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Purpose: To provide a preferred method for calculating valees@immative index scores with
missing data. Examples for four different indices idIshown with equations derived from
regression analysis. The methods described herein a&e taslata cleaning done with the
Global Appraisal of Individual Needs (GAIN; Dennis, TitMghite, Unsicker, & Hodgkins,
2003).

Background: The GAIN includes over 100 computed scales and indiazde$Sfollow the
classical measurement model where internally consigéans are combined to estimate an
underlying trait. Since these scales have a high intergtrelation and Cronbach’s alpha >.7,
as long as there are 3 or more valid answers to g $icalscale is computed from the average of
the valid items. To see more of an explanation om these scales are calculated, sedidta
Cleaning and Replacement of Missing Values (McDermeit [now Ives], Funk, Dennis, 1999;
available atvwww.chestnut.orfli/downloads/....

Index scores, however, do not require items to be aligroonsistent with one another. These
indices have low inter-item correlation and alphaddten less than .7. They are computed by
summing over all items, so valid answers to all the itentise index are required. If one item of
an index is missing, then the index score will not batestand set to system missing. This can
lead to a lot of missing data, especially if one of tamé in the index is not part of the core
GAIN (required item). For any analysis performed vaithindex and using listwise deletion,

this could cause a reduction in statistical power (Deheisnox, & Foss, 1997) and could lead
to biased estimates (Little & Rubin, 1987). Replacing alsimgsrecords with a single value

will deflate the variance and artificially inflateetlsignificance of any statistical tests based on it.
It is therefore recommended that data be replaced imiomere of the advanced methods based
on hot-deck imputation (McDermeit [now Ives], Funk, Denb#99), multiple imputation
(modeling uncertainty due to missing data, while using theiegidata (Rubin, 1987)) or a
regression model (predicting the missing value based outhiee available data). The following
examples used the regression model.


http://www.chestnut.org/
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Procedure: Since the items in indices are not highly interrelated, we only replace an item
when there is only one missing. The GAIN also has iceiteams that are required when used,
but not all the items are required. When there is @ma ihissing due to it systematically not
being asked by site choice (which by definition is “congdieit random” relative to the
individual), we will impute the one item not asked and mwerthan one other non-
systematically missing item. These items are imputedjusgressions based on the other items
used to create the index. We used data from over 9,00Gegloie interviewed with the GAIN-

| version 5, as part of 89 CSAT adolescent treatmentgtarmdevelop the regression equations.

To establish an imputed value, we used several steps. viarsstablished the minimum number
of items required to impute an equivalent score as no fehaarll and preferably 12 of 13
items. Then we created regression equations for adelx item using the remaining items. The
appropriate equation (selected using syntax) is then usexgbtibe the index value for records
where only one item was missing.

Example 1 Recovery Environmental Risk Index (RERI).

The example below used the Recovery Environmental Ra#xI (RERI). It is based on the
sum of 13 items that include days or recency (divided hyeaof AA attendance (reversed),
homelessness, living with alcohol or drug use in the hemkent arguments, and physical,
emotional or sexual abuse. This sum is then divided Isp XBat the index runs from 0 to 1
with higher scores indicate less involvement in supgatps (e.g., AA, CA, NA) and more
environmental risk from alcohol/drug use in the home, iimgh&nd/or victimization or
proportionally more recovery environmental risk for relap This index has been found to be
related to and predictive of social environmental risk, tauoe frequency and substance use
(Godley, Kahn, Dennis, Godley, and Funk, 2005). This index neakesd example since a)
items come from several sections of the GAIN inskat, b) it usually has a high (more than
5%) amount of missing data and c) it has one item thatdtisequired and can be systematically
not asked. When there are valid responses to all 13 itetine RERI, this syntax computes the
score:

conput e rs6ap=1-s6a/ 90.
conput e elbp=elb/6.
conput e eldp=eld/ 90.
conput e e2cp=e2c/ 90.
conput e e2dp=e2d/ 90.
conput e e2ep=e2e/ 90.
conput e e3p=e3/ 90.
conpute e8 p=e8/ 6.
conput e e8pp=e8p/ 90.
conput e e9t p=e9t/ 6.
conput e e9up=e9u/ 90.
conput e reldap=1-eldal/ 90.
conput e el4bp=el4b/ 90.
conpute reril3p=sum 13(rs6ap to eldbp)/13.



If any one of the above 13 items is missing, then ttexirscore (reril3p) is left as system
missing. Item E2c above is not one of the core itientise GAIN, so this item may not be asked
if a program or site chooses to omit it.

| mputation:

We had valid answers to all 13 items for only 2565 casssthen a third of the records. This
was mainly due to missing the optional item E2c. Infipstr attempt to impute index scores, we
tried to see how many items were required to get an eguivaetore to use the average of the
valid responses to impute the scale score. This isathe $ype of process we use in computing
classical scale scores. We selected items randoomtythose cases with all 13 items and
imputed the index score starting with 3 valid answers anlimgpour way up to only one
missing value. This process was repeated for three okhex scores: the Social Risk Index, the
Personal Sources of Stress Index and the Other SodrS&aess Index. We then compared the
means of the imputed values with the mean when usiidg aéms. We found that after 1 or 2
missing items, the effect sizes for the differencaténmeans were approaching small in size,
d=0.2. This suggested that imputation should ideally only oethronly 1, or at the most 2
missing items.

Our next step was to try to impute the missing item usiagemaining items used to create that
index. Due to the finding above, we limited the imputat@when there was only one missing
item. The first step was to run regressions to predatt #@m used in RERI using the other
items in the index, for example:

REGRESSION

IMISSING LISTWISE

ISTATISTICS COEFF OUTS R ANOVA COLLIN TOL

/CRITERIA=PIN(.05) POUT(.10)

/INOORIGIN

/DEPENDENT rs6ap

IMETHOD=ENTER elbp eldp e2cp e2dp e2ep e3p €8 _p e8pp e9tp eQup reldap
eldbp

There would be one of the above used for each iteneimtiex making the appropriate
adjustments to the /DEPENDENT and /METHOD subcommantlsaach item had been run as
the /IDEPENDENT variable. The coefficients from théput would then be used to create
equations to impute the items when they are missing. eMiesld be found in the coefficients
table under the unstandardized coefficients, column ‘B’.



Coefficient$

Unstandardized Standardized
Mod Coefficients Coefficients Collinearity Statistics
el B Std. Error Beta t Sig. Tolerance VIF
1 (Constant) .965 .006 166.742 .000
elbp Proportion of Recency
of homelessness/Range (6) -.025 016 -035  -1.557 120 776 1.288
eldp Proportion of days
omeleseiPast 90 -.006 029 -005  -.212 832 778 1.285
e2cp Proportion of days in
ahelter -omerg hsg/Past 90 -.216 048 -091  -4.534 .000 952 1.051
e2dp Proportion of days
anyone used alcohol at .010 .005 .041 1.944 .052 .876 1.142
home/Past 90
e2ep Proportion of days
anyone used drugs at .007 .008 .019 910 .363 .844 1.184
home/Past 90
e3p Proportion of days in
trouble wifamily/Past 90 015 .007 046 2.149 032 846 1.181
e8_p Proportion of Recency
last arguethreatfight/Past 90 .000 .006 -001  -.051 959 768 1.303
e8pp Proportion of days of
arguing/Past 90 -.016 .010 -039  -1.673 .094 710  1.408
e9tp Proportion of Recency:
last attacked-abused/Range -.020 .009 -.053 -2.282 .023 .701 1.427
(6)
e9up Proportion of days
ke based/Past 00 048 019 057  2.506 012 738 1.355
rel4ap REVERSED
Proportion of days in
activity-no one using 017 .006 058  2.936 .003 978  1.022
AOD/Past 90
eldbp Proportion of days in
activity-anyone using .013 .009 .029 1.424 154 .955 1.047
AOD/Past 90

a. Dependent Variable: rséap REVERSED-Proportion of days attend self-help groups/Past 90

The next step was doing the imputation for the missemgs. We add a prefix ‘m’ for variables
where missing data has been replaced or imputed. Festreate these new variables from the
existing variables:

compute mrs6ap=rséap.
compute melbp=elbp.
compute meldp=eldp.
compute me2cp=e2cp.
compute me2dp=e2dp.
compute me2ep=e2ep.
compute me3p=e3p.
compute me8_p=e8_p.
compute me8pp=e8pp.
compute me9tp=e9tp.
compute me9up=e9up.
compute mreldap=reldap.
compute meldbp=el4bp.
exe.



This is important so that when the index score is cetatled, it will be the same for those who
were not missing any RERI item. Then, where an igemissing, it is imputed using the
regression equation: |
For example, a record missing only S6a could impute mtg6apse in calculating the imputed
index mMRERI13p.
do if rerivid=12 and missing(mrs6ap).
compute mrs6ap=(0.965488864556224+e1bp*-0.0252060008088797+eldp*-
0.00615777177201543+e2cp*-0.215601281265844+
€2dp*0.010202666613149+e2ep*0.00735607742064711+
e3p*0.0149561295556361+e8_p*-0.000311539996538543+e8pp*-
0.0162152343880479+e9tp*-0.0198088180702741+
e9up*0.0475481499103086+rel14ap*0.0170497595771667+
€14bp*0.0131087479000485).
end if.

The above compute statement was derived from pastingéfigcents table above into Excel.
The concatenate function in Excel is used along thehcoefficients to create the compute
statement. The compute statement is then pasted backenBPSS syntax (see Discriminant
analysis memo (lves, Funk & Dennis, 2007) for more detail$le ‘rerivid’ is the count of valid
items for RERY, so the imputation will only be done when there is @mlg missing item from
the index. So 13 equations would be created in all, oreafdr of the items in RERI.

As mentioned before, there was also one item, E2ghnhas systematically missing since it is
not being a required item. So we also imputed the misangif E2c and only one other item
were missing with the following syntax:

do if rerivid=11 and missing(mrs6ap) and missing(me2cp).
compute mrs6ap=(0.94997542517717

+elbp*-0.0469508211058038
+e1dp*0.00764545998280615
+e2dp*0.0103499891557881
+e2ep*0.00361560024562884
+e3p*0.0201777535792262
+e8_p*-0.00136872860603936
+e8pp*-0.00579173607561245
+e9tp*-0.0223818483407785
+e9up*0.0257689358461028
+re14ap*0.0309993451717349
+e14bp*0.0131366577622224).

end if.

! This name (mrs6ap) incorporates 3 of our standard namivgmons: ‘m’ indicates that this is the missing
replaced version of the variable; ‘r’ indicates that ¢higinal variable was reversed to match the direaidhe
index (higher risk=higher value); s6a is the original \@eaname; ‘p’ indicates that the item has been divided by
it's range to create a proportional (0-1) variable.

2 Calculated using the ‘nvalid’ SPSS function (or can ustasyn



Once the imputation of missing items was completed hewe treated the index in the original
manner using the imputed variables. This works because medsby setting each imputed
item to the value of the existing item and only imputeg ri@maining missing values where
there was only one missing item in the scale or wh@cedad one other item were missing. If
these criteria were not met (i.e. missing >2 iterti® ,index remained missing.

compute mreril3p=sum.13(mrs6ap to meldbp)/13.
var labels mreril3p

'recovery environmental risk index, using regression for missing an item'.
desc mreril3p.

Example 2 Personal Sources of Stress Index (PSSI)

The above example used only items that were continuousunesa For dichotomous yes/no
items (1/0), a logistic regression would need to be used thgeoefficients for imputation.

For example, the Personal Sources of Stress IndexlY3he sum of 6 yes/no items (E10_1to
E10_99). The regression would be:

LOGISTIC REGRESSION E10 1
/METHOD = ENTER E10_2 E10 3 E10_4 E10_5 E10_99
IPRINT = GOODFIT CI(95)
ICRITERIA = PIN(.05) POUT(.10) ITERATE(20) CUT(.5) .

The compute statements for the imputation are calcligmg the logistic regression
coefficients to calculate the probability of answernyeg to that item. The compute statement is
rounded so values <0.5 become 0 and <0.5 become 1. For E¥eduttion would be:

do if pssivld=5 and missing(mel0_1).
compute mel0_1=rnd(1/(1+(exp(-(-3.10958505822322

+ E10_2*0.828496639599022
+ E10_3*0.336460465395659
+ E10_4*0.5236773156897
+E10_5*0.0615586230260587
+ E10_99*0.397246323135209))))).

end if.

Once again, the index score is calculated then frormtpeted item$

compute mpssi=sum.6(mel0_1 to mel0_99).
var labels
mpssi 'Personal Sources of Stress Index, using regression for missing an
item'’
pssi '‘Personal Sources of Stress Index'.
freq pssi mpssi.

3 which were set to the existing item values pricariy imputation.



Comments. Using the above imputation at the item level incréabe number of valid RERI
scores to up over 8000 (<5% missing). We checked cormedatiothe original RERI score and
the imputed version (MRERI) with the 4 core GAIN faateeasures and some of the most used
change scores used in GAIN analysis. The correlatie@ne very similar for both methods of
computing RERI with no significant differences by methédadculation.

Correlations

mreril3p2
recovery
reril3p environmental
Recovery risk index, using
Environment regression for
Risk Index missing an item
Pearson Correlation  giss General Individual Severity Scale 510 501
spsy Substance Problem Scale (Past Year) 203 201
imds Internal Mental Distress Scale--4 factors
405 410
bcs Behavior Complexity Scale
Pty 426 424
cvs Crime & Violence Scale--4 factors
463 452

sri7 Social Environmental Risk Index--New (V5)-7

o 307 339

SFS8p Substance Frequency Scale 8-item version

.363 .396

spsm Substance Problem Scale (Past Month) 348 364

Sig. (2-tailed) giss General Individual Severity Scale .000 .000
spsy Substance Problem Scale (Past Year) 000 .000

imds Internal Mental Distress Scale--4 factors 000 .000

bcs Behavior Complexity Scale .000 .000

cvs Crime & Violence Scale--4 factors 000 .000

sri7 Social Environmental Risk Index--New (V5)-7

W .000 .000

SFS8p Substance Frequency Scale 8-item version

.000 .000

spsm Substance Problem Scale (Past Month) 000 .000

N giss General Individual Severity Scale 2452 8174
spsy Substance Problem Scale (Past Year) 2564 8609

imds Internal Mental Distress Scale--4 factors 2565 8615

bcs Behavior Complexity Scale 2562 8605



cvs Crime & Violence Scale--4 factors

2565 8617
ﬁrei;SSocial Environmental Risk Index--New (V5)-7 2452 8224

SFS8p Substance Frequency Scale 8-item version
P duency 2565 8616

2564 8609

spsm Substance Problem Scale (Past Month)

Describing These Procedures. These procedures would normally be described in a report o
paper in the methods section as a way missing data wdketa

Missing data was imputed at the item level using a regression approach (Rubin, 1987, Schaefer
and Graham, 2002).
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