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Abstract

Quality of life assessment includes measurement of positive affect. Methods artifacts associated 

with positively and negatively worded items can manifest as negative items loading on a second 

factor, despite the conceptual view that the items are measuring one underlying latent construct. 

Negatively worded items may elicit biased responses. Additionally, item-level response bias across 

ethnically diverse groups may compromise group comparisons. The aim was to illustrate 

methodological approaches to examining method factors and measurement equivalence in an 

affect measure with 9 positively and 7 negatively worded items: The Feeling Tone Questionnaire 

(FTQ). The sample included 4,960 non-Hispanic White, 1,144 non-Hispanic Black, and 517 

Hispanic community and institutional residents receiving long-term supportive services. The mean 

age was 82 (s.d.=11.0); 73% were female. Two thirds were cognitively impaired. Methods effects 

were assessed using confirmatory factor analyses (CFA), and reliability with McDonald’s omega 

and item response theory (IRT) generated estimates. Measurement equivalence was examined 

using IRT-based Wald tests. Methods effects associated with negatively worded items were 

observed; these provided little IRT information, and as a composite evidenced lower reliability. 

Both 13 and 9 item positive affect scales performed well in terms of model fit, reliability, IRT 

information, and evidenced little differential item functioning of high magnitude or impact. Both 

CFA and IRT approaches provided complementary methodological information about scale 

performance. The 9-item affect scale based on the FTQ can be recommended as a brief quality-of-
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life measure among frail and cognitively impaired individuals in palliative and long-term care 

settings.
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INTRODUCTION

The measurement of quality-of-life in older persons has been defined and studied in several 

contexts (Albert and Teresi 2002; Brod et al. 1999; Gurland et al. 2014; Hickey et al. 2005; 

Lawton 1983; Lawton et al. 1999). One model of quality of life proposes that biological and 

psychological systems, influenced by social and environmental forces operate through health 

related and health independent pathways to impact quality of life (Gurland and Gurland 

2009a; Gurland and Gurland 2009b). The complexity of quality of life assessment is 

illustrated by the differential impact of domains that qualitatively express distress and of 

those indicative of quantitative limitations (e.g., physical impairment) on mortality (Gurland 

et al. 2014). Quality-of-life may be conceptualized as multidimensional, with subjective 

well-being specified as one of the components (Lawton 1997; Seligman and 

Csikszentmihalyi 2000). The concept of subjective well-being includes the evaluative 

component of life satisfaction (Diener et al. 1985, 1999; Dolan et al. 2008; Kahneman and 

Kreuger 2006; Kahneman et al. 2006), experiential or hedonic well-being such as positive 

and negative affect, and eudemonic constructs such as wellness, self-worth, control, 

autonomy, self-realization, pleasure and self-activation (Kapteyn et al. 2015).

Conceptual Orientation

Positive affect (PA; Watson et al. 1988) has been defined as a state in which a person is 

enthusiastic, active and alert, with pleasurable engagement. Low PA connotes sadness. 

Negative affect (NA) is often measured with depression scales and connotes distress and 

may include negative mood states. Positive and negative affect are measured at a specific 

time point with items such as, “Did you feel happy yesterday” or “Are you feeling happy 

today”. Positive and negative affect items have been found to load on two factors in factor 

analyses, and have been viewed as different – not just the opposite of one another. However, 

an alternate view is that the negatively worded items produce a measurement artifact.

Subjective well-being as measured by happiness and satisfaction with life has been studied 

across the life span in many countries (Blanchflower and Oswald 2008). Other studies 

(Stone et al. 2010) have examined age differences in negative affect, and positive affect has 

been found to relate to biomarkers, including reduced inflammatory markers in older women 

(Steptoe et al. 2012). However, surveys conducted across many countries did not sample 

disabled elderly persons in the community or those in institutions (Steptoe et al. 2015), the 

population studied in these analyses.
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Aims of the Analyses—The focus of this paper is on methodological issues that arise in 

the measurement of quality of life domains that include qualitative expressions of positive 

and negative affect. Specifically emphasized are methods to examine measures that include 

both positively and negatively worded items as well as methods used to examine the 

performance of such measures across groups that differ in ethnic and racial composition.

An illustrative example of applications of these methods is provided through the analyses of 

The Feeling Tone Questionnaire (FTQ; Toner et al., 1999). The FTQ is a measure that was 

designed to assess affect with items that have been used subsequently in measures of 

positive affect, e.g., happiness, as well as items traditionally appearing in measures of 

negative affect such as feeling lonely. The intent was to measure present affective state with 

items with positive and negative content among individuals with multiple chronic 

conditions, including communication and cognitive deficits, the majority of whom are 

elderly. The presence of such positively and negatively worded items has been found to 

result in methods effects that complicate measurement of affect. A goal was to determine if a 

methods factor existed, and if the negatively worded items were informative. Additionally, a 

major goal was to examine performance of the measure in ethnically diverse groups. 

Although the FTQ has been used in many large-scale studies, such as those examining 

specialized care approaches for individuals with cognitive impairment (Holmes et al. 1994); 

little psychometric research has been published, particularly examining performance among 

ethnically diverse groups. While the FTQ was developed in the 1990’s, it remains one of the 

few measures of affect that can be administered easily among people with comorbidity, 

communication disorder and cognitive impairment.

Methodological Issues and Methods Effects

Methods effects generally refer to item responses that are affected by factors extraneous to 

the intended measurement goal, which may result in bias. Examples include acquiescence or 

yea-saying, social desirability, or a tendency to select more or less extreme item response 

categories (Bolt and Newton 2011); additionally, rating scales based on agree/disagree 

continuum responses have been found to be less reliable and valid than those based on item-

specific response categories (Saris et al. 2010). For example, different respondents may use 

the response scale differently. It is assumed that the item response scale in latent variable 

models is the same for all individuals such that a 5 on a scale for one person means the same 

thing for other persons. However, this may not be the case due to acquiescence bias or 

sensitivity to the construct measured, e.g., pain or affect. As reviewed by Maydeu-Olivares 

and Coffman (2006), variability in the intercepts across participants may require inclusion of 

an additional factor to model a spurious methodological artifact. Despite the intention that 

the items measure a single latent construct, negatively worded items may load on one factor 

and positively worded items on another. Thus, the question arises as to whether there are two 

subdomains: two constructs of positive and negative affect or simply one construct, affect 

measured by positively and negatively worded items. From a substantive view, if positive 

affect and well-being is being assessed, should items measuring health or function such as 

“pain”, “trouble with health” and “anything stopping you from doing what you want to do” 

be included in the scale?
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Measurement errors arising from methodological artifacts may result in inaccurate estimates 

of traits for certain groups or individuals, manifesting as either over or under estimates of the 

trait or state, in this instance affect. Such inaccuracies affect comparisons in the context of 

validity testing or inferential tests of group differences in observational studies or clinical 

trials. The practice of including positively and negatively worded items together in a scale 

has been challenged because a change in response set can result in measurement error 

induced by inattention to a switch in wording or orientation, particularly among those who 

are frail, suffer from chronic illness, cognitive impairment, or are in palliative care. Method 

effects have been identified in measures with reverse-scored items (Abbott et al. 2006; Wood 

et al. 2010). An example in the area of self-reported patient assessments is provided in the 

analyses of the Patient Reported Outcomes Measurement Information System® 

(PROMIS®) sleep short forms (Jensen et al. 2016). Response inconsistency associated with 

reverse-scored items was identified as a methods effect. PROMIS fatigue short form items 

also showed poor model fit (as manifested by a very low factor loading) when including a 

reverse-scored item (Reeve et al. 2016).

Several approaches have been used to examine methods effects in the context of positively 

and negatively worded items. Although there are multiple ways one might consider the 

impact of methods, constraints, e.g., statistical identification limit these options in practice. 

Common approaches are to model an uncorrelated method factor on which the negatively 

worded items load or to model correlated errors between positively and or negatively worded 

items. The question to be answered is whether or not a methods effect accounting for the 

negative item wording improves the model fit to the data. Methods effects are examined 

through confirmatory factor analyses and item response theory (IRT) methods, which 

produce similar results, depending on parameterization (Reise et al. 1993; Teresi and Jones 

2016). However, different traditions are followed in different substantive areas. In the area of 

patient reported outcomes, such as PROMIS, the approach has been to examine methods 

effects in the context of model fit to the data and IRT assumption violation. The analyses 

presented in this paper adopted that approach. However, because there is a large literature on 

methods related to the study of the construct, affect, more emphasis was placed on the 

confirmatory analyses examining the dimensionality of the measure prior to examining 

measurement equivalence.

Measurement Equivalence

Measures of positive and negative affect may perform differently in the context of late life, 

illness and cognitive impairment. Moreover, ethnicity, language and culture may affect item 

response. For example, there is an extensive body of research findings related to 

measurement equivalence in measures of depression, with strong evidence of differential 

item functioning (DIF; Chan et al. 2004; Cole et al. 2000; Grayson et al. 2000; Kim et al. 

2009; Pickard et al. 2006; Yang and Jones 2007). The scale-level impact of DIF has been 

found to be substantial in some studies (Azocar et al. 2001; Chan et al. 2004; Cole et al. 

2000; Kim et al. 2002). (For a review see Teresi et al. 2008.) Carefully constructed 

depression item banks and short forms (Choi et al. 2010; Pilkonis et al. 2011), such as those 

developed for PROMIS (Cella et al. 2007; Reeve et al. 2007) have been found to have 

minimal impact from DIF (Teresi et al. 2009; Teresi et al. 2016). A focus of these analyses is 
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examination of DIF related to ethnic and racial groups in the items from a quality-of-life 

measure of affect.

METHODS

Sample

The analytic sample, combined from multiple studies included 6,756 individuals, of whom 

4,960 were non-Hispanic White, 1,144 non-Hispanic Black and 517 Hispanic (see Table 1). 

The remainder: Asian (1%) and other (0.6%) was excluded from the analyses. Seventy-three 

percent were female. The average age was 82 years (s.d. = 11.0); the range in age was from 

20 to 107; only 7% were under the age of 65, 2.5% were under the age of 55 and 1.5% under 

age 50. The average age ranged from 77 among non-Hispanic Blacks to 84 among non-

Hispanic Whites. Self-reported education was obtained from several sources including direct 

assessment and chart review. The direct assessment items were: “How far did you go in 

school; How much schooling did you have? How many years of formal education did you 

receive.” The average educational level was 9.4 (s.d. = 5.2) years, including 14% with no 

formal education. The average educational level ranged from 6.6 years among Hispanics to 

9.9 years among non-Hispanic Whites (see Table 1). Race/ethnicity was measured through a 

combination of chart review and direct assessment. For direct assessment, participants were 

asked their ethnic/racial group and whether or not they were of Hispanic origin. The 

questions were: How would you describe your race (White; Black or African American; 

Asian; Native Hawaiian, or other Pacific Islander; American Indian or Alaska Native; 

Other)? Are you of Hispanic or Latino descent? What ethnicity do you consider yourself?

The sample was from 17 studies in four types of long-term support services settings: 

community-residents in home care or adult day care; long-term care residents in assisted 

living or nursing homes; 757 were in the community; 402 in assisted living and 5,597 in 

nursing homes. All individuals were receiving some level of care, including palliative care 

due to the presence of chronic conditions resulting in disability. Cognition was assessed 

using a variant of the standardized Mini-Mental Status Examination (Molloy and Standish, 

1997). About two thirds were cognitively impaired. About one fourth (26%) of the total 

sample was mildly impaired, one fourth (24%) moderately impaired, and 16% severely 

impaired. All studies used the same measures and methods for identifying cognitive 

impairment.

Measure

The Feeling Tone Questionnaire (Toner et al. 1999) is a measure of affective quality-of-life 

comprised of 16 items, 9 positively and 7 negatively worded items. For the purpose of these 

analyses, the negatively worded affect items were recoded in the positive direction, such that 

the resulting scales reflected positive affect. The original measure also included 16 global 

ratings associated with each item. For these analyses, only the direct response items were 

examined; these were answered by the respondents, rather than by raters. The three ordinal 

response categories were no, equivocal (it depends, yes and no) and yes. The measure was 

designed to include simple statements and response options suitable for administration to 

individuals with cognitive impairment. Originally, it was posited that quality-of-life in 
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institutional and home care settings could be defined by small events and the quality of 

interactions with others in a confined, captive and often contentious environment. In such 

settings, treatment by others takes on greater saliency in defining quality of life, including 

subjective well-being.

The development samples were of patients selected at random from a sample of 6 facilities 

from among a probability sample of 25 long-term care institutions in New York and London. 

Reliability and validity of the measure was examined in the development sample, and in a 

sample of psychiatric inpatients. Psychometric properties for the original measure were 

described in Toner et al. (1999). The Cronbach’s (Cronbach 1951) alpha was estimated as 

0.91 for the long-term care sample and 0.90 for the psychiatric hospital sample. Interrater 

reliability for two raters of ten cases was estimated as 0.99. Test–retest reliability estimates 

based on ten cases with a 1-day to 2-day interval between trials was 0.81. The measure 

correlated 0.30 with a mood scale and 0.71 with physicians’ Diagnostic Statistical Manual 

III-R ratings of depressive symptoms (Toner et al. 1999). In another study of a probability 

sample of nursing home residents, the interrater reliability for the response scale was 

estimated as 0.76, and the convergent validity estimates with psychiatric ratings ranged from 

0.47 to 0.63 (Teresi et al. 2000).

Analyses

Exploratory analyses were conducted using the first of two random halves of the sample of 

respondents, as well as on different ethnic/racial subgroups. These analyses were conducted 

for the total item set and for subsets of items. Initial confirmatory dimensionality analyses 

were conducted on the second random half of the sample and for different subgroups.

Exploratory Tests of the Model Assumption of Unidimensionality—Item 

response theory assumptions include unidimensionality and local independence. The latter 

implies that the items are independent, conditional on the trait level. Model assumptions and 

fit were tested. Unidimensionality was examined with a) exploratory factor analyses with 

principal components estimation with cross-loading permitted; and b) confirmatory and 

bifactor analyses. Results are shown in Table 2.

Permuted parallel analysis (Buja and Eyuboglu 1992; Horn 1965) was performed multiple 

times to generate a permutation distribution for eigenvalues under the assumption of no 

association. The observed eigenvalues were then compared to the permutation distribution, 

and a p-value for each eigenvalue obtained. One would expect eigenvalues of 1 in a principal 

components analysis (PCA) of random uncorrelated data. The number of component 

eigenvalues significantly greater than and less than 1 provides evidence regarding whether 

the item set is unidimensional. Parallel analyses were performed using both PCA and factor 

analyses. Parallel analyses using polychoric correlations (performed with R software, 

fa.parallel with polychorics; Rizopoulus 2009) have been found to be more accurate than 

when estimated with other correlation coefficients (Garrido et al. 2012; Green et al. 2016).

Confirmatory Models—Several models were tested to examine explicitly the question of 

whether one unidimensional affect measure or separate positive and negative measures were 

statistically superior. The models tested below include those tested by investigators 
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examining measures with positively and negatively worded items (Lindwall et al. 2012; 

Maydeu-Olivares and Coffman 2006) and of quality-of-life (Chen et al. 2006).

Unidimensional models (labeled models 1a – 1d, Table 3) and models with correlated 

uniqueness terms (labeled models 2a, 2b, Table 3): Essential unidimensionality was 

examined through a merged exploratory factor analysis (EFA) and confirmatory factor 

analysis (Asparouhov and Muthén 2009) performed by fitting a unidimensional model with 

polychoric correlations using Mplus (Muthén and Muthén 2011). Individual data were input 

and declared categorical, resulting in estimation using polychoric correlations. Essential 

unidimensionality has been defined (Stout 1990) as indicating that one dominant latent 

dimension influenced item responses (see also Bonifay et al. 2015; McDonald 2000; Reise 

and Haviland 2005). In this formulation, minor local dependencies are permitted. The 

assumption is that the residual covariances are small, but not zero.

The confirmatory analyses of the unidimensional model specified that all 16 items load on 

one factor. Additionally, several unidimensional models based on subsets of the items were 

examined: 13 items, excluding three health-related items, and positive and negative item 

factor models. The four models were examined for the total sample as well as separately 

within non-Hispanic Black, Hispanic and non-Hispanic White subsamples. Evaluation of the 

models was performed with the Comparative Fit Index (CFI; Bentler 1990) and root mean 

square error of approximation (RMSEA). Cutoff values for model fit in the context of 

dimensionality (Cook et al. 2009) and invariance (Meade et al. 2008) have been examined 

critically. Various rules of thumb exist, for example, CFI > 0.95 and RMSEA < 0.08 for 

adequate fit. Following Cook et al., while these values were used as a guide in this set of 

analyses; sensitivity analyses with multiple models including bifactor models were 

conducted to inform the final decisions regarding recommendations for use of the item set. 

Additional evidence in the form of corrected item-total correlations, reliability and IRT-

estimated information was also examined.

A second set of unidimensional models allowed for correlated “residuals”, in which 

correlations are modeled among the residuals, also known as measurement errors and 

uniqueness. Model 2a specifies correlated uniqueness for the negatively worded items and 

2b correlated uniqueness for both positively and negatively worded items. It is argued that 

residual variance includes a specific factor in addition to error variance, and should not just 

be described as error (see Meredith 1993; Meredith and Teresi 2006). Specific factors 

(sometimes called unique factors) are one of two residual sources of variation within a 

particular affect item after the influence of common factors (e.g., affect) have been 

eliminated. Measurement error and systematic individual differences are referred to as 

uniqueness or a unique factor because they are unique to each item and cannot be separated 

easily; however, specific or group factors in a bifactor model may capture systematic 

individual differences common to a set of items in a group factor (Maydeu-Olivares and 

Coffman 2006). These models (labeled 3 and 4, Table 3) are discussed below.

Methods factor models (model 3): A third set of models examines methods factors. 

Specific latent method effect factors underlying items of the same method (positively or 

negatively worded item format) are included together with the latent substantive factor. A 
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bifactor model is specified in which one group factor contains the negative items (the 

positive items are the reference group); the group factor with negative items is the method 

factor (see Maydeu-Olivares and Coffman 2006). (The general bifactor model is described 

below.) This approach captures residual covariation due to the method of including 

negatively worded items in an affect measure. Model 3 specifies specific latent methods 

factors for the negative items. Using this method, uncorrelated methods factors are estimated 

and the item responses are specified to load on one general factor and one group factor 

representing the negatively worded items; an orthogonal solution is specified and all factors 

are modeled as uncorrelated.

General bifactor model (model 4): In the bifactor model, a general factor is specified and 

two additional factors, commonly referred to as group factors are used to model the residual 

covariation among the items that is not captured by the general factor (Reise 2012; Reise et 

al. 2007). One additional factor accounts for the residual covariation among the positive 

items, whereas the second group factor accounts for the residual covariation among the 

negative items. It is assumed that a single general trait explains most of the common 

variance but that group traits explain additional common variance for item subsets (Reise et 

al. 2010). Model 4 is a modified bifactor model in which positive items are specified to load 

on the first group factor and negative on the second using orthogonal rotation and polychoric 

correlations estimated in Mplus (Muthén and Muthén 2011).

Additionally, other bifactor models were tested based on the results of a Schmid-Leiman (S-

L; 1957) transformation using the “psych” R package (Rizopoulus 2009). All items were 

specified to load on the general factor, and the loadings (lambdas) on the group factors were 

specified following the S-L solution (Reise et al. 2010). Mplus (Muthén and Muthén 2011) 

was used to both estimate the polychoric correlations (based on the underlying continuous 

normal variables) and to perform the final bifactor modeling and parameter estimation. The 

bifactor models were compared with a unidimensional model.

Correlated Factors (Model 5): Model 5 specified two correlated factors in which positively 

worded items were constrained to load on one factor and negatively worded items on the 

second factor.

Dimensionality Index: The explained common variance (ECV) provides information about 

whether the observed variance covariance matrix is close to unidimensionality (Sijtsma 

2009), and is estimated as the percent of observed variance explained (Reise 2012; Reise et 

al. 2010). The ECV is the percent of variance explained by the first eigenvalue and was 

estimated as the ratio of the general factor eigenvalue to the sum of the general and group 

factor eigenvalues.

Item Response Theory Models—IRT models were used to examine item- and scale-

level DIF, including magnitude and impact (see below for a definition).

Local Dependence (LD): An assumption of IRT is local independence. This assumption 

was tested using the generalized, standardized local dependency chi-square statistics (Chen 

and Thissen 1997) provided in IRTPRO, version 2.1 (Cai et al. 2011). Because LDs are 
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affected by sample sizes, smaller random samples of 300 were also used in sensitivity 

analyses.

IRT-model Fit: The root mean square error of approximation from IRTPRO (Cai et al. 

2011) was used to assess IRT model fit.

Anchor Items and Linking: DIF-free anchor items were used to set the metric and link the 

comparison groups on affect. The mean and variance for the target groups studied were 

estimated, and the reference group mean and variance was set to 0 and 1, respectively. 

Several anchor item methods recommended for use have been reviewed recently (Kopf et al. 

2015; Setodji et al. 2011; Teresi and Jones 2016; Wang et al. 2012; Woods 2009). An 

iterative modified “all-other” anchor method (Orlando-Edelen et al. 2006; Thissen et al. 

1993) was used in selection of the anchor items for theta estimation in these analyses. Initial 

DIF estimates were obtained by treating each item as a “studied” item, while using the 

remainder as “anchor” items. The analyses were repeated using the final subset of items 

identified as free of DIF as the “purified” anchor set. Items with DIF from the original 

anchor set were removed.

Model for DIF Detection: The graded response model (Samejima 1969) was used for the 

analyses of DIF. An item shows DIF if people from different subgroups but at the same level 

of the attribute (denoted theta or θ) have unequal probabilities of endorsement. The item 

characteristic curve (ICC) that relates the probability of an item response to the underlying 

state, e.g., affect, measured by the item set is characterized by: a discrimination parameter 

(denoted a) and location (severity) parameter(s) (denoted b). The presence of DIF is 

demonstrated by ICCs that are different for the subgroups examined.

DIF Detection Tests: The Wald test for examination of group differences in IRT item 

parameters was the primary analytic method; the Wald test is an expansion of Lord’s chi-

square tests for DIF (Lord, 1980; Teresi, Kleinman et al. 2000; Woods et al. 2013). For each 

studied item, a model was constructed with all parameters (except the studied item) 

constrained to be equal across comparison groups for the anchor items, and item parameters 

for the studied item freed to be estimated distinctly. An overall simultaneous joint test of 

differences in the a or b parameters was performed followed by step down tests for group 

differences in the a parameters, followed by conditional tests of the b parameters. Uniform 

DIF (defined as DIF in a constant direction across the trait) was detected when the b 
parameters differed and non-uniform DIF (defined as DIF in different directions at different 

points along the latent affect continuum) when the a parameters differed. Given that the 

interest was in comparing the studied groups to the reference group, non-orthogonal 

contrasts were used. The final p values were adjusted using the Bonferroni (1936) method 

for adjustment for multiple comparisons. Other methods recommended by Thissen, 

Steinberg and Kuang (2002) such as Benjamini-Hochberg (B-H; Benjamini & Hochberg, 

1995) typically yield very similar results.

Sensitivity Analyses for DIF Detection: A second DIF-detection method used in sensitivity 

analyses was based on ordinal logistic regression (OLR; Swaminathan and Rogers 1990; 

Zumbo 1999). However, a variant of this model conditions on the latent variable derived 
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from IRT: IRTOLR (Crane et al. 2006; Crane et al. 2004; Mukherjee et al. 2013). The affect 

estimates from a graded response IRT model were used as the conditioning variable, and 

effect sizes were incorporated into the uniform DIF detection procedure. Uniform DIF is 

defined in the OLR framework as a significant group effect, conditional on the affect state 

and non-uniform DIF as a significant interaction of group and affect state. Three hierarchical 

models were tested; the first examines affect state (1), followed by group (2) and the 

interaction of group by state (3). Non-uniform DIF is tested by examining model 3 vs. 2; 

uniform DIF is tested by examining the incremental effect of model 2 vs. 1, with a chi-

square (1 degree of freedom) test (Camilli and Shepard 1994). The software, lordif (Choi et 

al. 2011) was used to perform IRTOLR.

Evaluation of DIF Magnitude and Effect Sizes for Primary Tests of DIF: The magnitude 

of DIF refers to the degree of difference in item performance between or among groups, 

conditional on the trait or state, operationalized as differences in expected item scores. An 

expected item score is the sum of the weighted (by the response category value) probabilities 

of scoring in each of the possible categories for the item. The method used for quantification 

of the difference in the average expected item scores was the non-compensatory DIF 

(NCDIF) index (Raju et al. 1995) used in DFIT (Oshima et al. 2009; Raju 1999; Raju et al. 

2009). An additional effect size measure denoted T1, proposed by Wainer (1993) and 

extended for polytomous data by Kim et al. (2007) was also examined (see also Kleinman 

and Teresi, 2016). Cutoff values for magnitude were established based on simulations (Fleer, 

1993; Flowers et al. 1999). For example, the cutoff value recommended by Raju is 0.024 for 

polytomous items with three response options (Raju, 1999); this cutoff corresponds to an 

average absolute difference greater than 0.155 (about 0.16 of a point) on a three point scale.

Evaluation of DIF Impact: Expected scale score functions (also referred to as the test or 

scale response function) are the sum of expected item scores, and were examined as 

evidence of aggregate-level impact. The effect of DIF on the total score was examined by 

calculating group differences in the test response functions; these differences provide overall 

aggregated measures of DIF impact.

Information: Finally, the item and test information functions from IRT were calculated and 

graphed. These curves are useful in evaluation of items because non-informative items are 

indicative of items that do not discriminate well and are not related well to the affect state 

measured. In the current context, the information functions also served to identify a shorter-

form of the measure.

Evaluation of Reliability—Although Cronbach’s alpha (Cronbach 1951) was calculated, 

ordinal alpha based on polychoric correlations (Zumbo et al. 2007) was also estimated. 

Examining Cronbach’s alpha alone does not provide adequate evidence regarding the 

performance of the scale because it lacks the invariance properties of statistics derived based 

on parameters estimated from factor, regression and IRT analyses. As such, Cronbach’s 

alpha cannot be compared legitimately among groups. Other methods based on latent 

variable models are preferable (Zinbarg et al. 2005). Ordinal alpha estimates appropriate for 

ordinal data are based on polychoric correlations and correspond better with estimates from 
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latent variable models. Polychoric correlations assume an underlying latent response 

variable, and are thus more invariant with respect to marginal distributions of response 

categories (base rate). The correlation between two variables (items) can be represented as a 

path model with the true score (latent trait) causing the two item response variables 

(Uebersax 2000; Lord and Novick 1968).

Other reliability estimates that are based on latent variable modeling include McDonald’s 

(McDonald 1999) omega total (ωt), estimated from a factor model. This reliability estimate 

is based on the proportion of total common variance explained. Because McDonald’s omega 

is typically derived from a latent bifactor model, it is arguably more invariant than values 

based on observed response models (see also Bentler, 2009). Software to calculate these 

indices, developed by Revelle and Zinbarg (2009) are contained in the “Psych” package in R 

(Revelle 2015; www.R-project.org; R Development Core Team 2008). Additionally, IRT-

based reliability statistics were examined at selected points along the underlying latent 

continuum (theta). These conditional reliability estimates were based on the definition of 

reliability as 1- the ratio of error variance to total variance, and operationalized by 

subtracting from 1 the weighted squared standard error of theta at selected theta values (see 

for example, Cheng et al. 2015; Teresi et al. 2000). These relationships can also be presented 

in the context of IRT information (Cheng et al. 2015).

RESULTS

Exploratory Tests of Dimensionality

Exploratory Principal Components Analyses—The estimate of the ratio of the first 

component to the second for the 16 item set for the first random half and the total sample 

was 2.4 and 2.3, and the first component explained 32% to 33% of the variance (see Table 

2). The scree plot for the total sample is given in Appendix, Figure 1. Based on the parallel 

analyses with polychoric correlations (not shown), it appeared as if more than one 

component should be retained. The parallel analyses results, whether estimated using PCA 

or factor analyses suggested the retention of more than one factor (eigenvalues for the 

original factors were greater than those of the simulated data). This result provides evidence 

that essential unidimensionality for this item set may be in question. The 16 item set 

includes the health-related items: “Do you have any pain?”; “Is there anything that stops you 

from doing what you want to do;” and “Do you have any trouble with your health”. 

Although somatic items have been included in measures of affective state, they are more 

generally related to depression, e.g., appetite and sleep. Preliminary analyses suggested that 

the three items related to health loaded on a separate factor. Thus, analyses were also 

conducted on a 13 item set removing the three items with health-related content.

The analyses conducted among the different racial/ethnic groups showed that the 16 item set 

treated as unidimensional did not perform as well among non-Hispanic Black and Hispanic 

groups (see Table 2). Ratios varied across ethnic/racial groups for the 16 item set, and were 

lower for non-Hispanic Blacks and Hispanics. Ratios were more similar and close to 3 for all 

race/ethnic groups for the 13 item set.
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Finally, analyses were performed separately with the 9 positively and 7 negatively worded 

items. The ratio was higher (5.3) for the 9 positive affect items and the first component 

explained 51% of the variance. The ratio for the 7 negative affect item set was low at 2.4 and 

the first component explained 39% of the variance. Ratios were all above 4 for the positive 

item set (4.3 for Hispanics to 5.4 for non-Hispanic Whites). The negative item set ratios 

were lower, ranging from 2.2 for non-Hispanic Blacks to 2.7 for Hispanics.

Confirmatory Factor Models Examining Methods Effects

Model 1; Unidimensional Model: Table 3 shows the results for four models: 16 items 

(model 1a), 13 items (model 1b, with three health items removed), and positively and 

negatively worded items (models 1c, 1d), all specified as unidimensional. The results of the 

unidimensional CFA show lower item loadings on the underlying factor for all negative 

affect items compared to the positive affect items. The loadings for the following health-

related items were under 0.30: “Do you have any pain?”; “Is there anything that stops you 

from doing what you want to do?”; “Do you have any trouble with your health?” The 

loadings for the 13 item set (model 1b) changed only between 0.01 to 0.04 points; the four 

negatively worded items all evidenced lower loadings (0.29 to 0.35). The analyses for the 16 

and 13 item sets using the second random half of the sample were consistent with those 

reported above.

When analyzed separately, the item loadings within the positive and negative item sets were 

consistent and within an acceptable range. The loadings for the positive affect set (model 1c) 

ranged from 0.60 to 0.75; while the loadings for the negative affect set (model 1d) ranged 

from 0.44 to 0.61. The highest loading among the negatively worded items was 0.61 (Item 

15, “Do you have any trouble with your health”).

Appendix Table 1 is a summary of the fit statistics for the models described above, and 

several others tested. The model fit indices (CFIs) for the unidimensional CFA from Mplus 

for the 16 item set was 0.829 for the total sample and ranged from 0.677 for Hispanics to 

0.848 for non-Hispanic Whites. The CFI for the 13 item set increased for the total sample 

and the subgroups from 0.829 for the 16 item version to 0.925 for the total sample; for non-

Hispanic Whites, the CFI was 0.928 and 0.923 for non-Hispanic Blacks. However, the CFI 

for Hispanics was lower (0.882), perhaps due to the unequal sample sizes and lower sample 

size for Hispanics. The improvement was seen also in the RMSEA statistics which changed 

from 0.105 for the 16 item set to 0.084 for the total sample for the 13 item set, and ranged 

from 0.081 for White to 0.106 for the Hispanic subgroups (see Appendix Table 1).

Model 2; Correlated Uniqueness: As shown in Table 3 (16 item set) and Appendix Table 

1, the model fit statistics improved for models 2a and 2b (correlated negative uniqueness and 

negative and positive uniqueness); the health-related items loaded the lowest (<0.30) as in 

model 1. The CFI was 0.940 for model 2a with correlated negative uniqueness for the 16 

item set, and 0.963 for the 13 item set (Appendix, Table 1); the RMSEA estimates were 

0.070 and 0.062, respectively. The CFI values for model 2b were 0.973 and 0.994 for the 16 

and 13 item set, respectively; the RMSEA values were 0.061 and 0.039; indicating better fit 

for the 13 item measure.
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Model 3; Methods Factors: Model 3 included a latent methods factor, a bifactor model 

where all items were specified to load on the general factor and the negative affect items on 

a separate factor. All the negative affect item loadings on the latter (methods) factor were 

higher compared to their loadings on the general factor, and ranged from 0.34 to 0.62, while 

loadings of the same items on the general factor ranged from 0.15 to 0.32. In contrast, the 

positive affect item loadings on the general factor ranged from 0.61 to 0.75 (See Table 3, 

model 3). The three health related items loaded highest on the methods factor.

Model 4; Bifactor Model: The two group bifactor model shows a clear dominance of a 

positive group factor and a less well-defined negative factor, dominated by the health items. 

Very low loadings were observed for non-health negatively worded items on the negative 

group factor. The general factor loadings varied from that of the other solutions, indicating 

model misspecification, when all items were included in the model.

In contrast, a bifactor model of the 13 item set, which was used as an additional test of 

dimensionality showed that the loadings on the single common factor were very similar to 

those observed on the general factor from the bifactor analyses (the range of differences was 

from 0.01 to 0.08), which provides some evidence for acceptable unidimensionality after 

removal of the health related items (loadings not shown). The ECV dimensionality statistic 

increased from 26.337 to 68.706 for the total sample, and was 34.049 for non-Hispanic 

Black, 59.743 for Hispanic and 70.614 for White subgroups for the 13 item set (see Table 4). 

The above results of the 13 item set analyses lend support for essential unidimensionality as 

a condition for the differential item functioning analysis; however, the ECV values were 

lower for non-Hispanic Blacks.

Model 5; Two Factor Model: Specifying a two factor model for the positively and 

negatively worded items with oblique rotation fit equally as well as the methods factor 

model (model 3); however, the CFI for both models were lower than desirable (0.926, 

0.920). Model 5 yielded reasonable loadings for both factors (0.61 to 0.75 for the positive 

items, and 0.51 to 0.62 for the negatively worded items). These results were similar to 

models 1c and 1d, treating the positively and negatively worded items as unidimensional 

(see Table 3).

A three group bifactor model was also tested in which the health items were specified to 

load on a third group factor; however, the loadings on the general and first group factors 

were inconsistent with all other models.

Summary—As is evident from the above results, a 16 item set modeled as unidimensional 

did not fit well, and was the worst fitting model across subgroups. The models with 

correlated uniqueness (models 2a and 2b, Table 3) fit best among the unidimensional models 

for both the 16 and 13 item sets, indicating that the negative item wording may be inducing a 

methods artifact. The 13 item solutions with correlated uniqueness (Appendix, Table 1) were 

superior to both the 16 item correlated uniqueness solutions, and the 16 item bifactor model 

(model 4). Although the two factor solution with oblique rotation appeared to support a 

positive and negative factor, the negative affect item set did not fit well across race/ethnic 

groups with CFIs ranging from 0.875 to 0.892 (see Appendix Table 1). The 13 item 
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unidimensional model was a better fit, and the positive item solution fit best among the 

unidimensional models (CFI=0.967). The positive affect item set solution fit relatively well 

across most ethnic/racial subgroups (CFI=0.939 to 0.968). Thus, although one may argue 

about how to proceed, given the goal of determining if the measure was essentially 

unidimensional, and the original intent of the scale to measure one underlying dimension; 

DIF testing was performed with the 13 and 9 item set.

Reliability Estimates

The corrected item-total correlations (not shown) for the 16 item scale ranged from 0.26 to 

0.52, from 0.24 to 0.55 for the 13 item measure, from 0.45 to 0.58 for the positively worded, 

and from 0.24 to 0.38 for the negatively worded items. The Cronbach’s alpha estimates were 

0.77 and 0.78, respectively for the 16 and 13 item measure (see Table 4); however, the 

ordinal alpha estimates using polychorics were 0.85 and 0.86, respectively, similar to 

McDonald’s omega total. The McDonald’s omega estimate was 0.86 for the total sample for 

the 13 item set. The reliability estimates for the demographic subgroups were in the same 

range. The estimate for ordinal alpha for both the Hispanic and non-Hispanic Black 

subsamples was 0.83 for the 16 item scale, and the McDonald’s omega was 0.84 for both. 

The ordinal alpha for the 13 item scale for the Hispanic subsample was 0.84, and 0.85 for 

the non-Hispanic Black subsample; the McDonald’s omega was 0.85 for both groups.

The omega total values for the positive item set (Table 4) ranged from 0.87 to 0.88, and from 

0.72 to 0.79 for the negative affect item set. The negative item set evidenced lower values (in 

the 0.70’s) across subgroups defined by race and ethnicity.

Finally, the reliability estimates (precision) at points along the latent positive affect trait 

(theta) reflective of where respondents were observed ranged from 0.69 to 0.90 for the 13 

item set (Table 5) across ethnic/racial groups. The highest reliability values were in the theta 

range of −2.0 to 0.4 and the lowest were at thetas from 1.2 to 1.6, reflective of higher 

positive affect. The overall reliability estimate was 0.85 or 0.86 across groups. Examining 

the positive and negative item sets (Table 6), the positive item set evidenced relatively high 

average reliabilities across groups, and across levels of theta except at the highest positive 

affect level; the values for the negative item set were lower across subgroups, ranging from 

0.73 in the total sample and non-Hispanic White and non-Hispanic Black samples to 0.78 

among Hispanics (see Table 6).

IRT Parameter Estimates, Tests of DIF and Assessment of Magnitude and 
Impact

Local Independence Assumption: Most of the LD chi square statistics (not shown) for the 

13 item set were within an acceptable range, however values for a few item pairs were 

higher: Item 10 – “Do you like people here?” with Item 6 – “Are people helpful here?” (LD 

= 28.4); Item 12 – “Do you sleep well?” with Item 9 – “Do you have a good appetite” (LD = 

27.2) and Item 1 = “Are you feeling well?” (LD = 24.5).

Item Parameter Estimates: Shown in Table 7 are the graded response item parameters and 

their standard errors for the total sample. The category response functions (not shown) were 
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non-overlapping and showed an ordinal pattern for the middle category. Appendix Tables 2 –

4 show the discrimination (a) parameters across subgroup comparisons. As shown, the a 
parameters varied somewhat across items and groups, ranging from 0.50 (lonely) to 2.30 

(nice day yesterday) for the 13 item set for the total sample. The range across ethnic/racial 

subgroups was similar. Additionally, discrimination parameters were similar across versions; 

although parameters were higher for most negatively worded items when examined as a 

separate item set, they remained lower than the positive items (see Appendix Table 2). As 

expected b parameters were remarkably stable across item sets (see Appendix Tables 3 and 

4).

IRT Information, Scale Means and Association Among the Scales: Also examined were 

the information functions (from IRT) for the items and scale scores. At the item level, 

regardless of what item set was examined: 16, 13, negative items alone, the negative items 

did not provide much information, relative to the positively worded items. As shown in 

Figures 1 and 2, the most informative items were: “nice day yesterday”, “like people here”, 

“people are helpful here” and “happy”. The least informative items were the negatively 

worded items. This result is also shown in Figure 4 where it was observed that the negatively 

worded items provided low information when treated as a separate set; whereas Figure 3 

shows the relatively higher information provided by the positive items.

Examining the test (scale) information function, for the 13 and positive item set, the peak is 

at theta = −0.4. For the negative item set the information peak is at theta = −1.2. The 13 and 

9 item scales provided overall peak information between 8 and 9; whereas the negatively 

worded items provided much less information overall with peak information of about 3. 

Similar to the 13 item set, the positive affect item set composed only of positive items 

performed relatively well in terms of information, providing most information between theta 

levels of −2.0 to 0, in the lower range of the affect scale.

The correlation of the 13 and 9 item scales (using theta score estimates) was 0.94; however, 

the estimated correlation of the negative affect scale with the 13 item scale was 0.55, and 

0.32 with the positive item scale.

DIF Results—DIF analyses were performed for racial ethnic subgroups for the 13, and 

positive affect item sets. Summary DIF results are presented in Tables 8 and 9, and details 

are presented in Appendix Tables 3 and 4. As expected with larger samples, significant DIF 

after Bonferroni adjustments was observed for many items.

After removing the three health related items, the DIF analysis was performed for the 13 

item set. The items “nasty” and “feeling good about tomorrow” were identified as anchor 

items. The third item, “like being here”, showed DIF in the anchor identification procedure; 

however, it did not evidence DIF in the final DIF analyses. Consistent DIF across methods 

was observed for six items: “happy”, “helpful”, “lonely”, “appetite”, “like people”, “upset 

yesterday”.
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One anchor item was identified initially in the 9 positive affect item analysis: “Do you like 

being here?” Consistent DIF across methods was observed for three items: “happy”, 

“appetite” and “feel good about tomorrow”.

Conditional on positive affect, non-Hispanic Black as contrasted with non-Hispanic White 

respondents evidenced a lower probability of endorsing the items, “feeling lonely” and 

“bored”. (It is noted that the curve for non-Hispanic Blacks is above the curves for the other 

groups in the graph in Figure 5 because of reverse scoring.) Hispanic as compared to non-

Hispanic White respondents evidenced a higher probability of endorsing the item, “happy” 

across all analyses. The item, “sleep well” was significantly more discriminating for the 

Hispanic respondents in the positive affect item set analyses. No item had significant non-

uniform DIF after Bonferroni correction in the 13 item set analysis.

Magnitude: Although, many items were flagged with DIF, the magnitude was small. The 

item, “feeling lonely” evidenced an NCDIF statistic above the threshold for the comparison 

of non-Hispanic Black with non-Hispanic White respondents for the 13 item set analyses. 

Within the positively worded item set, no items evidenced DIF of high magnitude by the 

primary NCDIF criterion.

Sensitivity Analyses: Sensitivity analyses were conducted to examine the effect of 

increasing the size of the anchor item set on the results. Because of large sample sizes, 

significant DIF was observed for many items. Final DIF analysis for the 13 and 9 item sets 

included two anchors. For both sets, the DIF analysis was repeated by including four anchor 

items each. The log likelihood statistic rank order method was employed for the selection of 

the items. There were two changes in the 13 item set analysis: the items, “did anything upset 

you yesterday” and “sleep well” changed to significant after the Bonferroni correction for 

the Hispanic group in comparison to non-Hispanic Whites. There were no changes for the 9 

positive affect item set with the inclusion of the anchor items, “like being here”, “people are 

helpful”, “like people here”, and “feel good about tomorrow”. Although there was evidence 

of sensitivity of the DIF findings to the number of anchor items, the results are equivocal 

because increasing the number of anchor items introduces some DIF into the anchor set, 

which can result in false DIF detection.

Aggregate Impact: As shown in Figure 5, there was no evident scale level impact. All 

group curves were overlapping for all comparisons. Examining the average model-based 

trait mean (theta) estimates for the 13, and positive item sets, it was observed that after DIF 

adjustment (estimating parameters separately for each group for items evidencing DIF) non-

Hispanic Blacks evidenced slightly lower affect scores (mean = −0.13, −0.19 for the 13 and 

nine item sets) in comparison to the White reference group (with the theta estimate set to 0 

for the reference group). The Hispanic averages were even lower (−0.30). Prior to DIF 

adjustment, differences were somewhat larger between non-Hispanic Whites and Blacks 

(−0.23 and −0.26) and between non-Hispanic Whites and Hispanics (−0.32 and −0.35) for 

the 13 and nine item sets.
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DISCUSSION

The focus of these analyses was to illustrate methodological approaches for examining 

potential methods effects associated with positively and negatively worded items. A goal of 

the analyses was also evaluation of the performance of a measure of affect across racial and 

ethnic groups. A methodological question posed was whether the measure was 

unidimensional with positively and negatively worded items or if two constructs, positive 

and negative affect were being assessed. It was posited that a methods factor might be 

present, and various models were tested to determine if there were two viable factors or if 

one construct was underlying the item intercorrelations, with a method effect inducing 

loadings of negatively worded items on the second factor.

As is evident from the results, a 16 item set modeled as unidimensional did not fit well; the 

health-related items loaded below 0.30. Removal of the three physical health-related items 

appearing to measure a different construct resulted in improved fit. The 13 item model with 

correlated uniqueness fits best among the unidimensional models, indicating that the 

negative item wording may be inducing a methods artifact. All the negatively worded affect 

item loadings on the methods factor were higher compared with their loadings on the 

general factor, and ranged from 0.34 to 0.62, while loadings of the same items on the general 

factor ranged from 0.15 to 0.32 (results not shown). In contrast, the positive affect item 

loadings on the general factor ranged from 0.61 to 0.75. What is clear from model 3 is that 

the three health-related items loaded highest on the methods factor, again providing evidence 

that these items appear to be measuring a different construct.

The results of the bifactor model analyses revealed the presence of two possible group 

(secondary) factors: one with positively worded and one with negatively worded items. 

However, the “pain” and “health” items appeared to load strongly on a secondary factor, 

providing further evidence that these health-related items do not fit with the others. They are 

also not a good fit, conceptually. An alternative approach would be to treat the negatively 

worded items as a separate measure. However, the results of the analyses of the negatively 

worded affect measure demonstrated that little variance in the item set was explained 

(eigenvalues of 2.7 and 1.1) and poor fit (CFI<0.9) and lower loadings were observed for the 

negatively as contrasted with positively worded items (range of 0.44 to 0.61 versus 0.60 to 

0.75). These items were also less informative, and less overall IRT information was provided 

at the scale level; finally, the negative item set was less reliable.

A comparison of all the models tested showed that the best fitting model was the 13 item 

model with correlated uniqueness, lending support to the contention that rather than positive 

and negative affect, positive affect was the predominant construct measured. The inclusion 

of some negatively worded items in the 13 item version although not as well-performing did 

not degrade appreciably the overall scale performance.

Although the two factor solution with oblique rotation appeared to support a positive and 

negative factor, the negative affect item set was not a good fit. The positive affect item set 

modeled as unidimensional fit well. It is possible that the negatively worded items are 

measuring a secondary trait or methods factor related to a tendency toward “negativism”; 
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however, the dominance of the health-related items among the negatively worded item set in 

some of the models may suggest a health-related secondary trait. Given that a goal was to 

determine if the measure was essentially unidimensional, and the original intent of the scale 

was to measure one underlying dimension, positive affect; it is argued that a 13 item 

measure or the 9 item positive affect items would be acceptable scales.

Reverse-scored items are often included to minimize acquiescence-bias. However, evidence 

for their effectiveness is relatively sparse (van Sonderen et al. 2013). The evidence presented 

in the analyses of PROMIS sleep (Jensen et al. 2016) and fatigue (Reeve et al. 2016) short 

forms as well as that presented here adds to arguments that such items may confuse some 

participants and complicate the interpretation of scores. These findings suggest that 

investigators should consider whether or not the inclusion of reverse-scored items is 

necessary because of clinical content relevance, and worth the risk of error due to changes in 

response direction. These considerations are important in the context of ensuring 

minimization of measurement error, particularly when such items are administered to frail 

individuals with cognitive impairment.

Methods effects are often dealt with through modeling, which may be a solution when 

measures are used analytically; however, such modeling will not be useful in the context of 

clinical use of a measure in a field setting or in administration of small subsets of items in 

computerized adaptive testing. An important issue is what approach to take in practice.

Although many items were flagged with DIF, the magnitude was small. Only two items 

evidenced DIF above the magnitude threshold. The item, “feeling lonely” evidenced an 

NCDIF statistic above the threshold for the comparison of non-Hispanic Black with White 

respondents for the 13 item set analyses. Conditional on positive affect, non-Hispanic Black 

as contrasted with non-Hispanic White respondents evidenced a lower probability of 

endorsing the item, “lonely”. DIF has been observed for items related to loneliness in other 

studies, specifically with respect to age (Choi et al. 2009; Estabrook et al. 2015).

Hispanic respondents evidenced a higher probability of endorsement of the item, “happy” 

compared to the non-Hispanic White respondents across analyses; however, the DIF was not 

of high magnitude. Differential item functioning has been observed for happiness items with 

respect to age (Choi et al. 2009; Estabrook et al. 2015); education in the direction of lower 

education associated with higher happiness, conditional on depression (Perkins et al. 2006); 

and gender (Yin et al. 2015). In the latter study, conditional on the depression trait, men 

were less likely to endorse being happy. In comparing positively and negatively worded 

items, Iwata and colleagues (2002) found that immigrant Hispanics evidenced higher scores 

on the Center for Epidemiologic Studies Depression Scale (CES-D; Radloff, 1977) than 

other ethnic groups and non-Hispanic Whites, indicating less positive affect. However, no 

differences were observed for negatively worded items. The authors conclude that the under-

endorsement of positive items might result in greater differences, possibly measurement 

artifacts among Hispanics born outside the United States. In this study similar results were 

observed. Hispanic respondents evidenced lower mean affect scores after DIF adjustment 

(−0.30) than the non-Hispanic White reference group across all item sets; however, the 

difference was somewhat less for the negatively worded items (−0.23). Studies of other 
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constructs such as self-esteem have documented systematic differences across countries 

differing in cultural affiliations in responses to negatively worded as contrasted with 

positively worded items (Lindwall et al. 2012). Systematic methods effects related to 

personality constructs such as a tendency toward negativism may be operating in scales with 

such items.

From a methodological perspective, it is argued that both confirmatory factor analytic 

methods and item response theory modeling are complementary, providing information 

about item discrimination and information as well as reliability and differential item 

functioning.

From a clinical perspective, the results conform to the quality of life assessment framework 

that posits that qualitative aspects of positive affect are different from physical health-related 

aspects. In the context of restricted environments as experienced by those with disability and 

comorbidity, applied interventions for preserving, improving and/or achieving quality of life 

goals can be designed by targeting and reducing restrictions of choice (Gurland et al. 2010; 

Gurland et al. 2009). The nine item FTQ may provide a shorter measure of affective quality-

of-life for use in clinical research among older, ethnically diverse individuals with disability 

and cognitive impairment.

Limitations

Limitations of the analyses include the inability to examine Hispanic subgroups. 

Additionally, the equivalence of 6.6 years of formal education among the Hispanic 

respondents to those schooled in the United States cannot be established. Moreover, 

educational quality varies; thus the years of education of non-Hispanic Blacks born in the 

South may not equate to that of Whites. This is a limitation; however, the data are presented 

descriptively to provide some evidence of the low educational level of this sample. Finally, 

the paucity of anchor items could have affected the DIF results; however, inclusion of items 

with DIF in the anchor set can result in false DIF detection. Given the low magnitude of DIF 

observed and the few changes observed in sensitivity analyses with inclusion of additional 

anchor items, it is not likely that false DIF detection posed a threat to the conclusions.

Conclusions

These analyses illustrated the use of both a structural equation and item response theory 

approach to examining the performance of an affect measure. The confirmatory and bifactor 

models were used to converge upon the identification of methods effects associated with 

administration of positively and negatively worded items. The IRT methods contributed 

additional information about magnitude and impact of DIF and information provided by the 

item sets. Thus the use of both approaches is recommended. Although the models are 

parameterized in a similar manner, the byproducts are somewhat different. The CFA 

analyses were focused on parameter estimation for the entire sample, while the IRT analyses 

focused on parameter comparisons across groups. The first part of the analyses was to 

examine dimensionality and methods factors. The second part using IRT was to examine 

DIF. Measurement equivalence could have been examined using CFA; however, DIF 

magnitude methods have been developed in the IRT environment, and for ease of 
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application, this method was selected. Moreover, in the context of binary and ordinal data, 

IRT models may be preferable for the invariance stage of analyses (see for example, Sass, 

Schmitt and Marsh, 2014).

The FTQ analyses were illustrative of how negatively worded items might influence 

response among older, frail individuals. This will be the case whether or not one is 

measuring one construct with positively and negatively worded items or if one is measuring 

positive and negative affect because the latter will usually also have negatively worded 

items. In other words, many “negative” affect measures will be negatively worded. Thus, one 

may have similar problems from a methods perspective regardless of the intent. As reviewed 

in McHorney and Fleishman (2006), older persons have been found to give “rosy” 

responses, indicative of positive response bias. Some have argued that methods effects 

associated with negatively worded items may not imply simply a methods artifact but could 

reflect a latent construct related to “negativity” or to some other personality trait. However, 

what is shown here is that these negative items were not informative. Some of the negative 

items, e.g., loneliness have appeared in many well-validated affect measures, and it is thus 

not likely that the content itself is the issue with these items. Moreover, some negatively 

worded items, e.g., “anything upset you yesterday” that were less informative were similar 

in content to the positively worded items, e.g., “have a nice day yesterday” that performed 

better. Thus, it would appear that it is more likely that a methods artifact is at play. For a 

review of these issues, see Vecchione et al., 2014.

The substantive findings suggest that a 13 item measure comprised of positively and some 

negatively worded items fit the data reasonably, and a 9 item positive affect item set fit well. 

The nine item scale comprised of only positively worded items has the advantage of being 

shorter, and because it performed somewhat better than the 13 item measure may be 

preferred. These item sets performed well in terms of IRT information and reliability across 

groups studied and evidenced little DIF of high magnitude and overall low scale-level DIF 

impact across non-Hispanic Black and Hispanic groups in comparison to non-Hispanic 

White older persons. Thus, these scales can be recommended to assess the affective 

component of quality-of-life among ethnically diverse groups of frail and/or cognitively 

impaired individuals residing in the community or in institutional settings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Feeling Tone Questionnaire (FTQ) 16 item set: Test and item information functions
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Figure 2. 
Feeling Tone Questionnaire (FTQ) 13 item set: Test and item information functions
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Figure 3. 
Feeling Tone Questionnaire (FTQ) 9 positive affect item set: Test and item information 

functions
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Figure 4. 
Feeling Tone Questionnaire (FTQ) 7 negative affect item set: Test and item information 

functions
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Figure 5. 
Feeling Tone Questionnaire (FTQ): Expected scale and item scores. Race/ethnicity 

subgroups

Note: The curve for the non-Hispanic Black group is above that of the non-Hispanic White 

group across the level of theta, indicating a higher probability of responding to the loneliness 

item in the direction of not feeling lonely because the item was reverse-scored.
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Table 1

Demographic characteristics of the sample by race/ethnicity and total sample

Non-Hispanic White Non-Hispanic Black Hispanic Total

N 4,960 1,144 517 6,621

Gender

Male 1,306 (26%) 311 (27%) 176 (34%) 1,793 (27%)

Female 3,654 (74%) 832 (73%) 341 (66%) 4,827 (73%)

Age

< 65 221 (5%) 174 (15%) 74 (14%) 469 (7%)

65 to 74 479 (10%) 254 (22%) 113 (22%) 846 (13%)

75 to 84 1,499 (30%) 354 (31%) 175 (34%) 2,028 (31%)

85 to 94 2,287 (46%) 304 (27%) 137 (27%) 2,728 (41%)

> 94 468 (9%) 54 (5%) 17 (3%) 539 (8%)

Average 83.9 (9.9) 77.3 (12.6) 82.2 (12.2) 82.2 (11.0)

Education

0 years 597 (13%) 139 (14%) 79 (18%) 815 (14%)

1 to 8 years 909 (20%) 322 (32%) 202 (45%) 1,433 (24%)

9 to 12 years 1,996 (44%) 426 (42%) 126 (28%) 2,548 (42%)

> 12 years 1,051 (23%) 134 (13%) 38 (9%) 1,223 (20%)

0 to 11 years 1,975 (43%) 606 (59%) 338 (76%) 2,919 (49%)

12 & above 2,578 (57%) 415 (41%) 107 (24%) 3,100 (51%)

Average (s.d.) 9.9 (5.2) 8.6 (4.9) 6.6 (4.9) 9.4 (5.2)

Sample Type

Nursing home 4,267 (86%) 857 (75%) 386 (75%) 5,510 (83%)

Assisted living 338 (7%) 36 (3%) 23 (4%) 397 (6%)

Community 355 (7%) 251 (22%) 108 (21%) 714 (11%)

Note: The sample sizes for some of the analyses presented in other tables are greater than that used in the analyses of race/ethnicity because there 
are some respondents who are in an “other” category for race/ethnicity. Due to missing data not all variable level sample sizes sum to the total 
sample size.
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Table 5

Item response theory (IRT) reliability estimates for the Feeling Tone Questionnaire (FTQ) 13 item sets at 

varying levels of the attribute (theta) estimate based on results of the IRT analysis (IRTPRO) for total sample 

and race/ethnic subgroups

FTQ (Theta)
13 item set

Total Non-Hispanic White Non-Hispanic Black Hispanic

−2.8 0.82 0.83 0.81 0.79

−2.4 0.86 0.86 0.86 0.84

−2.0 0.89 0.88 0.89 0.87

−1.6 0.89 0.89 0.89 0.90

−1.2 0.89 0.90 0.89 0.90

−0.8 0.90 0.90 0.89 0.90

−0.4 0.90 0.90 0.89 0.90

0.0 0.89 0.89 0.90 0.90

0.4 0.87 0.86 0.89 0.89

0.8 0.83 0.81 0.85 0.86

1.2 0.77 0.75 0.80 0.81

1.6 0.70 0.69 0.74 0.74

Overall (Average) 0.85 0.85 0.86 0.86

Note: Reliability estimates are calculated for theta levels for which there are respondents
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