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Due in part to properties of the scores themselves, it is difficult to detect change in 
standard scores in clinical trials of neurodevelopmental disorders. 

IRT person ability scores are a unitless index of ability (intermediary between raw 
score and norm-referenced score) that are designed to detect within-person change.

Use of ability scores in lieu of or in combination with norm-referenced scores should increase 
power of clinical trials and allow for differentiation between stability and worsening.
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Are IRT-based person ability scores a better 
alternative to norm-referenced scores as outcomes 
in clinical trials for neurodevelopmental disabilities?

Judith S Miller, Simona Bianconi, Kim Cecil, Dwight Koeberl, Nicola Longo, Vernon Sutton, 
Saadet Mercimek-Andrews, Bruce Barshop, Elizabeth Berry-Kravis, Irina Anselm

INTRODUCTION
 It is difficult to measure change in neurodevelopmental 

disabilities using norm-referenced scores (e.g., standard 
scores, T-scores) because:

 They often decrease over time among individuals with 
neurodevelopmental disorder who exhibit slower-than-
average increases in ability, and 

 The reliability of norm-referenced scores is lower at extreme 
values, resulting in floor effects and increased 
measurement error. 

 An ability score is a parameter derived during IRT-based 
standardization of a test which indexes the level of a construct 
possessed by the examinee.

AIM
 Compare floor effects and pre/post change effect sizes 

between ability scores and norm-referenced scores (T-scores) 
for the same individual.

RESULTS
Figure 1. Floor effects in the VABS-3 are more common for 
norm-referenced scores (Y-axis) than for ability scores (X-
axis) | GSV = growth scale values. Baseline and 6-month VABS-3 scores 
are plotted for N=29 individuals. Floor effects are characterized by “piling 
up” of markers at the lowest possible score on a scale (circled).
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Figure 2. Difference in 6 mo. pre/post effect size for VABS-3 | 
Effect sizes are all stable or positive for ability (growth scale values), 
compared to decreasing or stable for norm-referenced (V-scale scores).

Figure 3. Difference in 1 yr. pre/post effect size for DAS-II | 
Effect sizes are all large and positive for ability scores, compared to stable 
and near-zero for norm-referenced (T-scores).

METHODS
 Vineland Adaptive Behavior Scale, Third Edition (VABS-3) data 

were drawn from an ongoing observational study of creatine 
transport deficiency syndrome (CTD), a rare, X-linked, 
metabolic condition associated with autism spectrum disorder 
(ASD) and other neurodevelopmental disorders (NCT00298246)

 Differential Ability Scales, Second Edition data (DAS-II) were 
drawn from a completed natural history study of ASD and non-
ASD developmental delay (DD) (NCT02931682)

 MMRM models to estimate average pre-post change, 
expressed as effect size (Eq. 1), for both ability and norm-
referenced scores from the same participant.

𝑑𝑑𝑧𝑧 =
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑑𝑑 𝐶𝐶𝐶𝐸𝐸𝐶𝐶𝐶𝐶𝐸𝐸

𝑆𝑆𝐸𝐸 ∗ 2 𝐷𝐷𝐷𝐷
Equation 1  |

Ability scores may provide more statistical power 
than norm-referenced scores as standardized test 

outcomes in clinical trials. 

CONCLUSIONS

 While we illustrated the use of ability scores in the context of 
skills which are expected to grow over time, ability scores are 
available for any measure which was derived through IRT. 

 Limitations of ability scores to consider: only at subscale level 
(not for composites like full scale IQ); not comparable across 
subscales or across test versions; no clinical meaning.

 Future direction: simulation study to provide statistical 
evidence for the superiority of ability scores.

Floor effects should be less pronounced, and 
change effect sizes larger, when using person 

ability scores versus norm-referenced T-scores.
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