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Abstract

The purpose of this study was to explore the longitudinal structural and measurement invariance of the 17-item Philadelphia Geriatric Center Morale Scale (PGCMS). A multidimensional item response model was employed with 177 participants assigned to three interventions and assessed at three time points. The structural analyses found that a 3-factor model fit better than a 1-factor or a 2-factor model using the Akaike information criterion (AIC) and Schwartz’s Bayesian information criterion (BIC). Psychometric quality and longitudinal stability were also addressed. Differential item functioning (DIF) analyses indicated that the third factor had higher reliabilities than the first two factors across the three groups by three time levels, and that items were quite stable within groups over time. However, two items were problematic with respect to fit.

Stability of the Philadelphia Geriatric Center Morale Scale: A 
Multidimensional Item Response Theory Analysis

The Philadelphia Geriatric Center Morale Scale (PGCMS) was developed by Lawton (1972, 1975). The PGCMS was designed to provide a multidimensional measure of morale appropriate for elderly individuals and also for those with limited competency. The PGCMS is now widely used as a measure of morale, psychological well-being, life satisfaction, and quality of life in elderly populations.

The original PGCMS (Lawton, 1972) consisted of 22 items and 6 factors. Morris and Sherwood (1975) replicated 3 factors using 17 items and dropped 5 items through a series of factor analyses. The revised version of the PGCMS (17 items: Lawton, 1975) contains three stable and replicable factors: Agitation (6 items), Attitude Toward Own Aging (5 items), and Lonely Dissatisfaction (6 items). These subscales had high levels of internal consistency with Cronbach’s α estimates of .85, .81, and .85, respectively, in the revision sample. The PGCMS revision yielded simpler wording and less complicated response formats (Lawton, 2003). Most of the items require a dichotomous response. The PGCMS can be self-administered or interviewer-administered. For each response, one point is recorded, with higher scores indicating higher levels of morale. The scale can be treated as three subscales or one overall scale which reflects global life satisfaction. 

The PGCMS has been found to correlate highly with measures of life satisfaction, adjustment, and desirability (Carstensen & Cone, 1983; Lohmann, 1977; Rothman, Hedrick, & Inui, 1989), with perceived control of daily activities, health status, functional dependency, and socioeconomic status (Ryden, 1984), with direct achieving style (emphasizing individual efforts), instrumental achieving style (stressing use of past accomplishments, manipulation of others, or delegation of responsibility), health status, age, and social participation (Die, Seelbach, & Sherman, 1987), and with depression (Bergdahl et al., 2005; Coleman, Philp, & Mullee, 1995; Cox, Green, Seo, Inaba, & Quillen, 2006; Lofgren, Gustafson, & Nyberg, 1999; Schneider et al., 2004; von Heideken Wagert et al., 2005; Woo, Ho, & Wong, 2005). Iwasa, Kawaai, Gondo, Inagaki, and Suzuki (2006) found age, education, hospitalization, chronic conditions, and living alone to be associated with subjective well-being, with some gender differences in relationships found. Nagatomo, Kita, Takigawa, Nomaguchi, and Sameshima (1997) found the Japanese version of the PGCMS correlated with all scores of somatic and psychotic symptoms on the Japanese version of the Cornell Medical Index, and Yasunaga and Tokunaga (2001) reported that the PGCMS was positively associated with functional activities of daily living as did Schneider et al. (2004) with a sample from Germany. The PGCMS score on the attitudes toward aging subscale was further found to be predictive of stroke (Araki, Murotani, Kamimiya, & Ito, 2004). 
Subsequent to Lawton’s (1972, 1975) development and revision of the PGCMS, Liang and his colleagues conducted a series of studies investigating its structure. Liang and Bollen (1983) proposed a multiple indicator structural equation model including three first-order factors and one second-order factor (Global Life Satisfaction). This model included only 15 items; 2 items of the 17-item revised PGCMS related to social relationships were deleted. They indicated the PGCMS was multidimensional only on the first-order factors, but a unidimensional interpretation was more accurate for the second-order factor. Liang and Bollen (1985) found some statistically significant sex differences in the first-order factor loadings and measurement error variances. Substantively, however, these differences were less important than the subscale structure. They renamed the second-order factor “Subjective Well-Being.”
Liang, Lawrence, and Bollen (1986) compared young-old (aged 65-74 years) and old-old (aged 75 years and over) populations, finding age differences in the factor structure of the PGCMS, but the age differences were less important than division of the measure into subscales. Age effects were not pronounced in measures of goodness-of-fit. Thus, Liang et al. argued that the PGCMS was robust across different age and gender groups and was appropriate for quantitative comparisons in terms of age and sex. Liang et al. (1987a, 1987b, 1992) further examined racial (Caucasian-American and African-American samples) and national (Japanese and American samples) effects on the PGCMS structure, and found the factor structure of the PGCMS to successfully replicate, though some items proved problematic. 

McCulloch (1991) found that the 15-item PGCMS fit better to data from an older, rural sample than the 17-item PGCMS. He explored the longitudinal invariance of the factor structure of subjective well-being of the 15-item PGCMS using a panel surviving a ten-year, two-wave investigation. Maximum likelihood confirmatory factor analysis techniques were used to test the fit of the model. Findings confirmed the hierarchical factor structure of the PGCMS. However, this factor structure varied within individuals across time.

Wong, Woo, Hui, and Ho (2004) examined the psychometric properties of the PGCMS in an elderly Chinese population in Hong Kong. They found support for the internal consistency and structural validity of the 15-item PGCMS (Liang & Bollen, 1983) in Hong Kong elderly but found a 2-factor solution to provide the best fit.

For PGCMS total and subscale scores to be useful as outcome measures of the effects of intervention, scores need to be invariant across groups and time. The purpose of this study was to assess measurement invariance longitudinally for a sample of elders from a western city in the United States. Item response theory was used as the basis for analyses, but since the PGCMS has been uniformly found to be multidimensional, a multidimensional item response model was employed.  

Method

As part of a larger study (Cox et al., 2006), participants were assigned to one of three groups who received interventions designed to affect care-receiver self-efficacy: an individually-delivered intervention, a group-delivered intervention, and a case management comparison group. Responses to the PGCMS, the Geriatric Depression Scale-Short Form (Sheikh & Yesavage, 1986), and the Care-Receiver Efficacy Scale (Cox et al.) were collected from these three groups of participants at three time points: Time 1--pretest, Time 2--2 months following the last treatment session, and Time 3--12 months following the last treatment session. Pretest data were collected between January 2002 and July 2003; final data were collected by August 2004. The efficacy interventions did not directly address attitudes toward aging or agitation, and therefore no significant effects of the intervention on those two PGCMS subscales were anticipated. However, the intervention did address self-efficacy which was thought to relate to global life satisfaction and also potentially to PGCMS subscale “Lonely Dissatisfaction.”
Participants

Elders who were selected for this project met the following criteria: (a) were 55 years old or over, (b) required a minimum of 6 hours of personal care per week, and (c) were cognitively able to participate in the intervention as determined by the Mini-Mental Status screen from the Diagnostic Interview Schedule (Folstein, Folstein, & McHugh, 1975) and the decision of a clinical social worker. The participants included primarily individuals with disability related to one or more of the following conditions: stroke, heart disease, osteoporosis, mild dementia, cancer, and severe arthritis. All participants required assistance with one or more activities of daily living, e.g., dressing, bathing, and/or feeding. A total of 177 participants from the Denver, Colorado metro area were recruited. One individual under the age of 55 was selected for participation due to a severe disability, need for care, and initial confusion about her age.

The mean age of participants in Time 1 data was 78.42 (SD = 9.78), with ages ranging from 51 to 96. Most of the participants were female (76.3%), Caucasian (78.5%), and widowed (51.4%). The modal residential location was an independent retirement community (40.7%), with 27.1% in assisted living, 24.9% in their own home, 5.6% in a relative’s home, and 1.7% in a skilled nursing facility. Most participants self-reported their health status as fair or good (39.5% in each category), with 13.0% in poor and 7.3% in excellent health. The modal annual income category was $4,860 to $11,064 (42.9%), with income categories ranging from $0 – $4,860 (6.8%) to over $45,000 (2.3%). 

Procedure

Participants were given a general description of the project at the first contact with project staff, often by telephone. At this time, if the individual wished to participate, the contact site was determined. The first in-person contact was typically made at the participant’s home but occasionally participants chose the home of relatives, a senior center, health care facility, or other site. One-to one interviews, administered to all participants, were conducted by individuals trained in social work and gerontology to complete the consent form and the study instruments at each of the three time points. During the interviews, all items from the measures were read to the participants and answers were recorded. (See Cox et al., 2006, for an extended description of the procedure.)
Analyses
The multidimensional item response model is a mathematical formula that specifies the structure and the form of the relationship between persons and the items that operationalize multiple traits. It is an extension of item response theory (IRT). Data were analyzed with a multidimensional random coefficients multinomial logit model (Adams, Wilson, & Wang, 1997) using the ConQuest software (Wu, Adams, & Wilson, 1998). The program uses marginal maximum likelihood to estimate regression coefficients, the variance-covariance matrix, and item parameter vectors. A complete explanation is available in ACER ConQuest: Generalized Item Response Modeling Software (Wu et al.). Estimation using the quadrature method (Bock & Aiken, 1981) is recommended when the number of dimensions is three or fewer. Since prior research with the PGCMS has found both 2- and 3-factor models to fit the data, 1-, 2-, and 3-factor models were evaluated herein at each of three time points. The relative fit of each model was assessed using the Akaike information criterion (AIC: Akaike, 1974) and Schwartz’s Bayesian information criterion (BIC: Schwarz, 1978). 

Further analyses addressed the psychometric quality and longitudinal stability of the identified measures. Item fit, reliability of person separation, and placement of items and persons on a common scale were evaluated using the Winsteps software (Linacre, 2007). Differential item functioning (DIF) was hypothesized between the groups in the sample receiving different interventions and also over time. DIF was indicated if item parameter estimates differ significantly by group or by time. DIF may occur due to changes in understanding of the construct by respondents due to maturation, changes in cognitive deficits, or unknown, random processes. Further, invariance of the PGCMS was assessed through correlation of item logit positions across three time points.
Results

Model Structural Analysis

Three models (1-factor, 2-factor, and 3-factor models) were evaluated at each of three time points with the quadrature method using the ConQuest computer program (Wu et al., 1998). In these structural analyses, two analytical models were used to assess the fit of the three models. One was an item analytical model in which only the item variable was evaluated. The results of this model are shown in Table 1. In the second analytical model, the item-group+item*group model, the group variable and the interaction of item and group were also measured. The results of the second analytical model are reported in Table 2. Two models were investigated since the data for this study were collected from three different intervention groups.
The goodness of fit of the 1-, 2-, and 3-factor three models was compared using two widely used information evaluation criteria, AIC and BIC. They measure the difference between an estimated model and an observed model. A model with a lower value of AIC or BIC is a better-fitting model. The AIC and the BIC were defined as follows (Kang & Cohen, 2007):

AIC = d + 2p 






(1)
BIC = d + p*log(n) 



  

(2)
where d – the deviance (calculated using the ConQuest software (Wu et al., 1998))

  p – the number of free parameters

  n – the sample size
Based on the AIC and the BIC, the relative fit of the three models was evaluated using a likelihood ratio chi-squared statistic ((2LR = G2simple – G2complex) (Myers, Wolfe, & Feltz, 2005), where G2 is the AIC or the BIC deviance statistic. So, the following equations were used.  

(2LR(AIC) = AICsimple – AICcomplex



(3)

(2LR(BIC) = BICsimple – BICcomplex



(4)

Because a chi-squared statistic is sensitive to sample size, the AIC proportionality constant (AICPC) and the BIC proportionality constant (BICPC) were also evaluated:
AICPC = G2/df = AIC/df




(5) 

BICPC = G2/df = BIC/df




(6) 

The results of structural analyses showed that all values of the deviance (G2) and the AIC, and the BIC values of the 3-factor model were the smallest except for a very slightly larger BIC for the 3-factor model at Time 1 using an item analytical model (Table 1). 
We compared the values of the AIC and the BIC for the 1-factor model and the 2-factor model with the values of the AIC and the BIC for the 3-factor model at each of the three time points. All of the six difference values of the (2LR(AIC) and the six difference values of the (2LR(BIC) between the 1-factor model and the 3-factor model were statistically significant (p < .05), indicating that the better fitting model was the 3-factor model (Tables 1 and 2). 
Except at Time 1 with an item analytical model, statistically significant differences existed in the values of the (2LR(AIC) and the (2LR(BIC) between the 2-factor model and the 3-factor model (p < .05) using the two analytical models. These results suggest that a 3-factor model also fit better than a 2-factor model.

In the item analytical model, the values of the AICPC and the BICPC revealed a 1-factor model fit best because all values of the AICPC and the BICPC generated from the 1-factor model were the smallest among the 1-, 2-, and 3-factor models. However, differences in values for the 1-, 2-, and 3-factor models were very small. At the same time, with the item-group+item*group analytical model, a 2-factor model was found to fit best among these three models and, again, differences were small. 
Table 1

Results of Structural Analysis (Item) by Factor Model by Time
	
	Time 1 (N = 177)
	
	Time 2 (N = 153)
	
	Time 3 (N = 130)

	
	1-factor
	2-factor
	3-factor
	
	1-factor
	2-factor
	3-factor
	
	1-factor
	2-factor
	3-factor

	p
	18
	20
	23
	
	18
	20
	23
	
	18
	20
	23

	df
	159
	157
	154
	
	135
	133
	130
	
	112
	110
	107

	d
	3217.12
	3174.67
	3167.95
	
	2766.55
	2754.65
	2728.75
	
	2414.86
	2408.75
	2379.89

	AIC
	3253.12
	3214.67
	3213.95
	
	2802.55
	2794.65
	2774.75
	
	2450.86
	2448.75
	2425.89

	(2LR(AIC)
	39.17*
	0.72
	
	
	27.80*
	19.90*
	
	
	24.97*
	22.86*
	

	AICPC
	20.46
	20.48
	20.87
	
	20.76
	21.01
	21.34
	
	21.88
	22.26
	22.67

	BIC
	3257.58
	3219.63
	3219.65
	
	2805.87
	2798.35
	2779.00
	
	2452.91
	2451.02
	2428.51

	(2LR(BIC)
	37.93*
	-0.02
	
	
	26.87*
	19.35*
	
	
	34.97*
	28.86*
	

	BICPC
	20.49
	20.51
	20.91
	
	20.78
	21.04
	21.38
	
	21.90
	22.28
	22.70


Note. p = number of free parameters, df = degrees of freedom, d = deviance, AIC = Akaike information criterion, (2LR(AIC) = AIC likelihood ratio chi-squared statistic, AICPC= AIC proportionality constant, BIC = Schwartz’s Bayesian information criterion, (2LR(BIC) = BIC likelihood ratio chi-squared statistic, BICPC = BIC proportionality constant. 

* p < .05

Table 2
Results of Structural Analysis (Item-Group+Item*Group) by Factor Model by Time 
	
	Time 1 (N = 177)
	
	Time 2 (N = 153)
	
	Time 3 (N = 130)

	
	1-factor
	2-factor
	3-factor
	
	1-factor
	2-factor
	3-factor
	
	1-factor
	2-factor
	3-factor

	p
	52
	52
	53
	
	52
	52
	53
	
	52
	52
	53

	df
	125
	125
	124
	
	101
	101
	100
	
	78
	78
	77

	d
	3193.43
	3153.17
	3144.48
	
	2746.56
	2734.84
	2710.84
	
	2382.87
	2376.72
	2351.76

	AIC
	3297.43
	3257.17
	3250.48
	
	2850.56
	2838.84
	2816.84
	
	2486.87
	2480.72
	2457.76

	(2LR(AIC)
	46.95*
	6.69*
	　
	
	33.72*
	22.00*
	　
	
	29.10*
	22.95*
	　

	AICPC
	26.38
	26.06
	26.21
	
	28.22
	28.11
	28.17
	
	31.88
	31.80
	31.92

	BIC
	3310.32
	3270.06
	3263.62
	
	2860.16
	2848.45
	2826.63
	
	2492.79
	2486.64
	2463.80

	(2LR(BIC)
	46.70*
	8.69*
	　
	
	35.72*
	24.00*
	　
	
	31.10*
	24.95*
	　

	BICPC
	26.48
	26.16
	26.32
	
	28.32
	28.20
	28.27
	
	31.96
	31.88
	32.00


Note. p = number of free parameters, df = degrees of freedom, d = deviance, AIC = Akaike information criterion, (2LR(AIC) = AIC likelihood ratio chi-squared statistic, AICPC= AIC proportionality constant, BIC = Schwartz’s Bayesian information criterion, (2LR(BIC) = BIC likelihood ratio chi-squared statistic, BICPC = BIC proportionality constant. 

* p < .05
The AICPC and the BICPC did not generate the same results from using the item analytical model and the item-group+item*group analytical model. With the AIC and the BIC, however, the coincident findings indicated that a 3-factor model fit better than a 1-factor or a 2-factor model. Therefore, while totally conclusive results were not found with respect to structure, the remaining analyses focused on a 3-factor model.  
Differential Item Functioning

Differential item functioning (DIF) was explored using the Winsteps software (Linacre, 2007). DIF was used to examine whether item parameter estimates differed significantly for the three treatment groups by three time levels. Analyses were conducted with a focus on (1) group differences at each time, and then on (2) time differences for each group.

Group Differences by Time. First, the overall fit of the data to the model for Factor 1 (Attitude Toward Own Aging) was good, with the mean square (MNSQ) infit and outfit statistics equaling approximately 1.00 at the three time points, and the standardized mean square (ZSTD) infit and outfit statistics close to 0.0 (Smith, Schumacker, & Bush, 1995: see Appendix A). However, the person raw score reliabilities were lower than a minimum standard of .70 for reliability (Nunnally, 1978). The Cronbach’s α estimates for Times 1, 2, and 3 were .68, .64, and .54, respectively. At Time 1, all of the five items fit well with all fit values meeting the following standards: the MNSQ infit and outfit estimates were larger than .80 and less than 1.20, and the absolute ZSTD estimates were less than 2.00 (Bond & Fox, 2001). No statistically significant (p < .05) DIF was found at Time 1. Item 2, “I have as much pep as I had last year,” misfit at Times 2 and 3 (Table 3). At Time 2, substantial DIF between Groups 1 and 3 was found for Item 8, “As I get older, things are (better, worse, same) than/as I thought they would be.” At Time 3, Item 2 also displayed statistically significant DIF between Groups 2 and 3. Significant DIF for Item 10 was found between Groups 1 and 3. Item 10 states, “I am as happy now as I was when I was younger.”
For Factor 2 (Lonely Dissatisfaction), there are six items. The values of the MNSQ infit estimates, the MNSQ outfit estimates ( ( 1.00), and their average ZSTD ( ( 0) indicated that overall the items of Factor 2 fit well at all of the three time points (see Appendix B). The Cronbach’s α estimates were .72 at Time 1, .73 at Time 2, and .68 at Time 3. The results indicated that Item 5, “I see enough of my friends and relatives,” did not fit well at Time 1 (Table 3). No statistically significant DIF for the items loading on Factor 2 existed among the groups at Times 1 and 2. Item 15, “How satisfied are you with your life today (not satisfied, satisfied),” displayed statistically significant DIF between Groups 2 and 3 at Time 3, p < .05.

Six items comprised Factor 3 (Agitation). The six items of Factor 3 fit well as a whole at the three time points (see Appendix C). Although the person raw score reliability at Time 3 remained the lowest, Cronbach’s α = .74, all reliabilities at three time points were higher than .70. The Cronbach’s α estimates were .75 at Time 1 and .77 at Time 2. All items fit well at Time 1. Item 4, “Little things bother me more this year,” underfit at Times 2 and 3 (Table 3). Item 17, “I get upset easily,” evidenced overfit at Time 3, which suggested that it fit the model better than expected. There was no statistically significant DIF that existed for any of the six items across the groups at any of the three time points.  

The above DIF analyses indicated that Factor 3 had higher reliabilities than Factor 1 or Factor 2, and the items of Factor 3 had higher stability across the three groups from Time 1 to Time 3. The study also showed that the seventeen items of the PGCMS were more stable among the three groups at Time 1 than at Time 2 or Time 3, which was to be expected since Time 1 was prior to any intervention.
Table 3
Misfitting Items (Group Differences by Time)
	
	Infit
	
	
	Outfit
	

	
	MNSQ
	ZSTD
	
	MNSQ
	ZSTD

	Factor 1 
	
	
	
	
	

	     Time 2: Item 2
	1.26
	 2.6
	
	1.35
	 2.6

	     Time 3: Item 2
	1.35
	 3.5
	
	1.45
	 3.6

	Factor 2 
	
	
	
	
	

	     Time 1: Item 5
	
	
	
	1.80
	 3.1

	Factor 3
	
	
	
	
	

	     Time 2: Item 4
	1.28
	 2.7
	
	1.34
	 2.1

	     Time 3: Item 4
	1.40
	 3.2
	
	1.45
	 2.6

	     Time 3: Item 17
	  .70
	       -2.8  
	
	  .62
	       -3.0


Note. MNSQ = mean square infit or outfit estimates, ZSTD = standardized mean square infit or outfit estimates.
Time Differences by Group. Item stability across time was assessed for each group for each factor separately following an examination of overall fit and item fit. Overall fit was adequate for all groups for all factors (see Appendixes D, E, and F). For Factor 1, with respect to Group 1 (the individually-delivered intervention group), the worst fitting item was Item 2 (Table 4). No statistically significant DIF was found across time. For Group 2 (the group-delivered intervention group), Item 2 was the worst fitting, with no significant DIF for any item. For Group 3 (the case management comparison group), Item 2 was the worst fitting but evidenced adequate fit, with no significant DIF for any item.

For Factor 2 (Group 1), one item (Item 5) evidenced underfit. Statistically significant DIF was found for Item 9, with differences in logit position between Times 1 and 3, with a substantial decrease in item difficulty (-.12 at Time 1 to -2.04 at Time 3). For Group 2, Item 5 was the worst fitting (Table 4), with no significant DIF for any item. However, Item 3, “How much do you feel lonely (not much, a lot),” was found to overfit. Item 5 was the worst fitting for Group 3, but had adequate fit and no significant DIF was found over time. 

For Factor 3 (Groups 1 and 2), no items evidenced misfit and no statistically significant DIF was found. For Group 3, Item 4 misfit (Table 4) with no DIF over time for any item. Results also showed that two items overfit the model: Item 16, “I take things hard,” and Item 17, “I get upset easily.”
Table 4
Misfitting Items (Time Differences by Group)
	
	Infit
	
	Outfit

	
	MNSQ
	ZSTD
	
	MNSQ
	ZSTD

	Factor 1 
	
	
	
	
	

	     Group 1: Item 2
	1.36
	 3.3
	
	1.46
	 3.4

	     Group 2: Item 2
	1.27
	 3.1
	
	1.34
	 3.1

	Factor 2 
	
	
	
	
	

	     Group 1: Item 5
	
	
	
	1.68
	 2.2

	     Group 2: Item 5
	
	
	
	1.65
	 2.9

	     Group 2: Item 3
	  .77
	       -2.1
	
	  .63
	       -2.4

	Factor 3
	
	
	
	
	

	     Group 3: Item 4
	1.56
	 4.6
	
	1.65
	 3.7

	     Group 3: Item 16
	  .79
	-2.1
	
	 .70
	       -2.1

	     Group 3: Item 17
	 .71
	-3.1
	
	.64
	       -3.1


Note. MNSQ = mean square infit or outfit estimates, ZSTD = standardized mean square infit or outfit estimates.

The analyses of time differences by group along with group differences by time indicated three items underfit (Items 2, 4, and 5) while three items overfit (Items 3, 16, and 17). Items were quite stable within groups over time, but there was evidence of some differential interpretation of items dependent upon treatment group. The strongest DIF involved Group 3, which was the case management comparison group. 
Correlation of Item Logit Positions
The longitudinal stability of the PGCMS was also evaluated by correlating item logit positions at the three time points. The overall and each group’s item logit positions at the three time points are reported in Appendixes G and H, respectively. The results showed that the overall item logit positions were quite stable across the three time points with Item 5, “I see enough of my friends and relatives,” being the most difficult item to endorse, and Item 8, “As I get older, things are (better, worse, same) than/as I thought they would be,” being the easiest to endorse, although the levels of endorsability of some items changed. The correlations of the item logit positions of each factor at the three time points are reported in Table 5. All of the correlations were very high and statistically significant at p < .05 or p < .01, indicating that the item positions of the PGCMS were longitudinally stable.
Table 5
Correlation between Item Positions by Factor by Time

	
	Factor 1
	
	Factor 2
	
	Factor 3

	Time 1 with Time 2
	  .982** 
	
	  .969**
	
	  .931**

	Time 1 with Time 3
	  .964** 
	
	  .923**
	
	.877*

	Time 2 with Time 3
	.915*
	
	.917* 
	
	  .957**


* p < .05; ** p < .01
Discussion

In the field of geriatric research, increasing attention has been paid to later life. The PGCMS is now widely used as a measure of morale, psychological well-being, life satisfaction, and quality of life in elderly populations in different countries. In addition to American elderly, it has also been used with elderly populations in Japan (Araki et al., 2004; Iwasa et al., 2006; Liang et al., 1987a, 1992; Nagatomo et al., 1997; Onishi et al., 2005, 2006; Yamashita, Iijima, & Kobayashi, 1999; Yasunaga & Tokunaga, 2001), China (Hwang & Lin, 2003; Wong et al., 2004; Woo et al., 2005), Korea (Kim, Hisata, Kai, & Lee, 2000), Sweden (Bergdahl et al., 2005; Lofgren et al., 1999; von Heideken Wagert et al., 2005), Spain (Izal, Montorio, Marquez, & Losada, 2005; Hidalgo et al., 2007), Germany (Schneider et al., 2004), the United Kingdom (Coleman et al., 1995), and Australia (Ranzijn & Luszcz, 2000). To be an effective measure, the factor structure of the PGCMS needs to be invariant. The purpose of the present study was to investigate the longitudinal stability of the PGCMS with the multidimensional item response model. This research contributes to the effective evaluation of the morale or the subjective well-being of older populations, and may be helpful to interventions directed to the improvement of their later life. 
The findings of the present study revealed via analysis using multidimensional item response theory that the 17-item PGCMS had a stable factor structure. The 3-factor model was demonstrated to fit better than the 1-factor and 2-factor models using the AIC and the BIC. The findings in this study provided further support that the PGCMS is multidimensional as found in previous research (Lawton, 1972, 1975; Morris & Sherwood, 1975; Liang et al., 1983, 1985, 1986, 1987a, 1987b, 1992; McCulloch, 1991). However, some items were problematic with respect to fit. Three items (Items 2, 4, and 5) underfit while three items (Items 3, 16, and 17) overfit. Item 3 (“How much do you feel lonely (not much, a lot)”), Item 16 (“I take things hard”), and Item 17 (“I get upset easily”) displayed better fit than anticipated, indicating they might be redundant items. 
Factor 1 (Attitude Toward Own Aging) had one underfitting indicator at Times 2 and 3, and for Groups 1 and 2, that is, Item 2, “I have as much pep as I did last year.” For Factor 2 (Lonely Dissatisfaction), Item 5, “I see enough of my friends and relatives,” displayed misfit at Times 1 and 2, and for Groups 1 and 2. Another underfitting item at Times 2 and 3 was a indicator of Factor 3 (Agitation), Item 4, “Little things bother me more this year,” which did not fit adequately for Group 3. In this case, a stringent standard was used to evaluate the item misfit: MNSQ infit and outfit statistics were larger than .80 and less than 1.20. Linacre (2007) argued that the range of MNSQ fit values between .5 and 1.5 was productive of measurement. According to this more flexible standard, only Items 4 (for Group 3) and 5 (for Groups 1 and 2, and Time1) were potentially problematic while Items 2, 3, 16, and 17 were acceptable with respect to fit.

Item 5, as well as Item 3, was excluded from the item pool of the PGCMS by researchers who investigated the factor structure of the PGCMS. Morris and Sherwood (1975) indicated that Item 3, Item 5, and other three items were not central to the concept of morale, and they “may possibly be causally related but do not represent ‘morale’ per se” (p. 80). So, Morris and Sherwood dropped these five items from the battery of the original 22-item PGCMS. However, Lawton (1975) reinstated Items 3 and 5 in the revised 17-item PGCMS in the companying research paper based on the argument that “these items expressed an intrinsic aspect of over-all life satisfaction”, and on “the strength over several replications of the factor into which these items fell” (p. 86). On the other hand, Liang and Bollen (1983) “concur(red) with Morris and Sherwood (1975) that these two items constituted a domain conceptually different from morale” (p. 183) and they deleted Items 3 and 5. Then Liang and his associates conducted a series of studies on the structure of the 15-item PGCMS, such as, sex differences (1985), age differences (1986), race differences (1987b), and cultural differences (1987a, 1992) in the structure of the PGCMS. This 15-item PGCMS also demonstrated better fit to data from an older rural population than the 17-item revised PGCMS (McCulloch, 1991) when he explored the longitudinal invariance of the factor structure of the PGCMS. The cumulative evidence supports the notion that Item 5 may be problematic as an indicator of the PGCMS subscale: Lonely Dissatisfaction. However, item 5 also was the most difficult to endorse of all 17 items and this may have contributed to its failure to fit. Although Item 3 evidenced overfit and it might be redundant for the PGCMS, the fit of Item 3 was reasonable in the present case. Finally, the fit of Item 4 need to be further investigated through future research. This item was found to underfit for one of the three intervention groups while it has not been identified as problematic in prior research. 
The DIF analysis revealed that generally the internal consistency reliability of Factor 3 was best with all Cronbach’s α estimates over the minimum .70 standard and no obvious DIF for Factor 3 among the three intervention groups. The reliability of Factor 2 was also acceptable with Cronbach’s α estimates over or close to the .70 standard across the three time points. The reliability of Factor 1 was worse with all Cronbach’s α estimates below the .70 standard. Additional items may be required to elevate the internal consistency of Factor 1 to an acceptable level. For the three time points, the reliabilities of the three subscales at Time 1 were higher while those at Time 3 were lower. As expected, no substantial group DIF was found at Time 1 because Time 1 was prior to any intervention. At Time 2--2 months following the last treatment session, one indicator of Factor 1, Item 8, showed substantial DIF between Group 1, which took an individually-delivered intervention, and the case management comparison group. At Time 3--12 months following the last treatment session, two items of Factor 1 (Item 2 and 10) and one item of Factor 2 (Item 15) were identified as displaying DIF between the two treatment groups and the comparison group. As the results show, the strongest DIF involved the comparison group while no obvious DIF was found between the individually-delivered intervention and the group-delivered intervention. The interventions were designed to “increase the capacity of elderly care receivers to effectively manage their own care” (Cox et al., 2007, p. 389) and to successfully cope with later-life challenges. The interventions might have contributed to change in attitudes toward their aging. These two interventions might have had similar effects on changing levels of morale for these elderly care receivers. However, the intervention did not effect changes in agitation, as was anticipated. 

For the analysis of the item stability across time by each group, the results indicated that, in general, the items were quite stable within groups over time. Only one indicator of Factor 2--Lonely Dissatisfaction, Item 9, was found in which substantial DIF existed in the group receiving the individually-delivered intervention between Times 1 and 3. Thus, results with respect to DIF suggest minimal changes in item functioning.
The present research shed light on the psychometric properties and longitudinal stability of the revised 17-item version of the PGCMS. However, it should be noted that a number of limitations of this study need to be addressed in future work. First, the sample size was small and quite homogeneous with respect to sex, ethnicity, and marital status. Most of the participants were female (76.3%), Caucasian (78.5%), and widowed (51.4%). Thus, the generalization of the findings in the present research is questionable. Further research on the structure of the PGCMS is needed with regard to larger and more diverse samples, such as more male care receivers, or care receivers from diverse races and ethnicities. Efforts are also needed to explore the effects of marital status and relationships between older people and their family members, or relatives and friends on the morale. 

Another limitation of the present study is its major goal. The primary intent of the intervention study was to increase the ability of care receivers to deal with their lives, but the interventions did not directly address two factors of the PGCMS: Attitudes Toward Own Aging and Agitation. The psychometric characteristics of the PGCMS need further to be investigated with respect to other kinds of interventions, especially those treatments intended to directly affect morale. 
Further, the data collected in this study covered only one year following the last treatment session. As a widely used measure of morale, the PGCMS should be invariant over time. Therefore, future research should further evaluate the stability of the PGCMS with regard to longer periods of time, for example, five or ten years, or even longer periods of time.
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Appendix A
Summary Statistics for 177 Persons Measured on Factor 1 of the PGCMS
(Group Difference by Time)
Time 1 – Pretest
121 Measured (Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD           

Mean
       2.3
    -.13

1.06
       1.00        .1
   1.01
      .1

SD
       1.1
    1.12

  .10
         .27        .6 
     .46
      .7

RMSE= 1.13         ADJ. SD=  .00         Separation=  .00         Person Reliability= .00        
      

177 Measured (Extreme and Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD           

Mean
       2.0
    -.53

1.33


SD
       1.6
    1.81

  .40
 

RMSE= 1.42         ADJ. SD= 1.11         Separation=  .78         Person Reliability= .38       
 
Cronbach’s Alpha (KR-20) = .68

Time 2 – Two-Month Follow-Up
114 Measured (Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD   
    
Mean
       2.2
    -.22

1.06
       1.01        .1
   1.00
      .1

SD
       1.1
    1.08

  .11
         .31        .7 
     .47
      .7

RMSE= 1.14         ADJ. SD=  .00         Separation=  .00         Person Reliability= .00
      

153 Measured (Extreme and Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD       

Mean
       2.3
    -.23

1.28
        

SD
       1.6
    1.75

  .38
 

RMSE= 1.38         ADJ. SD= 1.08         Separation=  .78         Person Reliability= .38     

Cronbach’s Alpha (KR-20) = .64 
(continued)
Appendix A (continued)
Time 3 – One-Year Follow-Up

99 Measured (Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       2.1
    -.33

1.02
       1.00        .1
     .98
      .1

SD
       1.0
     .94

  .10
         .20        .6 
     .25
      .6

RMSE= 1.07         ADJ. SD=  .00         Separation=  .00         Person Reliability= .00      

130 Measured (Extreme and Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       2.0
    -.46

1.23


SD
       1.4
    1.56

  .38


RMSE= 1.31         ADJ. SD=  .85         Separation=  .65         Person Reliability= .30     

Cronbach’s Alpha (KR-20) = .54
Appendix B

Summary Statistics for 177 Persons Measured on Factor 2 of the PGCMS
(Group Difference by Time)
Time 1 – Pretest
129 Measured (Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       3.8
      .70

1.07
         .98        .1
   1.02
      .2

SD
       1.4
    1.32

  .13
         .39        .7 
     .94
      .8

RMSE= 1.16         ADJ. SD=  .63         Separation=  .54         Person Reliability= .23     

177 Measured (Extreme and Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       4.1
    1.16

1.30


SD
       1.7
    1.82

  .40
 

RMSE= 1.41         ADJ. SD= 1.16         Separation=  .82         Person Reliability= .40    

Cronbach’s Alpha (KR-20) = .72
Time 2 – Two-Month Follow-Up

104 Measured (Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       3.7
      .63

1.04
         .99        .1
   1.02
      .1

SD
       1.4
    1.25

  .13
         .37        .7 
     .73
      .8

RMSE= 1.13         ADJ. SD=  .53         Separation=  .47         Person Reliability= .18      

153 Measured (Extreme and Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       4.2
    1.22

1.32
        

SD
       1.8
    1.79

  .42
 

RMSE= 1.43         ADJ. SD= 1.08         Separation=  .75         Person Reliability= .36    

Cronbach’s Alpha (KR-20) = .73 
(continued)
Appendix B (continued)
Time 3 – One-Year Follow-Up

88 Measured (Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       3.8
    -.74

1.05
         .99        .1
     .97
      .1

SD
       1.3
    1.19

  .13
         .41        .8 
     .74
      .8

RMSE= 1.15         ADJ. SD=  .29         Separation=  .26         Person Reliability= .06   

130 Measured (Extreme and Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       4.3
    1.44

1.33


SD
       1.6
    1.71

  .42


RMSE= 1.44         ADJ. SD=  .92         Separation=  .64         Person Reliability= .29    

Cronbach’s Alpha (KR-20) = .68
Appendix C
Summary Statistics for 177 Persons Measured on Factor 3 of the PGCMS
(Group Difference by Time)
Time 1 – Pretest
111 Measured (Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       3.5
      .38

  .97
       1.00        .1
     .98
      .1

SD
       1.3
    1.08

  .11
         .19        .7 
     .33
      .7

RMSE= 1.01         ADJ. SD=  .41         Separation=  .40         Person Reliability= .14    

177 Measured (Extreme and Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       4.1
    1.03

1.31


SD
       1.9
    1.80

  .45
 

RMSE= 1.40         ADJ. SD= 1.14         Separation=  .82         Person Reliability= .40    

Cronbach’s Alpha (KR-20) = .75
Time 2 – Two-Month Follow-Up

93 Measured (Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       3.4
    -.32

  .99
       1.00        .1
     .97
      .1

SD
       1.4
    1.18

  .12
         .24        .7 
     .45
      .7

RMSE= 1.04         ADJ. SD=  .56         Separation=  .54         Person Reliability= .22     

153 Measured (Extreme and Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       4.1
    1.09

1.34
        

SD
       1.9
    1.87

  .45
 

RMSE= 1.43         ADJ. SD= 1.20         Separation=  .84         Person Reliability= .41     

Cronbach’s Alpha (KR-20) = .77 
(continued)
Appendix C (continued)
Time 3 – One-Year Follow-Up

88 Measured (Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       3.4
     .32

  .99
       1.00        .1
   1.00
      .1

SD
       1.5 
     1.21
  .12
         .18        .5 
     .40
      .6

RMSE= 1.04         ADJ. SD=  .62         Separation=  .60         Person Reliability= .27     

130 Measured (Extreme and Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       4.0
    1.02

1.28


SD
       1.8
    1.74

  .43


RMSE= 1.37         ADJ. SD= 1.07         Separation=  .79         Person Reliability= .38    

Cronbach’s Alpha (KR-20) = .74
Appendix D
Summary Statistics for 177 Persons Measured on Factor 1 of the PGCMS 

(Time Difference by Group)
Group 1 – The Individually-Delivered Intervention
90 Measured (Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       2.3
    -.15

1.04
       1.00        .1
     .99
      .1

SD
       1.1
    1.04

  .10
         .20        .6 
     .29
      .7

RMSE= 1.09         ADJ. SD=  .00         Separation=  .00         Person Reliability= .00      

124 Measured (Extreme and Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       2.2
    -.33

1.28


SD
       1.6
    1.69

  .39
 

RMSE= 1.36         ADJ. SD= 1.01         Separation=  .74         Person Reliability= .36    

Cronbach’s Alpha (KR-20) = .64
Group 2 – The Group-Delivered Intervention
134 Measured (Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       2.2
     .25

1.06
       1.00        .1
     .99
      .1

SD
       1.1
   1.07

  .10
         .27        .7 
     .44
      .7

RMSE= 1.12         ADJ. SD=  .00         Separation=  .00         Person Reliability= .00     

184 Measured (Extreme and Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       2.2
    -.32

1.29
        

SD
       1.6
    1.75

  .39
 

RMSE= 1.38         ADJ. SD= 1.08         Separation=  .79         Person Reliability= .38    

Cronbach’s Alpha (KR-20) = .63 
(continued)
Appendix D (continued)
Group 3 – The Case Management Comparison Group
110 Measured (Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       2.2
    -.27

1.07
       1.00        .1
   1.00
      .1

SD
       1.1 
    1.07

 .11
         .35        .8 
     .51
      .8
RMSE= 1.15         ADJ. SD=  .00         Separation=  .00         Person Reliability= .00     

152 Measured (Extreme and Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       2.0
    -.59

1.30


SD
       1.5
    1.73

  .39


RMSE= 1.41         ADJ. SD= 1.01         Separation=  .72         Person Reliability= .34    

Cronbach’s Alpha (KR-20) = .63
Appendix E

Summary Statistics for 177 Persons Measured on Factor 2 of the PGCMS
(Time Difference by Group)
Group 1 – The Individually-Delivered Intervention
84 Measured (Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       3.6
      .59

1.06
       0.99        .0
   1.11
      .1

SD
       1.5
    1.33

  .13
         .39        .8 
   1.02
      .9
RMSE= 1.16         ADJ. SD=  .64         Separation=  .56         Person Reliability= .24      

124 Measured (Extreme and Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       4.1
    1.19

1.34


SD
       1.8
    1.86

  .42
 

RMSE= 1.45         ADJ. SD= 1.16         Separation=  .80         Person Reliability= .39    

Cronbach’s Alpha (KR-20) = .74
Group 2 – The Group-Delivered Intervention
127 Measured (Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       3.8
      .72

 1.05
         .98        .1
   1.00
      .1

SD
       1.4
    1.24

  .13
         .40        .8 
     .79
      .9
RMSE= 1.15         ADJ. SD=  .48         Separation=  .42         Person Reliability= .15     

184 Measured (Extreme and Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       4.4
    1.42

1.32
        

SD
       1.6
    1.68

  .42
 

RMSE= 1.43         ADJ. SD=  .88         Separation=  .61         Person Reliability= .27    

Cronbach’s Alpha (KR-20) = .69 
(continued)
Appendix E (continued)
Group 3 – The Case Management Comparison Group
110 Measured (Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       3.8
     .73

1.06
         .99        .1
    .95
      .1

SD
       1.3
   1.24

  .12
         .36        .7 
    .68
      .7
RMSE= 1.14         ADJ. SD=  .49         Separation=  .43         Person Reliability= .15     

152 Measured (Extreme and Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       4.1
    1.12

1.29


SD
       1.7
    1.84

  .40


RMSE= 1.40         ADJ. SD= 1.20         Separation=  .86         Person Reliability= .42    

Cronbach’s Alpha (KR-20) = .71
Appendix F
Summary Statistics for 177 Persons Measured on Factor 3 of the PGCMS
(Time Difference by Group)
Group 1 – The Individually-Delivered Intervention
89 Measured (Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       3.6
      .54

  .97
       1.00        .1
     .98
      .1

SD
       1.2
    1.01

  .11
         .18        .6 
     .41
      .7

RMSE= 1.01         ADJ. SD=  .00         Separation=  .00         Person Reliability= .00     

124 Measured (Extreme and Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       4.1
    1.00

1.22


SD
       1.7
    1.60

  .42
 

RMSE= 1.31         ADJ. SD=  .92         Separation=  .71         Person Reliability= .33   

Cronbach’s Alpha (KR-20) = .65
Group 2 – The Group-Delivered Intervention
109 Measured (Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       3.5
      .42

1.00
       1.00        .2
     .98
      .1

SD
       1.4
    1.21

  .12
         .23        .6 
     .47
      .7

RMSE= 1.04         ADJ. SD=  .61         Separation=  .59         Person Reliability= .26     

184 Measured (Extreme and Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       4.0
    1.03

1.36
        

SD
       2.0
    1.93

  .44
 

RMSE= 1.44         ADJ. SD= 1.28         Separation=  .89         Person Reliability= .44     

Cronbach’s Alpha (KR-20) = .81 
(continued)
Appendix F (continued)
Group 3 – The Case Management Comparison Group
94 Measured (Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       3.1
     .08

  .97
       1.00        .2
    .97
      .1

SD
       1.4 
    1.14
 
  .12
         .19        .6 
    .30
      .7
RMSE= 1.01         ADJ. SD=  .58         Separation=  .57         Person Reliability= .24      

152 Measured (Extreme and Non-Extreme) Persons






          Model
             Infit

        Outfit

             Raw Score 
Measure        Error
    MNSQ   ZSTD
MNSQ   ZSTD

Mean
       4.1
    1.09

1.32


SD
       1.9
    1.79

  .45


RMSE= 1.41         ADJ. SD= 1.10         Separation=  .78         Person Reliability= .38    

Cronbach’s Alpha (KR-20) = .75
Appendix G

Item Logit Position by Time by Factor

	Item
	Time 1
	Time 2
	Time 3

	Factor 1
	
	
	

	1
	  0.41
	 0.53
	 0.18

	2
	  0.09
	 0.27
	 0.07

	6
	  0.34
	 0.16
	 0.46

	8
	-1.24
	-1.32
	-0.87

	10
	 0.39
	 0.36
	 0.16

	Factor 2
	
	
	

	3
	-1.02
	-0.68
	-0.37

	5
	 1.75
	 1.63
	 1.75

	9
	-0.56
	-0.61
	-1.17

	11
	 0.24
	 0.27
	 0.17

	14
	 0.37
	-0.07
	 0.56

	15
	-0.78
	-0.55
	-0.94

	Factor 3
	
	
	

	4
	 0.23
	 0.64
	 0.55

	7
	 0.25
	-0.02
	 0.08

	12
	-1.08
	-1.24
	-0.81

	13
	-0.27
	-0.29
	-0.53

	16
	 0.48
	 0.74
	 0.66

	17
	 0.39
	 0.17
	 0.05


Appendix H
Item Logit Position by Group by Time by Factor

	Item
	Group 1
	
	Group 2
	
	Group 3

	
	Time 1
	Time 2
	Time 3
	
	Time 1
	Time 2
	Time 3
	
	Time 1
	Time 2
	Time 3

	  Factor 1
	
	
	
	
	
	
	
	
	
	
	

	1
	 0.38
	 0.16
	 0.21
	
	 0.20
	 0.78
	 0.39
	
	 0.75
	 0.36
	-0.05

	2
	 0.10
	 0.26
	-0.29
	
	-0.18
	-0.06
	-0.27
	
	 0.68
	 0.63
	 0.86

	6
	 0.10
	-0.01
	 0.04
	
	 0.81
	-0.03
	 0.47
	
	-0.11
	 0.50
	 0.81

	8
	-0.78
	-0.63
	-0.78
	
	-1.23
	-1.08
	-0.73
	
	-0.85
	-1.76
	-0.88

	10
	 0.68
	 0.26
	 0.75
	
	 0.51
	 0.46
	 0.20
	
	-0.07
	 0.23
	-0.33

	  Factor 2
	
	
	
	
	
	
	
	
	
	
	

	3
	-0.82
	-0.80
	-0.30
	
	-0.85
	-0.39
	 0.02
	
	-1.41
	-1.03
	-1.07

	5
	 1.58
	 1.20
	 1.48
	
	 1.44
	 1.42
	 1.35
	
	 1.52
	 1.50
	 1.48

	9
	-0.12
	-1.03
	-2.04
	
	-0.85
	-0.39
	-0.46
	
	-0.67
	-0.64
	-1.06

	11
	 0.05
	 0.07
	-0.04
	
	 0.25
	 0.25
	 0.17
	
	 0.18
	 0.24
	 0.03

	14
	-0.12
	 0.07
	 0.71
	
	 0.03
	-0.54
	 0.17
	
	 0.88
	 0.24
	 0.49

	15
	-1.02
	 0.08
	-1.20
	
	-0.72
	-0.84
	-1.79
	
	-0.67
	-0.82
	-0.30

	  Factor 3
	
	
	
	
	
	
	
	
	
	
	

	4
	 0.20
	 0.53
	 0.59
	
	 0.01
	 0.54
	 0.08
	
	 0.15
	 0.23
	 0.62

	7
	 0.14
	-0.15
	 0.40
	
	 0.34
	-0.23
	-0.14
	
	-0.11
	 0.01
	-0.18

	12
	-1.24
	-1.02
	-0.99
	
	-0.77
	-1.61
	-0.86
	
	-1.24
	-0.99
	-0.70

	13
	 0.02
	-0.25
	-0.99
	
	-0.77
	-0.53
	-0.09
	
	-0.24
	-0.31
	-0.89

	16
	 0.39
	 0.38
	 0.59
	
	 0.12
	 0.69
	 0.48
	
	 0.52
	 0.48
	 0.46

	17
	 0.14
	 0.23
	-0.47
	
	 0.45
	 0.18
	 0.20
	
	 0.15
	-0.31
	-0.02
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