
UN
CO

RR
EC

TE
D 

PR
OOF

Personality and Individual Differences xxx (2017) xxx-xxx

Contents lists available at ScienceDirect

Personality and Individual Differences
journal homepage: www.elsevier.com

Assessing the quality and usefulness of factor-analytic applications to personality
measures: A study with the statistical anxiety scale
Pere J. Ferrando , David Navarro-González
Research Centre for Behavioural Assessment (CRAMC), ‘Rovira i Virgili’ University, Spain

A R T I C L E  I N F O

Article history:
Received 12 September 2017
Received in revised form 30 October 2017
Accepted 8 November 2017
Available online xxx

Keywords:
Per son al ity mea sure ment
Fac tor analy sis
Item response theory
Fac tor score es ti mates
Re li a bil ity
Anx i ety to wards sta tis tics

A B S T R A C T

Fac tor analy sis (FA) is the most widely used mod el ing ap proach for de vel op ing and as sess ing psy cho me t ric
per son al ity mea sures. Fur ther more, the ap pro pri ate ness of an FA ap pli ca tion of this type is gen er ally judged
on the sole ba sis of model-data fit, a cri te rion which is clearly in suf fi cient. This ar ti cle pro poses a multi-
faceted ap proach for as sess ing (a) the strength and replic a bil ity of the fac to r ial so lu tion, (b) the ac cu racy and
ef fec tive ness of the fac tor score es ti mates, and (c) the close ness to uni di men sion al ity in mea sures that were
ini tially de signed to be sin gle-trait. The pro posal was ap plied to a mea sure of sta tis ti cal anx i ety, the SAS,
and the main re sults were the fol low ing: (a) both the uni di men sional and the oblique so lu tions were well de -
fined and replic a ble, and they led to ac cu rate fac tor score es ti mates; and (b) uni di men sional-based scores
were ef fec tive over the full prac ti cal range of trait val ues whereas the ranges of the more spe cific fac tors in
the oblique so lu tion were nar rower. It is sub mit ted that the use of the pro posal and the ac com pa ny ing cri te ria
has im por tant ad van tages and can help to raise stan dards in FA ap pli ca tions in per son al ity.

© 2017.

1. Introduction

In a gen eral sense, fac tor analy sis (FA) is the most widely used
model for the analy sis and de vel op ment of per son al ity mea sures.
First, most tra di tional per son al ity ques tion naires were de vel oped by
us ing the stan dard lin ear FA model (e.g. Eysenck & Eysenck, 1969).
Fur ther more, item re sponse the ory (IRT) mod els that are com monly
used in per son al ity mea sure ment, such as the one- and two-pa ra me ter
mod els and the graded re sponse model, can be for mu lated as FA
mod els, and this for mu la tion has im por tant ad van tages es pe cially
when fit ting mul ti di men sional mea sures (e.g. Ferrando & Lorenzo-
Seva, 2013).

In this ar ti cle we shall con sider full psy cho me t ric FA ap pli ca tions
to per son al ity mea sures based on a two-stage ap proach. In the first
stage (cal i bra tion), the struc ture of the test is as sessed and the item
pa ra me ters are es ti mated. In the sec ond stage (scor ing) in di vid ual
trait es ti mates (fac tor score es ti mates in the FA con text) are ob tained.

The ap pro pri ate ness of an FA ap pli ca tion of the type dis cussed so
far is gen er ally as sessed by means of a good ness of fit in ves ti ga tion.
Fur ther more, be cause FA is a par tic u lar type of struc tural equa tion
model (SEM), rig or ous good ness-of-fit as sess ment in FA can be
based on the same pro ce dures that are used with SEMs in gen eral
(see Ferrando & Lorenzo-Seva, 2017a). In fact, good ness-of-fit as -
sess ment has be come so fun da men tal to per son al ity mea sure ment
that a full spe cial is sue of PAID (May 2007) was de voted to it.
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Ac cept able good ness of model-data fit, how ever, pro vides in suf fi -
cient in for ma tion for judg ing the qual ity and prac ti cal use ful ness of
an FA ap pli ca tion. Good model-data fit re sults are per fectly com pat i -
ble with weak FA struc tures that are very un likely to repli cate across
dif fer ent sam ples and which, in turn, yield fac tor score es ti mates that
are in de ter mi nate and un re li able, and can not pro vide ac cu rate in di -
vid ual mea sure ment. To be of qual ity and prac ti cal use ful ness, then,
an FA ap pli ca tion has to meet three stan dards: (a) ac cept able model-
data fit, (b) a clear, strong, and replic a ble fac tor struc ture, and (c) fac -
tor score es ti mates that pro vide ac cu rate mea sure ment over the range
of trait lev els for which the test is in tended. Stan dards (b) and (c) are
dealt with in this ar ti cle.

A re view of FA stud ies in per son al ity mea sure ment (e.g. Peterson,
2000; Reise, Bonifay, & Haviland, 2013) sug gests that meet ing the
stan dards above is more the ex cep tion than the rule. In some cases
poor start ing de signs might be the root of the prob lem. In other cases,
the root might be in the use of in ap pro pri ate FA mod els. More specif -
i cally, the use of lin ear FA un der con di tions in which the item-fac tor
re gres sions are non-lin ear is ex pected to pro duce ar ti fac tual ‘cur va -
ture’ fac tors that have no sub stan tive mean ing (see e.g. Ferrando &
Lorenzo-Seva, 2013). Fi nally, over-re liance on good ness of fit cri te -
ria is an other plau si ble rea son. In or der to at tain an ac cept able sta tis ti -
cal fit, many mea sures have to in clude ad di tional weak, mi nor, and
ill-de fined fac tors with lit tle sub stan tive in ter est (e.g. Reise et al.,
2013; Reise, Cook, & Moore, 2015).

Al though a va ri ety of in dices aimed at as sess ing stan dards (b) and
(c) above have been pro posed, co her ent and or ga nized frame works
for judg ing the qual ity and use ful ness of an FA so lu tion have only
ap peared re cently. Rodriguez, Reise, and Haviland (2016a, 2016b)
made a pro posal of this type in the con text of bi fac tor so lu tions, 
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whereas Ferrando and Lorenzo-Seva (2017b) and Ferrando, Navarro-
González, and Lorenzo-Seva (2017) made a sim i lar pro posal in the
con text of the cor re lated-fac tors model. This last pro posal is more
gen eral, and can be used for all sorts of FA so lu tion, with both the
lin ear FA model and the IRT-based FA mod els.

1.1. Objectives

This ar ti cle aims to (a) pro vide a non-tech ni cal and con cep tual
dis cus sion of the gen eral pro posal dis cussed above, and (b) de scribe
an ap pli ca tion to a per son al ity mea sure. It has a triple pur pose: il lus -
tra tive, sub stan tive, and in stru men tal. At the il lus tra tive level, we dis -
cuss (c) the ra tio nale of the in dices pro posed, (b) how the re sults they
pro vide are in ter preted and, above all, (c) how the qual ity and prac ti -
cal use ful ness of an FA ap pli ca tion in per son al ity should be as sessed.
In point (c) in par tic u lar, we dis cuss the ex tent to which scores based
on a uni di men sional FA model are in ter pretable and psy cho me t ri 
cally jus ti fied in mea sures con sid ered to be mul ti di men sional.

At the sub stan tive level, we use the pro posal to as sess the prop er -
ties and func tion ing of a pop u lar mea sure of anx i ety. Fi nally, at the
in stru men tal level, the ar ti cle pro vides prac ti cal in for ma tion on how
the pro posal can be ap plied by us ing a non-com mer cial pro gram.

1.2. Review of indices and reference values

As stated above, the dis cus sion pro vided here is only con cep tual
and non-tech ni cal. Tech ni cally-ori ented pre sen ta tions can be found in
Ferrando and Lorenzo-Seva (2017b), and Ferrando et al. (2017).

1.2.1. Strength and replicability of the factor solution
Min i mal rules for ad e quately defin ing a fac tor have been pro vided

in the FA lit er a ture. Sta tis ti cally, a fac tor needs a min i mal of three
non-zero load ings to be iden ti fied (Anderson & Rubin, 1956, p. 120).
How ever, McDonald (1985) noted that if a fac tor was de fined by
fewer than four items with load ings above 0.30, im proper so lu tions
and Hey wood cases were likely to oc cur. So, Mc Don ald's rec om men -
da tion seems to be a good start ing rule. Be yond that, how ever, nu -
mer i cal in dices are not usu ally con sid ered for as sess ing the strength
of a given FA so lu tion.

Hancock and Mueller (2001) pro posed an in dex, which they
called H, for as sess ing the ex tent to which a fac tor is well rep re sented
by a set of items. Ferrando and Lorenzo-Seva (2017b) gen er al ized it
to the case of mul ti ple oblique so lu tions, and called the gen eral in dex
G-H. Es sen tially, G-H is an es ti mate of the squared mul ti ple cor re la -
tion be tween the fac tor that is mea sured and its in di ca tors (items), so
it mea sures the max i mal pro por tion of the vari ance of the fac tor that
can be ac counted for by the items it is mea sured by. More sub stan -
tively, G-H as sesses two main prop er ties of the FA so lu tion: (a) the
qual ity of the items as in di ca tors of the fac tor, and (b) the ex pected
replic a bil ity of the so lu tion across stud ies. So, low G-H val ues are in -
di ca tors of a weak, ill-de fined so lu tion that is un likely to repli cate
across dif fer ent sam ples or stud ies. As for ref er ence val ues, Han cock
and Mueller pro posed 0.70 as a min i mal value if the fac tor is to be re -
garded as well rep re sented, whereas Rodriguez et al. (2016b) and
Ferrando and Lorenzo-Seva (2017b) raised this to 0.80, which is the
min i mal cut-off pro posed here.

1.2.2. Quality and effectiveness of the factor score estimates
The ef fec tive ness of the fac tor score es ti mates is a mul ti fac eted

con cept which com pre hends sev eral prop er ties (Ferrando et al.,
2017). The first is the pre ci sion with which the la tent trait lev els can
be es ti mated. The sec ond is the sen si tiv ity of the fac tor score es ti

mates for dif fer en ti at ing in di vid u als with dif fer ent trait lev els. The
third is the range of trait lev els at which the fac tor score es ti mates are
pre cise and pro vide good pre ci sion and dif fer en ti a tion.

The stan dard in dex of score ef fec tive ness is the co ef fi cient of
mar ginal re li a bil ity which is both a mea sure of pre ci sion and a mea -
sure of sen si tiv ity (see Ferrando et al., 2017).It also in di cates the de -
gree of re la tion be tween the fac tor score es ti mates and the la tent lev -
els in the fac tor they es ti mate. So, high re li a bil ity val ues mean that
re spon dents can be ac cu rately mea sured and ef fec tively dif fer en ti ated
on the ba sis of their score es ti mates, and that the fac tor score es ti -
mates are good prox ies for the cor re spond ing la tent fac tor.

The co ef fi cient of mar ginal re li a bil ity can be viewed as: (a) the ra -
tio of vari ance of the la tent fac tor or trait lev els over the vari ance of
the es ti mated fac tor scores, and (b) the squared cor re la tion be tween
the la tent fac tor or trait lev els and the es ti mated fac tor scores (e.g.
Brown & Croudace, 2015, Ferrando and Lorenzo-Seva, 2017a, b).
These are two stan dard de f i n i tions of a re li a bil ity co ef fi cient in gen -
eral, and, for this rea son, we con sider that the same ref er ence val ues
that are used for any stan dard re li a bil ity co ef fi cient can also be used
for mar ginal re li a bil ity. A min i mal value of 0.80 seems to be a rea -
son able cut-off if the fac tor score es ti mates are to be used for in di vid -
ual mea sure ment (Ferrando and Lorenzo-Seva, 2017a, b).

In non lin ear (IRT) FA mod els, the re li a bil ity varies de pend ing on
the level of the re spon dent, so in these mod els, the mar ginal re li a bil -
ity above is an av er age of the in di vid ual or con di tional re li a bil i ties
(see Ferrando, 2003 Ferrando et al., 2017). If the in di vid ual re li a bil i -
ties re main rel a tively uni form across the dif fer ent lev els, the mar ginal
re li a bil ity is rep re sen ta tive of the over all pre ci sion of the scores (e.g.
Brown & Croudace, 2015) and the test is con sid ered to mea sure
about equally well at all lev els. How ever, this is not so in gen eral
(Ferrando, 2003).

Most per son al ity tests are de signed to be broad band width mea -
sures and aim to ac cu rately mea sure most in di vid u als from the pop u -
la tion for which the test is in tended (Ferrando, 2003). What we pro -
pose for as sess ing if this is so is a graph i cal ap proach that es ti mates
the in ter val of trait lev els at which the fac tor score es ti mates are ef -
fec tive. Con sider the graphic dis play of the con di tional re li a bil i ties
against the fac tor score es ti mates, and de fine a min i mally ac cept able
cut-off value of, say, 0.80. This cut-off is a hor i zon tal line par al lel to
the trait axis, and the range of ef fec tive ness can be de fined as the trait
in ter val at which the re li a bil i ties are above this line. The use ful ness
of this pro posal is dis cussed in de tail in the em pir i cal study.

A fi nal aux il iary in dex we would like to con sider is the so called
“ex pected per cent age of true dif fer ences” (EPTD; Ferrando et al.,
2017), which re flects the per cent age of ob served dif fer ences be tween
the fac tor score es ti mates that are in the same di rec tion as the cor re -
spond ing la tent dif fer ences. So EPTD ad dresses a some what dif fer ent
as pect of ef fec tive ness: it is not about the size of the dif fer ences that
can be de tected (i.e. re li a bil ity) but about the pro por tion of dif fer -
ences (of any size) that are in the cor rect di rec tion. The higher this
pro por tion, the bet ter in di vid u als can be con sis tently dif fer en ti ated or
or dered along the fac tor con tin uum on the ba sis of their fac tor score
es ti mates. Val ues of EPTD above 0.90 seem a min i mal re quire ment if
the fac tor score es ti mates are to be used for in di vid ual as sess ment.

1.2.3. Closeness to unidimensionality
Al though many per son al ity mea sures were ini tially in tended and

de signed to be sin gle-trait or uni di men sional, sub se quent FAs nearly
al ways ar rive at mul ti di men sional so lu tions (Furnham, 1990; Reise et
al., 2013; Reise et al., 2015), es pe cially in those mea sures aimed at
as sess ing broad-band width traits. In some cases, the mul ti ple so lu -
tions are mean ing ful and reach the qual ity stan dards dis cussed above. 
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In many oth ers, how ever, they are the re sult of in ap pro pri ate FA
mod els, (i.e. spu ri ous ev i dence of mul ti di men sion al ity be cause the
lin ear model was used in data that re quired the use of a non lin ear
model), or were ob tained solely with the aim of achiev ing ac cept able
lev els of model-data fit. In these last two cases, the re sult ing struc -
tures and de rived scores are gen er ally un ac cept ably poor, are non-in -
ter pretable or have no sub stan tive in ter est. Given this sce nario, it is of
great in ter est to as sess the ex tent to which a mea sure that was ini 
tially de signed as sin gle-trait in fact be haves as es sen tially uni di men -
sional.

One of the most usual aux il iary in dices for as sess ing close ness to
uni di men sion al ity is the pro por tion of to tal vari ance ex plained by the
first prin ci pal fac tor (e.g. Kim and Mueller, 1978), which, ac cord ing
to Kim and Mueller is a cri te rion of sub stan tive im por tance. In the
case of test items that have gen er ally large amounts of mea sure ment
er ror, how ever, this in dex must be highly mis lead ing. In ef fect, in a
typ i cal per son al ity test, a per fectly uni di men sional so lu tion is com -
pat i ble with a mod est amount of to tal vari ance ex plained. What is of
in ter est is the ex plained com mon vari ance not the to tal vari ance.

The in dex we pro pose here is sim ple, in for ma tive and has been
pro posed in slightly dif fer ent vari ants. The one cho sen here is that by
ten Ten Berge and Kiers (1991) based on min i mum rank fac tor analy -
sis (MRFA). The ex plained com mon vari ance (ECV) in dex is de fined
as the pro por tion of com mon vari ance ex plained by the first prin ci pal
fac tor with re spect to the com mon vari ance con tained in the test
items as es ti mated by MRFA. As for ref er ence val ues, cut-off val ues
be tween 0.70 and 0.85 have been pro posed to con clude that a so lu -
tion is es sen tially uni di men sional (Ferrando and Lorenzo-Seva,
2017a, b, Rodriguez et al., 2016a, 2016b). When these cut-offs are
used, many oblique so lu tions re ported in per son al ity are found to be
com pat i ble with an es sen tially uni di men sional so lu tion (Reise et al.,
2013; Reise et al., 2015).

1.3. Current empirical study

The pro posal dis cussed in the sec tion above was ap plied in a sub -
stan tive study based on a mea sure of anx i ety to wards sta tis tics: the
Sta tis ti cal Anx i ety Scale (SAS). The SAS was de signed to as sess
three re lated di men sions of anx i ety, and also to be used as a gen eral
sta tis ti cal-re lated anx i ety mea sure (Vigil-Colet, Lorenzo-Seva, &
Condon, 2008). So, the pre sent pro posal is par tic u larly rel e vant for
the study, and can pro vide in for ma tion about three key points. First,
whether the struc ture in three fac tors and the re sult ing score es ti mates
at tain the stan dards of qual ity pro posed here. Sec ond, whether the
SAS can be used as an es sen tially uni di men sional mea sure. And, fi -
nally, whether it is more ap pro pri ate to use it as a tridi men sional
mea sure or as a uni di men sional mea sure.

2. Method

2.1. Participants

The pre sent sam ple was made up of 384 un der grad u ate stu dents
en rolled on a sta tis tics course in a fac ulty of Psy chol ogy in Spain.
There were 327 women and 56 men, be tween 18 and 35 years old
(mean = 20.47; stan dard de vi a tion = 4.89). The ad min is tra tion was in
class room groups and un der stan dard in struc tions.

2.2. Measures

The SAS is a 24-item mea sure in tended to as sess the anx i ety lev -
els of stu dents tak ing a sta tis tics course. It as sesses three re lated com

po nents of anx i ety: Ex am i na tion Anx i ety (8 items), Ask ing for Help
Anx i ety (8 items) and In ter pre ta tion Anx i ety (8 items). All of the
items are pos i tively worded and use a five-point Lik ert re sponse for -
mat, rang ing from “no anx i ety” (1) to “con sid er able anx i ety” (5).

FA-based stud ies on the SAS gen er ally ob tained clear struc tures
with 3 highly cor re lated fac tors (Chiesi, Primi, & Carmona, 2011;
Oliver, Sancho, Galiana, and Cebrià i Iranzo, M. A., 2014; Chew &
Dillon, 2014). Mainly for this last rea son, the au thors sug gested that
the SAS could also be con sid ered an es sen tially uni di men sional mea -
sure and be used as an over all 24-item scale (Vigil-Colet et al., 2008).

2.3. Analyses

The SAS scores were fit ted us ing the two-stage pro ce dure dis -
cussed above. The item pa ra me ter es ti mates in the cal i bra tion stage
were ob tained by us ing ro bust un weighted least squares es ti ma tion as
im ple mented in the FAC TOR pro gram (Lorenzo-Seva & Ferrando,
2013). The item re sponses were treated as or dered-cat e gor i cal vari -
ables, so the CVM-FA based on the poly choric in ter-item cor re la tions
was the cho sen model. This model is an al ter na tive pa ra me ter i za tion
of the mul ti di men sional IRT graded re sponse model and its use pre -
vents the prob lems caused by ap ply ing the lin ear model dis cussed
above (see Ferrando & Lorenzo-Seva, 2013). The fol low ing in dices
were used to as sess good ness of model-data fit: Root Mean Square
Er ror of Ap prox i ma tion (RM SEA); Com par a tive Fit In dex (CFI; an
in cre men tal in dex), and Root Mean Square of the stan dard ized Resid -
u als (z-RMSR; an ab solute in dex). 95% con fi dence in ter vals were
also re ported for all of these in dices. Fi nally, when com put ing the
tridi men sional model, Promin (Lorenzo-Seva, 1999) was used as a
ro ta tion method, be cause the fac tors were ex pected to be cor re lated.

In the scor ing stage, Bayes EAP fac tor score es ti mates and the
cor re spond ing stan dard er rors were ob tained for each of the so lu tions
de scribed above. The prior dis tri b u tions for the spec i fied fac tors were
as sumed to be stan dard nor mal. So, the ef fec tive range of both trait
lev els or fac tor scores (de noted by Ө) and fac tor score es ti mates (de -
noted by ) was − 3 to + 3. Fi nally the in dices pro posed here were
ob tained with FAC TOR based on the cal i bra tion and scor ing re sults.

3. Results

3.1. Item calibration

Good ness of model-data fit re sults are in Table 1 and are quite
clear. The fit of the uni di men sional model is poor, es pe cially in terms
of the mag ni tude of resid u als, whereas the fit of the tridi men sional
model is ex cel lent by all the stan dards.

The ro tated pat tern for both mod els is in Table 2. As ex pected, the
pat tern cor re spond ing to the 3-fac tor so lu tion agrees quite well with
the pre scribed ‘a pri ori’ struc ture, with all the salient load ings (bold -
faced) lo cated in the cor re spond ing fac tor.

For all the fac tors in Table 2, the min i mal rule for ad e quate fac tor
iden ti fi ca tion is clearly ful filled. Note also that the sin gle-fac tor so lu -
tion ex hibits pos i tive man i fold and that all its load ings are above 

Table 1
Good ness of fit in dices and con fi dence in ter vals.

Index Unidimensional model Tridimensional model

 Value (95% confidence interval) Value (95% confidence interval)

RMSEA 0.128 (0.110–0.139) 0.033 (0.026–0.033)
CFI 0.917 (0.892–0.943) 0.995 (0.995–0.997)
z-RMSR 0.138 (0.121–0.149) 0.042 (0.040–0.042)



UN
CO

RR
EC

TE
D 

PR
OOF

4 Personality and Individual Differences xxx (2017) xxx-xxx

Table 2
Pat tern Load ing Ma tri ces and in ter-fac tor cor re la tion ma trix.

a) Pattern loadings for both models

Unidimensional
model

Tridimensional model

Item Global statistical
anxiety

Examination
anxiety

Asking for help
anxiety

Interpretation
anxiety

1 0.688 0.649 0.081 0.089
4 0.713 0.725 0.029 0.101
9 0.738 0.803 0.128 − 0.078
11 0.679 0.783 0.106 − 0.110
13 0.633 0.806 − 0.116 0.078
14 0.707 0.653 0.151 0.021
15 0.636 0.974 − 0.193 − 0.013
20 0.625 0.886 − 0.163 0.032
3 0.702 0.023 0.907 − 0.150
5 0.655 − 0.005 0.598 0.185
7 0.780 0.007 0.885 0.003
12 0.772 − 0.01 0.971 − 0.087
17 0.784 − 0.056 0.976 − 0.022
21 0.764 − 0.049 0.718 0.248
23 0.711 − 0.018 0.949 − 0.138
24 0.718 − 0.035 0.727 0.154
2 0.396 − 0.005 − 0.174 0.806
6 0.481 − 0.146 0.048 0.823
8 0.652 0.256 0.215 0.340
10 0.386 − 0.066 − 0.085 0.750
16 0.515 0.262 0.100 0.284
18 0.472 − 0.013 0.081 0.592
19 0.632 0.204 0.187 0.413
22 0.559 − 0.054 − 0.037 0.941

b) Inter-factor correlation matrix

Factors Examination anxiety Asking for help anxiety
Asking for help anxiety 0.581 –
Interpretation anxiety 0.487 0.457

0.30. Fi nally, the three fac tors in the oblique so lu tion are pos i tively
and sub stan tially cor re lated with one an other which is a nec es sary
(but not suf fi cient) re quire ment for con sid er ing that there is a gen eral
fac tor un der ly ing all the 24 SAS item re sponses.

We turn now to the first group of in dices pro posed here. The G-H
value for the uni di men sional model was 0.952, whereas for the tridi -
men sional model the val ues were 0.942 (F1), 0.968 (F2) and 0.918
(F3). So, in all cases, the fac tors can be con sid ered to be strong and
well de fined, and there fore, it is pre dicted that they will be replic a ble.

3.2. Individual scoring

The re sults ob tained at the scor ing stage are in Table 3. Over all,
both mod els show good per for mance in the two in dices pro posed
here, with mar ginal re li a bil ity val ues above 0.9 and EPTD val ues
above 90%. The first re sult means that the fac tor score es ti mates (a)
are highly cor re lated with the la tent fac tors they rep re sent; (b) are ac -
cu rate, and (c) al low the in di vid u als of dif fer ent trait lev els to be ef

Table 3
Mar ginal re li a bil ity and ex pected per cent age of true dif fer ences for both mod els.

Unidimensional
model Tridimensional model

Index

Global
statistical
anxiety

Examination
anxiety

Asking
for help
anxiety

Interpretation
anxiety

Marginal reliability 0.9730 0.9646 0.9547 0.9096
Expected percentage of
true differences
(EPTD)

97.28% 97.58% 96.58% 93.26%

fec tively dif fer en ti ated. The sec ond re sult means that more than 90%
of the dif fer ences among the fac tor score es ti mates re flect la tent dif -
fer ences that are in the same di rec tion, so in di vid u als can be con sis -
tently or dered on the ba sis of their es ti mated scores. Note that mar -
ginal re li a bil ity is high est for the scores based on the uni di men sional
so lu tion, but that the dif fer ences with the first two fac tors are small.
The third fac tor (In ter pre ta tion anx i ety) is the least re li able, which
agrees with its lower G-H value in the pre vi ous sec tion.

Fig. 1 shows the graph i cal range as sess ment for each fac tor, with
a cut-point of 0.80 for the con di tional re li a bil ity (dis played as a hor i -
zon tal line in the fig ure). The uni di men sional model seems to show
good re li a bil ity in al most all the ef fec tive trait range (i.e. from − 3 to
+ 3) and a clear de crease only for the score es ti mates be low 
.

In con trast, the tridi men sional model pre sents three dif fer ent
range pat terns. The “Ask ing for help Anx i ety” scores show good pre -
ci sion at low trait lev els (be tween  and ); “Ex am i -
na tion Anx i ety” scores are more ef fec tive at in ter me di ate-high lev els
(be tween  and ) and fi nally the “In ter pre ta tion
Anx i ety” scores, which cor re spond to the ‘weak est’ fac tor, have good
re li a bil ity only for trait lev els above .

Reise and Waller (2009) noted that many clin i cal in stru ments pro -
vide ac cu rate mea sure ment only over a lim ited range of trait val ues,
gen er ally at the more se vere end of the trait, and they coined the term
“quasi-traits” to re fer to this be hav iour. A quasi-trait is, then, a trait
that is only rel e vant in one di rec tion, so scores at one end of the scale
(usu ally the lower end) are less in for ma tive. The quasi-trait hy poth e -
sis pro vides a plau si ble ex pla na tion for the be hav iour of the “Ex am i -
na tion Anx i ety” and “In ter pre ta tion Anx i ety” scores. How ever, the
im pact of end (floor and ceil ing) ef fects can not be dis carded ei ther as
a po ten tial cause for the re sults above: The scores on the “Ex am i na -
tion Anx i ety” items were gen er ally neg a tively skewed, whereas items
scores on the other two fac tors were gen er ally pos i tively skewed.

3.3. Closeness to unidimensionality

The es ti mated ECV value was 0.80, which means that 80% of the
com mon vari ance in the SAS items can be ex plained by a sin gle gen -
eral sta tis ti cal anx i ety fac tor. This value is be tween the two cut-off
val ues pro posed in the lit er a ture, so it pro vides sup port for us ing the
test as a to tal scale, as was ini tially pro posed.

4. Discussion and conclusions

The re sults above al low the three key points raised at the be gin -
ning to be ad dressed, and, in the case of points 1 and 2, the an swers
seem to be quite clear. With re gards to the first point, the three-fac tor
struc ture and the re sult ing score es ti mates at tain the stan dards of
qual ity we pro posed. As for the sec ond, the pos i tive-man i fold struc -
ture, the sub stan tial in ter-fac tor cor re la tions, the G-H in dex, and the
ECV all sug gest that the SAS can be used as an es sen tially uni di men -
sional mea sure, de spite the fact that the uni di men sional model does
not ar rive at an ac cept able fit in purely sta tis ti cal terms. More in de -
tail, the re sults sug gest that scores de rived from the uni di men sional
so lu tion are psy cho me t ri cally jus ti fied and in ter pretable as in di ca tors
of a gen eral sta tis ti cal anx i ety fac tor.

Be cause the two so lu tions con sid ered in the study were found to
be ac cept able in terms of replic a bil ity and ac cu racy, ad dress ing the
third point is more com plex, and many is sues should be con sid ered
(Reise et al., 2013). First, scores based on the oblique so lu tion are ex -
pected to pro vide ad di tional mean ing ful in for ma tion about the
sources and spe cific forms of sta tis ti cal anx i ety, and they could even 
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Fig. 1. Graph i cal range as sess ment for both mod els.

have dis tinct im pli ca tions re gard ing in di vid ual coun selling or in ter -
ven tion. Sec ond, they might re late dif fer ently to rel e vant ex ter nal cri -
te ria, which means that a va lid ity study would be a valu able source of
in for ma tion for de cid ing how the SAS re sponse should be scored.
Third, scores based on the uni di men sional so lu tion are sim pler, with
slightly higher mar ginal re li a bil ity, and, above all, they pro vide ac cu -
rate mea sure ment through out the ef fec tive range of trait val ues. In
view of these re sults, the scor ing based on the tridi men sional model
is pos si bly the best op tion in clin i cal as sess ment set tings, whereas the
uni di men sional scor ing is pos si bly the best op tion for screen ing pur -
poses in the gen eral pop u la tion or when the aim is to rank in di vid u als
ac cord ing to their anx i ety lev els. Va lid ity stud ies would be needed to
de cide the most ap pro pri ate scor ing for pre dic tive pur poses.

Fi nally, we turn to a more gen eral dis cus sion. This ar ti cle is,
mainly, a pro posal and a sub stan tive ap pli ca tion. How ever, it is also
closely re lated to some highly top i cal prob lems in per son al ity mea -
sure ment. First, there seems to be a grow ing aware ness in the field
that the use of ex ces sively re stricted FA mod els and over re liance on
purely sta tis ti cal model-data fit is not the way to go, and can even
lead to poorer mea sure ment out comes (Ferrando & Lorenzo-Seva,
2017a; Rodriguez et al., 2016a, 2016b). Sec ond, many pub lished ar ti -
cles in per son al ity deal with the di men sion al ity and struc ture of new
or al ready ex ist ing mea sures (e.g. Furnham, 1990; Reise et al., 2013).
How ever, an in for mal lit er a ture re view clearly sug gests that there is a
wide gap be tween the pro posed struc tures and the scor ing schemas 

that can be de rived from them (which, in most cases, are not even
con sid ered). We sus pect that, in many cases, the de rived scores
would not at tain the min i mum qual ity re quire ments pro posed here.
So, the pre sent pro posal can be con sid ered both as an al ter na tive
schema for as sess ing the qual ity and prac ti cal in ter est of an FA based
so lu tion and a po ten tial way of rais ing the stan dards of many ap pli ca -
tions.

Ex pe ri ence sug gests that pro pos als such as the pre sent one only
have the chance to be used in prac tice if they are avail able in user-
friendly, rel a tively well known and (if pos si ble) free pro grams. For
this rea son all the pro posed pro ce dures have been im ple mented in the
FAC TOR pro gram, and re sults for any ap pli ca tion can be ob tained as
they were in the SAS study. FAC TOR is a free ware pro gram avail -
able at http: // psico. fcep. urv. cat/ utilitats/ factor/ .
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