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Abstract

This study examined the applicability of substance abuse diagnostic criteria for adolescents, young 

adults, and adults using the Global Appraisal of Individual Need’s Substance Problems Scale 

(SPS) from 7,408 clients. Rasch analysis was used to: 1) evaluate whether the SPS operationalized 

a single reliable dimension, and 2) examine the extent to which the severity of each symptom and 

the overall test functioned the same or differently by age. Rasch analysis indicated that the SPS 

was unidimensional with a person reliability of .84. Eight symptoms were significantly different 

between adolescents and adults. Young adult calibrations tended to fall between adolescents and 

adults. Differential test functioning was clinically negligible for adolescents but resulted in about 

7% more adults being classified as high need. These findings have theoretical implications for 

screening and treatment of adolescents vs. adults. SPS can be used across age groups though age-

specific calibrations enable greater precision of measurement.

There is national concern regarding the adequacy and quality of the U.S. alcohol and drug 

abuse treatment system, particularly for adolescents (McLellan and Meyers, 2004). In their 

review, McLellan and Meyers came to the unambiguous conclusion that, although substance 

abuse is prevalent in most schools, primary care practices, mental health clinics, and 

criminal justice agencies, there is insufficient training, organization, or reimbursement to 

screen, assess, and refer those with dependence or abuse disorders to appropriate services.

Accurate and valid assessment is essential for identifying who needs a referral to treatment 

and for evaluating the effectiveness of treatments (U.S. Preventive Services Task Force, 

2004). If the screening process is inaccurate, and people who need the program are denied it, 
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they may fail to improve as a result. Likewise, if persons are screened into the program who 

do not need it, they will be unlikely to improve since they are already near the desired 

criterion. From an evaluation research perspective, this lack of improvement due to 

inaccurate targeting will dilute the observed effectiveness of the program. Among screening 

alternatives, urine screening is increasingly popular, but it is primarily a measure of 

metabolite from recent use (not the severity of substance related psychopathology). It also 

raises civil liberty issues in public schools, is expensive, and has poor sensitivity, i.e., how 

many people with diagnoses it detects, and specificity, i.e., how many people with use but 

not abuse/dependence that it correctly rules out (Lennox et al., 2006, in press). Thus it 

makes sense to shift the focus to more direct measures of the need for treatment.

The American Psychiatric Association (APA, 2000) and the World Health Organization 

(WHO, 1999) define the need for substance abuse treatment in terms of the substance use 

disorders (SUD) of dependence or abuse. They both define the term “substance dependence” 

to indicate a pattern of chronic problems that has been present for over 12 months and is 

likely to persist if left untreated (e.g., increased tolerance, withdrawal, loss of control, 

inability to reduce use or abstain, replacing other healthier activities with substance use, and 

continued use despite persistent related medical or psychological problems). The terms 

“substance abuse” and “hazardous use” are used by these respective organizations to identify 

a less severe subgroup of people who do not have dependence but who receive treatment 

because they report one or more moderately severe symptoms, are at high risk for harming 

themselves/ others or are at risk of developing dependence. There have been concerns, 

however, that the SUD symptoms were based on adult models and that there was limited 

data (less than 100 cases and no break out) on how well they worked with young adults and 

adolescents (Clark et al., 1998; Kilpatrick et al., 2000; Deas et al., 2000; Coffey et al., 2002). 

Of specific concern was whether all of the symptoms were present and in similar order of 

severity across ages. Subsequent data (Chan et al., under review) has shown that the 

prevalence of any substance use disorder among those presenting to substance abuse 

treatment increases from 72% at age 12-15 to 87% age 40-65 and that dependence increases 

from 45% to 77% over the same age groups (cross-sectional prevalence across groups). This 

suggests the need to understand whether these changes are real or an artifact of how the 

measure works across age groups.

Rasch (1960) measurement models provide one of the most effective techniques for 

quantifying the severity of items and the extent to which item severity estimates vary among 

known client subgroups (Wright, Mead, and Draba, 1976; Wright, 1997; Scheuneman and 

Subhiyah, 1998). Having the item severity parameter facilitates the formal testing of 

differential item functioning (DIF) and differential test functioning (DTF) for subgroups of 

persons that are at the same level on the underlying SUD construct (which typically cannot 

be observed and is treated here as a latent construct). The fact that certain items in a measure 

exhibit DIF does not necessarily mean that the test as a whole is biased. Oftentimes, the item 

differences will go in different directions and balance each other out so that there is no DTF. 

Both DIF and DTF can be important. Regarding the importance of DIF, a single symptom/

item like withdrawal is often key to treatment planning recommendations (e.g., the need for 

detox services). On the other hand, regarding DTF, diagnosis and placement tend to focus on 

the overall pattern of answers, i.e., test score (Lange, Irwin, and Houran, 2000).
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Objective

This paper examines whether the SUD symptoms of the SPS: a) fall along a latent 

dimension and b) whether there is DIF and DTF by age.

Methods

Data Source

The data are from 77 sites across the country which included 7,408 clients (5,366 

adolescents, age 10-17, 749 young adults age 18-25, and 1,293 adults age 26-69). All studies 

measured abuse and dependence with the Substance Problems Scale (SPS) from the Global 

Appraisal of Individual Needs (GAIN) (Dennis, Titus, White, and Hodgkins, 2003). Table 1 

presents more detail on these demographics and selected clinical characteristics since, given 

the large sample size, all differences by age group were statistically significant. The 

adolescent and young adult samples were particularly more likely than the adult samples to 

be male and Caucasian. All three samples typically reported very high (80%) rates of 

substance use disorders in the past year. Adolescents were less likely than adults to have 

internalizing disorders (e.g., depression, anxiety, trauma, suicide) and more likely to have 

externalizing/impulse disorders (e.g., ADHD, conduct disorders), to report crime/violence in 

the past year – with young adults in between. Adolescents and young adults were less likely 

to be entering residential treatment or to have been in treatment before and more likely to be 

currently involved in the juvenile/criminal justice system.

Measures

The 77 sites all measured severity of substance use disorders with the GAIN (Dennis et al., 

2003) Substance Problem Scale (SPS). The SPS consists of 16 items that assess “recency” 

(past month, 2-12 months, 1+ years, never) of symptoms of substance related problems: 

Seven items are based on DSM-IV criteria for substance dependence (tolerance, withdrawal, 

loss of control, inability to quit, time consuming, reduced activity, continued use in spite of 

medical/mental problems), four items for substance abuse (role failure, hazardous use, 

continued use in spite of legal problems, continued use in spite of family/ social problems), 

two items for substance-induced disorders (health and psychological), and three items for 

lower severity symptoms commonly used in screeners (hiding use, people complaining 

about use, weekly use). The latter five items are not used in diagnosis, but help improve the 

ability of SPS to work as a reliable, unidimensional measure of severity and change.

The recency rating can be used to make symptom counts for the past month, year or lifetime 

for the 16 item Substance Problem Scale (SPS). Higher scores on all of the overall scales 

(and subscales) are theorized to represent greater severity of drug problems. The substance 

problem scale is a measure of both the breadth of the problem measured with 16 symptoms 

of substance use, abuse, dependence and induced disorders and the recency of these 

symptoms. Thus if two people had 8 and 4 symptoms in the same time period, the one with 

8 would be more severe. If two people each had 8 symptoms, the first all in the past month 

and the second all more than a year ago – clearly the first is more severe. The raw scores are 

used to classify people into low/moderate/high severity. Based on DSM-IV criteria 
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(American Psychiatric Association, 1994), individual items are used to classify people based 

on a “presumptive” diagnosis of dependence (3 to 7 symptoms of dependence), abuse (1-4 of 

the abuse symptoms and no dependence), or other (including weekly use, hiding using, 

complaints about use, 0-2 symptoms of dependence, or substance induced problems—and 

not meeting dependence or abuse criteria). Generally substance abuse treatment is limited to 

those with abuse or dependence and residential treatment is further limited to those with 

higher severity dependence. The SPS has previously been found to have good internal 

consistency (Cronbach’s alpha of .8 or more), test-retest reliability (Rho = .7 or more) and 

good test-retest reliability in terms of diagnosis (kappa = .5 or more) (Dennis et al., 2003). 

Copies of the SPS and full GAIN instruments and descriptions are available at 

www.chestnut.org/li/gain.

Analysis Procedures

We employed the Rasch measurement model (Rasch, 1960) using WINSTEPS (Linacre, 

2005) statistical software to examine differential item and test functioning by age on the SPS 

(see Conrad and Smith, 2004, for a review; also Wright, Mead, and Draba, 1976). Since all 

items use a common rating scale, the Rasch rating scale model (Andrich, 1978; Wright and 

Masters, 1982) was used for the analyses. The Rasch rating scale model estimates the 

probability that a respondent will choose a particular response category for an item as:

ln
Pnij

Pni( j − 1)
= Bn − Di − F j,

where

Pnij is the probability of respondent n scoring in category j of item i,

Pni(j–1) is the probability of respondent n scoring in category j–1 of item i,

Bn is the person measure of respondent n,

Di is the difficulty of item i, and

Fj is the difficulty of category step j.

Rating scale categories are ordered steps on the measurement scale. Completing the jth step 

can be thought of as choosing the jth alternative over the j−1 category in the response to the 

item. In this analysis of the SPS, the full rating scale was examined. It consists of three 

steps: from 0 to 1, from 1 to 2, and from 2 to 3 using the rating scale as follows: 0 = never, 1 

= 1+ years ago, 2 = 2-12 months ago, 3 = past month. According to the Rasch model, across 

all persons and all items, the probability of responding to each ascending step should 

increase as one goes up the measurement scale.

Rasch analysis places persons (Bn) and items (Di) on the same measurement scale where the 

unit of measurement is the logit (logarithm of odds unit). Person reliability estimates the 

reproducibility of person measures or calibrations on the scale and is comparable to 

Cronbach’s alpha. Since Rasch places both persons and items on the same scale, reliability 

can be estimated for items as well as for persons.
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Analysis of Persons, Items and Unidimensionality. Following the analytic methods described 

by Smith, Conrad, Chang, and Piazza (2002), we examined the reliability of persons and 

items. Then we performed a principal component analysis of item residuals to evaluate 

unidimensionality. Rasch fit statistics and step calibrations were used to examine expected 

rating scale functioning in order to make corrections according to Linacre’s (1999) 

procedures. Since changes were needed to the rating scale (reducing it from 4 to 3 levels), 

the previous analysis of dimensionality was repeated to verify that the changes did not 

degrade the measure (it did not). Only the final results are reported here. Item fit and person 

fit were inferred from the consistency between the actual and expected responses and item 

difficulties. Rather than tailor models to fit the data, the Rasch model holds that the one 

parameter model fulfills the requirements of fundamental measurement (Wright, 1997) and 

examines the data, i.e., items and persons, for flaws or problems that are indicated by their 

failure to fit the model (Smith, 2002; Wright and Stone, 1979; Wright and Masters, 1982). 

The Rasch model provides two indicators of misfit: infit and outfit. These fit statistics have 

the form of χ2 statistics divided by their degrees of freedom. The infit statistic is sensitive to 

unexpected behavior affecting responses to items near the person ability level and the outfit 

statistic is outlier sensitive. Mean square fit statistics are defined such that the model-

specified uniform value of randomness is 1.0 while the standardized Z statistic, Zstd, 

provides a significance test where >2.0 is typically regarded as significant. We examined 

Zstd (>2.0) on person and item mean square statistics as indicators of possible misfitting 

items (Smith, Schumacher, Bush, 1998). Since the sample was large (over 1,000) Zstd would 

tend to be overly sensitive so we also used the mean square statistics using <.75 and >1.33 as 

criteria for misfit (see Linacre, 2002; Smith et al., 1998; and Wilson, 2005, for discussion 

and examples).

Analysis of Differential Item Functioning (DIF)—In Rasch analysis, DIF concerns 

whether an item has significantly different calibrations (translate as severities, difficulties or 

ease/rarity of endorsement) depending upon subgroup membership (Masters, 1988; Smith 

1992). This happens when the severity of a given item or symptom varies for people in 

different subgroups (in this case adolescents, young adults, adults; male/female; racial/ethnic 

groups) even though they are at the same level on the overall latent construct. The DIF 

contrast (calculated in Winsteps) is the difference in item calibrations between two 

subgroups in terms of logit measurement units. Where the goal is to have one common 

measure (e.g., a school performance test), DIF can be thought of as “bias” and identifies 

items that should be dropped. However, were the goal is to measure a condition with related 

but heterogeneous presentations (e.g., a clinical disorder), DIF can be thought of as 

describing “real” key differences and/or the potential need for subgroup specific 

calibrations/norms.

Differential Test (DTF)—Differential Test Functioning occurs when the DIF among the 

items is unbalanced. In this case, if the DIF for adults were greater than the DIF for 

adolescents, the overall test would tend to be biased. For example, the adults might appear to 

have less severe substance use disorders than they really had because they would get the 

same calibrations, e.g., on legal problems, as adolescents. In reality, legal problems are 

indicative of much greater severity for adults, so adults should have a high calibration for 
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legal problems whereas adolescents should have low calibrations for the same item. If DIF is 

balanced among the items, e.g., an item higher in severity for adults is balanced by an item 

higher for adolescents, the test results are not affected, but the DIF information may still be 

important theoretically. If DIF is unbalanced, and we still want to measure and compare 

adolescents and adults on the same scale, then four steps can be taken.

First, obtain pooled calibrations and identify items with and without DIF using Winsteps. In 

this case, >.6 logit DIF contrast, was considered substantial DIF (explained below).

Second, anchor the item and rating scale steps for the non-DIF items using the pooled 

calibrations. The anchoring creates a stable yardstick that assures comparability of the two 

groups even though some unanchored items will be allowed to “float” or achieve their 

group-specific calibration.

Third, rerun the analyses separately for adolescents and adults. This provides the group-

specific, “floating” calibrations for the unanchored items. The non-DIF items will have been 

anchored thereby creating a common scale for the adjusted results and the non-adjusted 

results. This common scale enables comparison of adult measures to adolescent measures. 

The result is adult-specific and adolescent-specific calibrations resulting in person measures 

that can be compared to each other because they are anchored on a ruler made from the 

pooled sample using the DIF-free items as the anchors. The result is both item and person 

measures that are comparable across groups.

Fourth, recalculate the number of persons above and below the clinical cutoff. These 

numbers should have changed because of the new group-specific recalibrations, i.e., the 

“truer” age-specific calculations with the bias due to DIF removed.

Effect size—Since t-tests are sensitive to sample size, and we had a very large sample, the 

interpretation of DIF needed to be completed by consideration of effect size. Standards for 

what is considered an important DIF effect size vary from about .4 to .6 logits (see 

Longford, Holland, and Thayer; 1993; Paek, 2002; Draba, 1977; Elder, McNamara, and 

Congdon, 2003; Scheunemann and Subhiyah, 1998; Wang, 2000). In this paper we used the 

criterion of .6 logit or larger since we believed that most would agree that this is a large DIF 

contrast. As further context, we note that Norman, Sloan and Wyrwich (2003) stated that 

half a standard deviation is increasingly becoming the most common standard of clinical 

effectiveness. In this case, the SPS item standard deviation was .6 logit for a d = 1.0, i.e., .

6/.6, a large effect. Therefore, by all of the above standards, .6 logit indicates a large and 

important clinical effect.

Differential test functioning (DTF) impact—In a previous paper we developed and 

validated cut points on the SPS using Rasch measures such that −2.50 logits = very low 

cutpoint including many people with low severity; −.75 = low cutpoint; −0.10 = moderate 

cutpoint; +.70 logits = high cutpoint including only those with high severity (Riley, Conrad, 

Bezruczko, and Dennis, 2007). To assess clinical impact of the DIF adjustment on DTF, we 

used those four cutpoints to examine how percentages above the cutpoints would differ 

between unadjusted measures and measures adjusted for DIF.
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Gender and Race Analyses

Since males composed the majority of adolescents and females the majority of adults, we 

examined the possibility that the age findings were confounded by gender. The underlying 

assumption of Rasch and other IRT models is that patterns of item response are not 

influenced by any factor extraneous to the latent variable, i.e., no control for potential 

confounding influences. Our strategy for examining potential confounding was to examine 

age DIF within gender and race groups to see if the DIF results for age remained. We also 

noted that the majority of adolescents were Caucasian while the majority of adults were 

African American, so we examined whether the age DIF findings were confounded by race/

ethnicity using the same approach.

Random split-half cross-validation of DIF contrasts

Since we had a large sample, we chose to examine whether the findings would be robust to 

chance variation. All analyses were first conducted on a random selection of about half of 

the subjects. These analyses were subsequently redone on the remaining subjects, i.e., cross-

validation sample. Person and item reliabilities were the same for both halves. As further 

cross-validation, we compared the 48 DIF contrasts among adolescents, young adults, and 

adults for the two halves. We used a Bonferoni correction for multiple tests, p < 0.05/48 = p 
< 0.001, whereby 3 SE’s were significant. Two were different, about 4%. We concluded that 

the DIF results were largely cross-validated across the random split halves. Therefore, the 

results reported below are on the full sample of 7,426, with results for all three groups, but 

we focused on adolescents vs. adults for the DIF analysis. The actual numbers available for 

analysis after case deletions due to missing data included 7,408 clients (5,366 adolescents, 

749 young adults, and 1,293 adults).

Results

Evaluation of SPS Rasch Severity Measure, Items, and Response Rating Scale

The Rasch measures explained 72% of the total variance whereas the first factor of residuals 

explained 1.9%. We concluded that the results of the principal components analysis of 

residuals supported unidimensionality. The two items with the highest loadings on the first 

factor of residuals were: #8 Caused you to have repeated problems with the law, and #9 Get 

in fights/trouble. The person reliability of the SPS was .84 with person separation of 2.28. 

The item reliability was 1.00 with separation of 32.10. Figure 1 displays the calibrations, 

i.e., severity levels, of the items. These were within reasonable theoretical expectations 

(theoretical issues to be discussed in detail in future work). The measure was reasonably 

well-targeted with person and item means within a half logit of each other. Also, the high 

and low SPS rating scale categories (not displayed in Figure 1) covered the range of person 

measures fairly well, i.e., from about 2 logits to −2 logits in Figure 1. There was a 

substantial floor effect, but this was expected given that this was a screening assessment. 

These zero scores were not included in the parameter estimates, i.e., not considered part of 

the target population.

Rating Scale Analysis—In the original response scale (0 = never, 1 = more than a year 

ago, 2 = 2 to 12 months ago, 3 = past month), step 1 never achieved the highest probability 
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of being chosen at any point along the measure. This lack of a highest probability area or 

threshold is problematic and suggested the need to collapse the 1 category into another 

(either never and more than a year ago, or more than a year ago and 2 to 12 months ago). We 

opted to collapse the never and more than a year ago categories in order to still be able to 

measure change over time. This resulted in the scale 0 = never/not in the past year, 1 = 2-12 

months, and 2 = past month. Doing this meant that all three steps had an independent place 

along the x-axis where each was the highest probability event. Based on these results, the 

category probabilities were properly ordered with this revision so that we used this 012 

rating scale in subsequent analyses.

Re-examine Dimensionality, Reliability and Separation after Rating Scale 
Revision—Using the 3-point rating scale, variance explained by the measurement 

dimension dropped slightly to 68% of the total variance, and 12% of the residual variance 

was explained by the first principal component of residuals. Also, the person reliability 

decreased from .84 to .83 with separation of 2.24. Item reliability was 1.00 with slightly 

lower separation of 28.48. We regarded this as evidence of reduction in potential confusion 

and of simplification of the response categories but without significant loss of reliability.

Determine Whether There Were Any Misfitting Items and Persons—As 

recommended by Wilson (2005), Rasch fit statistics (Table 2) indicated unacceptable infit 

and outfit for two items, #1 “Tried to hide when using AOD” and #8 “Caused you to have 

repeated problems with the law.” We also noted that #8 was also the principal item on the 

first principal component of residuals that we discussed previously. Regarding person fit, in 

the most misfitting persons, we looked for patterns that would indicate non-compliance or 

misunderstanding of the task and found none. Rather, there were some outliers that would 

naturally be expected, e.g., people with high SPS severity who unexpectedly did not endorse 

a low severity item or two such as “complaints about use.” As a result, no person data were 

dropped from analyses.

Determine Whether There Was Any Differential Item Functioning (DIF) and 
Assess Its Impact—In Table 3, we display the DIF results for three age groups: 

adolescents, n = 5,366; young adults, n = 749; and adults, n = 1,293. The items with DIF 

contrasts above .6 logit are bolded. We can see item #8, “Caused you to have repeated 

problems with the law” was the item with the largest DIF contrast for age at −1.57 logits 

contrast for adolescents vs. adults followed by #1, “Hide when using AOD” at −1.02. Both 

items were easier for adolescents to endorse. The existence of DIF was pronounced between 

adolescents and adults since there were eight large (>.6) DIF contrasts, four items being 

easier for each group.

As we noted earlier, item #8 was also one of the two misfitting items (Table 2), and was the 

lead item on the first factor of residuals, and was the item with the highest DIF contrast for 

gender at −1.09 where it was easier for males to endorse and for race at −1.2 where white 

was compared with all others, and it was easier for whites to endorse. Since #8 was the only 

DIF item for gender and race, we viewed the differential test functioning (DTF) as 

insubstantial both clinically and theoretically for gender and race. Therefore, since the two 

items with the highest DIF were both easiest to endorse by adolescents and since there was a 
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clear pattern of differences for adolescents vs. adults, these patterns were worthy of further 

examination for DTF.

Since the largest DIF was between adolescents and adults with only three large DIF 

contrasts involving young adults, i.e., one involving a contrast between adolescents and 

young adults on Hiding Use and two involving contrasts between young adults and adults on 

Trouble/fights and Caused Repeated Legal Problems, we focused on the adolescent vs. adult 

contrasts to examine the impact of DIF (Table 3). The position of young adult measures 

between adolescents and adults on most symptoms is important theoretically since it 

displays the progression of symptomatology by age. While this analysis focused on the DIF 

between adolescents and adults, it is also important clinically to note this progression.

A higher probability of endorsing an item is indicated by a lower position on the scale, i.e., 

an “easier” item. We found then that it was more likely or easier for adults to endorse most 

symptoms when compared to adolescents, i.e., nine out of sixteen. However, the contrasts 

representing adults’ most prevalent or “easier” symptoms were for the dependence 

symptoms, i.e., Time Consuming, Role Failure, Loss of Control, Substance Use Disorder 

Induced Mental Health Problems, Can’t Stop, Tolerance, Despite Physical and Mental 

Health Problems, Give Up Activities, Withdrawal. On the other hand, the symptoms that 

were most prevalent or “easier” for adolescents were the abuse symptoms, i.e., Complaints 

About Use, Trouble/fights, Hiding Use, Caused Repeated Legal Problems.

To see if these results were sensitive to the unequal sample sizes of the adolescent vs. adult 

groups, we did a sensitivity analysis using a random subsample of adolescents to equal the 

number of adults. With equal numbers of adults and adolescents, using the joint SE, a very 

sensitive criterion, only 2 of 32 item calibrations (16 adolescent and 16 adult) differed by 

slightly more than two SE from the calibrations obtained using the full sample. None of the 

16 DIF contrasts differed by more than two SE. Therefore, we concluded that the unequal 

sample sizes did not affect the findings.

Age within gender and race—We found that the within-group age DIF results for males 

and females were very similar to the findings for the full sample. This ruled out gender as a 

confounder for age. Likewise, race was ruled out as a confounder since we found that 

within-group age DIF patterns were also very similar for African Americans, Caucasians 

and Hispanics.

Differential Test Functioning—As noted earlier, adolescents and adults displayed large 

(>.6 logit) or “practically significant” DIF on eight items. This finding led to an examination 

of the clinical impact, or differential test functioning, of the SPS to address the question: 

Would adjustment for DIF make a difference in screening results for adolescents and adults?

Figure 2 is a scatter plot of the 16 items as they were calibrated in the separate analyses for 

adolescents and for adults. The dots/item numbers on the diagonal are the eight anchored 

items, i.e., those items on which both adolescent and adult samples had similar calibrations, 

so the calibrations for the pooled (adolescent and adult) groups were used. This, along with 

anchored calibrations for the rating scale categories created the common ruler. Above the 
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diagonal, we see the four items that were more difficult for adults to endorse: #1, Hide when 

using AOD; #2, Parent complained; #8, Caused repeated legal problems; #9, Fights and 

trouble. Below the diagonal are the four items that were more difficult for adolescents to 

endorse; #4, Depressed, nervous; #11, Withdrawal, illness; #13, Unable to cut down AOD; 

#16 Use in spite of physical and mental health problems.

If we only look horizontally at the adolescent calibrations on the x-axis, we see that the DIF 

items are well-balanced on each side of the 0.00 logit line. Specifically, if we add the 

negative calibrations of adolescent items 1, 2, and 9 we get −1.2 + −.7 + −.6 = −2.5. This is 

balanced by adding the calibrations of the five items with positive calibrations, i.e., 4, 11, 13, 

16, and 8 where the sum is .7 + .4 + .4 + .3 + .2 = 2.0. Since these items balance fairly well 

for adolescents, they cancel each other out so that we would expect a negligible clinical 

effect of DIF for adolescents.

On the other hand, for adults, looking vertically on the y-axis, the four items above zero, 1, 

8, 9, and 11 sum to 3.4 and the four below zero sum to −.7. These do not cancel each other 

out, but instead indicate that, by taking DIF into account, the measure has become 

significantly more difficult for adults. Taking DIF into account will mean that the greater 

weight given to items 1, 8, 9, and 11 will result in generally higher measurements for adults 

calibrated separately than when adults were co-calibrated with adolescents.

Clinical Impact—To test this expectation, we examined the percentages of adults and 

adolescents at various cutoff points, i.e., −2.5, −.75, −0.10, +0.70 logits before and after 

adjusting for DIF (Table 4). Cutoff scores of 0, 1, and 2 logits would be in the areas of 

increasingly high need which would result in assignment to more intense treatment such as 

residential care at the highest level. Since the DIF adjustment made the items more difficult 

for adults, adults should score higher on the adjusted score so that more adults would be 

over the cutoff. This was the case where, above −0.10 logits, over 7% more adults would be 

assigned to high need treatments. For adolescents, however, the unadjusted vs. adjusted 

differences were trivial at around 0.1%. Therefore, the differential test functioning or clinical 

impact would have been reasonably substantial for adults. After DIF adjustment, at the high 

need levels, over 90 adults would have been switched into high need instead of a lower level 

of care.

As a post hoc analysis we also examined whether the age DIF were causing the misfit in 

items 8 and 9, the most misfitting items. If it were, then these items would not misfit when 

fit was calculated within each sample. We found that within adults and within adolescents, 

the misfit disappeared for item #9 and was less, but still substantial for item #8.

Discussion

We found that the items of the SPS were useful in assessing the construct of interest, 

Substance Problems. Two misfitting items (8-Legal and 9-Trouble) were also two of the 

principal symptoms involved in DIF between adolescents and adults. Based on DIF analysis, 

we concluded that the items were useful for both groups, but that control for DIF might be 

needed to improve the validity of screening results for adolescents and adults. We concluded 
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that DIF concerns were not substantial for young adults. Young adults tended to be between 

adolescents and adults on item calibrations with only three substantial DIF contrasts. The 

contrasts involving young adults differed in both directions, i.e., one with adolescents and 

two with adults, rather than systematically contrasting with one group only. These findings 

were indicative of progressive change across the three age categories.

Since the item calibrations differed most between adolescents and adults, the screening 

results were examined for potential clinical impact. For adolescents this was negligible since 

only a few adolescents were affected, but for adults it was more substantial with about 90 

adults moving from below to above the high need threshold. While this was only about 1% 

of the full sample and 7% of the adults, the significance of misclassification for the 

individuals involved can be very high.

Limitations

While the study has several strengths (e.g., diverse large sample, advanced measurement 

model and analytic methods), it is important to acknowledge some key limitations. The 

sample was not nationally representative (in particular having more adolescents and minority 

adults in residential care than typical of the U.S. public treatment system). All of the data are 

from self-report whereas ideally we would also have collateral information and/or the final 

clinical diagnoses to compare the results to. The differential item functioning analysis 

identifies differences in practice regardless of cause. Thus differences on repeated problems 

with the law (8-legal) could be due to developmental age, but could also be due to our 

culture’s intolerance of repeated legal infractions (e.g., three strikes and you’re out laws). 

The latter is likely to have systematically reduced the number of adults with this symptom 

and hence made it appear to be “rarer” than if we had included people in all settings (e.g., 

households, jail, other facilities). The differential test functioning is valid, but the common 

ruler may be slightly sensitive to the composition of the three age groups and ideally should 

be replicated in another sample.

Conclusion

We concluded that the SPS is a useful, unidimensional measure, although one item, “Caused 

you to have repeated problems with the law” was found to be especially poorly fitting. This 

item was also involved in some minor DIF by gender and race groups. We compared item 

calibrations for various subgroups and found that the major issues concerned eight items that 

functioned differently for adolescents vs. adults. From a theoretical perspective, this was 

evidence of the symptoms that account for the differences in self-reported severity. In other 

words, the DIF results made sense theoretically and clinically, the ultimate test of their 

validity. For adolescents, it was much easier to endorse symptoms of abuse: hide when using 

AOD; parent complained; caused legal problems; fights and trouble. For adults, it was much 

easier to endorse symptoms of dependence: depressed, nervous; withdrawal, illness; unable 

to cut down AOD; and use in spite of physical and mental health problems. Young adults 

tended to be between the younger and older groups which indicated a progression of change 

of symptom severity. The obvious implication is that it is necessary to take these differences 
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into account in order to screen, triage, and treat adolescents, young adults, and adults most 

appropriately.

To address the screening issue, Rasch analysis enabled us to control for the observed 

differential item functioning while maintaining the separate group measures on a common 

ruler so that the clinical impact of this control could be examined. More specifically, items 

that were similar in severity for the two groups were anchored as was the rating scale that 

was used. This placed both groups on the same ruler. Before anchoring on the common ruler, 

it was only possible to use the pooled calibrations so that adult endorsements would receive 

the same calibrations as adolescent endorsements. This made the adults “look like 

adolescents” in terms of severity, i.e., their measures were artificially low. However, the 

anchoring to establish a common ruler for both groups allowed the estimate of unique 

severities for adolescents, e.g., “legal problems” would be common/easy/low severity. 

Likewise, unique estimates for adults could be obtained, e.g., “legal problems” would be 

more rare, more difficult to endorse, and higher in severity. Using the common ruler, 

between-group comparisons were more valid.

In an examination of impact on clinical screening over a range of possible cutoffs, this 

difference would have changed the triage decision for over 1% of all persons in the sample 

and 7% of the adults in the higher need range. This was evidence that improved 

measurement using the linear, interval scale provided by Rasch analysis may have useful 

implications for improved substance abuse screening, triage, and treatment.
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Figure 1. 
Substance Problem Scale (SPS) Rasch Person/Item “Wright” Mapa

Conrad et al. Page 15

J Appl Meas. Author manuscript; available in PMC 2018 May 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Substance Problem Scale (SPS) DIF Between Adolescents and Adults
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Table 1

Sample Characteristics

Adolescents Aged <18
(n = 5,366)

Young Adult Aged 18-25
(n = 749)

Adults Aged 26+
(n = 1,293)

Total
(n = 7408)

Male 73% 63% 48% 67%

Caucasian 48% 55% 30% 45%

African American 17% 25% 62% 26%

Hispanic 14%   6%   2% 11%

Mixed/Other 21% 14%   5% 18%

Average Age 15.6 20.1 37.6 19.9

Substance Use Disorder 86% 80% 90% 86%

Internalizing Disorder 55% 63% 69% 58%

Externalizing Disorder 65% 50% 38% 59%

Crime/Violence 65% 52% 35% 59%

Residential Tx 33% 51% 76% 42%

Current legal involvement 70% 71% 45% 66%

Note: All significant, p < .001
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