure(159).  This was not the case here, since 10% (3/30) of the items 

misfit with the admission data and 17% (5/30) misfit with the discharge data. 

With the larger data set from the previous study, results of exploratory and confirmatory 

factor analyses showed some support for a one factor solution.  Eigenvalues for the first factor in 

both the admission and discharge exploratory factor analyses were substantially greater than for 

the second factor.  One factor accounted for most of the variance (> 60%) for both admission and 
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discharge data and all items loaded high on the first factor.  The first two factors were highly 

correlated. 

In general, the item difficulty hierarchies supported the theory of motor control.  Four 

tenants of motor control theory are: 1) complex items are more difficult, 2) environmental factors 

increase the challenge of items, 3) more difficult items require the use of multiple joints, and 4) 

isolated, abstract items are more difficult than functional tasks(128, 145, 146).  Complex items 

were found to be more difficult.  For example, doing heavy household chores (e.g., wash walls, 

wash floors) was harder than putting on a pullover sweater.  Likewise, gardening or doing yard 

work was more difficult than carrying a shopping bag or briefcase.  Environmental factors were 

shown to influence difficulty ranking.  Recreational activities requiring little effort, such as card 

playing or knitting, were rated easier than recreational activities in which you move your arm 

freely, such as frisbee or badminton.  Furthermore, recreational activities in which you move 

your arm freely were rated easier than recreational activities in which you take some force or 

impact through your arm, shoulder, or hand.  Items requiring the use of multiple joints were 

more difficult than items requiring the use of fewer joints.  For instance, recreational activities, 

such as frisbee or badminton, were rated more difficult than using a knife to cut food.  Finally, 

isolated tasks, presented without a concrete context or purpose were rated as harder.  To 

illustrate, carrying an unspecified heavy object was rated as harder than carrying a heavy 

shopping bag or briefcase. 

The general keyform output from Winsteps Rasch analysis program(1) was used as the 

basis for creating the data collection form.  Creation of such a form proved to be an easy process 

and potentially offers several advantages over the forms used in clinics today.  Instructions were 

placed at the top of the form and items (activities for patients to rate) were listed to the left of the 
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possible answer choices (both numbers to circle and descriptions of what the numbers mean; for 

example, no difficulty placed above 5).  A person measure scale ranging from zero to 100 was 

placed at the bottom of the form. 

As depicted by the forms filled out according to patients of differing admission ability 

levels (high, medium, and low), at a glance it is possible to get a “picture” of an individual’s 

overall ability to perform functional tasks requiring the upper-extremity.  The person ability 

measure scale at the bottom of the form aids in this estimation.  On the forms presented with 

study participant data, a line was drawn up from the actual person measure estimate (i.e., the 

estimate of person ability derived for that person in Winsteps).  It has been suggested that when 

computer software is not available to estimate this measure (as is most often the case in the 

clinic), a line can be drawn by visually determining where most of the responses fall(156).  Such 

a line could be estimated even with missing responses to some questions.  The down side of this 

is that the accuracy of such a line drawn by sight is questionable.  As seen in the admission form 

illustrating a person of medium ability (left form in Figure 4-2b), his/her responses are somewhat 

inconsistent and scattered.  Determining an estimate of this person’s ability may be challenging 

due to the variability of his/her responses. 

In addition, some patients’ response patterns differ from what would be expected based on 

the obtained hierarchy(155, 156).  Consider once again the medium ability individual (left form 

in Figure 4-2b).  His/her pattern of responses at admission does not follow the hierarchy of item 

difficulty very well (i.e., easiest items being rated less challenging than more difficult items).  

However, many of the easy items, with which this patient is having a lot of difficulty, require 

shoulder range of motion (changing a light bulb overhead, putting on a pullover shoulder).  In 
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this way, unusual patterns in the data can be diagnostic.  Possibly, this individual has some type 

of shoulder impairment. 

Another advantage of this type of data collection form is that they can be used in 

conjunction with impairment and performance assessments to aid goal setting and treatment 

planning.  The forms filled out with actual patient data illustrate this benefit.  Examining such a 

form gives a sense of what activities and issues an individual is struggling with completing.  For 

example, on the forms created and used to demonstrate goal setting (see Figure 4-3), with the 

patient with high ability at admission, it is possible to see that this individual potentially has 

some range of motion issues (because of difficulty with the item, Wash your back), some 

problems with strength (because of indicated difficulty with the item, Carry a heavy object (over 

10 lbs)), and some active symptoms, because of indicated difficulty with the items Tingling (pins 

and needles) in your arm, shoulder or hand and Difficulty sleeping because of pain in your arm, 

shoulder or hand.  Using this information, the therapist is able to set goals that will help achieve 

improved range of motion and strength and decreased negative symptoms (i.e., pain and 

tingling).  On re-evaluation, the clinician once again can see at a glance whether or not these 

items have improved and areas where new goals might be set (where lower numbers are still 

being circled).  New goals for this patient might include increasing hand strength for activities 

such as opening a jar lid and further decreasing pain.  Finally, at discharge treatment 

effectiveness can be determined by whether or not the patient is circling response choices to the 

right of the form (4’s and 5’s).  With the high ability patient in Figure 4-3a, all shorter term goals 

were met with only one longer term goal not met (Arm, shoulder, or hand pain). 

The patient with low ability at admission also provides a dramatic example of successful 

treatment.  Looking at the admission form filled out by this patient (Figure 4-3b) one could 
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easily see that this individual seems to be having some difficulty with shoulder range of motion 

and could set shorter term goals to improve this resulting in less difficulty with daily tasks such 

as pullover sweater, washing and blow drying his/her hair, changing a light bulb overhead, and 

placing an object on a shelf above his/her head.  Additionally, a goal to improve fine motor skills 

might be set in order to make daily tasks such as using a knife to cut food easier.  Once these 

goals were obtained, longer term goals for this patient might include further increasing range of 

shoulder motion, so that washing his/her back, recreational activities in which you move your 

arm freely, and heavy household tasks were easier.  At discharge, this patient had met all of these 

goals. 

Several studies exist which have discussed the creation of keyforms utilizing Rasch 

methodologies.  These studies have taken a slightly different focus than the current study.  

Earlier work by Linacre(156) and Kielhofner(155), focused on the keyform as a way of obtaining 

“instantaneous measurement”.  These authors center their discussion on how using the keyform, 

without the use of computer software, a line can be drawn to represent an overall person measure 

for a patient and how patterns of responses can be used diagnostically.  Linacre(156) created a 

keyform based on data on the Functional Independence Measure (FIM), while Kielhofner used 

data from the Occupational Performance History Interview –2nd Version (OPHI-II).  Another 

approach in using keyforms was demonstrated by Woodbury and colleagues(160).  Keyforms 

created from data on the Fugl-Meyer Assessment of the upper-extremity were used to validate 

the consistency of the pattern of responses across study participants.  Using the keyform, it was 

possible to verify that participants of differing abilities were scoring higher on easier items and 

lower on harder items.  Evidence of this scoring pattern indicates that the Fugl-Meyer 

Assessment retains its structure when measuring subjects across the ability range. 
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Work by Avery and colleagues(159) using data collected on the Gross Motor Ability 

Estimator (GMAE) demonstrated how a computer program could be used to generate output in a 

form similar to that of a keyform produced by Winsteps.  The item hierarchy obtained by these 

authors shows a clear pattern of gross motor development.  For instance, the hierarchy found by 

these authors showed that a baby can lift its head before pulling to a sit, crawling follows 

attaining a sitting position, and walking and hopping come later in development.  In order to 

obtain the keyform output described in this study, clinicians would be required to enter data 

collected on an assessment into a computer.  However, these authors report that over 50 

therapists in Ontario said they would be interested in using such a program(159).  The advantage 

of a data collection form designed using the same methodologies, however, is that no computer 

entry would be required of the therapists. This study represents the first time a data collection 

form has been created for the DASH based on keyforms generated through Rasch 

methodologies.  Moreover, there are no published studies on keyforms that present longitudinal 

data (i.e., data at both admission and discharge). 

There are several limitations to this study.  Although, the previous study with a larger 

sample, showed some support for the unidimensionality of the DASH, other evidence from that 

study was inconclusive.  Perhaps, as indicated by the items loading highest on three different 

factors in previous work, the DASH should be split into three separate subscales.  This would 

provide for a clearer item difficulty hierarchy and thus, a more obvious progression a patient 

function.  Factor analyses suggested the three constructs present could represent: (1) gross motor, 

complex items, requiring more movement, (2) items requiring hand use, and (3) general/ 

symptom items (see Chapter 3).  Conceptually, it is reasonable to assume that an individual with 

pain as a symptom of his/her condition would rate pain items harder than other individuals.  
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Likewise, one with fine motor problems would rate items requiring hand use harder than more 

gross motor items.  Thus, having items on one instrument that inquire about pain and other 

symptoms, fine motor tasks, and more gross motor tasks may in some ways confuses the item 

difficulty order.  Possibly, then three separate data collection forms should be created for the 

DASH.  Nonetheless, dividing up the DASH, would result in subscales with a small number of 

items and unknown psychometric properties. 

This leads to another issue regarding the creation of a data collection form for the DASH 

or any other well established instrument.  The reliability and validity of the original DASH has 

been well-established(55, 57, 95, 102, 161).  If the items are reordered according to relative 

challenge and the rating scale modified so that higher numbers indicate more ability instead of 

more disability, how would this affect previously established psychometric properties of the 

assessment?  Of concern is that the ordering of items with the most difficult at the top (read and 

answered first by the patient) and least difficult items at the bottom (read and answered last by 

the patient), might influence how the questions are perceived and answered.  Such an influence 

of item ordering has been a well known and studied phenomenon in psychological literature for 

many years(162, 163).  If an individual unconsciously recognizes that the activities in question 

are getting easier, they may start to respond accordingly without critically thinking about how 

challenging the task really is for them. 

Of concern is the issue that the general keyform produced using Rasch measurement 

methodologies and the difficulty hierarchies ascertained differ slightly when produced using 

admission data from when produced using discharge data.  If the difficulty ordering of items on 

an assessment were to vary widely from admission to discharge this could compromise the 

usefulness (and validity) of a data collection form produced using the methods in this study.  
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However, previous analyses by the authors (see Chapter 3) showed that with a larger sample size 

DASH item difficulties from admission to discharge were stable enough to not affect person 

ability estimates.  Additionally, in the current study, the concern of differing admission and 

discharge difficulty estimates, was handled by obtaining person measures at discharge after 

anchoring on the basis of item and step difficulties at admission.  Then, the admission general 

keyform was used to produce the data collection form.  This was based on the thinking that 

therapists would desire to see how much a patient’s ability changed from the point of admission.  

One further problem with this anchoring method was that since difficulties were anchored based 

on admission data, many of the participants ended up with maximum person ability estimates at 

discharge. 

A final limitation in this study, was the small sample size.  This has already been discussed 

in terms of establishing unidimensionality of the DASH.  Beyond this, with such a small sample, 

the hierarchy arrived at and used for the creation of the data collection form, may not be stable 

(i.e., might vary from sample to sample).  Preliminary analysis by the authors using a much 

larger sample of DASH data resulted in the production of a very similar keyform.  Nevertheless, 

collection of more data, re-creation of the data collection form, and comparison to the one 

designed in this study is advised. 

In conclusion, the positive implications of a data collection form like the one presented in 

this paper are numerous.  First, as demonstrated by the completed forms in this study, this type of 

assessment form could be clinically useful to therapists, aiding in goal setting and treatment 

planning.  Second, once such a form was adopted and widely used in clinics, it could be further 

used to justify reimbursement by insurance companies and by accreditation agencies.  The clear 

illustration of improvement shown by this type of form would make an impressive statement 
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about the possibilities of making functional gains from treatment.  Finally, if outcomes of 

standardized assessments were designed, like the ones presented in this study, and became useful 

tools for clinicians, this would lead to many more possibilities for comparison of treatment 

effectiveness between therapists at different sites. 

Future work comparing the psychometric properties of the created DASH data collection 

form to already established reliability, validity, and responsiveness studies of the original DASH 

is necessary.  Additionally, therapist perceptions on the usefulness of such data collection forms 

would be beneficial.  Perhaps, clinicians might suggest further modifications that would aid the 

treatment planning process.  Actual trials in the clinic with these forms are needed to determine 

if these data collection forms are useful in actual practice.  Moreover, the creation and testing of 

data collection forms using Rasch methodologies with other assessments would enhance the 

evidence supporting the feasibility of such forms. 
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Table 4-1. Sample of 37 demographics 
 
Mean age + SD 
95% Confidence Interval (CI) 

39.0 + 15.3 (N = 37) 
CI = 33.4, 43.9 

Gender                                         
     - Female 
     - Male 

 
20 (54.1%) 
17 (45.9%) 

(N = 37) 
Mean number of medications taking + SD 
95% Confidence Interval (CI)                         

3.3 + 4.6 (N = 36*) 
CI = 1.6, 4.0 

Mean number of surgeries + SD 
95% Confidence Interval (CI)  
         

1.5 + 2.1 (N = 35*) 
CI = 0.8, 2.2 

Exercise history 
    - At least three times a week 
    - One or two times a week 
    - Seldom or never 
 

 
11 (29.7%) 
16 (43.2%) 
10 (27.0%) 

N = 37 
Note: Several of the totals presented in table do not total 37 due to 
missing data. 
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Table 4-2. Admission item fit and difficulty estimates  
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Table 4-3. Discharge item fit and difficulty estimates 
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Figure 4-1. Data collection form for the DASH (Based on analysis of admission data) 
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(a)   

Figure 4-2. Data collection forms with individuals’ responses (a. High ability individual at admission, b. Medium ability individual at 
admission, c. Low ability individual at admission)  

Note: Triangles indicate unexpected responses.  Data collection forms are shown at admission (left) and at discharge (right).  
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(b) 

Figure 4-2. Continued 
 
Note: Triangles indicate unexpected responses.  Data collection forms are shown at admission (left) and at discharge (right). 
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(c) 
 
Figure 4-2. Continued 
 
Note: Triangles indicate unexpected responses.  Data collection forms are shown at admission (left) and at discharge (right).  
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(a)  
 
Figure 4-3. Goal setting data collection form (a. High ability individual at admission, b. Low ability individual at admission) 

Note: Triangles indicate unexpected responses.  Data collection forms are shown at admission (left) and at discharge (right).  
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(b) 
 
Figure 4-3. Continued 
 
Note: Triangles indicate unexpected responses.  Data collection forms are shown at admission (left) and at discharge (right). 
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CHAPTER 5 
CONCLUSIONS 

In the rehabilitation clinics where patients with upper-extremity impairments are treated, 

the primary focus is on enabling improvement.  Not just progression at the impairment level, but 

advances in functional ability (i.e., changes that affect patients’ daily lives).  In order to ensure 

the achievement of this goal, assessments that are reliable, valid, and able to detect change are 

essential.  The reliability and validity of many hand/upper-extremity assessments have been well 

established.  However, this is not the case for ability to detect change.  The ability to detect 

change is a property of instruments called responsiveness(2).  Recently in various health-related 

areas investigators have acknowledged the importance of studying responsiveness.  For instance, 

many studies have been conducted to assess the capacity of health-related quality of life 

measures to detect change(3-7).  Hand therapists spend considerable time and energy attempting 

to bring about change, specifically to the hand/upper-extremity ailments of their patients.  Thus, 

using assessments that are able to detect change is of foremost importance. 

Outcomes of hand/upper-extremity therapy are generally evaluated by therapists using 

three types of measures: (1) impairment measures, (2) performance measures, and (3) self-report 

measures.  For each of these measures, various authors have reported on reliability and validity, 

however, responsiveness has received less attention in the literature.  Consequently, although 

there are a few studies examining responsiveness, the investigation is far from complete.  

Additionally, studies comparing the responsiveness of similar assessments have been 

inconclusive about which ones are superior in ability to detect patient change(57, 71, 72).  Since 

much of a clinician’s efforts are intended to effect change in patient function, it is clear that the 

capacity of instruments to measure change has been under studied. 
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The purpose of this project was four-fold: (1) To present the state-of-the-art responsiveness 

designs and methods, highlight problems with coefficients, and suggest a step toward increasing 

the existing knowledge of the measurement of change.  (2) To compare the responsiveness of a 

well known upper-extremity assessment, the Disabilities of the Arm, Shoulder and Hand 

(DASH) outcome questionnaire to a lesser known and researched assessment, the Upper-

Extremity Functional Index  (UEFI).  (3) To use item response theory methodologies to assess 

the item content of the DASH and  (4) To demonstrate how Rasch methodologies can be used to 

create a clinically useful data collection form, and illustrate the benefits of such a data collection 

form in setting patient goals.   

Chapter 1 provided background detail on responsiveness designs and methods.  Two 

categories of responsiveness designs, as outlined by Stratford and colleagues (73) were 

presented.  These categories are based on how many groups are involved: 1) single-group 

designs and 2) multiple-group designs.  Single-group designs include the before-after (no 

baseline) design and the before-after design with a baseline, while multiple-group designs 

include three types: 1) those that compare patients who are randomly assigned to receive either a 

previously proven effective treatment or a placebo, 2) those that compare two or more groups 

whose health status, based on prior evidence, is expected to change by different amounts, and 

lastly, 3) those that compare two groups expected to change by different amounts based on 

responses to an outside criterion (e.g., a global rating of change score). 

There are limitations associated with each of the designs and problems associated with 

using various coefficients.  Perhaps, the foremost concerns are associated with single-group 

designs.  A disadvantage associated with the before-after, no baseline design is that if there is not 

a change detected, it is unclear whether the measure was unable to detect the change or whether 
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the patients did not undergo the expected change.  This design is considered the weakest of the 

designs.  With the before-after designs with a baseline, a major disadvantage is that the period 

during which stability is measured (i.e., period from baseline to measurement taken just before 

intervention) is often shorter than the period during which change is assessed (i.e., measure taken 

just before intervention to measure taken after intervention).  Thus, this design may 

underestimate the magnitude of random variability that occurs over longer periods in patients 

whose health status is truly stable(73). 

The addition of a comparison group gives multiple group designs an advantage over 

single-group designs.  However, each of the multiple-group designs also has limitations.  One 

disadvantage when comparing patients who receive either the intervention or a placebo involves 

the difficulty finding an intervention that is known to be effective (i.e., an intervention that is 

highly likely to result in changes to the treatment group).  In a similar way, the major 

disadvantage when comparing groups expected to change by different amounts is that often it is 

difficult to find groups who meet this criterion (i.e., often there are not two groups of patients 

available whose condition is expected to change by different amounts).  When comparing two 

groups which have been defined by some external standard (e.g., global rating of change scores) 

the soundness of the study may be compromised for two reasons.  First, patients complete the 

measure under study (e.g., the Disabilities of the Arm, Shoulder, and Hand outcome 

questionnaire) and the criterion rating (e.g., a global rating of change).  Thus, the criterion 

measure is not independent of the measure under study (i.e., a patient who responds to the 

questions on the measure indicating they have changed is also likely to respond to the criterion 

measure in the same manner).  Secondly, when a global rating of change measure is used as the 

external criterion, evidence suggests that patients have difficulty recalling their initial state and 
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consequently, may be inaccurate when assessing the amount of change that has taken place(75, 

164, 165).  Although an outside criterion provides the advantage of being a benchmark by which 

to assess whether change has occurred, if the outside criterion is not a genuine measure of 

change the results will not provide a good representation of how much change has actually 

occurred.   

In addition to the limitations related to specific designs, a problem with measuring the 

property of responsiveness involves the discrepant results obtained when different coefficients 

are used.  That is, when several similar instruments are compared to determine which assessment 

is the most responsive, the ranking of these instruments often differs depending on which design 

and which coefficient is used to calculate responsiveness(72, 76, 77).  For instance, Wright and 

Young(72) found different rankings of five different assessments when using five different 

responsiveness coefficients (Guyatt's Responsiveness Index, standardized response mean, 

relative efficiency statistic, effect size, and correlation).  Thus, an important question to answer 

before beginning a responsiveness study is: What is the most appropriate responsiveness design 

and coefficient to use when calculating responsiveness?  Since no standardized methods exists 

for calculating responsiveness and multiple possible responsiveness coefficients can be 

computed (with conflicting results), there is a need for clarification as to what designs require the 

use of which coefficients.  Erroneously, many researchers calculate an array of different 

coefficients(78).  Since the formulas for each of the coefficients differ, the indices can lead to 

conflicting results. 

A more theoretically sound approach is to determine which responsiveness coefficient is 

most appropriate for the study design and sample.  If the design involves a single group, one of 

the coefficients appropriate for single-group studies should be utilized (effect size (ES), 
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standardized response mean (SRM), paired t value, or Guyatt’s Responsiveness Index (GRI)).  

Alternatively if the design includes more than one group, you should choose from those 

coefficients appropriate for use with multiple-group designs (Guyatt’s Responsiveness Index 

(GRI), t value for independent change scores, Analysis of Variance (ANOVA) of change scores, 

Norman’s Srepeat, Norman’s Sancova, area under the Receiver Operating Characteristic (ROC) 

curve, or correlation).  Also, with multiple-group designs one should consider the amount of 

change expected of your groups.  That is, what differences in change is expected between 

placebo versus treatment groups, acute versus chronic groups, or between groups divided based 

on an outside criterion.  Considering these two elements can eliminate the possibility of using 

several of the coefficients and thus, a more planned structured approach.  However, it should be 

noted that even when the appropriate coefficients for the given number of groups and sample 

characteristics is used, there may be discrepancies in the calculations of different coefficients due 

to variations in the formulas.  Because hand/upper-extremity therapists’ foremost concern is 

inciting change in the functional ability of their patients, more studies leading to higher standards 

of responsiveness (equal to the standards of reliability and validity) should be mandated. 

Chapter 2 presented the comparison of the responsiveness of the Disabilities of the Arm, 

Shoulder, and Hand (DASH) outcome questionnaire, a well known upper-extremity assessment, 

to the Upper-Extremity Functional Index (UEFI), a lesser known and researched assessment.  

The results of this comparison indicated that neither instrument has a clear advantage over the 

other when measuring responsiveness. The DASH questionnaire and the UEFI measure patient 

change in upper-extremity condition very similarly.  A within subjects ANOVA revealed a 

significant difference between person measure change between the two assessments.  However, 

areas under the ROC curves were almost identical for the two assessments (.67 and .65), as were 
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correlations between global ratings and the change scores (r = 0.33 and 0.35).  Given that the 

responsiveness calculations for both assessments are very similar, there appears to be no real 

advantage of one instrument over the other in detecting change.  Thus, if time is an issue, 

perhaps, the shorter UEFI is a better choice, even though it is a lesser known instrument.  

However, if comparison outcome data is needed or communication of outcomes with other 

therapists is desired the DASH may be preferred since it is the more widely used and studied.   

One concern highlighted in the comparison of the responsiveness of the DASH to the 

UEFI centered on use of a patient reported global rating of change as a “gold standard”.  The 

correlations between the global rating and the person measure change scores were only r = 0.33 

for the DASH and r = 0.35 for the UEFI.  Additionally, the ROC curve was really more of a line, 

indicating low probabilities of specificity and sensitivity, i.e., 50% chance.  Thus, there is a 

problem with not having a “gold standard” with which to compare DASH and UEFI change 

scores.  In essence in this study, the assessment and “gold standard” are patient reported 

outcomes.  This study tends to imply that patients are not accurate in reporting the amount of 

change that has occurred in their functional ability.  Moreover, the wording of the global rating 

of change question used in this study (Please rate on a scale from –7 to +7 how much you think 

your condition has changed since your first therapy session.  –7 indicates that your condition is 

much worse, while +7 indicates that your condition is much better.  Please fill in the circle above 

your answer choice.), may have influenced how individuals responded. 

Even when an appropriate external criterion has been established, there are other important 

decisions that need to be addressed.  One involves considering sensitivity and specificity in 

determining a cutoff score for patients who have changed versus those who have not changed.  

This was demonstrated through the ROC curves generated in this study.  The issue involves a 
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trade-off between specificity and sensitivity.  A larger total change score on the DASH or UEFI 

(more stringent criteria) yields a smaller sensitivity and greater specificity, and vice versa; a 

smaller total change score (less stringent criteria) yields greater sensitivity and smaller 

specificity.  Clinicians who use assessment change scores need to make a compromise of sorts 

when deciding on what type of error they are willing to make.  By accepting a lower total score 

change as a cut off for dividing improved and not improved groups, clinicians increase their 

chance of assuming a patient has changed when they have not.  Conversely, using a greater total 

score change increases the chance of assuming a patient has not changed and continuing to treat 

the condition after their functional ability has returned to the desired state.  Portney and 

Watkins(112) state that “those who use a screening tool must decide what levels of sensitivity 

and specificity are acceptable.  Sensitivity is more important when the risk associated with 

missing a diagnosis is high, as in the case of life-threatening disease or a debilitating deformity; 

specificity is more important when the cost or risks associated with further intervention are 

substantial.”  In the case of assessing change resulting from rehabilitation, sensitivity may be 

chosen over specificity since it could be argued that it is better to continue to treat a patient 

longer than actually needed, than to discharge them too early. 

Chapter 3 investigated the item-level psychometrics and factor structure of the Disabilities 

of the Arm, Shoulder, and Hand (DASH) outcome questionnaire.  Results of exploratory factor 

analyses (EFAs) and confirmatory factor analyses (CFAs) were inconclusive as to whether or not 

a one factor solution was plausible.  One factor accounted for most of the variance (> 60%) for 

both admission and discharge data with the next two factors each only adding approximately five 

percent more variance.  All items loaded high on the first factor and the first two factors were 

highly correlated.  Eigenvalues for the first factor in both the admission and discharge EFAs 
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were much greater than for the second factor, however, the second and third factor eignevalues 

were greater than 1.0 (criterion necessary for acceptance of the presence of a factor based on the 

Kaiser rule).  Examination of which items loaded highest on each of the factors in a three factor 

solution, separates the items into three possible constructs.  One (those that load highest on the 

first factor) representing more gross motor, complex activities, a second (those that load highest 

on the second factor) being solely hand activities, and third (those that load highest on the third 

factor) involving more general functioning or symptom items.  Thus, the decision to treat the 

DASH as unidimensional is debatable.  Perhaps, dividing the DASH into three separate scales 

with three total scores would be more meaningful.  Using multiple scales, instead of one 

multidimensional scale might be more informative for treatment (e.g., when specifically treating 

a symptom) and provide a clearer picture of patient progress from admission to discharge.   

CFAs with both admission and discharge data were conducted to test a one factor solution.  

The results revealed that with admission data, the only goodness of fit statistic that supported the 

model, was the Tucker-Lewis Index (TLI).  With the discharge data, the TLI and Standardized 

Root Mean Square Residual (SRMR) supported the one factor solution.  A number of items 

misfit (ten at admission and eleven at discharge).  However, the criterion used with such a large 

sample (close to one thousand) is very stringent (MnSq fit values between 0.6 and 1.1(122, 

123)).  Moreover, DASH item point measure correlations (i.e., correlations between each item 

and the entire instrument) were all above .30.  Thus, the evidence is mixed regarding the 

dimensionality of the DASH.   

Maps of the person-item match, revealed that the sample performed better at discharge 

than at admission.  The sample mean fell above all the items at discharge, whereas, at admission 

several items (I feel less capable, less confident or less useful, Recreational activities in which 
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you take some force or impact, and Recreational activities in which you move your arm freely) 

were above the sample mean.  At discharge 41 individuals had maximum estimated ability 

levels, in contrast to only two at admission. 

Item difficulty hierarchies support the theory of motor control. Four tenants of motor 

control theory are: 1) complex items are more difficult, 2) environmental factors increase the 

challenge of items, 3) more difficult items require the use of multiple joints, and 4) isolated, 

abstract items are more difficult than functional tasks(128, 145, 146).  Complex items were 

found to be more difficult.  For example, doing heavy household chores (e.g., wash walls, wash 

floors) was harder than putting on a pullover sweater.  Likewise, gardening or doing yard work 

was more difficult than carrying a shopping bag or briefcase.  Environmental factors were shown 

to influence difficulty ranking.  Recreational activities requiring little effort, such as card playing 

or knitting, were rated easier than recreational activities in which you move your arm freely, 

such as frisbee or badminton.  Furthermore, recreational activities in which you move your arm 

freely were rated easier than recreational activities in which you take some force or impact 

through your arm, shoulder, or hand.  Items requiring the use of multiple joints were more 

difficult items.  For instance, recreational activities, such as frisbee or badminton, were rated 

more difficult than using a knife to cut food.  Also, preparing a meal was more difficult than 

turning a key in a lock.  Finally, tasks presented out of context or without clear purpose were 

rated as harder.  To illustrate, carrying a heavy object was rated as harder than carrying a 

shopping bag. 

There was evidence that item difficulties were sufficiently stable from admission to 

discharge.  Several items displayed significant differential item functioning (DIF) from 

admission to discharge.  Five items had large DIF values (p<.0017): I feel less capable, less 
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confident or less useful because of my arm, shoulder or hand problem; Difficulty sleeping 

because of the pain in your arm, shoulder or hand; Push open a heavy door; Tingling (pins and 

needles) in your arm, shoulder or hand; and Sexual activities.  While four items had small DIF 

(p<.05) (Weakness in your arm, shoulder or hand; Limited in work or other regular daily 

activities as a result of your arm, shoulder, or hand problem; Put on a pullover sweater; and 

Make a bed).  However, none of the items calibrations from admission to discharge differed by 

0.5 logits and mean person ability measures were not affected by the inclusion of DIF items.  

Furthermore, the intraclass correlation coefficient (ICC) was high indicating reliability in 

measurement between the two time-points.  Similar curves for test information for admission and 

discharge data provide further evidence for the stability of the test at two time points.  This 

stability of the measure from admission to discharge is important to the measurement of patient 

change.   

A further item characteristic of importance is item discrimination.  This gives an indication 

of how responses to a particular item correspond to responses to the overall assessment(137, 

138).  In general, high values for item discrimination are considered good, indicating that 

responses to that particular item reflect a similar construct as the other items on the test(138).  

Zero or negative discrimination values indicate that the item does not fit well with the rest of the 

items(137).  Winsteps(1) was used to estimate item discrimination for admission and discharge 

data.  Since none of the item discrimination values were zero or negative; this indicates that all 

items contribute in a similar fashion to the overall test(137, 138).   

Item discrimination estimates are used in the calculation of item difficulty and person 

ability with the two parameter item response theory model.  However, item discrimination is not 

used in these calculations with the one parameter item response model.  With the one parameter 
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item response model, it is assumed that item discrimination is negligible and thus, is set at one 

for all items.  Since item discrimination values were not equal in this study, some might agree 

that analysis using a two parameter model is necessary.  Yet, analysis using the one parameter 

model appears to be the most parsimonious solution since comparison of person measures 

calculated using both models revealed little difference in these measures.  

Finally, Chapter 4 demonstrated the potential for creating clinically useful data collection 

forms through the use of Rasch methodologies.  The general keyform output from Winsteps 

Rasch analysis program(1) was used as the basis for creating the data collection form.  Creation 

of such a form proved to be relatively easy process and offers several advantages over data-

collection forms used in clinics today.  On the data collection form, items are listed in 

hierarchical difficulty order.  This helps to reveal patterns of scoring (i.e., doing better on easier 

items than more difficulty items).  A person measure scale ranging from zero to 100 is placed at 

the bottom.  A line can be drawn through the point on the form where most of the responses 

fall(156).  The corresponding person measure at the bottom can help to determine the overall 

ability of the patient.  Such a line can be estimated even with missing responses to some items. 

As depicted by forms filled out according to patients of differing admission ability levels 

(high, medium, and low), at a glance it is possible to estimate an individual’s overall ability to 

perform functional tasks requiring the upper-extremity.  Furthermore, these forms can be used in 

goal setting and treatment planning.  By observing the location where this individual starts to 

have mild to moderate difficulty with a substantial number of items, the clinician can determine 

what activities should be set as short and long-term goals for the patient.   

The positive implications of this type of data collection form are numerous.  First, this type 

of assessment form could be useful to therapists, aiding in goal setting and treatment planning.  
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The location of the circled responses on the form indicating that the patient is starting to have 

mild to moderate difficulty with a substantial number of items, provides information on what 

activities should be set as goals for the patient.  Second, such a form could be used to justify 

reimbursement by insurance companies and by accreditation agencies.  The illustration of 

patterns of functional improvement shown by this type of form could make an impressive 

statement about the possibilities of making functional gains from treatment.  Finally, with the 

advantages provided by these forms, clinicians may be more likely to adopt standardized 

assessment in practice.  Adoption of standardized assessments in clinical practice could lead to 

more possibilities for comparison of treatment effectiveness between different types of 

interventions and across different clinical sites. 

In conclusion, the goals of this project were to present responsiveness designs and 

methods, compare the responsiveness of the DASH and UEFI, using item response theory 

methodologies to assess the DASH, and to demonstrate how a clinically useful data collection 

form can be designed.  Clearly the study of responsiveness in clinical assessments is lacking.  

This may be due in part to the need for clarity about correct methods, designs, and details 

involved in the study of change in patient ability.  Furthermore, the item characteristics of many 

upper-extremity assessments have not been investigated.  Information about item characteristics 

may lead to further understanding of responsiveness.  Finally, the use of standardized 

assessments in the clinics is lacking due to their inability to inform the treatment process.  

Chapter 4 attempted to illustrate a method to design a more clinically useful assessment.  The 

hope of this project was to move upper-extremity assessment a small step towards becoming 

more clinically meaningful. 
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APPENDIX A 
ITEMS ON THE DISABILITIES OF THE ARM, SHOULDER, AND HAND (DASH) 

OUTCOME QUESTIONNAIRE 

The Disabilities of the Arm, Shoulder, and Hand (DASH) Outcome Questionnaire
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APPENDIX B 
ITEMS ON THE UPPER-EXTREMITY FUNCTIONAL INDEX (UEFI) 

 
The Upper-Extremity Functional Index (UEFI) 
We are interested in knowing whether you are having any difficulty at all with the activities 
listed below because of your upper limb problem for which you are currently seeking attention.  
Please provide an answer for each activity.  Today, do you or would you have any difficulty 
with:     
 
(Circle one number on each line) 
 

 Activities Extreme
Difficulty or

Unable to
Perform
Activity

Quite a bit of
Difficulty

Moderate
Difficulty

A Little bit
of

Difficulty

No
Difficulty

1.  Any of your usual work, household or school
     activities 0 1 2 3 4

2.  Your usual hobbies, recreational or sporting
      activities 0 1 2 3 4

3.  Lifting a bag of groceries to waist level 0 1 2 3 4
4.  Lifting a bag of groceries above your head 0 1 2 3 4
5.  Grooming your hair 0 1 2 3 4
6.  Preparing food (e.g., peeling, cutting) 0 1 2 3 4
7.  Pushing up on your hands (e.g., from bathtub
     or chair) 0 1 2 3 4

8.  Driving 0 1 2 3 4
9.  Vacuuming, sweeping or raking 0 1 2 3 4
10. Dressing 0 1 2 3 4
11. Doing up buttons 0 1 2 3 4
12. Using tools or appliances 0 1 2 3 4
13. Opening doors 0 1 2 3 4
14. Cleaning 0 1 2 3 4
15. Tying or lacing shoes 0 1 2 3 4
16. Sleeping 0 1 2 3 4
17. Laundering clothes (e.g., washing, ironing,
      folding) 0 1 2 3 4

18. Opening a jar 0 1 2 3 4
19. Throwing a ball 0 1 2 3 4
20. Carrying a small suitcase with your affected
       limb 0 1 2 3 4
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APPENDIX C 
GLOBAL RATING OF CHANGE 

Please rate on a scale from –7 to +7 how much you think your condition has changed since your 
first therapy session.  –7 indicates that your condition is much worse, while +7 indicates that 
your condition is much better.  Please fill in the circle above your answer choice. 
 

            
-7 -6 -5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5 +6 +7 
WORSE BETTER 
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