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Testing Unidimensionality Using the
PCA/t-test Protocol with the Rasch Model:
A Cautionary Note

One approach that has gained popularity for testing
unidimensionality within the Rasch measurement
framework is the Principal Component Analysis (PCA)
and t-test based method first proposed by Smith (Smith,
2002). This procedure first identifies two item sets
potentially representing different dimensions from a PCA
of residuals that are used to estimate two separate sets of
person measures. A series of t-tests is then conducted to
compare the two estimates on a person-by-person basis to
determine the proportion of instances where the two item
sets yield different person measures. It has been suggested
that unidimensionality can be inferred if <5% of the t-
tests are significant or if the lower bound of a binomial
95% confidence interval (CI) of the observed proportion
overlaps 5% (Horton & Tennant, 2010; Smith, 2002;
Tennant & Conaghan, 2007; Tennant & Pallant, 2006).
Simulation studies have suggested that this protocol
performs well as a unidimensionality test in comparison
to traditional fit analysis, as well as raw score or residual
based PCA (Horton & Tennant, 2010; Tennant & Pallant,
2006). The implementation of the procedure in popular
Rasch analysis software (Andrich, Sheridan, & Luo,
1997-2012) and its suggested function as a test of strict
unidimensionality (Tennant & Conaghan, 2007), has
rendered the procedure increasingly popular and it is often
interpreted as “definite” evidence for or against
unidimensionality (Forjaz et al., 2013; Ramp, Khan,
Misajon, & Pallant, 2009; Riazi, Aspden, & Jones, 2014;
Young, Mills, Woolmore, Hawkins, & Tennant, 2012).

A central aspect of the PCA/t-test protocol is the binomial
95% CI, which is the basis for deciding whether scales are
unidimensional or not. However, there is a number of
procedures available for estimating the 95% binomial CI
(Brown, Cai, & DasGupta, 2001; Newcombe, 1998), and
sample size impacts the CI width and hence interpretation
of results (Feinstein, 1998; McCormack, Vandermeer, &
Allan, 2013). These aspects were explored in a recent
paper (Hagell, 2014) addressing the impact of sample size
and 95% binomial CI estimation method on the resulting
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conclusions according to published heuristics (Horton &
Tennant, 2010; Tennant & Conaghan, 2007; Tennant &
Pallant, 2006).

Binomial 95% CIs were calculated according to the
normal approximation 95% CI (“Wald” method), the
“exact” binomial CI, and the Wilson, Agresti-Coull, and
Jeffreys methods for hypothesized observed proportions
of 6%, 8% and 10% and sample sizes ranging from n=100
to n=2500. Results for the normal approximation, and the
Wilson and Agresti-Coull 95% CI estimations are shown
in Figure 1 (for complete results, see (Hagell, 2014)). It
can be seen that normal approximation 95% Cls included
5% with sample sizes of n=100-2000 and a 6% observed
proportion, n=100-300 with an 8% observed proportion,
and n=100 with a 10% observed proportion. The Wilson
and Agresti-Coull Cls all included 5% with sample sizes
of n=100-1500 and a 6% observed proportion as well as
with sample sizes of n=100-200 with an 8% observed
proportion, but not for any sample size with a 10%
observed proportion.

These results are fully expected (Brown et al., 2001;
Feinstein, 1998; McCormack et al., 2013; Newcombe,
1998), although aspects do not appear to be commonly
acknowledged when applying the procedure. For
example, Ramp et al. (Ramp et al., 2009) used the PCA/t-
test protocol to test the unidimensionality of the 20-item
physical impact scale of the Multiple Sclerosis Impact
Scale with a sample of 92 people, and found that 9.2% of
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the person measures from two item subsets differed and
the lower 95% binomial CI bound was 4%, leading the
authors to infer unidimensionality. Young et al. (Young et
al., 2012) used the protocol with a 17-item self-efficacy
scale among 309 people with multiple sclerosis and found
that 12.2% of the person measures differed (lower 95%
binomial CI bound, 9.8%), interpreted as “considerable
multidimensionality” (p 1329). Despite similar observed
proportions the two conclusions contrast as an effect of
different CI widths
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Figure 1. Lower 95% Cls according to (a) the normal
approximation (“Wald”), (b) Wilson, and (c) Agresti-
Coull estimation methods.

The normal approximation 95% CI seems to be the most
common but also the most problematic binomial CI
estimation. For example, it has been found to be highly
erratic in terms of the actual interval covered, which
rarely approximated 95% (Brown et al.,, 2001). In
contrast, the Wilson and Agresti-Coull 95% CIs behaved
much more reliably, particularly for small and large
sample sizes, respectively (Brown et al., 2001). This
aspect is rarely considered in published studies. However,
authors using the PCA/t-test protocol (or any other
procedure involving the binomial CI) are recommended to
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report the estimation method used and there are good
reasons to avoid the normal approximation estimation.

Unidimensionality is a relative matter and the decision
whether a scale is sufficiently unidimensional should
ultimately come from outside the data and be driven by
the purpose of measurement and clinical/theoretical
considerations (Andrich, 1988; Cano, Barrett, Zajicek, &
Hobart, 2011; Hobart & Cano, 2009; Rasch, 1960). Use
and interpretation of results from the PCA/t-test protocol
must be made with the same considerations as with any
hypothesis testing procedure and is dependent on sample
size as well as choice of estimation method for the 95%
binomial CI. The PCA/t-test procedure should not be
viewed as a “definite” test for unidimensionality and does
not replace an integrated quantitative/qualitative
interpretation based on an explicit variable definition and
in view of the perspective, context and purpose of
measurement. Statistical procedures and reliance on P-
values and Cls cannot compensate for conceptual and
theoretical considerations.

Peter Hagell, RN PhD
The PRO-CARE Group, School of Health and Society,
Kristianstad University, Kristianstad, Sweden
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